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The functional MTHFR C677T polymorphism modulates global DNA
methylation and associates with non-random differentially methyl-
ated regions (DMRs) in autism spectrum disorder. A.J.M. McNaugh-
ton’, P. Liang? K. Calli®, S. Gannon?®, Y. Qiao®, M. Hudson’, F. Solehdin?,
N. Nebesio? M. Ayub’, E. Rajcan-Separovic® S. Lewis®, X. Liu'. 1) Dept.
Psychiatry, Queen’s University, Kingston, Ontario, Canada; 2) Dept. Bi-
ological Sciences, Brock University, St. Catharines, Ontario, Canada; 3)
Dept. Medical Genetics, University of British Columbia, Vancouver, Brit-
ish Columbia, Canada.

5,10-methylenetetrahydrofolate reductase (MTHFR; EC 1.5.1.20) is
a key enzyme in DNA methylation. Two functional polymorphisms in
MTHFR, C677T (rs1801133, p.Asp233Asn) and A1298C (rs1801131,
p.Glu429Ala), were extensively studied in many disorders and C677T
was implicated to be linked with autism in multiple studies with the low
activity allele 677T associated with increased risk for autism especial-
ly in sporadic cases. We hypothesized that the 677T allele may be as-
sociated with reduce global DNA methylation levels in a non-random
fashion which could influence condition-specific gene pathways. In this
study, we investigated C677T in relation to global methylation levels
in subjects with autism spectrum disorder (ASD) using methyl binding
protein sequencing (MBD-Seq) approach. We found that the 677T al-
lele carriers had lower global methylation levels than the 677CC allele
group, although the significance is marginal. 154 significant differen-
tially methylated regions (DMRs) were identified between the two allele
groups. Interestingly, despite a genome-wide hypomethylation, a signif-
icant number of DMRs (93/154 or 60.4%) show a hypermethylation sta-
tus in the 677T allele group. The identified DMRs demonstrate a highly
heterogeneous distribution pattern, with chromosomes 3 and 9 having
significantly more DMRs than expected for their chromosome size, while
chromosomes 2, 5 and 13 showed an opposite pattern. Furthermore,
these DMRs are highly biased towards CpG islands, especially those in
non-repetitive intergenic regions. Most interestingly, about 10% (14/154)
of these DMRs are found in proximity to genes known to be associated
with ASD and related conditions, despite an apparent under-representa-
tion of these genes. Altogether, these results suggest that MTHFR 677T
may modulate global DNA methylation and target autism related genes
in a non-random fashion to increase the risk for autism.

392F

Alignment and Methylation Analysis of Tandem Repeat Elements in
Cancer using Targeted Next-Gen Bisulfite Sequencing. J. Alexander’,
J. Zhou', A. Meyer', A. Miller', M. Poulin’, L. Yan', W. Timp?. 1) EpigenDx
Inc., Hopkinton, MA., USA,; 2) Johns Hopkins University, Baltimore, MD,
USA.

Global DNA hypomethylation is a common epigenetic alteration in
tumor cells, and is closely associated with hypomethylation of inter-
spersed DNA repetitive elements. This hypomethylation is thought to
promote the initiation and progression of tumorigenesis through the ab-
errant activation of repetitive elements. Tandem repeat elements such as
NBL-2, Sat-2 and D4Z4 have shown more variability in DNA methylation
from normal to cancer tissue. Some cancer specimens show NBL-2 and
D4Z4 hypomethylation and others hypermethylation. It appears that the
changes in DNA methylation levels of individual tandem repetitive ele-
ments may be unique for each type of cancer. This indicates that distinct
epigenetic factors may have unique roles. The chromosomal locations
of these repeats may be an important factor in whether they are hypo
or hypo methylated. Bisulfite PCR primers for repetitive elements were
designed to a relatively conserved region of the element to avoid us-
ing degenerated primers. The PCR region between the primers is more
variable depending on their location within the genome. Multiplex PCR
including assays for Sat-2 and NBL-2 was performed on tissues from
40 cancerous and adjacent normal tissue in four cancer types (breast,
colon, ovarian and cervical). Following the lon Torrent protocol, libraries
were generated and sequenced on a PGM system. The resulting FASTQ
files were then aligned to two references: the whole bisulfite genome,
and each chromosome individually. Results from the two alignments
were compared to identify any differences, which could indicate artificial
alignments. Simplex PCRs of the assays for Sat-2 and NBL-2 were then
performed and subjected to the same sequencing preparation and anal-
ysis. The comparison of multiplex and simplex PCRs, as well as align-
ment to different references, may provide insight into the most accurate
approach for repetitive element analysis on Next-Gen Sequencing. By
mapping the differences in the locations of Sat-2 and NBL-2 the 40 pairs
of samples, valuable information about the role epigenetic regulation
may play in repetitive element transposition and cancer.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Integrating single-base resolution quantitative epigenomic and
transcriptomic sequence data to analyze differential gene expres-
sion in normal and tumor liver tissue samples. K.R. Booher, H. Chung,
D. Tan, Y.C. Chew, D. Cubberley, E. Putnam, K. Giang, X. Sun. Epigenetic
Analysis Services, Zymo Research Corporation, Irvine, CA.

Recent technological advances driving the next-generation sequenc-
ing revolution finally allow the generation of single-base resolution data-
sets that fully examine the diverse molecular mechanisms influencing
gene expression. Though one-dimensional studies utilizing either RNA-
seq, ChlP-seq, or DNA methyl-seq are able to partially explain differential
expression, it is increasingly evident that only a pursuit of multi-omics
approaches can provide the in depth and detailed information necessary
to fully understand gene expression changes associated with human
disease. However, combining data from different labs or commercial ser-
vice providers is subject to user and platform-specific batch effects that
may adversely affect data quality and thus interpretation. Using an inte-
grated epigenomics/transcriptomics approach that combines sequence
data generated entirely from the same matched liver tumor and adja-
cent normal tissue sample set in one laboratory setting, we demonstrate
a thorough relationship between the interplay of epigenetic influences
and gene expression. We assessed genome-wide DNA methylation
(5-mC) patterns using an expanded Reduced Representation Bisulfite
Sequencing (RRBS)-style protocol that increases genome coverage
compared to the classic RRBS method. We overlapped 5-mC data with
genome-wide, single-base resolution DNA hydroxymethylation (5-hmC)
data generated using a unique protocol known as Reduced Represen-
tation Hydroxymethylation Profiling (RRHP) that is specifically designed
to pair with RRBS data and differentiate 5-hmC from 5-mC modifica-
tions. In addition, chromatin immunoprecipitation followed by sequenc-
ing (ChlP-seq), and transcription profiling (RNA-seq) facilitated coupling
of the 5-mC/5-hmC data with differential histone modification and gene
expression profiles. Complete QC steps to assess starting sample pu-
rity and quality (TapeStation, nano-drop, and Qubit), efficient chromatin
immunoprecipitation enrichment (QPCR), library construction and quan-
tification (TapeStation and gPCR), and lllumina sequencing read quality
score filtering (Trim Galore!) ensured suitable data for downstream analy-
sis. Surprisingly, we found that many sites with similar RRBS-determined
5-mC levels have differential 5-hmC modifications based on the RRHP
data. Particularly informative gene regions identified using genome-wide
approaches were validated through targeted bisulfite sequencing.

394F

Characterization of differential DNA methylation in transcription
factor binding sites across human cancers. B.N. Lasseigne’, R.C.
Ramaker” 2, M.K. Kirby', D.S. Gunther', S.J. Cooper', R.M. Myers’. 1)
HudsonAlpha Institute for Biotechnology, Huntsville, AL; 2) University of
Alabama in Birmingham, Birmingham, AL.

CpG DNA methylation (DNAm) is an established driver of cancer eti-
ology, progression, and metastasis. However, genome-wide surveys of
DNAm differences between tumor and paired normal tissues often result
in thousands of differentially methylated CpGs, complicating interpre-
tation of such results. In order to better understand which CpGs might
be important cancer drivers and identify important transcription factors
involved in different cancers, we developed and implemented a bioinfor-
matics pipeline for CpG enrichment in the binding sites of 161 transcrip-
tion factors (TFs) studied by ENCODE. With this pipeline, we examined
many in-house and publically available cancer data sets for differential
DNAm enrichment or depletion in TF binding sites. We found that most
TF binding sites appear to be significantly protected from tumor-induced
DNAm changes (“protected TFs”). Additionally, a subset of TFs with
binding sites enriched for tumor-induced DNAm changes (“unprotected
TFs”) appear to be specific to each cancer, implicating particular TFs as
drivers of tissue-specific tumor biology. We characterized CpGs in pro-
tected and unprotected TFs by many genomic features including local
CpG density, CADD score, proximity to transcription start site, proximity
to binding motif, and copy number variation. We also examined the re-
lationship between binding site enrichment and TF expression, as well
as expression of genes nearest unprotected binding sites with concen-
trated tumor-induced DNAm changes. As part of an ongoing project to
incorporate genome-wide functional regulatory element data with large-
scale functional genomic disease datasets we have developed an R
package for high-throughput statistical analysis of these datasets to aid
in identification of CpGs and TFs that may be important in cancer. This
methodology provides a useful tool for interpreting epigenetic alterations
in the context of transcription factor regulation in cancer.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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HiTMAP: A High-Throughput Methylation Analysis Program for Tar-
geted Bisulfite Sequencing. B.S. Pullman’, Y. Yang’, I. Feng', A.B. Cos-
ta?3, S.A. Scott’. 1) Genetics and Genomic Sciences, Icahn School of
Medicine at Mount Sinai, New York, NY; 2) Neurosurgery, Ilcahn School
of Medicine at Mount Sinai, New York, NY; 3) Scientific Computing, Icahn
School of Medicine at Mount Sinai, New York, NY.

DNA methylation plays essential roles in gene expression, imprinting
and X chromosome inactivation, and epigenetic deregulation has been
directly implicated in Mendelian disorders and tumorigenesis. Many
technigues have been developed to detect CpG methylation, the most
common involving bisulfite conversion coupled with DNA sequencing.
The availability of high-throughput sequencing has prompted the devel-
opment of both whole-genome bisulfite sequencing as well as highly
quantitative and multiplexed targeted bisulfite sequencing; however,
these methods require significant computational resources and exper-
tise to manage and analyze the data. Therefore, we developed HITMAP:
a High Throughput Methylation Analysis Program to address the need for
a stand-alone program capable of analyzing high-throughput targeted bi-
sulfite sequencing data. HITMAP is a comprehensive web tool that takes
raw, targeted bisulfite sequence data (FASTA) and demultiplexes against
sample barcodes, aligns sequencing reads to in silico bisulfite-convert-
ed genomic reference sequences, quantitates CpG methylation levels,
and exports resulting methylation data for both individual CpG sites and
amplicon regions. The user-facing side of HITMAP provides an online
interface for uploading raw sequence and reference files, setting align-
ment, methylation quantitation, and quality metric parameters, and for
retrieving and saving analysis output data and result figures. The front
end was written in JavaScript with AngularJS and D3. Backend compu-
tation, including BWA alignment, is accomplished on a server cluster that
runs Scala code with the Akka HTTP library for asynchronous data pro-
cessing. Compute intensive steps, like sequence alignment, are dynam-
ically queued and queried through a generic DRMAA interface to Mount
Sinai’s batch-processing supercomputer, Minerva. CpG methylation
quantitation by HITMAP was validated using a targeted single-molecule
real-time bisulfite sequencing (SMRT-BS; Pacific Biosciences) dataset
(four amplicons, 30 cell lines; 21,967 reads), which revealed a very strong
correlation (r=0.98) between HITMAP and the commonly used Bismark
bisulfite sequencing analysis pipeline. Coupled with an online raw data
submission system (hitmap.stuartscottlab.org), HITMAP eliminates the
need for manual data manipulation, local computational resources and
expertise, and provides a fast and efficient mechanism to measure CpG
methylation from targeted high-throughput bisulfite sequencing data.

396F

A systematic study of normalization methods for Infinium 450K
methylation data using whole-genome bisulfite sequencing data.
T. Wang’, W. Guan? J. Lin% N. Boutaoui’, G. Canino®, J. Luo* J.C.
Celeddn’, W. Chen'®. 1) Division of Pediatric Pulmonology, University
of Pittsburgh, Children’s Hospital of Pittsburgh, Pittsburgh, PA; 2) De-
partment of Biostatistics, University of Minnesota, Minneapolis, MN; 3)
Behavioral Sciences Research Institute, University of Puerto Rico, San
Juan, PR; 4) Department of Pathology, University of Pittsburgh, Pitts-
burgh, PA; 5) Departments of Human Genetics, University of Pittsburgh
Graduate School of Public Health, Pittsburgh, PA.

DNA methylation, an epigenetic mechanism, plays an important role
in disease etiology. The lllumina Infinium HumanMethylation450 (450K)
BeadChip is a widely used platform in large-scale epidemiologic studies.
This platform can efficiently and simultaneously measure methylation
levels at ~480,000 CpG sites in the human genome in multiple study
samples. Due to the intrinsic chip design of two types of chemistry
probes, data normalization or preprocessing is a critical step to consider
before data analysis. To date, numerous methods and pipelines have
been developed for this purpose, and some studies have been conduct-
ed to evaluate different methods. However, validation studies have often
been limited to a small number of CpG sites to reduce the variability
in technical replicates.In this study, we measured methylation on a set
of samples using both whole-genome bisulfite sequencing (WGBS) and
450K chips. We used WGBS data as a gold standard of true methylation
states in cells to compare the performances of eight normalization meth-
ods for 450K data on a genome-wide scale. Analyses on our dataset in-
dicate that the most effective methods are peak-based correction (PBC)
and quantile normalization plus beta-mixture quantile normalization (QN.
BMIQ). To our knowledge, this is the first study to systematically com-
pare existing normalization methods for lllumina 450K data using novel
WGBS data. Our results provide a benchmark reference for the analysis
of DNA methylation chip data, particularly in white blood cells.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Microsatellite Instability (MSI) is associated with Differential DNA
Methylation in Colorectal carcinoma and may have interaction with
location of the tumor. F. Jasmine’, M. Kamal?, M. Rahman?, S. Roy', M.
Raza? R. Paul?, H. Ahsan', Z. Hag? M.G. Kibriya'. 1) Public Health Sci-
ences, The University of Chicago, Chicago, IL; 2) Bangabandhu Sheikh
Mujib Medical University, Dhaka, Bangladesh.

Introduction: Colorectal Cancer (CRC) is one of the most common
malignancies worldwide. The role of MSI and DNA methylation in tu-
mor tissue is well known in CRC. MSI may cause error in DNA replica-
tion resulting in loss of function of tumor suppressor genes leading to
carcinogenesis. In past, using paired tumor-normal tissue on Infinium
27K methylation array we demonstrated a large number of differentially
methylated loci to be associated with CRC. The array mainly focused
on the promoter CpG islands. In the present study using larger number
of samples and 450K methylation array, that addresses promoter sites,
shores, shelves, gene body and deep sea on a genome-wide scale, we
explored whether differential methylation is associated with MSI status.
Methods: We carried out a genome-wide methylation assay for a total
of 172 paired samples from 86 CRC patients (m=50, f=36) at different
stages (stage1:16, stagell: 25 and stagelll: 45). Of them 24 had MSI,
and 15 had somatic mutation in KRAS (rs112445441).Results: First,
we compared the methylation data between tumor and corresponding
normal tissue using mixed model 2-way ANOVA and identified a total
of 1700 tumor-specific DML covering 634 genes that were significant
at FDR 0.05 and the magnitude of difference (delta beta) was at least
20%, which was very close to what we previously reported using the
other 27K array. In the next step, we explored if (a) methylation status of
these tumor-specific DML were different among the MSI and MSS tumor
tissues and (b) if there was interaction between MSI status and location
of the tumor (right-sided and left-sided CRC). We found that methylation
status was significantly different (at FDR 0.05, with delta beta 20%) in
22 loci (representing 12 genes) between MSI and MSS tumors. All these
loci were hypermethylated in MSI tumors compared to MSS. Of these
22 loci, 21 were in CpG Islands near the gene and only one was in shore
(closest gene ETS1). We also found significant interaction (p<0.05) be-
tween MSI status and location of the tumor for 4 loci (GATA2, ZNF568,
LMO2 and one inter-genic loci) where difference of methylation is more
pronounced only if the tumor is MSI and on the right side of the colon.
Conclusions: In this genome-wide methylation study of CRC, we iden-
tified a number of genes that are hypermethylated in MSI compared to
MSS tumors suggesting an association between DNA methylation and
MSI status in CRC.

398F

DNA methylation landscape of sporadic and melanoma-prone pa-
tients. A.C.V. Krepischi', E.S.S. de Aratjo? R.F. Ramalho?, M.l. Achatz®,
L.F. Moredo? J.P. Duprat?, C. Rosenberg’, D.M. Carraro® 1) Institute of
Biosciences, University of Sdo Paulo, Sdo Paulo, SP, Brazil; 2) Interna-
tional Research Center, A. C. Camargo Cancer Center, Sao Paulo, Brazil;
3) Department of Oncogenetics, A. C. Camargo Cancer Center, Sao Pau-
lo, Brazil; 4) Department of Skin Cancer, A. C. Camargo Cancer Center,
Sao Paulo, Brazil.

Melanoma is the most deadly form of skin cancer. Around 10% of
melanoma cases are hereditary, and nearly half of them have unknown
etiology. Abnormal DNA methylation as either predisposition factor or
biomarker has been poorly explored in skin melanomas. Our goal was
investigating whether melanoma-prone and sporadic melanoma patients
carry distinctive DNA methylation patterns compared to healthy controls.
The leukocytes’ methylomes from 19 unrelated melanoma-prone and 12
sporadic melanoma patients, all of them negative for germline CDKN2A
mutations, were obtained using the HM450K platform (lllumina). Methyla-
tion data was compared with a control group of 11 healthy controls. Bias
adjustment and normalization were achieved by BMIQ, and differential
methylation analysis was processed using the RnBeads package. Genes
associated with the top 100 differentially methylated sites (significant
p-value and higher methylation differences) were annotated by DAVID
and cBioPortal tools. Melanoma-prone patients exhibited DNA methyl-
ation differences compared to controls mainly at CpG islands, whereas
sporadic melanoma patients presented differential methylation at genic
sequences located outside promoters and islands. Seventy-four genes
were found to be differentially methylated mainly at promoters regions
(58%) in melanoma-prone patients. On the other hand, sporadic mela-
noma group displayed 72 genes mostly hypermethylated (94%) at gene
bodies. An in silico analysis of each set of genes using melanoma data
from TCGA studies revealed that above 50% of all of the genes (53%
and 66% for sporadic and melanoma-prone patients, respectively) pre-
sented at least 10% of genetic alterations in the tumors. However, only
the gene set detected in the sporadic melanoma group showed statisti-
cal enrichment for cancer pathways. Our preliminary analysis revealed a
distinctive epigenomic profile in leukocytes from sporadic and melano-
ma-prone patients compared to controls, which were divergent regard-
ing DNA methylation profile and associated genes. Additional studies
are necessary to confirm this findings, and to elucidate if such results
are related to the melanoma etiology.Funding: FAPESP 2013/07480-8.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



Posters Epigenetics

399T
Quantification and application of potential epigenetic markers in
maternal plasma of pregnancies with hypertensive disorders. H.J.
Kim', S.Y. Kim', J.H. Lim’, D.E. Lee', D.J. Kim', S.Y. Park’, M.Y. Kim?,
J.Y. Han? J.S. Choi?, H.K. Ahn?, D.W. Kwak? H.M. Ryu'2. 1) Laboratory
of Medical Genetics, Cheil General Hospital and Women'’s Healthcare
Center, Seoul, Korea, South Korea; 2) Department of Obstetrics and Gy-
necology, Cheil General Hospital and Women’s Healthcare Center, Dan-
kook University College of Medicine, Seoul, Korea.
ABSTRCTSObijective: To identify novel epigenetic markers that are
specifically hypermethylated in placenta and hypomethylated in mater-
nal blood cells, we used methylation profiling array data from the our
previous study, and evaluated the quantitative aberrations of candidate
marker in maternal plasma of pregnancies with hypertensive disorders.
Methods: Selected hypermethylated regions by methylation profiling
analysis were validated by bisulfite direct sequencing. Using real-time
PCR, we compared the concentrations of DSCR3, RASSF1A and SRY
as cell-free fetal DNA markers and HYP2 and GAPDH as cell-free total
DNA markers in 72 normal pregnancies, 16 early-onset preeclampsia
(EO-PE), 47 late-onset preeclampsia (LO-PE) and 29 gestational hyper-
tension (GH) at 6 - 42 gestational weeks .Results: Among 7 identified
regions, the most differentially hypermethylated DSCR3 was selected for
potential fetal-specific epigenetic marker. The concentrations of all tar-
get sequences were significantly correlated with gestational age at sam-
pling in the control group (P < 0.001 for all target sequences). A strong
positive correlation was observed between DSCR3 and SRY (r = 0.369, P
= 0.006), DSCR3 and RASSF1A (r = 0.696, P < 0.001), DSCR3 and HYP2
(r=0.842, P < 0.001), RASSF1A and HYP2 (r = 0.598, P < 0.001). In the
EO-PE, DSCR3 and RASSF1A concentrations were significantly higher
at 24-32 weeks onwards (P < 0.05 for both). Moreover, HYP2 concen-
tration was significantly elevated from 15 weeks of gestation compared
with control group. In the LO-PE, DSCR3, RASSF1A and HYP2 concen-
trations were significantly higher only at 33-42 weeks compared with
control group. Concentrations of all markers in GH group were not sig-
nificantly different from control group. There were no statistical differenc-
es among the patients groups.Conclusions; Along with the well-known
RASSF1A, DSCR3 and HYP2 quantification is a promising epigenetic
markers for prediction of PE, especially for the early prediction of EO-PE.

400F

Abnormal DNA methylation in T-lymphocytes from patients with CF.
E. Kvaratskhelia', N. Dabrundashvili’, E. Maisuradze', M. Gagua', T. To-
puria’, L. Margvelashvili?, E. Abzianidze®. 1) Tbilisi State Medical Univer-
sity, Institute of Medical Biotechnology, Tbilisi, Georgia; 2) Hospital ‘New
Life’, Department of Medical Genetics and Diagnostics, Tbilisi, Georgia;
3) Thilisi State Medical University, Department of Molecular and Medical
Genetics, Tbilisi, Georgia.

Cystic fibrosis (CF) is caused by the mutations of the CFTR gene.
T-lymphocytes from patients with CF are characterized by reduced
expression of anti-inflammatory cytokines and elevate level of pro-in-
flammatory cytokines. Although the mechanisms responsible for cyto-
kine dysregulation are not well defined, epigenetic factors such as DNA
methylation or histone modification might contribute.In the previous
work we have found that T-lymphocytes from CF patients express el-
evated level of DNMT3a, while no significant changes was observed
at levels of DNMT1 compared to healthy subjects. In presence of the
high dose of 5-AzaC the level of DNMT3a was decreased which was
accompanied by an increased amount of IL-10.In this study we analyzed
the DNA global methylation levels in T-Lymphocytes derived from CF
subjects. Peripheral blood was obtained by venepuncture from CF and
healthy subjects. The CF patients were in stable clinical condition and
were not receiving systemic corticosteroids. The written informed con-
sent was obtained from the parents of all patients. PBMC were isolated
by Ficoll-Paque-1077 (Sigma-Aldrich, Germany) density gradient cen-
trifugation and washed with PBS twice. CD4+ T cells were isolated from
PBMC using the CD4+ T Cell Isolation Kit (Miltenyi Biotec GmbH). Cells
were activated with 20ng/ml PMA and 250 ng/ml ionomycin . At 48 h
after incubation genomic DNA was isolated using QlAamp Mini kit (QIA-
GEN). Global DNA methylation was measured using the Methylated DNA
Quantification Kit as described by the manufacturer (abcam). This kit
measures the5-methylcytosine (5-mC)content. The degree of DNA meth-
ylation determined was based on the obtained OD readings.Our data
showed that DNA methylation levels were significantly reduced in stimu-
lated CF T-cells compared with controls. We also analyzed the relation-
ship between global DNA methylation status and expression ofDNMTsin
CDA4+T cells obtained from CF individuals. This analysis demonstrated
that DNMT3alevel positively correlated with the overall methylation levels
in 5-AzaCtreated CD4+T cells, while there was no significant correlation
betweenDNMT1 levels and global methylation status in CF CD4+T cells
compared with healthy subjects. In summary, data presented in this re-
port demonstrates that abnormal DNA methylation in CD4+ T cells from
CF individuals likely plays the significant role in the aberrant immune
response during Cystic Fibrosis.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Early prediction of hypertensive disorders of pregnancy using ma-
ternal characteristics, epigenetic markers and serum markers. S.Y.
Kim', H.J. Kim', D.E. Lee', J.H. Lim', S.Y. Park’, M.Y. Kim?, J.Y. Han?,
D.W. Kwak?, S.Y. Park?, H.M. Ryu'2. 1) Laboratory of Medical Genetics,
Medical Research Institute, Cheil General Hospital and Women'’s Health-
care Center, Seoul, Korea; 2) Department of Obstetrics and Gynecology,
Cheil General Hospital and Women’s Healthcare Center, Dankook Uni-
versity College of Medicine, Seoul, Korea.

Objective: To investigate the maternal plasma levels of cell-free fetal
DNA and cell-free total DNA throughout gestation using tissue-specif-
ic epigenetic markers in pregnancies with hypertensive disorders and
healthy pregnancies and to evaluate the predictive value of these epi-
genetic markers, maternal characteristics and serum markers for devel-
opinghypertensive disorders of pregnancy.Methods: A nested case-con-
trol study was conducted with maternal plasma throughout gestation
collected from 16 early-onset preeclampsia (EO-PE), 47 late-onset pre-
eclampsia (LO-PE), 29 gestational hypertension (GH) and 72 uncompli-
cated pregnancies. All women underwent routine first- and second-tri-
mester prenatal serum screening at the Cheil General Hospital. We
performed a real-time PCR to quantify levels of RASSF1A, DSCR3 and
SRY as cell-free fetal DNA markers and HYP2 and GADH as cell-free to-
tal DNA markers.Results: Significantly positive correlation between level
of RASSF1A, DSCR3 or HYP2 and gestational age at sampling was ob-
served in all study groups (P < 0.005 for all). There were also significant
positive correlations between RASSF1A and HYP2, DSCR3 and HYP2,
SRY and RASSF1A as well as SRY and DSCR3 in PE, GH, all case and
control groups (P < 0.05 for all). The level of HYP2 was significantly ele-
vated in both PE and all case groups compared with control group from
6-14 weeks of gestation. At 15-23 weeks and 24-32 weeks, HYP2 level
was a significantly different between EO-PE and controls, PE and con-
trols as well as all cases and controls (P < 0.05 for all). At 33-41 weeks,
the levels of RASSF1A, DSCR3 and HYP2 were significantly elevated in
EO-PE, LO-PE, PE and all cases with controls (P < 0.05 for all). The final
parameters for the prediction of pregnancies with hypertensive disorders
included RASSF1A, DSCR3, HYP2 at 15-23 weeks’ gestation, PAPP-A,
AFP, uE,, B-hCG, InhA, maternal age, and body mass index. ROC curve
analysis showed that HYP2 appeared the most discriminative marker
for EO-PE [AUC 0.98 (95% CI 0.86-1.00)], PE [AUC 0.71 (95% CI 0.56-
0.83)] and all cases [AUC 0.67 (95% CI 0.57-0.76)), followed by the first
trimester PAPP-A for EO-PE [AUC 0.81 (95% CI 0.69-0.90)], PE [AUC
0.69 (95% CI 0.58-0.78)] and all cases [AUC 0.66 (95% CI 0.53-0.78)].
Conclusion: The addition of HYP2 gene as a cell-free total DNA marker
to PAPP-A may be useful for the early prediction of PE, especially for
EO-PE.

402F

Missing data imputation using genome-wide DNA methylation data.
W. Guan’, C. Chong', B. Wu', Y. L?, J.S. Pankow', E.W. Demerath’, J.
Bresslers, M. Fornage®, M.L. Grove?®, E. Boerwinkle®. 1) University of Min-
nesota, Minneapolis, MN; 2) University of North Carolina, Chapel Hill,
NGC; 3) University of Texas Health Science Center at Houston, Houston,
TX.

DNA methylation is a widely studied epigenetic mechanism. Alter-
ations in methylation patterns may be involved in the development of
common diseases. Unlike inherited changes in genetic sequence, vari-
ation in site-specific methylation varies by tissue, developmental stage,
disease status, and may be impacted by aging and exposure to environ-
mental factors such as diet or smoking. While these wide-range correla-
tions pose analytical challenges in epigenome-wide association studies
(EWAS), including reverse causality and confounding by non-genetic
factors, it brings opportunities to impute missing values for phenotypes
such as blood cell counts using rich methylation data such as that pro-
vided by the lllumina Infinium HumanMethylation450 (HM450) BeadChip.
We evaluated two statistical methods for missing data imputation: 1) a
projection-based method (Houseman et al.,, 2012); and 2) a variable
selection based multiple imputation method. Through simulations, we
showed that both methods can properly control false positive rate, but
the projection-based method may lead to biased estimates in subse-
quent association testing. On the other hand, the multiple-imputation
method can lose power when the missing rate is high. We illustrated the
methods with data from the Atherosclerosis Risk in Communities (ARIC)
study to carry out an EWAS between methylation levels and smoking
status, in which missing cell type compositions and white blood cell
counts were imputed.
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A genome-wide study of DNA methylation and prediction of diabetic
nephropathy. G.D. Fufaa’, R.L. Hanson', S. Kobes', R.G. Nelson’, K.
Susztak?. 1) NIDD/NIH, Phoenix, AZ; 2) University of Pennsylvania, Phil-
adelphia, PA.

Cross-sectional studies suggest that DNA methylation at some CpG
sites differs between those with and without diabetic nephropathy, but
there are few longitudinal studies that support these observations. We
examined the role of DNA methylation in prediction of diabetic nephrop-
athy in a longitudinal study of American Indians. We designed two nested
case-control samples for different stages of kidney disease: one involv-
ing cases who developed severe albuminuria (SA) (urinary albumin:cre-
atinine ratio >300 mg/g) among individuals who initially did not have
SA (167 cases, 195 controls), and one involving cases who developed
end-stage renal disease (ESRD) among those who initially had SA or
estimated glomerular filtration rate <60 ml/min (82 cases, 101 controls).
Genome-wide DNA methylation was measured in peripheral blood leu-
kocytes on the lllumina 450 Infinium array. After exclusion of probes con-
taining SNPs and restriction to probes which were highly reproducible
(false discovery rate [FDR]<0.05 for the correlation among duplicates),
77,110 CpG sites were tested for association with nephropathy. Con-
ditional logistic regression was used to estimate the hazard ratio (HR)
associated with a 1 standard deviation difference in methylation at each
site, controlled for age, sex, diabetes duration and the first 4 principal
components. P-values for SA and ESRD were combined for a global
test of association with development of nephropathy. No site achieved
a FDR <0.05, but several suggestive signals (FDR<0.50) were observed.
The strongest association with SA occurred at a site near ZC3H12D
on chromosome 6 (HR=0.51, P=3.2x10%), while the strongest associ-
ation with ESRD occurred near PTPRD on chromosome 20 (HR=0.41,
P=2.8x10%). The strongest combined association was near ALHD1A3
on chromosome 15 (P=1.9x10%; HR=0.60 for SA, HR=0.66 for ESRD).
Analysis of the top 1% of differentially methylated sites showed that they
were more often hypomethylated in those who progressed to diabetic
nephropathy compared with the remaining 99% of sites (P=7.4x10 for
SA, P=1.3x10 for ESRD, P=1.1x10"* for combined). Pathway analyses
using DAVID showed that the top 1% of probes for the combined anal-
ysis were significantly enriched for genes involved in focal adhesion and
in T-cell receptor signaling. These studies identify several CpG sites and
pathways at which DNA methylation (particularly hypomethylation) may
predict development of diabetic nephropathy.

404F
Comparison of DNA methylation profiles in sib-pairs discordant for
intrauterine exposure to maternal gestational diabetes mellitus. S.
Kwak’, E. Kim?, S. Choi®, K. Park’, J. Sung? H. Jang®. 1) Department of
Internal Medicine, Seoul National University Hospital, Seoul, South Ko-
rea; 2) Department of Epidemiology, School of Public Health, Seoul Na-
tional University, Seoul, South Korea; 3) Department of Internal Medicine,
Seoul National University Bundang Hospital, Gyeonggi-do, South Korea.
Offspring of women with a history of gestational diabetes mellitus
(GDM) is at significantly increased risk for development of obesity and
diabetes. It is suggested that intrauterine hyperglycemia induce epigen-
etic change in fetus which might have detrimental effect on future meta-
bolic phenotypes. In this study, we compared pair-wise DNA methylation
status between siblings whose intrauterine exposure to maternal GDM
are discordant to each other. A total of 19 sib-pairs born from 18 Korean
women who experienced both normal pregnancy and GDM pregnancy
were included. DNA was extracted from peripheral leukocytes when the
offspring were at age between 4 and 15 years. An epigenome-wide as-
sociation study was conducted using lllumina Infinium HumanMethyla-
tion 450 BeadChip assays. Differential methylation was compared within
each sib-pairs discordant for GDM pregnancy adjusting for their age,
and sex. In the unsupervised clustering based on Manhattan distance,
33 samples were closely related to intrauterine GDM status. Children of
GDM pregnancy were generally younger, leaner and smaller than their
counterparts, but the differences in anthropometrics disappeared when
quartile growth at ages were compared. A total of six CpG sites were dif-
ferential methylated within sib-pairs with false discovery rate of less than
0.1 (P < 1.50 x 10). The six sites were located in MFHAS1, LOC92973,
PACRG, HNF4A, PITPNM3, and RREB1. Among these CpG sites,
cg08407434 which is located at HNF4A was consistently hypermethyl-
ated in offspring of GDM with mean pairwise difference methylation of
1.3% (P = 9.10 x 107). Using Ingenuity pathway analysis of differentially
methylated regions, we found that immune response was overrepresent-
ed by hypermethylated genes. To the best of our knowledge, this is the
first study to investigate the epigenome-wide difference in methylation
within sib-pairs discordant for intrauterine hyperglycemia. We found sev-
eral suggestive CpG sites with differential methylation, including the one
located in HNF4A which warrants further investigation.
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DNA methylation may mediate the association of cigarette smoking
and prostate cancer progression. .M. Shui"? R. Rubicz!, M.S. Gey-
bels’, J.L. Wright', S. Kolb', S. Zhao®, M. Bibikova®, J. Fan* B. Klotzle?,
E.A. Ostrander®, Z. Feng®, J.L. Stanford'. 1) Fred Hutchinson Cancer Re-
search Center, Seattle, WA; 2) Harvard TH Chan School of Public Health,
Boston, MA; 3) National Institute of Environmental Health Sciences, Re-
search Triangle Park, NC; 4) lllumina, San Diego, CA; 5) National Human
Genome Research Institute, Bethesda, MD; 6) MD Anderson Cancer
Center, Houston, TX.

Background: Smoking is associated with prostate cancer progression
and DNA methylation could mediate this relationship. Aims of this study
were to assess if a) smoking at the time of diagnosis is associated with
disease recurrence following radical prostatectomy, b) smoking is as-
sociated with differential methylation profiles in prostate tumor tissue,
and c) the smoking-related differential methylation is also associated
with disease recurrence.Methods: Men with prostate cancer were iden-
tified from 2 population-based case-control studies. We included 799
men who had radical prostatectomy as primary therapy. Of these men,
523 had lllumina 450K methylation data from tumor DNA. Cox propor-
tional hazards models evaluated the association between smoking and
prostate cancer recurrence. Multivariable linear regression with empirical
Bayes shrinkage (limma) assessed differential methylation by individual
CpG positions (DMPs) and Probe Lasso was used to identify differen-
tially methylated regions (DMRs). DMPs identified in Aim b were carried
forward to test their association with prostate cancer recurrence.Results:
For the primary analysis, men were categorized as never (43%), former
(47%), or current (10%) smokers. Current smoking vs. never smoking
was associated with a significantly increased risk of fatal prostate cancer
(HR: 4.55,95% CI: 2.10, 9.83, p=0.0001). There was substantial differen-
tial methylation when comparing current vs. never smokers. 33194 CpG
sites had an FDR g<0.05 and >5% difference in beta value; 2098 had
>10% difference. Moreover, 71% of the 33194 CpGs associated with
smoking were also associated with fatal prostate cancer (q<0.05 and
>5% difference in beta value); 28% had >10% difference. Top DMPs
and DMRs associated with recurrence included regions known to be im-
printed and those associated with bone disorders, cancer susceptibility,
cholesterol metabolism, and immune function. There was no evidence of
differential methylation between former and never smokers, suggesting
that methylation changes may be reversible upon smoking cessation.
Conclusions: Our results provide evidence that DNA methylation could
be an important mediator for smoking and prostate cancer recurrence.
Importantly, former smokers had a reduced risk of prostate cancer re-
currence and a methylation profile similar to never smokers. Future steps
will be to identify specific biologic mechanisms relevant to the smok-
ing-methylation-prostate cancer relationship.

406F
DNA Methylation at residue cg05575921 in the aryl hydrocarbon
receptor repressor is the most sensitive and specific indicator of
smoking status in epigenome. A. Andersen’, N. Hollenbeck’, E. An-
dersen? T. Osborn?, M. Gerrard®, F. Gibbons?®, K. Wang?, R. Philibert2. 1)
Psychiatry, University of lowa, lowa City, IA; 2) Behavioral Diagnostics,
lowa City, IA; 3) Department of Psychology, Center for Health Interven-
tion and Prevention, University of Connecticut, Storrs, CT; 4) Department
of Biostatistics, College of Public Health, University of lowa, lowa City,
1A

Smoking is the largest preventable cause of morbidity and mortality in
the world. Despite the development of numerous preventive interventions
and public policy changes in the last 50 years, one in five US adults is a
smoker. The effectiveness of ehavioral and pharmacologic interventions to
aid smoking cessation have been limited by lack of early identification of
smoking cases, when interventions are most effective. Unfortunately, the
validity of self-report measures of smoking have been shown to be limited,
particularly in younger smokers. Biomarkers for smoking such as cotinine
and carbon monoxide have significant limitations in this group, particularly
when smoking is intermittent. Furthermore, both e-cigarettes and nicotine
replacement therapies may confound cotinine measurement as a sensitive
and specific indicator of smoking. Epigenetic measurement has the poten-
tial to overcome the limitations of these approaches and guide early inter-
vention, before smoking behavior has become ingrained and health conse-
quences have emerged. We have previously demonstrated that smoking
is associated with genome-wide changes in DNA methylation. Here, we
determine the sensitivity and specificity of ten of the most consistently rep-
licated CpG loci with respect to smoking status using data from a publically
available dataset. We show that methylation at many of the more commonly
cited loci, such as in F2RL3, display ethnically contextual effects that render
them unacceptable for general usage. We further show that methylation sta-
tus at a CpG locus in the aryl hydrocarbon receptor repressor, cg05575921,
is both sensitive and specific for smoking status in adults of all ethnicities,
with a receiver operated curve characteristic (ROC) area under the curve of
0.99. Modeling analyses of cg05575921 consumption show that demeth-
ylation at this locus is a function of both average recent consumption and
total lifetime consumption. The locus is responsive to smoking over short
periods of time with notable changes evident in less than 4 weeks. Given re-
cent demonstrations that methylation at this locus reflects both intensity of
smoking and the degree of smoking cessation, we conclude that a methyla-
tion-based assay at this locus could have a prominent role in understanding
the impact of new products, such as e-cigarettes on initiation of cigarette
smoking among adolescents, while improving the prevention and treatment
of smoking and smoking related disorders.

407T

Estimation of Cell Type Specific DNA Methylation Effects using
Whole Blood Methylation Data. R. Barfield’, A. Bacarelli?, X. Lin? 1)
Harvard University, Cambridge, MA; 2) Harvard T.H. Chan School of Pub-
lic Health, Boston, MA.

Association analysis of DNA methylation data is challenged by cell
type heterogeneity, as DNA methylation collected in studies is typically
a mixture of different cell types. For example, studies using whole blood
measure DNA methylation from a mixture of different lymphocytes. This
cell type heterogeneity can potentially bias results, as DNA methylation is
known to be an important mechanism of tissue differentiation, and thus
may differ by cells. Current methods to adjust for this involve including ob-
served or estimated cell type counts as additional covariates in the analy-
sis. These methods however do not estimate the exposure effects on cell
type specific DNA methylations. Direct measurements of cell type specific
methylations involve intensive lab work and are costly. We develop in this
paper a statistical method to estimate exposure effects on cell-specific
methylations using whole blood methylation data when cell type counts
are available but cell-specific methylations are unavailable. Specifically,
we assume cell type specific regression models of the exposure effects on
cell type specific methylations. We treat cell specific methylations as miss-
ing data, and develop an EM algorithm to estimate the exposure effects
on cell type specific methylations adjusting for covariates by using whole
blood methylation data and cell type counts. To the best of our knowledge,
this is the first method to estimate these effects without assaying each cell
type. We applied our method to the Normative Aging Study to study the
smoking effect on cell type specific methylations.
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Genome-Wide DNA Methylation Signatures of Salivary Gland In-
flammation in Sjégren’s Syndrome. M.B. Cole’, D. Quach? H. Quach?,
L.F. Barcellos?, L.A. CriswelP. 1) Department of Physics, University of
California, Berkeley, Berkeley, CA; 2) Division of Epidemiology, Genet-
ic Epidemiology and Genomics Laboratory, School of Public Health,
University of California, Berkeley, Berkeley, CA; 3) Rosalind Russell /
Ephraim P. Engleman Rheumatology Research Center, Department of
Medicine, University of California, San Francisco, CA.

Sjogren’s Syndrome (SS, OMIM #270150) is a chronic, multi-system
autoimmune disease characterized by progressive destruction of the
exocrine glands, with subsequent mucosal and conjunctival dryness. A
growing body of evidence indicates that many epigenetic changes are
associated with disease status and that epigenetic marks can provide
unique insights into complex disease mechanisms. We report on results
of a case-control study of DNA methylation (DNAm) differences within
labial salivary gland tissue, using biopsies sampled from 13 severe SS
cases and 13 controls in the Sjogren’s International Collaborative Clinical
Alliance (SICCA; http://sicca.ucsf.edu/; HHSN268201300057C) registry.
We have methylotyped gland tissue and sorted PBMCs from these sub-
jects using the lllumina HumanMethylation450 (450k) BeadChip plat-
form. In addition to standard background correction and normalization
techniques, we applied an adaptive normalization scheme to adjust for
residual associations between DNAmM and control measures. Principal
component analysis (PCA), applied to the 404,353 CpG sites passing
strict QC criteria, clearly distinguishes glands of primary SS cases from
those of controls. We find over 10,000 significant differentially methyl-
ated positions (DMPs) that show significant overlap with the promoters
of genetic risk loci as a whole, with particular enrichment seen in the
promoters of CXCR5 and BLK. We also observe an extended region of
differential methylation surrounding PSMB8 and TAP1 in the MHC class
Il region. Despite a previous report of association between global DNAmM
and ICAM1expression in the context of SS, we fail to detect differen-
tial methylation in the promoter of the ICAM1 locus. On the other hand,
differential methylation patterns surrounding several non-coding RNAs
suggest many indirect consequences of the observed salivary gland
hypo-methylation in SS. Transcription factor motif enrichment analysis
highlights the specific nature of these methylation differences, demon-
strating co-localization of DMPs with interferon-stimulated response el-
ement (ISRE) and PU-Box motifs. DNAm signatures derived from sorted
PBMCs show that disease-associated changes in DNAm are linearly cor-
related with cell-type specific patterns, resolving differential lymphocyte
proportions. Our results emphasize the utility of CpG methylation not
only as a biomarker of disease status, but also as an independent probe
of underlying disease processes.

409T
DNA methylation profiles in ADHD: comparison between boys and
girls. TV.M.M. Costa’, C. Milani’, F.A. Marchi?, G.M. Novo-Filho', E.A.
Zanardo’, M.M. Montenegro', FA.R. Madia', R.L. Dutra’, F.B. Piazzon’,
A.M. Nascimento’, M. Rocha'?, M.B. Veronesi', C.A. Kim*, V. Schuch®,
C.B. Mello®, M. Muszkat®, L.D. Kulikowski*4 1) Laboratério de Cito-
gendmica, Departamento de Patologia, Faculdade de Medicina da USP,
Sé&o Paulo, Brasil; 2) Laboratério NeoGene, AC Camargo Cancer Center,
Sé&o Paulo, Brazil; 3) Centro de Reprodugdo Humana e Genética,Depar-
tamento de Saude Coletiva, Faculdade de Medicina do ABC, Santo An-
dré, Brasil; 4) Unidade de Genética, Departamento de Pediatria, Instituto
da Crianga, HC/FMUSP, Sao Paulo, Brasil; 5) Nucleo de Atendimento
Neuropsicolégico Infantil Interdisciplinar (NANI), Departamento de Psi-
cobiologia da Escola Paulista de Medicina, UNIFESP, Séo Paulo, Brasil.
Attention deficit hyperactivity disorder (ADHD) is one of the most com-
mon neurobehavioral disorder diagnosed in childhood. ADHD is etiolog-
ically heterogeneous. On the other hand, it has a high heritability (around
80%) and it is diagnosed twice more often in boys than in girls. Although it
has a high heritability, the genetic architecture of ADHD is still largely un-
known and molecular markers for diagnosis havenotbeen identified yet.
DNA methylation is an important epigenetic mechanism associated with
silencing of genes in CpG islands. Thus, the investigation of methylation
profile in patients with ADHD is very important and could reveal different
and interesting aspects of the disorder. DNA methylation profiles were
performed using DNA extracted from blood lymphocytes of 13 carrying
ADHD (9 boys and 4 girls, ages 08-15) by lllumina Infinium HumanMeth-
ylation450 BeadChip. Children were diagnosed according to Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV-TR). We pre-pro-
cessed the array data using GenomeStudio software and full analysis
was performed using specific packages within the environment R. The
comparison between boys and girls considered delta-beta (AB) <-0.20 or
> +0.20. The probes were annotated according to the data provided by II-
lumina, using the genome hg19 reference. After the comparison between
boys and girls we obtained 20 differentially hipomethylated probes and
20 differentially hipermethylated probes. Our previous results showed
significantly methylated probes involved in several networks, including
Glutamate pathways, pointing out the relevance of glutamate, which is
closely associated to the Central Nervous System and could be modi-
fied by epigenetic factors. In this sense, tissue-specific DNA methylation
profiles considering gender may provide novel insights into pathogenic
mechanisms of ADHD and also help in future epigenetic therapies.Grants:
FAPESP: 14/02565-8 and FINEP-CT INFRA 0160/12 SP8.

410F
A genome-wide analysis of differential methylation regions in the nu-
cleus accumbens of rhesus macaques after long-term alcohol use.
B. Ferguson, R. Cervera-Juanes, L. Wilhelm, S. Gonzales, K. Grant. Div.
of Neurosciences, ONPRC, Oregon Health Science Univ., Portland, OR.
The long-lasting behavioral plasticity associated with alcohol addic-
tion may be related to changes in epigenetic mechanisms that regulate
neural gene expression, contributing to the widespread gene expression
changes observed after alcohol use. The nucleus accumbens (NAc), a
critical component of the reward system, is associated with risk for al-
cohol use. Here, we investigated the long-term effects of alcohol on the
NAc methylome of male rhesus macaques after 12-months of alcohol or
water (controls) self-administration. We used targeted bisulfite DNA se-
quencing to identify significant differentially methylated regions (DMRs)
between controls (C), low-moderate drinkers (LMD) and heavy drink-
ers (HD) using Comb-p software. Our results revealed 51 significant,
gene-specific DMRs among the three groups. Interestingly, some of the
DMRs were uniquely detected in either the HD or LMD groups (39), while
others appeared to be correlated with alcohol dose (16). The location of
the DMRs in the promoter and within the gene body, together with the
preliminary gene expression data suggest a potential role of the DMRs
in regulating total transcript level and the expression of alternative tran-
scripts. The DMRs map to genes encoding proteins with functions linked
to ion transport, cytoskelton binding, cell surface recptors and transcrip-
tional regulation. The majority of the genes associated with DMRs are
involved in neuronal functions, suggesting that DNA methylation may
play a central role in the neural adaptation to chronic alcohol use.
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Intra-individual dynamics of transcriptome and genome-wide stabil-
ity of DNA methylation during three months. R. Furukawa’, T. Hachi-
ya', H. Ohmomo’, Y. Shiwa’, K. Ono’, S. Suzuki?, M. Satoh’, J. Hitomi’,
K. Sobue’, A. Shimizu'. 1) lwate Medical University, Shiwa-gun,lwate,
Japan; 2) Keio University,Shinjuku-ku, Tokyo,Japan.

Cytosine methylation in CpG dinucleotides is one of the key epigene-
tic mechanisms that regulate gene expression. DNA methylation is con-
sidered to be stable, and to define “fields” for producing the transcrip-
tomes that characterize the functional differences of cells. Although gene
expression patterns are well known to change in response to various
stimuli, it remains unclear to what extent DNA methylation contributes to
short-term dynamics in gene expression. In the present study, we exam-
ined the short-time dynamics and stability of gene expression and DNA
methylation in peripheral blood mononuclear cells (PBMCs) and mono-
cytes. We collected blood 24 times from one healthy volunteer in three
months and obtained PBMCs and CD14"9"CD16"°" monocytes using cell
sorter (SH800, Sony). After extraction DNA and RNA, we measured gene
expression and DNA methylation levels by RNA sequencing and by II-
lumina Infinium HumanMethylation450 BeadChip microarrays, respec-
tively. First, to extract genes showing dynamic change in expression, we
calculated the coefficient of variation for each gene as an indicator of the
expression change, and defined the dynamic expression genes by de-
tecting outliers from a baseline. From these dynamic genes, we removed
the genes that the expressions were associated with the change in cell-
type composition by using a linear regression model and the ANOVA
test to detect Cell-type composition/Expression Associations (CEA). As
results, we obtained 1,637 and 5,279 dynamic non-CEA genes in PB-
MCs and monocytes, respectively. Next, we assessed to what extent the
DNA methylation levels explain the expression of the dynamic non-CEA
genes. As an index of the contribution of DNA methylation to the gene
expression, R? values were obtained by a linear regression model. Unex-
pectedly, there was no significant difference between the distributions of
R? values to the dynamic and the non-dynamic non-CEA genes, meaning
that the contribution of DNA methylation to the dynamics of non-CEA
genes was not significant. Additionally, the standard deviation of the
methylation levels of CpG loci near the dynamic genes was less than that
of CpG loci located near the non-dynamic genes. From these results, it
was considered that the DNA methylation levels of the CpG that located
the vicinity of the dynamic non-CEA genes were quite stable, and the ex-
tent of the contribution of the DNA methylation to the dynamics of gene
expression was small at least in several months.

412F

Characterizing a genomic map of 5-hydroxymethylcytosine in hu-
man brain at single base resolution through next-generation se-
quencing. J.A. Gross’, A. Pacis?®, G.G. Chen’, L.B. Barreiro?3, C. Ernst,
G. Turecki’. 1) Douglas Mental Health Univ Inst, Montreal, Quebec, Can-
ada; 2) CHU Sainte-Justine Research Centre, Department of Genetics,
Montreal, Quebec, Canada; 3) Departments of Biochemistry and Pediat-
rics, University of Montreal, Montreal, Quebec, Canada.

The recent discovery that methylated cytosines are converted to
5-hydroxymethylated cytosines (5hmC) by the family of ten-eleven
translocation enzymes has sparked significant interest on the genomic
location, the abundance in different tissues, the putative functions, and
the stability of this epigenetic mark. 5hmC plays a key role in the brain,
where it is particularly abundant and dynamic during development. Us-
ing AbaSI-Seq, we comprehensively characterize 5hmC in the prefrontal
cortices of 24 subjects. We show that, although there is inter-individual
variability in 5hmC content among unrelated individuals, approximately
8% of all CpGs on autosomal chromosomes contain 5hmC, while sex
chromosomes contain far less. Our data also provide evidence suggest-
ing that 5hmC has transcriptional regulatory properties, as the density of
5hmC was highest in enhancer regions and within exons. Furthermore,
we link increased 5hmC density to histone modification binding sites,
to the gene bodies of actively transcribed genes, and to exon-intron
boundaries. Finally, we provide several genomic regions of interest that
contain gender-specific 5hmC. Collectively, these results present an im-
portant reference for the growing number of studies that are interested
in the investigation of the role of 5hmC in brain and mental disorders.
Understanding the differences in the genomic locations of hmC will shed
light on the growing debate as to whether hmC represents a novel epi-
genetic mark or whether it is simply an intermediate product of active
DNA demethylation.
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Strong components of epigenetic memory in cultured human fi-
broblasts. N.A. Ivanov’, R. Tao’, J.G. Chenoweth’, A. Brandtjen', M.I.
Mighdoll', J.D. Genova’, R.D. McKay’, Y. Jia', D.R. Weinberger’234%,
J.E. Kleinman’, TM. Hyde"%%, A.E. Jaffe"”#%, 1) Lieber Institute for Brain
Development, Baltimore, MD; 2) McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University School of Medicine, Baltimore, MD;
3) Department of Psychiatry and Behavioral Sciences, Johns Hopkins
School of Medicine, Baltimore, MD; 4) Department of Neuroscience,
Johns Hopkins School of Medicine, Baltimore, MD; 5) Department of
Neurology, Johns Hopkins School of Medicine, Baltimore, MD; 6) Depart-
ment of Biological Sciences, Johns Hopkins School of Medicine, Balti-
more, MD; 7) Department of Mental Health, Johns Hopkins Bloomberg
School of Public Health, Baltimore MD; 8) Department of Biostatistics,
Johns Hopkins Bloomberg School of Public Health, Baltimore MD; 9)
Center for Computational Biology, Johns Hopkins University, Baltimore
MD.

Differentiation of pluripotent cells from fibroblast progenitors are po-
tentially transformative tools in personalized medicine. We previously de-
scribed culture of scalp- and dura-derived fibroblasts from postmortem
tissue, and identified relatively greater success culturing the dura-derived
cell lines. We hypothesized that these differences in growth in culture
were related to epigenetic differences between the cultured fibroblasts
by sampling location, and therefore generated genome-wide DNA meth-
ylation and transcriptome data on 11 intrinsically matched pairs of dural
and scalp fibroblasts from donors across the lifespan (infant to 85 years).
While these cultured fibroblasts were several generations removed from
the primary tissue and morphologically indistinguishable, we found wide-
spread epigenetic differences by sampling location at the single CpG
(N=101,989), region (N=697), “block” (N=243), and global spatial scales
suggesting a strong epigenetic memory of original fibroblast location.
Furthermore, many of these epigenetic differences manifested as differ-
ences in gene expression levels, particularly at the region-level (69.4%).
We further identified 7,265 CpGs and 10 regions showing significant epi-
genetic memory related to the age of the donor, as well as an overall
increased epigenetic variability, preferentially in scalp-derived fibroblasts
(83% of loci were more variable in scalp). This was hypothesized to result
from cumulative exposure to environmental stimuli in the primary tissue.
By integrating publicly available DNA methylation datasets on individual
cell populations in blood and brain, we identified significantly increased
inter-individual variability in our scalp- and other skin-derived fibroblasts.
This increased inter-individual variability is on a similar scale as epigen-
etic differences between different lineages of blood cells. Lastly, these
epigenetic differences did not appear to be driven by somatic muta-
tion - while we identified 63 probable variants across the 11 subjects,
there was no association between mutation burden and age of the donor
(p=0.86). These results depict a strong component of epigenetic mem-
ory in cell culture from primary tissue, even after several generations of
daughter cells, related to cell state and donor age.

414F
Epigenome Characterization of Human Genomes using the PacBio®
Platform. J. Korlach. Pacific Biosciences, Menlo Park, CA.

In addition to the genome and transcriptome, epigenetic information
is essential to understand biological processes and their regulation, and
their misregulation underlying disease. Traditionally, epigenetic DNA
modifications are detected using upfront sample preparation steps such
as bisulfite conversion, followed by sequencing. Bisulfite sequencing
has provided a wealth of knowledge about human epigenetics, however
it does not access the entire genome due to limitations in read length
and GC-bias of the sequencing technologies used.In contrast, Single
Molecule, Real-Time (SMRT®) DNA Sequencing is unique in that it can
detect DNA base modifications as part of the sequencing process. It
can thereby leverage the long read lengths and lack of GC bias for more
comprehensive views of the human epigenome. | will highlight sever-
al examples of this capability towards the generation of new biological
insights, including the resolution of methylation states in repetitive and
GC-rich regions of the genome, and large-scale changes in the methyl-
ation status across a cancer genome as a function of drug sensitivity.

415T
M-QTL analysis between asthma GWAS loci and DNA methylation
interactions. A. Kumar’?3, S.K. Merid', C. Séderhéll’?, C. Xu*°, O. Gruz-
ieval, J. Kere®’, G. Pershagen’, G. Koppelman*®, E. Melén"”%. 1) Institute
of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden;
2) Department of Epidemiology and Public Health, Swiss Tropical and
Public Health Institute, Basel, Switzerland; 3) University of Basel, Ba-
sel, Switzerland; 4) University of Groningen, University Medical Center
Groningen, Department of Pulmonology, GRIAC research Institute, Gron-
ingen, the Netherlands; 5) University of Groningen, University Medical
Center Groningen, Department of Genetics, GRIAC research Institute,
Groningen, the Netherlands; 6) Department of Biosciences and Nutrition
and Center for Innovative Medicine (CIMED), Karolinska Institutet, Stock-
holm, Sweden; 7) Centre for Allergy Research, Karolinska Institutet,
Stockholm, Sweden; 8) Sachs’ Children’s Hospital, Stockholm, Sweden.
Background: Asthma is characterized as a chronic inflammation
disease and has increased in prevalence over the decades. The ge-
nome-wide association studies (GWAS) have implicated several single
nucleotide polymorphisms (SNPs) with varying risk estimates for asth-
ma, but the etiology and prevalence change is still unexplained. Thus,
the interaction between genetic and epigenetic variations can help us
find SNPs associated with altered DNA methylation (mQTL) to explore
the cis and trans-regulatory relationships that may affect the gene reg-
ulation and disease phenotypes. Methods: Using the lllumina Infinium
HumanMethylation450 beadchip, DNA methylation was measured from
peripheral blood of 464 individuals (231 patients with asthma-ever doc-
tor diagnosis and 233 controls) up to 8 yrs age from the BAMSE study.
We currently focused on cytosine-phosphate-guanine (CpG) sites in
the ORMDL3 and IL1RL1 genes, that have been implicated in multiple
asthma GWAS, with genotypes derived on same samples using SNPs
from Human610-Quad beadchip imputed (minimac) on 1000 Genomes
reference panels (phase 1). “SNP x mQTL” interactions were examined
using logistic regression models adjusting for gender, case/control sta-
tus and population stratification eigenvalues. Results: A total of 15 CpG
sites were identified in the two loci. Preliminary analyses in cases and
controls separately yielded a high overlap in significant results after Bon-
ferroni correction (BC); we thus combined cases and controls to increase
power. Consequently, in the ORMDLS3 region, six local CpGs out of nine
were significant after BC, with cg10909506 showing the strongest asso-
ciation with rs17608925 (p=1.05x10"%) in comparison to the top GWAS
SNP, rs7216389 (p=6.499x10"2, R?=0.17). Similarly, cg25869196 with
rs11676124 (p=2.78x10°) and cg20060108 with rs887971 (p=1.33x10""")
were found significant in ILTRL1 gene region, out of six CpGs, while the
relevant top GWAS SNP, rs1420101 was less significant, with no correla-
tion. Conclusion: Our results on two well-known asthma susceptibility
genes indicate that CpG sites that are significantly associated with SNPs
manifest cis-mQTLs effects, although some trans-mQTLs associations
were also found. The strongest mQTL effects were seen for other SNPs
than the top GWAS SNPs. Thus, studying these DNA methylation chang-
es as part of integrative genomics pipelinecan help us disentangle the
molecular mechanism of the diseases better.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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DNA Methylation Score as a Biomarker in Newborns for Sustained
Maternal Smoking During Pregnancy. S.J. London’, M. Wu?, S. Zhao?,
S. Haberg?, P. Ueland®, R.M. Nilsen’, O. Midttuns, S.E. Vollset*®, B. Jou-
bert', S. Peddada? W. Nystad“, S.E. Reese’. 1) Epidemiology Branch,
National Institute of Environmental Health Sciences, Research Triangle
Park, NC; 2) Public Health Sciences, Fred Hutchinson Cancer Research
Center, Seattle, WA; 3) Biostatistics and Computational Biology Branch,
NIEHS, Research Triangle Park, NC; 4) Norwegian Institute of Public
Health, Oslo, Norway; 5) University of Bergen, Bergen, Norway; 6) Bevi-
tal AS, Laboratory building, Bergen, Norway; 7) Department of Research
and Development, Haukeland University Hospital, Bergen, Norway.
Maternal smoking during pregnancy leads to numerous adverse out-
comes in offspring. We previously identified highly reproducible methyl-
ation signals using a genome wide methylation platform (lllumina 450K)
that reflect sustained, but not transient, smoking during pregnancy.
Questionnaire assessment of smoking in pregnant women may not de-
tect all smokers and timing of assessments may be insufficient to assess
sustained smoking. There is no biomarker of sustained smoking during
pregnancy. We used data on a short-term smoking biomarker, cotinine,
measured in maternal plasma during pregnancy and lllumina 450K whole
newborn cord blood DNA methylation in a pregnancy cohort (N=1279) to
develop a biomarker in newborns of sustained maternal smoking during
pregnancy. We used logistic least absolute shrinkage and selection oper-
ator (LASSO) regression with area under the curve (AUC) cross-validation
to train a model predictive of sustained maternal smoking in pregnancy.
A subset of CpGs that we determined to be most predictive of smoking
from the LASSO was used to estimate the probability that a newborn’s
mother was a smoker. The regression coefficients of these CpGs were
used to develop a smoking score that reliably predicted smoking status
in the train set (N=1058; AUC=0.98 Sensitivity=85%, Specificity=98%).
As expected, predictive performance was lower on the much smaller test
set (N=221; AUC=0.87, Sensitivity=57%, Specificity=93%). This smok-
ing score can be applied to other studies with lllumina 450K methylation
data. It represents a promising novel biomarker in newborns of sustained
maternal smoking during pregnancy. This should be useful in studies
with limited time course information on maternal as well as to fill in miss-
ing individual data. It also provides a means to evaluate self-reported
questionnaire data. This quantitative biomarker, which incorporates du-
ration as well as dose, might improve the ability to detect health effects
of maternal smoking during pregnancy.

a7T
Whole-genome bisulfite sequencing data from multiple human tis-
sues reveal novel CpG island loci of tissue-specific regulation. /.
Mendizabal'?, S.V. Yi'. 1) School of Biology, Georgia Institute of Technol-
ogy, Atlanta, GA; 2) Department of Genetics, Physical Anthropology and
Animal Physiology, University of the Basque Country UPV/EHU, Spain.
CpG islands (CGils) are one of the most widely studied regulatory
features of the human genome, with critical roles in development and
disease. Despite such significance and the original epigenetic definition,
currently used CGl sets are typically predicted from DNA sequence char-
acteristics. Although CGls are deeply implicated in practical analyses of
DNA methylation, recent studies have shown that such computational
annotations suffer from inaccuracies. Here we used whole genome bi-
sulfite sequencing from ten diverse human tissues to identify a compre-
hensive, experimentally obtained, single-base resolution CGl catalog. In
addition to the unparalleled annotation precision, our method is free from
potential bias due to arbitrary sequence features or probe affinity differ-
ences. In addition to clarifying substantial false positives in the widely
used UCSC annotations, our study identifies numerous novel epigenetic
loci of regulation. In particular, we reveal significant impact of transpos-
able elements on the epigenetic regulatory landscape of the human ge-
nome, and demonstrate ubiquitous presence of transcription initiation
at CGls, including alternative promoters in gene bodies and non-cod-
ing RNAs in intergenic regions. Moreover, coordinated DNA methylation
and chromatin modifications mark tissue-specific enhancers at novel
CGils. Enrichment of specific transcription factor binding from ChIP-seq
provides mechanistic roles of CGls on regulation of tissue specific tran-
scription. Consequently, the CGl catalog provides a comprehensive and
integrated list of genomic hotspots of epigenetic regulation.

418F

Epigenome-wide association study suggests that SNPs in the pro-
moter region of RETN influence plasma resistin level via effects on
DNA methylation at neighboring sites. M. Nakatochi’, S. Ichihara?, K.
Yamamoto?®, K. Ohnaka’, Y. Kato®, S. Yokota®, A. Hirashiki’, K. Naruse®, H.
Asano$, H. Izawa®, T. Matsubara®, M. Yokota. 1) Bioinformatics Section,
Center for Advanced Medicine and Clinical Research, Nagoya Universi-
ty Hospital, Nagoya, Japan; 2) Graduate School of Regional Innovation
Studies, Mie University, Tsu, Japan; 3) Department of Medical Chemistry,
School of Medicine, Kurume University, Kurume, Japan; 4) Department
of Geriatric Medicine, Graduate School of Medical Sciences, Kyushu
University, Fukuoka, Japan; 5) Department of Registered Dietitians,
Faculty of Health and Welfare, Tokai Gakuin University, Kakamigahara,
Japan; 6) Department of Internal Medicine, lwakura Hospital, Iwakura,
Japan; 7) Department of Advanced Medicine in Cardiopulmonary Dis-
ease, Nagoya University Graduate School of Medicine, Nagoya, Japan;
8) Department of Internal Medicine, School of Dentistry, Aichi Gakuin
University, Nagoya, Japan; 9) Department of Cardiology, Fujita Health
University Banbuntane Hotokukai Hospital, Nagoya, Japan; 10) Depart-
ment of Genome Science, School of Dentistry, Aichi Gakuin University,
Nagoya, Japan.

Aims Human resistin is considered to be a biomarker or mediator of
metabolic and inflammatory diseases. To investigate epigenetic regu-
lation of the plasma concentration of resistin, we performed an epig-
enome-wide association study for this parameter and DNA methylation
(DNAm) in an elderly Japanese cohort and then assessed the relation
of single nucleotide polymorphisms (SNPs) associated with the plasma
resistin concentration to DNAm level at identified sites.Methods The as-
sociation of plasma resistin level with DNAm status was examined in 191
nondiabetic elderly Japanese men in Kita-Nagoya with the lllumina In-
finium HumanMethylation450 BeadChip array. The association between
DNAm status at specific sites in the flanking region of the resistin gene
(RETN) and RETN mRNA abundance was then evaluated with a public
data set for 1202 monocyte samples from a multiethnic cohort. Final-
ly, the association of DNAm status and SNPs in the promoter region of
RETN was assessed in two cohorts composed of 191 Japanese individ-
uals in Kita-Nagoya and 287 Japanese individuals in Fukuoka.Results
The plasma resistin level showed a negative genome-wide significant
association with DNAm status at a CpG site located in the promoter
region of RETN (8 =-0.270 + 0.041, p = 6.02 x 107°). Four DNAm sites
in the RETN promoter region including the CpG site (3 = -0.298 + 0.016,
p = 4.23 x 107°) showed a negative genome-wide significant associa-
tion with RETN mRNA abundance in monocytes. Furthermore, DNAmM
level at the CpG site was negatively associated with the minor alleles
of the RETN promoter SNPs rs34861192 and rs3219175 (Kita-Nagoya,
B =-0.396 + 0.043, p = 4.43x107""; Fukuoka, B = -0.334 + 0.035, p =
3.50x107"%). The SNPs rs34861192 and rs3219175 were in complete LD
in the Kita-Nagoya samples.Conclusions Although the minor alleles of
rs34861192 and rs3219175 have been reported to be positively associ-
ated with circulating resistin level in Japanese, the mechanism by which
they regulate the circulating resistin concentration has remained unclear.
Our results suggest that RETN promoter SNPs might influence the cir-
culating resistin level through an effect on DNAm at the CpG site and on
RETN mRNA abundance in monocytes.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Epigenetic Regulation of Differential HLA-A Allelic Expression Lev-
els. V. Ramsuran'?, S. Kulkarni?, C. O’hUigin’, Y. Yuki', D. Augusto’?, X.
Gao', M. Carrington™2. 1) Cancer Inflammation Program , National Can-
cer Institute, Frederick, MD; 2) Ragon Institute of Massachusetts General
Hospital, Massachusetts Institute of Technology, and Harvard University,
Cambridge, MA.

MHC class | expression levels influence the strength of immune re-
sponses and represent another variable in determining outcome to dis-
ease beyond peptide binding alone. Identification of the HLA loci that
vary in allelic expression levels and delineating the mechanism responsi-
ble for expression variation may provide the opportunity to modify their
expression therapeutically. We have examined the expression levels of
allelic lineages at the HLA-A locus in a sample of 216 European Amer-
icans using a real time PCR assay, which amplifies all HLA-A lineag-
es specifically with equal efficiency, and observe a gradient of expres-
sion that associates with HLA-A allelic lineage (R=0.6, p=5x102%. DNA
methylation of the HLA-A gene appears to contribute to the variation in
HLA-A mRNA expression levels, as a significant inverse correlation was
observed between HLA-A mRNA expression levels in untreated cells
and the degree to which expression is increased after treatment of the
cells with a DNA methyltransferase inhibitor (R=0.6, p=2.8x10%). Further,
deep sequencing and chromatin immunoprecipitation assays revealed
allelic lineage specific methylation patterns within the HLA-A promoter
region where increased DNA methylation levels correlated significantly
with reduced HLA-A expression levels (R=0.89, p=3.7x10?). These data
demonstrate HLA-A allelic lineage specific variation in expression levels,
and DNA methylation as a key factor in contributing to this variation.

420F

Epigenome-wide association analyses of healthy human skin and
blood DNA methylation profiles in relation to total body nevus count.
L. Roos’, J. Sandling? D. Glass’, T.D. Spector’, P. Deloukas?®, V. Bataille',
J.T. Bell'. 1) Department of Twin Research and Genetic Epidemiology,
King’s College London, London, United Kingdom; 2) Department of
Medical Sciences, Uppsala University, Uppsala, Sweden; 3) William
Harvey Research Institute, Queen Mary University of London, London,
United Kingdom.

The strongest risk factor for melanoma is the number of melanocytic nevi.
Nevi senesce from middle age onwards, but this can be delayed in individu-
als at high risk of melanoma. Genes such as MTAF, CDKN2A, and PLA2G6
as well as those involved in telomere function have already been associat-
ed with nevus count. We performed an epigenome-wide association study
(EWAS) by analyzing DNA methylation profiles from the lllumina 450k array
in relation to total body nevus count, both in skin tissue from a sun-protect-
ed area and whole blood in 327 and 404 healthy female individuals, respec-
tively.We identified 3 CpG sites in skin tissue that were significantly associ-
ated with nevus count at a false discovery rate (FDR) of 5%. The strongest
signal (p = 2.1 x 10°%) was a CpG site hypermethylated with increasing nevus
count, located in a CpG island shore upstream of lincRNA AC744831.1. The
second ranked CpG was hypomethylated with increasing nevus count and
was located in the promoter region of C150rf48, which is upregulated in skin
carcinoma samples. The third CpG site was hypermethylated with increas-
ing nevus count and locates in the transcription start site (TSS) of ARRD1,
implicated in embryogenesis and tissue maintenance. At a less stringent
threshold (FDR=10%) we found a negative correlation between DNA meth-
ylation and nevus count 200bp upstream of the TSS of RAF1. Mutations in
RAF1 can lead to oncogenic properties in melanoma, and RAF1 inhibitors
have been developed as successful drug targets. These results did not rep-
licate in the whole blood EWAS. There we did identify 9 CpG sites that were
significantly associated with nevus count at EWAS (FDR 5%). Among the
significant findings was a CpG site located within EBF3, involved in neural
development, which is of particular relevance as melanocytes are derived
from the neural crest.To conclude, this is the first EWAS for total body nevus
count and is performed in a phenotype relevant tissue, skin, as well as whole
blood samples. We have identified CpG sites near genes that are relevant
for the formation of nevi and melanoma. Furthermore, different significant
CpG sites were found across the two tissues, indicating that the signal in
skin tissue might be tissue-specific and potentially have direct mechanistic
involvement. Future work will aim to integrate genetic variation, DNA meth-
ylation, and gene expression to increase our understanding of the mecha-
nisms underlying development and formation of nevi and melanoma.

421T

DNA methylation profiling of brains of Parkinson disease patients.
S.K. Sivasankaran, A. Hossein, A. Mehta, L.G. Maldonado, K. Nuytemans,
W.K. Scott, E.R. Martin, J.M. Vance, J.l. Young. John P. Hussman Insti-
tute for Human Genomics, Dr. John T. Macdonald Department of Human
Genetics, University of Miami, Miami, FL, USA.

Parkinson’s disease (PD) is a chronic multifactorial neurological disor-
der that mostly affects people over the age of 60. It is the second most
common neurodegenerative disorder with a prevalence of 1.5 million
people in U.S. alone and about 60,000 additional patients newly diag-
nosed each year. The core pathology of PD is defined by progressive
loss of dopamine-producing neurons in the substantia nigra in brain.
Approximately 15-20% of PD patients have a family history of PD, and
there are rare cases with Mendelian inheritance. Genetic studies have
identified several chromosomal loci associated with PD. However, the
vast majority of PD cases are idiopathic, with disease likely caused by
other genetic factors, epistatic effects, and gene-environment inter-
action effects. Recently, increasing evidence suggests that epigenetic
mechanisms, such as DNA methylation and histone modification may
also regulate the expression of PD-related genes, and contribute to PD
etiology.Here, we investigated genome-wide DNA methylation in 24 (12
PD cases and 12 controls, matched on sex and race/ethnicity) prospec-
tively collected autopsied brains to assess the methylation state of an-
terior cingulate gyrus DNA in relation to PD. We used state-of-the art
data processing protocols, including normalization of probe intensity
and background. For differential methylation tests, we performed logistic
regression, adjusting for batch and age of death as covariates. A total
of 17 cytosine-phosphate-guanine (CpG) sites were differentially meth-
ylated in our analysis (adjusted p-value < 0.05). Of particular interest is
a differentially methylated CpG site located within the 5°-UTR of the tri-
partite motif-containing protein 2 (TRIM2, p-value = 1.7x 10%). TRIM2 is
an excellent candidate gene as it is expressed in brain, had been linked
to axonal function and previous studies found it associated to peripheral
neuromuscular disorders. In mice, deficiency of TRIM2 causes neuro-
degeneration.Our analyses suggest that the identified DNA methylation
changes may have a role in PD and will be complemented by methylation
profiling in additional brain regions.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Genome-wide DNA methylation changes in the dorsal and ventral
striatum of individuals with chronic cocaine dependence. K. Vaillan-
court?, G.G Chen’, A. Diallo’, R. Poujol’, C. Ernst"?, D.C. Mash?, G. Tu-
recki’23, 1) McGill Group for Suicide Studies, Douglas Hospital Research
Center, Verdun, QC; 2) Integrated Program in Neuroscience, McGill Uni-
versity, Montreal, QC; 3) Department of Psychiatry, McGill University,
Montreal, QC, Canada; 4) Department of Neurology, University of Miami
Miller School of Medicine, Miami, FL.

Background: Cocaine dependence is a chronic relapsing disorder
whose development and trajectory is impacted by multiple genetics and
environmental factors. Transcriptional changes accompany the transition
from recreational cocaine use to cocaine dependence and epigenetic
mechanisms may mediate these effects. Recently, several studies have
identified epigenetic marks that are associated with the acquisition of
compulsive drug seeking in animal models, but little is known about the
role of epigenetics in human cocaine dependence. Of particular inter-
est is DNA methylation as it represents a mitotically stable mark that
has been shown to be altered by environmental experience.Methods:
We used Reduced Representation Bisulfite Sequencing (RRBS) on post
mortem nucleus accumbens and caudate tissue from 25 dependent co-
caine users and 25 drug-free and age-matched controls. This approach
has allowed us to detect genome-wide cytosine methylation at base pair
resolution. Differentially methylated regions (DMRs) were validated us-
ing targeted bisulfite sequencing and cell-type specificity will be inves-
tigated in neuronal and non-neuronal nuclear fractions that have been
separated using Fluorescence Activated Cell Sorting (FACS).Results:
All RRBS libraries contained more than 4 million reads at 10X coverage
and are well aligned to the human genome. In addition, all libraries were
bisulfite converted with over 98% efficiency. Our study has identified
multiple clusters of hyper- and hypomethylation associated with chron-
ic cocaine dependence, in both brain regions. Differentially methylated
regions span gene bodies, including introns and exons, as well as pro-
moters and intergenic regions. High throughput discovery of cocaine-as-
sociated networks and pathways allow us to investigate the epigenetic
changes in brain that accompany the transition from cocaine abuse to
chronic cocaine dependence.Funded by NIDA (DA033684).

423T
Preliminary study on Genome wide methylation profile of liver biop-
sies in HCV infected patients with severe hepatic fibrosis. L.R.S. Vas-
concelos’?, R.F. Carmo?, V.C.S. Sousa®, S. Cabantous®, C. Chevillard®,
L.M.M.B. Pereira?, P. Moura®, A. Dessein®. 1) Parasitology Departament,
Aggeu Magalhdes Research Center - FIOCRUZ-PE , Recife, Brazil; 2)
Liver and transplant institute of Pernambuco - IFP-PE, Recife, Brazil;
3) Biological sciences institute - University of Pernambuco -ICB/UPE,
Recife, Brazil; 4) Federal University of Sdo Francisco Valley- UNIVASF,
Petrolina, Brazil; 5) Immunology and Genetics of Parasitic Diseases, IN-
SERM 906, Universita d’Aix-Marseille, Marseille, France.
Introduction:Hepatitis C virus (HCV) infection is a major cause of
chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC)
worldwide. It is unknown why some individuals will develop severe
forms of the disease.Studies have shown the importance of DNA meth-
ylation in the liver fibrosis progression. Therefore, theexploration of DNA
methylation in the stages of liver fibrosis may disclose triggering mech-
anismsof HCV outcome.We conducted an exploratory investigation on
methylation profileof liver biopsies from patients with HCV. Materials and
Methods: Liver biopsies sampleswere collectedfrom HCV-RNA positive
patients before treatment (n= 12),and they wereclassified byMETAVIR
score.Six patients had fibrosisF0-F1 and 6 had F3-F4.Liver DNA was
extracted with Zimo research kit and lllumina HumanMethylation450
BeadChip arrays was used to identify regions of hypo- or hypermethyla-
tion influencing hepatic fibrosis. Results:Regardingbiochemical analysis,
serum levels of ALT, ASTand alpha-fetoproteinwere higher intheF3-F4
group (p=0.03, p=0.01 and p=0.04, respectively) characterizing active
liver disease. Top methylation analysis showed 95 CpGs sites differen-
tially methylated in FO-F1 vs. F3-F4 (p < 5 x 10-15),in which12 siteswere-
hypomethylated (in 10 genes) and 83 hypermethylated (in 64 genes). We
performed Global methylation analysis in the 5kb distance of promoter
regions from the genes that were differentially methylated (p < 0.05) in
FO-F1 vs. F3-F4, top 10 genes hypermethylated included genes of in-
nate immunity, extracellular matrix and mitochondrial function and top
10 hypomethylated included genes of Ras signaling and mitochondrial
function (p < 5 x 10-5). The pathway enrichment analysis showed that six
pathways were associated to the F3-F4 methylation profile; BSID: 83105
(pathways in cancer); 102279 (endocytosis); 373901 (HTLV-1 infection);
83051 (cytokine-cytokine receptor interaction); 523016 (transcriptional
misregulation in cancer) and 658418 (viral carcinogenesis) PcBonf < 3.99
x 10-2. Conclusion: Global methylation analysis in the promoter regions
showed an important epigenetic regulation of genes involved with mi-
tochondrial function, extracellular matrix, cell signaling and immunity,
which may be related to the liver damage caused by HCV and that may
emerge as a trigger for carcinogenesis, since F3-F4 profile strongly as-
sociated to cancer development.Further studies are being conducted to
confirm this hypothesis.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Epigenetic suppression of VEGF in retinal pigment epithelial cells by
vitamin C. G. Wang, D. Sant, J. Chen, D. Van Booven, V. Camarena. Dr.
John T. Macdonald Foundation Dept. of Human Genetics, Hussman Inst.
for Human Genomics, Univ Miami, Miami, FL.

We and others recently reported that ascorbate is critical for DNA de-
methylation by serving as a cofactor for ten-eleven translocation (TET)
dioxygenases to convert 5-methylcytosine (5mC) to 5-hydroxymethyl-
cytosine (5hmC) in DNA. In this study, we examined the epigenetic ef-
fect of ascorbate in cultured human retinal pigment epithelial ARPE-19
cells. Treatment with ascorbate increased the global content of 5hmC in
a time- and dose-dependent manner. RNA-seq was then conducted to
evaluate the influence of ascorbate treatment on the transcriptome of
ARPE-19 cells. We found 993 genes that were differentially expressed
comparing cells cultured with (50 mM) or without ascorbate for 7 days
using three different methods (EdgeR, DESeq and BaySeq). The expres-
sion of the top 10 genes (based on fold changes and P values) was fur-
ther verified by gRT-PCR. In particular, a significant decrease in VEGFA
expression (0.26 fold) was found after ascorbate treatment. The effect
of ascorbate on VEGFA expression was further verified by western blot
and ELISA of the conditioned media, in which ARPE-19 cells were cul-
tured for certain periods of time. We are now examining 5mC and 5hmC
in the VEGFA promoter region. Further, RPE appears to be one major
source of VEGF after comparing its transcriptome with that of primary
human retinal microvascular endothelial cells (1~2% of adjusted reads).
Ocular anti-VEGFA therapy has been used to treat eye disorders such
as neovascular age-related macular degeneration (AMD) and diabetic
retinopathy. Whether it is antibody-based or VEGF-trap, the anti-VEGFA
therapy is only effective for a subgroup of patients. Our results, though
preliminary, suggest that ascorbate could be an epigenetic treatment for
these ocular diseases.

425T
Set-based Methods for DNA Methylation Analysis. Q. Yan’, R. Fan?,
D. Weeks?, N. Boutaoui', G. Canino?, J. Celedon’, W. Chen'2. 1) Division
of Pulmonary Medicine, Allergy and Immunology, Department of Pediat-
rics, Children’s Hospital of Pittsburgh of UPMC, University of Pittsburgh,
Pittsburgh, PA; 2) Departments of Human Genetics and Biostatistics,
University of Pittsburgh Graduate School of Public Health, Pittsburgh,
PA; 3) Biostatistics and Bioinformatics Branch, Division of Intramural
Population Health Research, Eunice Kennedy Shriver National Institute
of Child Health and Human Development, National Institutes of Health,
Bethesda, MD; 4) Behavioral Sciences Research Institute and Depart-
ment of Pediatrics, University of Puerto Rico, San Juan, Puerto Rico.
With advances in microarray and next-generation sequencing tech-
nologies, genome-wide epigenetic data at a high resolution are available
for hundreds and even thousands of subjects. Among these epigene-
tic data, the investigation of DNA methylation, (the addition of methyl
groups to cytosines in the CpG dinucleotide context) can complement
genetic studies. Although, in rare situations, a single methylated locus
is associated with a disease, researchers are more interested in the as-
sociation of a set of methylated loci, such as CpG islands, CpG shores
and UTRs. In genetic studies, various methods have been developed to
test for association between a group of rare genetic variants and com-
plex diseases, and these methods can be extended to analyze set-based
methylation loci for their effects on diseases. In this work, we conduct
set-based statistics for examining association between set-based meth-
ylated loci and diseases. We propose two set-based approaches orig-
inally designed for genetic association analysis, Sequence Kernel As-
sociation Test and Functional Linear Model, to make them compatible
with methylation data by considering the correlation between methylated
loci. Results from our simulation studies show that both approaches re-
tain the desired Type | error rate, and have comparable power in all the
scenarios we considered. Finally, we illustrate the use of our proposed
approaches by analyzing whole-genome DNA methylation data from
studies on asthma and rheumatoid arthritis (RA). We identified poten-
tial differentially methylated genes associated with asthma-related traits,
and found that the HLA gene (associated with RA in genetic studies) is
differentially methylated in subjects with and without RA.

426F

Comprehensive ldentification of Osteoblast-Specific DNA Methyl-
ation Signatures. F. Yu, H. Shen, H.W. Deng. Center for Bioinformatics
and Genomics, Department of Biostatistics and Bioinformatics, School
of Public Health and Tropical Medicine, Tulane University, New Orleans,
LA, USA.

DNA methylation is an important epigenetic modification that con-
tributes to the lineage commitment and specific functions of different
cell types. Previous studies have suggested that DNA methylation plays
important roles in regulating several genes that are critical for osteoblast
differentiation and activities; however, the osteoblast-specific methyla-
tion pattern at genome-wide scale has not been fully examined. In this
study, we compared the genome-wide DNA methylation profiles of hu-
man osteoblast with 21 other types of untransformed human cells in or-
der to identify osteoblast-specific hyper- and hypo-methylation events.
Genome-wide DNA methylation profiles assayed by reduced represen-
tation bisulfite sequencing (RRBS) were obtained from the ENCODE
dataset. By carrying out differential methylation analysis, we identified
295 significant (g< 0.001, absolute mean methylation difference >20%)
osteoblast-specific differentially methylated regions (DMRs), including
247 (84%) hyper- and 48 (16%) hypo-methylated regions. Interestingly,
significant DMRs were not enriched in CpG islands (CGls), but enriched
in CGI shores and shelves, as well as ‘open-sea’ areas. Also, significant
DMRs were more frequently observed in gene body and intergenic re-
gions rather than regions proximal to transcriptional start sites. The gene
ontology and phenotype ontology analyses revealed that the significant
DMRs were highly enriched in biological processes related to transcrip-
tional regulation and skeletal morphology and development. By integrat-
ing the DMR data with the extensive gene expression and chromatin
epigenomics data in ENCODE and NIH Roadmap Epigenomics project,
we observed complex, context-dependent relationships between DNA
methylation, chromatin states, and gene expression, suggesting diverse
DNA methylation-mediated regulatory mechanisms. Our results also
suggested a number of novel osteoblast-relevant genes. For example,
the integrated evidences from DMR analysis, histone modification and
RNA-seq data strongly support a highly expression of a novel isoform of
neurexin-2 (NRXN2) gene in osteoblast. NRXN2 was known to function
as a cell adhesion molecule in the vertebrate nervous system, but its
functional role in bone is completely unknown. In summary, we identified
a number of key osteoblast-specific methylation events and revealed
novel epigenetic mechanisms that may be critical for osteoblast differ-
entiation and functions.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Integration of DNA methylomic and transcriptomic changes in post-
mortem prefrontal cortex of subjects with alcohol use disorders. H.
Zhang', F. Wang', H. Xu', H. Zhao? J.H. Krystal', H.R. Kranzler®, J. Ge-
lernter’. 1) Psychiatry/VAMC, Yale University School of Medicine, West
Haven, CT; 2) Department of Biostatistics, Yale University School of Pub-
lic Health, New Haven, CT, USA; 3) Department of Psychiatry, University
of Pennsylvania Perelman School of Medicine and VISN4 MIRECC, Phil-
adelphia VAMC, Philadelphia, PA, USA.

DNA methylomic alterations in the prefrontal cortex (PFC) may con-
tribute to risk for alcohol use disorders (AUDs). The DNA methylome in
postmortem PFC of 16 male and seven female pairs of AUD and control
subjects (46 European Australians) was examined using lllumina’s Hu-
manMethylation450 BeadChip assays. 1,812 CpGs (mapped to 1,099
genes) were differentially methylated in male AUD subjects (9.5x10° <
P ia < 7.2x10* and g < 0.05). In female subjects, no CpGs survived
multiple testing corrections for their association with AUDs (g > 0.05).
The above 1,812 CpGs were over-presented in two AUD-associated
co-methylation modules (Mturquo\se: 1,048 CpGs/683 genes; M, : 429
CpGs/304 genes) in male subjects (Phypers 0.001). Biological process-
es enriched for genes in these modules included neuron development
and transcription regulation. Moreover, genes mapped by CpGs in these
two modules were enriched in GWAS-identified genes associated with
substance (alcohol, cocaine, opioid, or nicotine) dependence or psychi-
atric disorders (attention-deficit/hyperactivity disorder, autism spectrum
disorder, bipolar disorder, major massive depression, or schizophrenia).
Additionally, 106 of the 1,812 CpGs were mapped to 93 genes (e.g.,
AUD-associated genes GRIK3, GRIN2C, and GABRA1) with differen-
tial expression in postmortem PFC of male AUD subjects. Our findings
suggest that DNA methylation alterations in reward-related brain regions
result in an increased risk of AUDs.

428F

Epigenome-wide assoication in host genome for HIV infection. K.
Xu'?, X Zhang'?, Z Wang®, Y Hu*, R Sutton®, Emu B?, J Krystal'?, A Jus-
tice®. 1) Psychiatry, Yale School of Medicine , New Haven , CT, 2) Con-
necticut Veteran Health System, 950 Campbell ave, building 35, West
Haven, CT; 3) Yale University School of Medicine, New Haven Veterans
Affairs (VA) Connecticut Healthcare System, West Haven; 4) National In-
stitute of Cancer, Center of Bioinformatics 9609 Medical Center Drive,
Rockville, Maryland 20850; 5) Section of Infectious Diseases, Depart-
ment of Internal Medicine, Yale University School of Medicine, New Ha-
ven, Connecticut, USA; 6) Department of Biostatistics, Yale School of
Public Health.

Background: Epigenetic control of human immunodeficiency virus
(HIV) gene expression is critical for viral transcription and latency in host
T cells and macrophages. Little is known, however, regarding epigenetic
changes in the host genome associated with HIV infection. Here, we re-
port an epigenome-wide association study (EWAS) in 384 patients with
and without HIV infection. We further tested the relationship of HIV-as-
sociated CpG sites with viral replication.Methods: Subjects were from
the Veterans Aging Cohort Study (VACS) of HIV positive and negative
patients in care in U.S., Department of Veterans Affairs Medical Centers.
DNA was extracted from whole blood. 485,578 CpG sites were profiled
using lllumina HumanMethylation 450K Beadchip. Data filtering, normal-
ization, quality control were performed using programs in the R package.
Generalized Linear Model was applied for association of each CpG site
with HIV infection covariate for critical confounders. P value was correct-
ed by Bonferroni correction. Results: Between HIV+ and HIV- patients,
we found significant differential methylation at 211 CpG sites in genes
implicated in HIV replication, immune, and inflammatory processes.
Pathway analysis revealed the gene enrichments on chromosome 6p21,
a region hosting Major Histocompatibility Complex (MHC) (false discov-
ery rate q=0.0002). Specifically, two genes associated with inflammatory
response were dys-regulated in HIV+ patients. First, three CpG sites in
the promoter region of NLRC5 (NOD-, LRR-, and CARD-containing 5),
were hypomethylated in HIV+ patients, presumably increasing its gene
expression. Increased NLRC5 expression would inhibit the expression
of NFKB and negatively regulate type | interferon signaling pathways.
Second, TNF-o. was hypermethylated in the gene body in HIV+ patients.
Consistent with immune dysfunction, methylation of NLRC5 and TNF-o.
correlated with HIV viral load in these patients after adjusted for CD4,
CD8, and WBC counts (ps < 0.00001).Conclusion: Genome-wide meth-
ylation changes in PBMCs in HIV infected patients may influence im-
mune function. Alterations in DNA methylation patterns in specific genes
of HIV infected patients could affect outcome and might be targeted
in novel approaches to therapy. Acknowledgement: The project was
funded by NIH grants R21AA022870, RO3DA039745, K12DA000167. We
appreciate the supports from National Center of PTSD, U.S. Department
of Veterans Affairs and Yale Center of Genetic Analysis.
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Exploration of hydroxymethylation in Kagami-Ogata syndrome
caused by hypermethylation of imprinting control regions. K. Ya-
mazawa'?, K. Matsubara?, M. Kagami?, K. Nakabayashi®, K. Hata® M.
Fukami?, T. Ogata®*. 1) Clinical Genetics Center, National Hospital Or-
ganization Tokyo Medical Center, Tokyo, Japan; 2) Department of Mo-
lecular Endocrinology, National Research Institute for Child Health and
Development, Tokyo, Japan; 3) Department of Maternal-Fetal Biology,
National Research Institute for Child Health and Development, Tokyo,
Japan; 4) Department of Pediatrics, Hamamatsu University School of
Medicine, Hamamatsu, Japan.

Background: 5-hydroxymethylcytosine (5hmC), converted from
5-methylcytosine (5mC) by Tet enzymes, has recently drawn attention
as the ‘sixth base’ of DNA since it is considered to be an intermediate
of demethylation pathway. Nonetheless, it remains to be addressed how
5hmC is linked to the development of human imprinting disorders. In
this regard, conventional bisulfite (BS) treatment is unable to differen-
tiate 5hmC from 5mC, thus it is hypothesized that BS conversion-de-
rived ‘hypermethylation’ at imprinting control regions (ICRs) which may
cause human imprinting disorders would be in fact attributable to exces-
sively increased levels of 5hmC as well as 5mC.Methods: We applied
the newly developed oxidative BS (oxBS) treatment to detect 5hmC in
blood samples from Kagami-Ogata syndrome (KOS14) patients caused
by perturbed expression of clustered imprinted genes on 14932.2 re-
sulting from the hypermethylation of ICRs at this locus, IG-DMR and
MEG3-DMR.Results: oxBS with pyrosequencing and cloning-based
sequencing revealed that there were few amounts of 5hmC at the hyper-
methylated IG-DMR in blood sample from KOS14 patients. oxBS with
genome-wide methylation array analysis demonstrated that global levels
of 5hmC were very low with similar distribution patterns in blood sam-
ples from KOS14 patients and normal controls. We also confirmed that
there was a huge amount of 5hmC in brain sample from a normal control.
Discussion: 5hmC is not a major component either at the abnormally
hypermethylated ICRs or at a global level, at least in blood from KOS14
patients. Considering that brain contains a large amount of 5hmC, neural
tissues from KOS14 patients are promising analysis candidates to eluci-
date the role of 5hmC in the neurodevelopmental context.

430F

Peripheral blood DNA methylation markers associated with absti-
nence among chronic injection drug users in the ALIVE study. K.M.
Bakulski', K.S. Benke?, A.E. Jaffe?3, S.H. Sabunciyan?, G.D. Kirk', S.H.
Mehta', B.S. Maher?. 1) Epidemiology, Johns Hopkins University, Balti-
more, MD; 2) Mental Health, Johns Hopkins University, Baltimore, MD;
3) Lieber Institute for Brain Development, Baltimore, MD; 4) Pediatrics,
Johns Hopkins University, Baltimore, MD.

Background: Liability to drug addiction has a complex etiology with
substantial contributions from both genetic and environmental factors.
Epigenetic status represents an intersection of these factors that has not
yet been explored in drug addiction epidemiologic studies.Objectives:
The goals of this AIDS Linked to the Intravenous Experience (ALIVE) pi-
lot study are to identify whether chronic injection drug use (IDU+) fol-
lowed by abstinence (IDU-) is associated with blood DNA methylation
marks, and to test whether these marks are associated with brain tissue
DNA methylation comparing opiate users to controls.Methods: Among
an ALIVE study subsample of 23 HIV-negative African American males,
DNA was isolated from peripheral blood mononuclear cells at two time
points. Baseline samples were taken from individuals with at least ten
years of IDU+; the second sample followed at least two years of IDU-.
Genome-wide DNA methylation was assessed using the lllumina Infini-
um 450k HumanMethylation array. We compared methylation status at
each site during chronic use to cessation using a Wilcoxon Rank Sum
test. We also tested the highest-ranking sites identified in blood for their
concordance in post-mortem brain tissues of opiate drug users from
the Lieber Institute for Brain Development.Results: While no single test
reaches significance after False Discovery Rate correction (minimum
P-value <10%), many sites exhibit marked difference (after cessation
— chronic use). The average effect size (Cohen’s d) among the top re-
sults is roughly 3. When we examine genome-wide average methylation
status in injectors before (IDU+) and after cessation (IDU-), we find a
significant decrease in methylation in the IDU- versus IDU+ sample. In
addition, we observed large intra-individual variation at many sites in the
pre- and post- comparison.Conclusions: In a pilot study, we performed
a genome-wide scan of longitudinal DNA methylation among continu-
ous injection drug users. Though underpowered to reach genome-wide
significance, we identified genomic locations of DNA methylation sites
measured in blood associated with cessation of drug use. These sites
also appear to be altered in brain tissue from injection drug users, and
may provide further insight about the role of epigenetics in drug addic-
tion. Further work is needed, including study in the larger cohort as well
as replication in additional populations, to clarify drug abuse mecha-
nisms and the potential role of DNA methylation.
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Identification of housekeeping genes for DNA methylation study
across different human ethnicities and tissues. D.P. Chen, S.J. Wu,
Y.C. Lin, C.S.J. Fann. Institute of Biomedical Sciences, Academia Sinica,
Taipei, Taiwan.

DNA methylation is an important epigenetic mechanism and par-
ticipates in numerous cellular processes. Methylation array data has
increased rapidly; for example, the number of lllumina HumanMethyl-
ation450 datasets publicly available in Gene Expression Omnibus has
increased six times since 2013. Housekeeping genes (HKGs) of DNA
methylation studies are crucial, because they can be used to normalize
methylation datasets across different studies and to validate the efficien-
cy of Bisulfite conversion. Previously, few studies have reported HKGs in
methylation studies. However, most of HKGs found are either fully meth-
ylated or unmethylated.In this study, we proposed a systematic method
to identify HKGs that are stable and consistent in methylation level. We
used lllumina HumanMethylation450 BeadChips as platform, which con-
tains more than 485K probes. We downloaded 309 datasets from differ-
ent human ethnicities, tissues and conditions. To avoid batch effects,
data within a chip is normalized by median and median absolute devia-
tion (MAD). Median and MAD are less sensitive to outliers than mean and
standard deviation. After quality control, such as negative beta values,
redundancy, and low call rate, etc., 183 datasets were used for the analy-
ses.Two methods were used to find the HKGs. For the first method, 12%
of total probes with smaller variances across all chips were retained.
The remaining probes were examined by the “two-one-sided test” that
compares the averages of one probe from two datasets. All possible
pairwise comparisons were performed, and the probes with close aver-
ages in many pairs of datasets were regarded as HKGs. For the second
method, all probes were ranked within each dataset according to their
variances, and then the ranks of probes were combined across datasets
via geometric mean. Top ranked probes were regarded as HKGs. The
result showed that RBM22, ARHGEF6, ZBTB8OS and a few other genes
were identified as HKGs by using both methods. To our knowledge (by
using PubMed, Web of Science, etc.), no evidence has been reported
that these identified HKGs are disease- or tissue-specific differentially
methylated genes.
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DNA Methylation Changes Observed in Rheumatoid Arthritis Joint
Tissue Are Detectable in CD4+ Naive T Cells from Peripheral Blood.
C. Holingue', B. Rhead’, M. Cole’, X. Shao’, H. Quach’, D. Quach’, E.
Sinclair®, J. Graf®, T. Link% R. Harrison® V. Chernitskiy’, W. Wang* G.
Firestein®, L. Barcellos’, L. Criswell’. 1) Genetic Epidemiology and Ge-
nomics Laboratory, University of California, Berkeley; 2) University of
California, San Francisco, Division of Laboratory Medicine; 3) University
of California, San Francisco, Rosalind Russell / Ephraim P. Engleman
Rheumatology Research Center; 4) University of California at San Diego,
La Jolla; 5) University of California, San Francisco, Department of Radiol-
ogy and Biomedical Imaging.

Aberrant DNA methylation patterns have previously been associated
with rheumatoid arthritis (RA) [MIM 180300]. Our study aimed to deter-
mine whether differentially methylated CpGs in synovium-derived fibro-
blast-like synoviocytes (FLS) of RA patients were also differentially meth-
ylated in peripheral blood samples. DNA methylation was measured by
generating 371 genome-wide DNA methylation profiles for 63 RA cases
(57 seropositive), and 31 controls using lllumina HumanMethylation450
(450k) BeadChips. Cells from peripheral blood were FACS-sorted and
CD14+ monocytes, CD19+ B cells, CD4+ memory T cells, and CD4+
naive T cells were assayed for each individual. One-tailed Wilcoxon rank
sum tests were used to analyze case-control differences in the FLS can-
didates within these four cell types. Receiver operating characteristic
(ROC) curve analysis was employed to test the predictive power of a hy-
permethylation score based on the differentially methylated sites we ob-
served. Of the 5,532 hypermethylated FLS candidates, 1,056 (19%) were
hypermethylated in CD4+ naive T cells of our RA cases compared to
controls (FDR g<0.05). No other CpG candidates achieved significance
in the other cell types. A hypermethylation score was calculated based
on these results and had an area under the curve (AUC) of 0.73 when
predicting RA case status. This hypermethylation score was compared
to having the HLA-DRB1 shared epitope (SE) (yes/no) and a continuous
genetic risk score consisting of 43 non-HLA SNPs (Yarwood 2013 and
Eyre 2012). The SE model had an AUC of 0.66 (0.56-0.77), and the ge-
netic risk score had an AUC of 0.51 (0.38-0.63). A combined model of
shared epitope, GRS and the methylation score had an AUC of 0.78,
which was the best predictive model. Both methylation score and SE
remained significant (p<0.05) when included in a multivariable logistic
model of methylation score, SE and genetic risk score, with RA case-sta-
tus as the outcome. Although the methylation score had a greater AUC
than the SE (0.73 versus 0.66), the SE had a larger odds ratio in the multi-
variable logistic regression model (5.31 versus 1.06). Our results suggest
that measurement of DNA methylation in CD4+ naive T cells of peripheral
blood may have diagnostic or prognostic value and represents one of the
first steps towards precision medicine in RA.
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Comparing variability in the SeqCap Epi CpGiant and the lllumina
450k methylation microarray for characterizing the human methy-
lome. A.C. Just', R.O. Wright?, M.M. Tellez-Rojo?, A.A. Baccarelli’. 1) En-
vironmental Health, Harvard T.H. Chan School of Public Health, Boston,
MA; 2) Preventive Medicine, Icahn School of Medicine at Mount Sinai,
New York, NY; 3) National Institute of Public Health, Center for Research
in Nutrition and Health, Cuernavaca, Morelos, Mexico.

Background: The SeqCap Epi CpGiant is a targeted enrichment bi-
sulfite sequencing assay designed to maximize overlap with the popular
lllumina Infinium HumanMethylation450 BeadChip microarray. No prior
publications have compared these two epigenome-wide methylation
assays. In comparing these platforms we characterize the precision of
these approaches, particularly in overlapping CpG sites and as a func-
tion of the read depth (number of sequencing reads at a given site).Meth-
ods: WBC DNA extracted from two cord blood samples collected in the
PROGRESS cohort were assayed multiple times on the SeqCap Epi Cp-
Giant (8x each) at Roche and the lllumina 450k at lllumina (15x and 2x,
respectively) each according to their manufacturers specifications. Data
preprocessing for the SeqCap Epi next generation sequencing data fol-
lowed the Roche protocol including quality assessment, read filtering,
alignment to the hg19 reference genome for bisulfite treated DNA with
BSMAP, removal of PCR duplicates, and summarization of methylation
at CpG contexts in aligned reads. Preprocessing for the lllumina 450k
used out-of-band background correction. SeqCap Epi CpGiant and II-
lumina 450k results were compared at loci overlapping lllumina 450k
CpG probes according to the lllumina annotation file.Results: Across all
16 runs, the CpGiant included reads on 3.7 million CpG sites on either
strand of which 3.5 million were found in all 16 runs. Comparing across
strands within samples, all 16 runs of the CpGiant had at least 30% of
sites with a difference of more than 10% in the estimated methylation
between strands (minimum of 10 reads on both strands). There were
446,886 sites covered by the CpGiant of the possible 482,421 CpG sites
in the lllumina 450k. The across-replicate (technical) variance was higher
for the CpGiant at 74% of these overlapping sites, and this did not vary
substantially when stratifying by mean read depth of the CpGiant repli-
cates.Discussion: The recently developed SeqCap Epi CpGiant covers a
larger proportion of the methylome but an analysis of replicate samples
suggests lower precision than the popular lllumina 450k microarray, even
at high read depths. This may be a limitation when expecting small differ-
ences in methylation associated with environmental exposures or subtle
phenotypic changes. More work is needed to understand determinants
and post-processing control of technical variation in bisulfite sequencing
assays.

434F
A DNA Methylation Signature of Alcohol Consumption. C. Liu’, R.
Marioni?, A. Hedman?®, A. Carpenter’, D. Zhi°, Q. Duan®, S. Kunze’, C.
Elks8, L. Reynolds®, S. Aslibekyan™, T. Tanaka'’, P. Tsai'?, K. Conneely’®,
L. Stolk™, J. Brody'®, B. Kiihnel’, C. Boer', S. Ligthart', A. Kretschmer’,
S. Love's, J. Bell?, Y. Liu®, A. Baccarelli¥, E. Ingelsson®, K. North's, S.
London®, K. Ong?® D. Levy', M. Fornage'’, The CHARGE + epigenetic
methylation-alcohol group. 1) NHLBI, Framingham, MA; 2) Centre for
Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh,
UK; 3) Department of Medical Sciences, Molecular Epidemiology and
Science for Life Laboratory, Uppsala University, Uppsala, Sweden; 4)
Environmental Health, Harvard School of Public Health, Boston, MA,
USA,; 5) Department of Biostatistics, School of Public Health, University
of Alabama at Birmingham, AL, USA; 6) Curriculum in Bioinformatics &
Computational Biology Department of Genetics University of North Car-
olina at Chapel Hill, NC, USA; 7) Institute of Epidemiology I, Helmholtz
Zentrum Mulnchen, German Research Center for Environmental Health,
Neuherberg, Germany; 8) Medical Research Council Epidemiology Unit,
University of Cambridge, United Kingdom;; 9) Department of Epidemi-
ology and Prevention Wake Forest School of Medicine Winston-Salem,
NC, USA; 10) Department of Epidemiology, School of Public Health, Uni-
versity of Alabama at Birmingham, Birmingham, AL, 35294, USA; 11)
Translational Gerontology Branch, NIA at Harbor Hospital, Baltimore,
MD, USA; 12) Department of Twin Research and Genetic Epidemiolo-
gy, King’s College London, United Kingdom; 13) Department of Human
Genetics, Emory University of Medicine, Atlanta, GA, USA;; 14) Inter-
nal Medicine, Erasmus MC, University Center at Rotterdam, Rotterdam,
Netherlands; 15) Cardiovascular Health Research Unit, Department of
Medicine, University of Washington, Seattle, WA, USA;; 16) Department
of Epidemiology, Carolina Center for Genome Sciences, University of
North Carolina at Chapel Hill, NC, USA;; 17) Molecular Medicine and Hu-
man Genetics, The University of Texas Health Science Center at Hous-
ton, Houston, TX , USA;; 18) Epidemiology Branch, National Institute of
Environmental Health Sciences, Research Triangle Park, NC, USA.
Emerging evidence suggests that alcohol consumption alters DNA
methylation (DNAm), which in turn can impact gene expression. Several
studies with small sample sizes have yielded poorly replicated results for
the association of alcohol consumption with DNAmM. We measured DNA
methylation at 475,000 CpGs using the lllumina HumanMethylation450
BeadChip on whole blood (WB) DNA from 13,346 individuals, including
9,634 of European ancestry (EA) and 2,461 of African ancestry (AA) and
DNA from monocytes in 1,251 EA subjects. A linear mixed effects model
tested the association of DNAm with alcohol consumption, adjusting for
age, sex, BMI, batch, and differential cell count. Inverse variance weight-
ed meta-analysis identified 881 significant (P<10-7) CpGs in EA-WB and
241 in AA-WB, and 80% of these significant CpGs displayed reduced
methylation levels with increased alcohol intake.The effect estimates for
the relationship between alcohol and DNAm for the 881 probes were cor-
related between EA-WB and AA-WB (r =0.67), and between EA-WB and
EA-monocyte (r = 0.71) samples, suggesting shared effects of alcohol
consumption on DNAm across different cell types and ethnic popula-
tions. About 3% of top CpGs had their effect estimates attenuated (i.e.
change in beta > 20%) after additionally adjusting for smoking. Of the
881 CpGs, 341 had at least one significant methylation quantitative trait
locus (MQTL, P<0.05/195562 pairs) within 100kb (n=2,500 EA). None of
the significant mQTLs was a significant SNP in prior genome-wide asso-
ciation studies of alcohol intake. Of the 881 CpGs, 120 displayed signif-
icant correlation to transcription levels of 143 genes whose transcription
start sites was within 1Mb of the CpG (P<0.05/23532 pairs, n=2,500 EA-
WB). Pathway analyses for these 143 genes pointed to viral response
(FDR-p=1x10-9), interferon signaling (FDR-p=5x10-8), and T-cell activa-
tion (FDR-p=7x10-7). Replication of these findings is underway.
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Genome-wide analysis of DNA methylation identifies a novel locus
associated with bone mineral density. J.A. Morris'?, P.-C. Tsai®, F.
Gao?, V. Forgetta?, Y. Xia*, W. Yuan®, C.M.T. Greenwood"?%¢, E. Grund-
berg’, T.D. Spector®, J. Wang*, J.T. BelF, J.B. Richards’?35. 1) Depart-
ment of Human Genetics, McGill University, Montreal, Quebec, Canada;
2) Lady Davis Institute for Medical Research, Jewish General Hospital,
McGill University, Montreal, Quebec, Canada; 3) Department of Twin
Research & Genetic Epidemiology, King’s College London, London,
United Kingdom; 4) BGI-Shenzhen, Shenzhen, China; 5) Department of
Oncology, McGill University, Montreal, Quebec, Canada; 6) Department
of Epidemiology, Biostatistics, & Occupational Health, McGill University,
Montreal, Quebec, Canada.

Purpose Osteoporosis is a common, complex disease characterized
by increased bone fragility, often resulting in fracture. Bone mineral den-
sity (BMD) is measured to diagnose osteoporosis and estimate fracture
risk. Studying the genetic determinants of BMD has led to novel disease
pathophysiology insights. We sought to study epigenetic associations
with BMD, as DNA methylation levels have been found to associate with
disease phenotypes. Methods We undertook a genome-wide associa-
tion study of DNA methylation levels to assess epigenetic associations
with BMD. Methylation levels were estimated using methylated DNA
immunoprecipitation sequencing (MeDIP-seq) to identify differentially
methylated regions (DMRs) associated with BMD. BMD was measured
at the forearm, femoral neck, and lumbar spine in the TwinsUK cohort, in
890, 1,518, and 1,397 twins, respectively. Results An intergenic DMR on
chromosome 6921 was found to be significantly associated with forearm
BMD (P = 5.3x10-9). Through the usage of functional genomics data, we
have linked the DMR to an enhancer putatively interacting with PRDM1,
a gene regulating osteoclastogenesis. Using multiple data repositories
for 3D nuclear conformations, enhancer RNAs (FANTOMS5), DNase | hy-
persensitivity sites (ENCODE), and epigenetic marks (Epigenome Road-
map), we find evidence that the region encompassing the DMR likely
contains a regulatory element of PRDM1, in that it is in close 3D prox-
imity to the PRDM1 promoter and the DNA at these two regions is coin-
cidentally open in relevant cell types such as monocytes, an osteoclast
precursor cell. Conclusion Current work is underway to validate the
DMR in an independent sample set by a targeted pyrosequencing-based
approach for DNA methylation quantification. This study represents the
most comprehensive genome-wide analysis to date of the role of meth-
ylation in BMD and forms a basis for future studies that will refine the
definitive role of epigenetic-mediated effects at this osteoclast locus.
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Adjusting Infinium methylation profiles to suppress signals from
varying cell proportion. G.W. Nelson'4, L. Jia**, F. Elloumi**, E.
Binns-Roemer®#, S. Limou®4, C.A. Winkler®*. 1) BSP-CCR Genetics Core,
FNLCR, Frederick, MD; 2) CCR-IFX, CCR, NCI, Bethesday, MD; 3) Basic
Research Lab, FNLCR, NCI, Frederick, MD; 4) Leidos Biomedical Corp,
Frederick, MD.

Methylation data ideally are generated from a single cell type, but
often for practical reasons a mixture of cells is used. A well-studied
case involves the use of mixed peripheral blood mononuclear cells (PB-
MCGCs). The R package minfi includes a function estimateCellCounts—
implementing an algorithm developed by Housman et al. —that takes a
methylation profile from mixed blood cells, typed on the Infinium Hu-
manMethylation450 BeadChip, and returns estimates of the frequencies
of common blood cell types in the sample. These estimates are then
available for use as confounding covariates in analyses of methylation
changes. But using cell composition as a confounding covariate may not
always be a useful strategy. In the case of HIV infection, one of the stron-
gest markers of disease progression is the loss of CD4+ T cells. This
change of cell composition will strongly confound the analysis due to a
loss of methylation markers characteristic of these cells. But correcting
for CD4 count will tend to obscure methylation changes associated with
AIDS progression. We therefore propose and construct an alternate cor-
rection strategy. The minfi package analysis is based on an Infinium data
set from multiple blood cell types. Given the estimated cell composition
for each sample, we subtract the methylation profile for each cell type
from each sample, scaled by the proportion of that cell type in the mixed
sample. This removes the cell marker variation that confounds the asso-
ciation analysis due to varying cell frequencies, removing the necessity
of correcting for cell composition in the association analysis. Assuming
that the methylation markers of disease progression are different from
the cell type markers (if they are not there is no hope of observing them
with mixed cell samples) we may observe the change of these markers
with AIDS disease progression, and may use CD4+ T cell count as a
measure of this progression. We tested this method on samples from the
DC Gay AIDS cohorts, representing different stages of infection. Meth-
ylation markers that strongly distinguish CD4+ T cells will be most likely
to show spurious association with AIDS progression, unless corrected
for. Our correction reduced the (predominantly spurious) significance of
the AIDS progression association, for most of these markers, by factors
of 103 to 1010.
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Improvements To Existing QC Tools For Methylation 450K Arrays. J.
Romm, E. Pugh, K.F. Doheny. CIDR/Johns Hopkins University, Baltimore,
MD.

The Center for Inherited Disease Research (CIDR) provides high qual-
ity Next-Gen Sequencing (NGS), Genotyping and statistical genetics
consultation to investigators working to discover genes that contribute
to disease. At CIDR we use automated, real-time QC reports for geno-
typing and sequencing projects which allows the lab group to examine
and compare dozens of metrics to detect failed or problematic samples
and determine what, if anything, they share in common (e.g. failed array,
position on a plate, DNA source). We wanted to create a similar report for
lllumina’s HumanMetylation450 array to supplement the QC information
available within lllumina’s raw data files.To accomplish this we used the
R and BioConductor package Minfito calculate metrics for each sam-
ple that are not easily available in GenomeStudio, such as mean and
standard deviation of beta, intensity of the methylated and unmethylat-
ed probes, detection P value, MDS distances, the mean and standard
deviation of the values for lllumina’s control probes and the mean and
standard deviation of a subset of methylated and unmethylated probes
from the Y chromosome. We then write the metrics out as a delimit-
ed file. We combine this with information about the sample, plating and
lab variables. The combined information is imported into Spotfire® and
used by the lab to determine outlying samples. This information is also
provided to the investigator. With the investigator, we jointly determine
whether the outliers represent sample failures or a subset of samples
within the study that are meant to be outliers from a larger group (e.g.
different sample preparation). Sample failures are redone one time in the
lab and the metrics are recalculated and released to the investigator as
part of our data release.We recently used this strategy for two projects.
Project 1 had ~3000 samples, which included fully methylated and fully
unmethylated controls for QC. We were able to identify 3 full array fail-
ures and one sample with low overall intensity. Project 2 had ~1000 sam-
ples, which also included fully methylated and unmethylated controls
for QC. 12 % of the samples less than 99% of CpG islands detected.
There were also 2 distributions of study samples when looking at the
beta means plotted out of Minfi, which were scattered across arrays and
lab processing plates.
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Lifestyle and biological age in a cohort study: methylation age vs
telomere length. A. Russo’?, S. Guarrera'?, G. Fiorito'?, C. Viberti'?, L.
lacoviello®, M.C. Giurdanella®, R. Tumino?, C. Agnoli®, V. Krogh®, A. Mat-
tielloS, S. Panico®, P. Vineis'’, C. Sacerdote’?, G. Matullo’?. 1) Human
Genetics Foundation-Torino, Turin, Italy; 2) Medical Sciences Depart-
ment, University of Torino, Torino, Italy; 3) Fondazione di Ricerca e Cura
“Giovanni Paolo II”, Catholic University, Campobasso, Italy; 4) Cancer
Registry and Histopathology Unit, “Civile-M.P. Arezzo” Hospital, ASP7,
Ragusa, ltaly; 5) Department of Preventive and Predictive Medicine,
Epidemiology and Prevention Unit , Fondazione IRCSS Istituto Nazio-
nale dei Tumori, Milano, Italy; 6) Department of Clinical and Experimen-
tal Medicine, Federico Il University, Napoli, Italy; 7) Epidemiology and
Public Health, Imperial College London, UK; 8) Cancer Epidemiology,
CPO-Piemonte, Torino, ltaly.

DNA methylation levels vary across life course and are influenced by
environmental factors and lifestyle such as smoking and diet. Recent-
ly, age predictors based on DNA methylation profiles (methylation age)
were developed to outline the difference between methylation-predicted
age and chronological age (Dage) as a possible determinant of biological
aging. To evaluate the effect of smoke and Mediterranean diet on Aage,
we examined the methylation levels of more than 450K CpG sites in 292
matched case-control pairs belonging to the Italian section of the EPIC
cohort. EPIC healthy volunteers were followed up for myocardial infarc-
tion and other diseases. We used the lllumina HumanMethylation450
BeadChip to assess CpG methylation levels on blood DNA provided
at recruitment. Data were analyzed according to standard procedures
(MethyLumi, Bioconductor). All analyses were corrected for sex, BMI,
season and center of recruitment, estimated cellular subtypes and batch
effect. The methylation-predicted age was created on the basis of a set of
71 methylation markers as described by Hannum et al (Mol. Cell. 2013).
In our cohort, the correlation between methylation age and chronolog-
ical age was highly significant (R=0.75; p< 10-16). When analyzing the
trend of Aage among current, former, and never smokers, we observed
statistically significant differences between current and never smokers
(p<0.005), as well as current and former smokers (p<0.05). Therefore,
smoking was associated with an increased deviation of methylation age
from chronological age. Conversely, in our study, smoking habits did not
seem to influence leukocyte telomere length (LTL) measured on a subset
of subjects (412) using RT-PCR (p>0.05), suggesting that methylation
age could be a more reliable marker of biological age. We also evaluated
the effect of adherence to a Mediterranean dietary pattern, as measured
by the Italian Mediterranean Index score, according to Agnoli et al (Int
J Cancer. 2013). Subjects who mostly followed a Mediterranean diet
seemed to have a lower methylation age and longer LTL, reflecting a
lower biological age. Other covariates like gender, alcohol, and BMI will
be assessed, and most relevant results will be replicated within an inde-
pendent population of 292 EPIC controls. In the frame of this replication
analysis also the suitability of LTL as a marker of biological age will be
further evaluated.
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Estimating and accounting for cell type composition in analysis of
sequencing based methylation data. A.A. Shabalin, M.W. Hattab, K.A.
Aberg, E.J.C.G. van den Oord. Center for Biomarker Research and Preci-
sion Medicine, Virginia Commonwealth University, Richmond, VA.
Variations in cell type composition can strongly affect measurements
of DNA methylation and, if not accounted for, compromise downstream
analyses or reduce its power. Estimates of sell type composition of ana-
lyzed samples can also give biological insight into case-control differenc-
es and allow to point which cell types contribute to methylation changes
in bulk tissues. Next generation sequencing combined with enrichment
technologies allows for measurement of DNA methylation at over 28 mil-
lion common CpGs in human genome. The popular array based technol-
ogies (e.g. lllumina Infinium HumanMethylation450) interrogate up to 485
thousand methylation sites. However, unlike array based technologies,
sequencing based approach produces read count type data, similar to
RNA-seq data for gene expression. We have developed the proposed
method with a focus on analysis of MBD-seq (methyl-CpG binding do-
main protein-enriched genome sequencing) data and have validated it
by reproducing the analysis on whole genome bisulfite data. Existing
method for estimation and accounting for cellular heterogeneity in array
measured DNA methylation data are not directly applicable to sequenc-
ing based methylation measurements due to the differences in produced
data and the very large number of interrogated CpGs.We present a new
method for estimation and accounting cellular heterogeneity in sequenc-
ing based methylation data. The method involves normalization and
weighting of methylation measurements based on the average coverage
and local CpG density. The weighting is critical in reducing both variance
and bias the cell type proportion estimates.We have validated the meth-
od on DNA measurements from isolated blood and brain cells. For blood
we have data five frequently occurring clusters of differentiation (CD) in
six subjects and samples with known cell type composition. We have
further applied the method to methylation wide association studies for
several large data sets, including 1,469 schizophrenia case and control
blood samples, 1,200 major depression disorder (MDD) case and control
blood samples and 383 MDD post mortem brain samples.

440F

Determining the DNA methylation landscape of human pancreatic
islets using whole-genome bisulphite sequencing to characterise
Type 2 Diabetes GWAS regions. M. Thurner?, M. van de Bunt"?, K.J.
Gaulton’, A. Barret?, A.J. Bennett?, C.G. BelP, R. Lowe?, S. Beck®, V.R.
Rakyan?, A.L. Gloyn'25, M.I. McCarthy'2¢. 1) Wellcome Trust Centre for
Human Genetics, University of Oxford, Oxford, United Kingdom; 2) Ox-
ford Centre for Diabetes, Endocrinology and Metabolism, University, of
Oxford, Oxford, United Kingdom; 3) Department of Twin Research & Ge-
netic Epidemiology, Kings College London, London, United Kingdom; 4)
Centre for Genomics and Child Health, Blizard Institute, Barts and The
London School of Medicine and Dentistry, London, United Kingdom; 5)
Department of Cancer Biology, UCL Cancer Institute, University College
London, London, United Kingdom; 6) Oxford NIHR Biomedical Research
Centre, Churchill Hospital, Oxford, United Kingdom.

Type 2 diabetes (T2D) is a genetically complex disease with >80 GWAS
loci identified to date.These data have demonstrated the importance of
pancreatic islet dysfunction in T2D pathophysiology, but precise molec-
ular mechanisms are mostly unknown.DNA methylation is an important
tissue-specific, epigenetic mark that has a known role in common and
syndromic disease. To investigate whether changes in methylation status
underlie T2D association signals, we performed whole-genome bisulph-
ite sequencing (WGBS) in 10 primary human islet samples.Samples were
sequenced at 12-17X coverage to generate a full islet methylome cover-
ing 27x106 CpG sites. The high correlation between WGBS and lllumi-
na 450k methylation data from islets (rho=0.89, 290k overlapping sites)
confirmed the quality of our data. We defined low- and ultra-low meth-
ylated regions (LMRs and UMRs), which showed strong overlap with
chromatin state-derived islet enhancers (82% of LMRs) and promoters
(96% of UMRs), respectively. We found significant enrichment of LMRs
(n=37k)in variants in high LD (r2 > 0.8) with the lead variant atT2D (fold
enrichment (FE)=1.8, P=0.02) and fasting glucose level (FG) (FE=2.8,
P=0.03) GWASIocicompared to matched loci.To determine whether this
enrichment was due to islet-specific methylation, we took the subset
of LMRs that overlapped regions with significantly different methylation
(P<2.6x10-9) in islets compared to at least 4/6 publicly available methy-
lomes (adipose, blood, buccal, liver, pancreas, lymphoblastoid cell line).
These likely islet-specific LMRs (n=7.9k) showed stronger enrichment in
T2D (FE=3.4, P=0.002) and FG GWAS regions (FE=7.2, P=0.007) com-
pared to all LMRs as well as active enhancers (T2D FE=2.3, P=1x10-4;
FG FE=3.8, P=5x10-4). One such islet-specific LMR, for example, over-
laps the ADCY5 GWAS variant rs11708067 that showed highly variable
methylation across the WGBS islet samples and has previously been
shown to be an islet methylation QTL in 450k methylation data. In addi-
tion to identifying LMRs and UMRs, we also evaluated previously known
imprinted T2D loci such as KCNQ71. Consistent with a previously report-
ed hemi-methylated state in adult islets, we found CDKN7C to be the
only imprinted gene at this locus.These results highlight the utility of
WGBS DNA methylation data from human islets in identifying islet spe-
cific-regulatory regions, and demonstrate that islet LMRs are enriched at
T2D and FG GWAS loci.
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Detection of differentially methylated regions using both mean and
variance differences. Y. Wang, S. Wang. Department of Biostatistics,
Mailman School of Public Health, Columbia University, New York, NY.
DNA methylation is an epigenetics modification of DNA which plays an
important role in a variety of human diseases including cancer. Studies
found that DNA methylation levels between cancer and normal tissues
could differ in both means and variances, and those of neighboring CpG
sites are often correlated. Most existing methods on identifying differen-
tially methylated loci (DML) or differentially methylated regions (DMRs)
were developed to detect differences in mean methylation levels be-
tween two study groups. Only a few published works took variance dif-
ferences into consideration to detect DML, but none for DMR detection.
Here we propose 1) a generalized exponential tilt model and 2) fisher’s
method to detect DMRs using signals from both means and variances
in methylation levels using both case-control and matched case-control
designs. In both proposed methods, we smooth the site-level test sta-
tistics and consider a region as a candidate DMR when there are at least
three consecutive loci whose smoothed statistics exceed a pre-defined
threshold. The significance of candidate DMRs were assessed using
permutation. The performances of the proposed methods that combine
mean and variance signals for DMR detection were compared with paral-
lel methods that only consider mean signals or variance signals. In simu-
lation studies, the proposed methods are most powerful when there are
weak mean and variance signals. The performances are comparable to
methods that only consider mean differences or variance differences but
with strong signals. We also applied the proposed methods to two DNA
methylation datasets, one from an oral cancer case-control design, one
from the Cancer Genome Atlas (TCGA), and identified additional DMRs
that were missed by tests that only consider mean differences.

442F

Preliminary analysis of genome-wide methylation qualitative trait
loci for HIV infection. X. Zhang’, A. Justice', Y. Hu®, Z. Wang?, J. Krys-
tal’, K. Xu'. 1) Department of Psychiatry, Yale University, New Haven, CT;
2) Yale School of Public Health, New Haven, CT; 3) Center for Biomedical
Informatics and Information Technology (CBIIT) National Cancer Insti-
tute, NIH, MD.

Background: Epigenetic changes in the host genome may play a crit-
ical role in the response to HIV infection. Genetic variation can influence
the epigenetic response of that hosts to viral infection. The purpose of
this study is to profile genome-wide genetic architecture of cytosine
modifications in DNA derived from whole blood in an African American
population with and without HIV infection.Methods: We detected meth-
ylation using lllumina HumanMethylation 450K Beadchip and genotyped
single nucleotide polymorphisms (SNPs) using lllumina HumanExpress
Exome Beadchip. We first performed epigenome-wide association study
(EWAS) to identify significant CpG sites for HIV infection in 384 subjects.
Generalized Linear Model (GLM) was conducted, adjusted for age, gen-
der, race, type of drug abuse, and 10 principal components of methyla-
tion data. We identified 182 significant methylation sites after Bonferroni
adjustment (p < 0.05). Next, we tested mQTL for 182 CpG sites and
1,347 SNPs within a window of 20,000 bp in 85 HIV positive and 36 HIV
negative samples that had both methylation and genotyping data. Lin-
ear regression model was applied to examine correlations of CpG and
SNP, with adjustment of age and 3 principal components of genotyping.
Significant p was set at 0.05. We did not correct p value for multiple
testing in this pilot study because the sample size was under power to
detect significant genome-wide mQTL.Results: We identified 102 CpG-
SNP pairs located in n 39 genes. Interestingly, these CpG-SNP pairs
were enriched at promoter (22), less in gene body (20) and 3’ UTR (10
probes). The rest of CpG-SNPs were in the first exon or intrageneic re-
gions. Multiple genes carrying significant mQTLs were previously report-
ed to involve HIV pathophysiology, such as CD4, CCR6, NHEJ1, SDK2,
REM2, ARRB1, CD207.Conclusion: Our preliminary findings suggest
that genetic variants control DNA methylation in HIV infection. mQTL
annotation can be useful to identify novel loci for complex trait, and the
genetic related methylation pattern could be applied in the classification
of HIV infection, , treatment response, and HIV outcomes, . Further study
in a larger sample population to replicate the findings is warranted.Ac-
knowledgement: The project was funded by NIH grants R21AA022870,
RO3DA039745, K12DA000167. We appreciate the support from National
Center of PTSD, U.S. Department of Veterans Affairs and Yale Center of
Genetic Analysis.
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Systematic identification of downstream trans-effects for 1,900
known disease associated SNPs. M.J. Bonder', R. Luijk?® on behalf
of the BBMRI-NL BIOS* Consortium. 1) Genetics, University Medical
Center Groningen, Groningen, Groningen, Netherlands; 2) Department
of Molecular Epidemiology, Leiden University Medical Center, 2333 ZC
Leiden; 3) Department of Medical Statistics and Bioinformatics, Leiden
University Medical Center, 2333 ZC Leiden.

Genetic risk factors identified in genome-wide association studies are
mostly non-coding, making it difficult to understand their functional con-
sequences. So far, large-scaletrans-eQTL analyses have identified such
downstream functional consequences for only 233 SNPs (Westra et al,
NG 2013). To increase this, we used methylation-QTL mapping in periph-
eral blood of 4,000 population based samples from the Dutch BBMRI-NL
BIOS consortium. We observed that 1,907 different GWAS SNPs affect
methylation of over 10.141 unique CpGs sitesin trans(FDR <0.05), repre-
senting a eight-fold increase in the number of disease-associated SNPs
for which downstream functional effects can be detected.

To address the question in what particular biological processes these
specific CpGs are involved, we also generated RNA sequencing data
for 2,000 of the samples, permitting us to empirically relate CpG meth-
ylation to gene expression effects (eQTMs) for over 12,800 CpG sites
(FDR <0.05). By using different genomic annotations we could accurately
predict (AUC = 0.83) whether these methylation-gene expression rela-
tionships were positive (31%) or negative (69%).

By finally integrating thetrans-meQTLs and eQTMs and adapting path-
way enrichment method DEPICT, we obtained insights in the down-
stream functional effects of many genetic risk factors: rs3774959 (map-
ping close to NFKB1 and associated with ulcerative colitis) significantly
affects methylation levels of 348 different CpG sites, of which many map
within genes of the NF-kappaB cascade.

These results indicate that large-scale meQTL mapping permits discov-
ery of previously unknown downstream molecular effects for many ge-
netic risk factors, and these effects ontrans-methylation levels have a
clear biological basis.

* BIOS stands for Biobank-based Integrative Omics Study, a BBM-
RI-NL Rainbow project steered by Lude Franke (UMCG), Bas Heijmans
(Chair, LUMC), Peter-Bram ’t Hoen (LUMC), Aaron Isaacs (EMC) Rick
Jansen (VU), and Joyce van Meurs (EMC).
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Race Specific Differential DNA Methylation Marks of COPD. R. Bus-
ch', W. Qiu’, G. Criner?, D. DeMeo'. 1) Channing Division of Network
Medicine, Brigham and Women’s Hospital, Boston, MA; 2) Section of
Pulmonary And Critical Care Medicine, Temple University School of
Medicine, Philadelphia, PA.

Background:African-Americans with COPD experience more severe
airflow obstruction per pack-year of smoking than non-Hispanic Whites.
Smoking-related DNA hypomethylation and resultant differential gene
expression may contribute to the pathogenetic mechanisms of racial
disparity in COPD susceptibility among African-American (AA) smokers.
Prior research identified differential methylation signals related to tobac-
co smoke exposure, but not associations with COPD in AA. To address
this knowledge gap, we investigated differential methylation of CpG sites
associated with COPD among AA in the PA-SCOPE cohort.Methods:We
assessed DNA methylation from peripheral blood samples in 357 AA
smokers with (N=91) and without COPD (N=266) in the PA-SCOPE co-
hort using the lllumina Infinium 27K platform. After quality control, mixed
linear models were used to assess associations of COPD (defined as
FEV1/FVC<0.7) with differential methylation at CpG sites, controlling
for age, sex, assay batch, and pack-years of smoking.Results:We ob-
served 3536 CpG sites significantly associated (adjusted p-value<0.05)
with the presence of COPD in the PA-SCOPE AA cohort. 1851 of these
sites were hypomethylated, while 1685 were hypermethylated. Top
associated hypomethylated sites included RBFOX2 (p=3.6x10-11),
GRASP (p=3.6x10-11), and FXYD1 (p=3.6x10-11). Additional biologi-
cally plausible associations included hypomethylation of the LPO gene
(p=3.3x10-10), which is involved in the production of free radicals in air-
way epithelial immune response, as well as hypomethylation of known
COPD genetic associations such as FAM13A (p=5.0x10-9) and SERPI-
NAT (p=6.9x10-8). Gene ontology-based analysis suggested that this
gene set included a significant number of genes involved in immune pro-
cesses, leukocyte activation, and wound healing, as well as responses
to stimuli, signaling, and cell communication. We compared these results
to the COPD-associated CpG sites in non-Hispanic whites described by
Qiu et al in AJRCCM in 2012, and found that 2355 significantly differen-
tially methylated CpG sites were unique in our AA set, including genes
such as FAM13A.Conclusions:African-Americans may have a unique
subset of differentially methylated gene-targets significantly associated
with COPD when compared with non-Hispanic Whites. Future investi-
gation will examine gene pathways of these targets and how this may
explain racial disparities in COPD susceptibility and severity.
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Masculinizing gene expression and DNA methylation in XX neural
stem cells and their differentiated progeny by a single exposure of
testosterone: An in vitro approach of understanding hormonal orga-
nization. M. Bramble, L. Roach, A. Lipson, T. Ngun, N. Vashist, J. Goss-
hcalk, E. Vilain. Dept of Human Genetics, University of California-Los
Angeles, Los Angeles, CA. 90025.

The role of gonadal hormones and their influence on sexual differen-
tiation and brain masculinization have been highly investigated in the
rodent model over the past century. However, the studies that have been
conducted failed to unravel at the molecular level exactly how these hor-
mones may alter sexual behavior. Our research group recently found that
neonatal androgen exposure is capable of altering DNA methylation pat-
terns in sexually dimorphic regions of the rodent brain. The methylation
differences may be an early molecular explanation as to how gonadal
hormones permanently alter the developing brain, through the process
known as hormonal organization. Using sex-specific embryonic day 14
C57/B6J mouse neural stem cells, we investigated the effects of expo-
sures to testosterone propionate (TP) and its derivatives on multipotent
neural stem cells prior to their maturation into neurons or astrocytes.
Early results suggest significant and long lasting changes in the expres-
sion of numerous genes as a result of TP treatment at the NSC stage. We
have demonstrated that testosterone exposure on XX neural stem cells
can aid eliminating sex differences in gene expression, which are able
to be carried over to the final stages of differentiation, again minimizing
sex differences in both neurons and glia cell types. This phenomenon is
likely due to epigenetic mechanisms, as we have shown that the global
DNA methylation patterns in XX NSCs that are exposed to TP are not
significantly different than basal XY NSCs. Prior to TP exposure however,
DNA of XX NSCs are hypomethylated compared to their XY counterpart,
which suggests that basal sex differences in the early developing central
nervous system may be mediated through DNA methylation and oth-
er epigenetic mechanisms prior to gonadal hormone exposures during
development. Using this in vitro approach coupled with an in vivo ver-
ification, we aim to elucidate the role that DNA methylation and gene
expression changes have on neural stem cells, and how these alterations
affect the final differentiated cell types. .
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Integrative approach for functional methylation loci with next-gen-
eration sequencing. H. Xu', D. Ryu’?, V. George'. 1) Dept Biostatistics
& Epidemiology, Georgia Regents University, Augusta, GA; 2) Division of
Statistics, North lllinois University, DeKalb, IL.

DNA methylation have been involved in cancer and many other com-
plex diseases. Current methods for identifying disease-related DNA
methylation loci are mostly based on analyzing genomic patterns of DNA
methylations alone and are susceptible to high false positives. We de-
velop an approach based on integrative analysis of RNA-seq and DNA
methylation data from next-generation sequencing. Our approach com-
bines information from the both RNA-seq and DNA methylation through
Liptak’s method to identifying functional methylation loci. Simulations
show that it has lower false positive rate than current methods that ana-
lyze DNA methylation alone. By combining information from both types
of data, our approach also has improved power compared to the meth-
ods analyzing DNA methylation alone. We applied our approach to a
thyroid cancer data and identified several new functional methylation loci
for thyroid cancer.
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Oxidative stress pathways implicated in comprehensive epigenetic
and transcriptomic assessment of adult hippocampus from fetal
ethanol-exposed mice. E.J. Diehl, B.l. Laufer, C.A. Castellani, B.A. Al-
berry, S.M. Singh. Biology, University of Western Ontario, London, On-
tario, Canada.

Alcohol abuse during pregnancy leads to a range of neurological ab-
normities termed Fetal Alcohol Spectrum Disorder (FASD). Its molecular
basis is poorly understood, however epigenetic dysregulation of genetic
programs in the brain are involved. We have developed a mouse mod-
el of FASD showing learning and memory impairment and persistent
changes in brain gene expression into adulthood. Epigenetic phenom-
ena likely maintain these changes; however, few studies have examined
these modifications comprehensively.We examined global differences in
gene expression, DNA methylation, miRNA, and histone methylation in
the hippocampi of ethanol-exposed mice. We hypothesized that altered
epigenetic mechanisms induce gene expression changes in the hippo-
campus which may underlie learning and memory impairment. Mouse
pups were injected with saline or ethanol on postnatal days 4 and 7,
equivalent to human trimester three. At 70 days of age, hippocampus
was isolated and used for gene and miRNA expression microarray, meth-
ylated DNA immunoprecipitation microarray (MeDIP-chip), and histone
H3 lysine 4 trimethylation and H3 lysine 27 trimethylation ChlP-chip.The
top gene expression pathway was “Free Radical Scavenging, Gene Ex-
pression”; we confirmed four of these expression changes by droplet
digital PCR (ddPCR). The top pathway for genes affected by epigenetic
methylation changes was “Peroxisome biogenesis”; we confirmed two
of these changes by bisulfite pyrosequencing. Alteration of pathways
indicates a widespread dysregulation of the oxidative stress response.
Ethanol is known to induce oxidative stress in the developing brain
through a variety a mechanisms including reduction of antioxidant levels
and increasing reactive oxygen species (ROS). Alteration in the epigen-
etic regulation of oxidative stress response genes into adulthood rep-
resents a novel point of interface between the epigenetic and oxidative
stress mechanisms of FASD.
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High SUMO E3 ligase PIAS1 protein expression in Breast Cancer Lu-
minal A molecular subtype. A. Mannermaa'?, R. Pirinen®, R. Sironen'?,
H. Peltonen’?, V-M. Kosma'2. 1) Dept Pathology & Forensic Med, Univ of
Eastern Finland, Kuopio, Finland; 2) Imaging Center, Pathology, Kuopio
University Hospital, Kuopio, Finland; 3) Department of Pathology, North-
ern Karelia Central Hospital, Joensuu, Finland.

PIAS1 acts as a SUMO ES3 ligase by specifying target proteins for
SUMO conjugation by Ubc9. The sumoylation activity of PIAS1 sup-
presses TGFB-induced Epithelial-Mesenchymal transition (EMT). Thus,
SUMO E3 ligase PIAS1 has emerged as a critical regulator of EMT, which
contributes to epithelial tumor cell invasiveness and metastasis. Interest-
ingly, PIAS1 is also a chromatin-bound Androgen Receptor (AR) coregu-
lator that functions in a target gene selective fashion to regulate prostate
cancer cell growth. Here we report a PIAS1 immunohistochemical tumor
staining study in an Eastern Finnish breast cancer sample set.PIAS1,
Estrogen receptor (ER) and progesterone receptor (PR) were evaluated
by immunohistochemical staining from paraffin embedded tissue sam-
ples. HER2 mutation status was obtained from clinical data of the pa-
tients.Statistical analyses were carried out using SPSS 21 for Windows.
Differences between groups were analyzed by either non-parametric
Kruskal-Wallis test, Mann - Whitney U-test or by Fishers’s Exact Test
(2-sided).PIAS protein expression was negative or weak in 22.7% of the
tumors, moderate in 51.2% and high in 23.8%. We detected an associ-
ation between the expression of PIAS1 and ER positivity (p=0.023) and
PIAS1 positivity and HER2 amplification negativity (p=0.03) in invasive
cases. After grouping tumours according to molecular subtypes Luminal
A (ER+ and/or PR+, HER2-), Luminal B (ER+ and/or PR+, HER2+), Triple
negative/basal-like (ER-, PR-, HER2-) and HER2 type (ER-, PR-, HER2+)
a strong association between PIAS1 expression and Luminal A subtype
was seen (p=0,01).Our results provide evidence for PIAS1 as a classifier
of breast tumours and urges for additional studies on the role of this EMT
and AR related regulator in breast cancer.
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Histone Binding Strength is Quantitatively Associated with Gene Ex-
pression Across Individuals. K. Fletez-Brant’?, Y. He?, K.D. Hansen'?.
1) McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins Uni-
versity School of Medicine, Baltimore, MD; 2) Dept. of Epidemiology,
Johns Hopkins Bloomberg School of Public Health; 3) Dept. of Biostatis-
tics, Johns Hopkins Bloomberg School of Public Health.

Histone modifications are known to be associated with active and
inactive parts of the genome. These modifications are mainly profiled
genomewide using ChlP-seq, and for technical reasons most existing
experiments are performed in cell lines with unlimited input material.
Little is known about differences in histone marks profiled in the same
cell type but in different individuals.We study this question using publicly
available data on histone modifications H3K4me1, H3K4me3 and H3K-
27ac from multiple different HapMap cell lines. We show a quantitative
association between the expression of a gene and H3K4me3 binding
at its corresponding promoter. By analyzing input experiments on the
same samples we show that the input channel measured across a pro-
moter show some quantitative association with gene expression; this
emphasises the need for using experimental controls in this analysis.
By comparing with the input channel, we conclude that H3K4me3 do
have a quantitative relationship with gene expression at some, but not
all, promoters. This association shows H3K4me3 binding strength is a
quantitative and functionally relevant measure, which is associated with
biological variation. We establish a similar quantitative relationship be-
tween gene expression and strength binding by H3K4me1 and H3K27ac
at corresponding enhancers, with enhancers defined by the FANTOM 5
project. Finally we establish the quantitative relationship between pro-
moter H3K4me3 binding and gene expression in rat samples, thereby
replicating our finding in a different mammal.
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Inter-species comparison of endothelial cell gene regulation reveals
the conserved control of vascular disease genes. A. Medina Rive-
ra?, L. Antounians'’?, A. Alizada'®, M. Liang™®, L. Dang*®, F. Gagnon®,
J. Fish*®7, M. Wilson’3. 1) Genetics and Genome Biology, SickKids Re-
search Institute; 2) Laboratorio Internacional de Investigacion Sobre el
Genoma Humano, UNAM, Juriquilla, Queretaro, Queretaro, Mexico; 3)
Department of Molecular Genetics, University of Toronto; 4) Department
of Laboratory Medicine and Pathobiology, University of Toronto; 5) CIHR
STAGE, Dalla Lana School of Public Health, University of Toronto; 6)
Toronto General Research Institute (TGRI); 7) Heart and Stroke Richard
Lewar Centre of Excellence.

Comprehensive maps of transcription factor (TF) binding and epi-
genetic modifications are rapidly generating new testable insights into
human disease gene regulation. However, it is still not trivial to identify
which gene regulatory regions have the most impact on tissue specific
gene regulation. We set out to identify gene regulatory regions that are
required for vascular homeostasis by making controlled cross-species
epigenetic comparisons (Zoo-ChlP) in aortic endothelial cells (ECs) iso-
lated from multiple species. We profiled the JUN transcription factor, an
important member of the AP1 complex, and several histone modifica-
tions in human, rat and bovine aortic ECs cultured ex vivo. We identified
shared orthologous TF binding and shared orthologous active histone
modifications. We found that approximately 5% of JUN and 33% of
H3K27ac are shared between human and one additional mammal (rat
or cow). These shared putative regulatory DNA regions were enriched
for EC pathways including angiogenesis and nitric oxide metabolism.
Shared orthologous JUN binding sites also coincided with reported reg-
ulatory human disease mutations, several of which have a plausible EC
component. Importantly, only a minority of these shared JUN/H3K27ac
interactions could have been predicted using established measures of
DNA constraint or ChlP-seq signal alone. By comparing our findings to
similar studies performed in primary liver tissue, we demonstrate that
comparative epigenomic profiling enriches for tissue-specific pathways
and distinct human regulatory DNA mutations.
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Effect of natural variation in copy number on epigenetic patterning.
J. Yu, C. Li, K. lyengar. Department of Epidemiology and Biostatistics,
Case Western Reserve University, Cleveland, OH.

Background. Copy number variation (CNV), the most prevalent type
of structural variation, has been associated with many human diseases,
but its role in disease pathogenesis is far from clear. We hypothesized
that CNVs alter disease risk through differences in epigenetic patterning,
and performed a systematic evaluation of the cis relationships between
CNVs and histone marks overlapping a called CNV in two embryonic
cell lines, H1 and H9, and a lymphoblastoid cell line, GM12878; these
lines are widely studied for epigenetics. Data. We obtained data from the
ENCODE, Roadmap, and 1000 Genomes Project (1KG): CNV data for
H1 and GM12878, and SNP chip data for H1 and H9 with CNVs called
by PennCNV. When CNV calls were available from multiple sources, only
overlapping calls were kept. We also obtained consolidated profiles for
histone marks (27 for H1, 28 for H9, and 11 for GM12878) and DNase
hypersensitivity as a covariate. Analysis. CNVs status were categorized
as deletion (CNV=0,1), duplication (CNV=3,4), and normal (CNV=2).
For each histone mark, we performed linear regression of log-signal
intensity on CNV status, with and without DNase. We then performed
two meta-analyses, one over H1 and H9, and the other over all three
cell lines. Results. 1) When adjusting for DNase, nominal significance
was observed for duplications for 17 marks in H1, 16 in H9, and 8 in
GM12878; among these, 9 were in both H1 and H9, and 4 in all three
lines. 2) Nominal significance for deletions was found for 3 marks in H9,
10 in GM12878, and 2 in both. 3) After Bonferroni correction, we found
significant cis effects of duplication on increased intensity of H3K9me3
(p = 1e-3 for with and without DNase) in meta-analysis of H1 and H9, and
of deletion on increased intensity of the promoter marks H3K4me2 (p =
2e-4 and 1e-4) and H3K9ac (p = 5e-6 and 1e-5) in meta-analysis over
all three lines. 4) Among the CNVs driving our significant results, one
duplication CNV straddled the olfactory receptor family on chromosome
14. Olfactory receptors are known to be epigenetically programmed. An-
other duplication CNV overlapped with defensins on chromosome 20, a
known copy variable region. Several deletion CNVs overlapped with the
SET domain on chromosome 12.

452F
Methylation alterations of LINE-1 and imprinting genes related to
folate deficiency during embryo development. L. Wang, T. Zhang, W.
Zhen, S. Chang. Capital Institute of Pediatrics, Beijing, China.
Periconceptional maternal folate deficiency is a risk factor for neural
tube defects (NTDs), the mechanism underlied remains unclear. Intra-
cellular folic acid is thought to be key player in providing an adequate
source of methyl groups for methylation of DNA and proteins, and
methylation modifications of repeat elements and imprinting genes is
suggested to be sensitive to epigenetic regulation of folate acid nutri-
tion in developmental programming. However, the mechanism of how
folate deficiency altered methylations modification of repeat elements
and imprinting genes in earlier development is still unclear. Our present
studying analyzed methylation modification alternations of LINE-1 and
imprinting genes using NTD cases, mESCs with folate deficiency, and
also in mouse models with periconceptional folate-deficiency. The re-
sults implying that hypomethylation of LINE-1 was associated with an
increased risk of NTDs. Folate insufficiency induced LINE-1 hypometh-
ylation at the lowest levels in folate-free ESCs, compared with that in the
folate-normal group. Moreover, LINE-1 methylation level was positively
correlated with folate content, and negatively correlated with homocys-
teine content. Similar, kinds of imprinting genes also altered imprinting
modifications in NTDs with folate deficiency, including Gnas imprinting
cluster, DLK-MEGS3 imprinting cluster, MEST imprinting and H19/IGF2
imprinting. Mouse embryos exhibited a significantly increased ratio of
IUGR and developmental dysplasia of the brain in response to folate de-
ficiency. Data shown here implying that periconceptional maternal folate
deficiency altered the imprinting established and gene expression in fetal
brains, which may be associated with the higher ratio of developmental
dysplasia.
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Investigating Imprinting As A Mechanism For The Development Of
Asthma and related phenotypes In Two Canadian Birth Cohorts. A.
Eslami’, L. Akhabir', G. Ellis', AB. Becker?, AL. Kozyrskyj®, C. Laprise?,
PD. Paré', AJ. Sandford', D. Daley’. 1) Centre for Heart Lung Innova-
tion, Faculty of Medicine, University of British Columbia, Vancouver, BC,
Canada; 2) Department of Pediatrics and Child Health, Faculty of Med-
icine, University of Manitoba, Winnipeg, MB, Canada; 3) Department of
Pediatrics, Faculty of Medicine and Dentistry, University of Alberta, Ed-
monton, AB, Canada; 4) Universita du Québec & Chicoutimi, Saguenay,
QC, Canada.

Background: Asthma is a complex disease caused by a combination
of genetic and environmental factors. To date, 23 genome-wide associa-
tion studies (GWAS) have been completed for asthma as a primary phe-
notype. Combined, these studies have identified 44 SNPs at a p value
<1x10-6. The consensus is that main genetic effects of these common
SNPs (with modest effects) do not fully explain the heritability of asth-
ma. This has led to further studies of more complex models to identify
the “missing heritability” in asthma. Genomic imprinting is an alternative
mechanism, which may explain some of the missing heritability. Imprint-
ing is an epigenetic phenomenon where the expression of genes depends
on their parental origin (parent-of-origin effect). Imprinting effects have
been reported in the development of many complex diseases including
asthma.Hypothesis: Specific genomic imprinted regions are associated
with asthma and related phenotypes (atopy and airway hyperresponsive-
ness (AHR)).Methods: To identify candidate genomic regions for imprint-
ing we used GWAS data from two family-based studies (two parents and
one offspring). These studies are: 1) the Canadian Asthma Primary Pre-
vention Study (CAPPS), a high-risk asthma birth cohort and, 2) the Study
of Asthma Genes and Environment (SAGE), a population-based asthma
birth cohort. We used a likelihood-based variant of the Transmission Dis-
equilibrium Test. Parent-of-origin effects were tested by including a mod-
ifier (the sex of parents) in the analysis.Results: In the joint analysis of
CAPPS and SAGE with 148 asthmatic complete trios, 13 SNPs showed
significant parent-of-origin effects with p<10-5. 3 SNPs remained signif-
icant after 100,000 permutations. Notably, we showed a parent-of-origin
effect at a known imprinted gene, CTNNAS; this gene was previously as-
sociated with occupational asthma in a GWAS. Six SNPs were in or near
Long non-coding (Inc)RNA genes. LncRNAs have been increasingly im-
plicated in imprinting by modulating imprinting control regions or being
imprinted themselves. The joint analyses for atopy (237 trios) and AHR
(231 trios) yielded 3 and 2 significant SNPs after permutation, respec-
tively.Conclusion: We identified several SNPs showing parent-of-origin
effects in asthma and related phenotypes. To increase statistical power
and confirm our results, we will perform a meta-analysis using 3 family
studies: CAPPS, SAGE and the Saguenay-Lac-Saint-Jean and Quebec
City, a French-Canadian founder population.

454F

Somatic cell hybrids as a model system to evaluate genome editing
and genomic imprinting of pig chromosomes in the development
of pre-clinical large animal models. R.D. Nicholls’?, M.A. Johnson’, F.
Mompart®, S.M. Gollin?, K.D. Wells**, R.S. Prather*®, M. Yerle®. 1) Dept
of Pediatrics, Div of Medical Genetics, Children’s Hospital of Pittsburgh
of UPMC, Pittsburgh, PA; 2) Dept of Human Genetics, School of Public
Health, University of Pittsburgh, Pittsburgh, PA; 3) INRA-INPT UMR1388
Génétique Physiologie et Systéme d’Elevage, Castanet-Tolosan, France;
4) Div of Animal Sciences, College of Agriculture and Natural Resources,
University of Missouri, Columbia, MO; 5) National Swine Research and
Resource Center, University of Missouri, Columbia, MO.

Maintenance of human chromosome epigenetic states within a rodent
cell has been demonstrated by using human-rodent somatic cell hybrids
(SCH), including for the developmental status of globin gene expression,
the active or inactive state of X chromosomes, and genomic imprinting.
We have now used a pig-rodent SCH panel [Yerle M, et al. (1996) Cyto-
genet Cell Genet. 73: 194-202] to assess imprinted gene expression and
DNA methylation of candidate imprinted loci. Furthermore, we are using
SCH as a cellular model to explore genome editing of pig chromosomes.
The SCH lines by cytogenetic analysis contain on average 5-7 pig chro-
mosomes, for this work including Sus scrofa chromosome 1 (SSC1) or
SSC9. Using FISH with a whole SSC1 paint probe and with a specific
SNORD116 gene locus probe, we confirmed that five SCH have a single
SSC1g18 region [the location of the Prader-Willi syndrome (PWS)-or-
thologous imprinted locus]. Gene expression analysis showed that the
PWS-orthologous genes SNURF-SNRPN, SNORD116, SNORD107 and
MAGEL2, as well as the syntenic PLAGL1 gene, are differentially ex-
pressed in the SCH lines, consistent with an imprinted pattern of monoal-
lelic expression. Using the methylation-sensitive restriction enzyme Hhal
followed by PCR, the promoter of the bicistronic SNURF-SNRPN locus
was unmethylated in three SCH and methylated in two SCH, correlating
with gene expression and enabling assignment of paternal or maternal
origin of the pig SSC1. Similarly, we are currently analyzing SSC9 candi-
date imprinted genes. Transfection of SCH lines with vectors encoding
transcription activator-like effector nucleases (TALENSs) or the CRISPR
(clustered, regularly interspaced, short, palindromic repeats)/Cas9 ribo-
nucleoprotein system designed to target sites in the PWS-orthologous
domain resulted in successful induction of double-strand breaks and re-
pair by non-homologous end joining to generate deletions ranging from
2.05 kb to >1.2 Mb. Levels of genome editing by both designer nucle-
ases were greater on the transcriptionally active, paternal allele than on
the silent, maternal allele, with only some CRISPR gRNA pairs functional
for the latter. In conclusion, SCH are a valuable resource for imprinting
assays of candidate genes in the pig. Further, SCH provide a powerful
cell model to test efficacy and mechanisms of genome editing of pig
chromosomes by designer nucleases. Supported by NIH, FPWR, PWSA
and the Storr Family Foundation..
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Analysis of monoallelic expression in 1084 human individual cells
revealed novel putative imprinted genes. C. Borel’, F. Santoni’, M.
Garieri', E. Falconnet!, P. Ribaux’, S. Antonarakis?°. 1) Dept Genetic
Medicine, Univ Geneva Medical Sch, Geneva, Switzerland; 2) Geneva
University Hospitals-HUG, Service of Genetic Medicine, Geneva, Swit-
zerland; 3) iGES Institute of Genetics and Genomics of Geneva, Univer-
sity of Geneva, Switzerland.

Genomic imprinting results in the mutually exclusive expression of ei-
ther the paternally or maternally inherited allele. Imprinted genes are im-
plicated in the etiology of rare syndromes and have been associated with
common diseases such as diabetes and cancer. More than 100 human
imprinted genes have been identified so far, and the predicted number is
in the range of few hundreds. We aim to identify novel imprinting genes
using a single-cell (SC) RNA sequencing approach.From the proband of
2 family trio and 3 unrelated individuals, 1084 individual fibroblasts were
RNA sequenced and more than 770’000 heterozygous SNVs were geno-
typed (WGS, 25x depth). For each gene, we analyzed the allelic specific
expression through our in-house pipeline (>1 reads/site and >1SC/site).
We modeled the likelihood of a gene to be monoallelically expressed
with a beta-binomial distribution and evaluated the significance of the
aggregate monoallelic ratio (reads sum of the most frequent allele per
site / total reads) with the log-likelihood test. Genes presenting with a
significant (adjusted p-value < 0.05) aggregate monoallelic ratio between
0.9-1 were retained for the identification of the allelic parent of origin. We
were able to validate the imprinting status of 6 known imprinted genes
and to detect 31 putative imprinted genes. We will also describe the allel-
ic expression profile of 75 known imprinted genes in our single-cell data-
set. Notably the analysis of 1084 single cells definitively improved the
detection of average to low expressed genes in fibroblast with respect to
bulk RNAseq allowing for a deep profiling of the allelic imbalance of each
gene.In conclusion, single-cell RNA sequencing proves to be an excel-
lent approach to overcome the intrinsic heterogeneity of the tissue and
hereby it is a reliable tool to address the cell-type specificity of genomic
imprinting.C.B. and E.S. contributed equally.

456F

Tissue-specific maps of genomic imprinting across the mammalian
phylogeny reveal causal evolutionary pressures. T. Babak. Biology,
Queen’s University, Kingston, Ontario, Canada.

Genomic imprinting is an epigenetic process that restricts gene ex-
pression to either the maternally or paternally inherited allele. Many
theories have been proposed to explain its evolutionary origin, but un-
derstanding has been limited by a paucity of data mapping the breadth
and dynamics of imprinting within any organism. We previously showed,
from comparisons of tissue-specific maps of imprinting in humans and
mouse, thatimprinted genes were enriched for coexpressed pairs of ma-
ternally and paternally expressed genes, showed accelerated expres-
sion divergence between human and mouse, and were more highly ex-
pressed than their non-imprinted orthologs in other species (Babak et
al. Nat Gen. 2015). Here we further those efforts by developing a new
method for mapping imprinting in any species, even in the absence of
genotyping data that is traditionally used to infer allele-specific gene ex-
pression. We applied this method to 6 major phylogenetic branches in
the mammalian lineage and will discuss the evolutionary implications of
the patterns that emerged.

457T

Genome-wide DNA methylation profiles in twins with autism spec-
trum disorders. A. Anhalt!, L.R. Simard’, A. Hanlon-Dearman?®3, X-Q.
Liu™. 1) Department of Biochemistry and Medical Genetics, University
of Manitoba, Winnipeg, Manitoba, Canada; 2) Department of Pediatrics
and Child Health, University of Manitoba, Winnipeg, Manitoba, Canada;
3) Children’s Hospital of Winnipeg, Winnipeg, Manitoba, Canada; 4) De-
partment of Obstetrics, Gynecology, and Reproductive Sciences, Uni-
versity of Manitoba, Winnipeg, Manitoba, Canada.

Introduction: Autism spectrum disorders (ASD) are attributed to ge-
netic, epigenetic, and environmental risk factors. Epigenetic factors (e.g.
DNA methylation) are implicated in ASD because autistic symptoms are
observed in some Mendelian disorders with an epigenetic aetiology (e.g.
Rett syndrome). Twins are the ideal research subjects for epigenetic
studies because they share similar pre- and post-natal environments and
are of the same age. Moreover, identical (monozygotic, MZ) twins share
the same genetic variants but can have different epigenetic profiles. Us-
ing twins, especially MZ twins, allows researchers to separate epigenetic
effects from genetic and environmental factors. Two published studies
used ASD-discordant MZ twins to identify associations between DNA
methylation levels and ASD. However, additional studies can build upon
these findings, due to the limited sample sizes in twin studies.Methods
and Results: We recruited same-sex twin pairs with at least one twin
diagnosed with ASD. Using the lllumina HumanMethylation450 Bead-
Chip, we generated genome-wide DNA methylation profiles from buc-
cal and peripheral blood mononuclear (PBMC) cells for twins from six
pairs (2 MZ and 4 dizygotic, DZ, pairs). We examined the correlations of
global DNA methylation levels between twins. In the PBMC samples, the
MZ pairs were more similar than the DZ pairs, which were more similar
than the unrelated (UR) pairs (e.g. using the 10% most variable probes;
MZz: r=0.98, SD=0.005; DZ: r=0.93, SD=0.006; UR: r=0.88, SD=0.02).
However, the correlations were similar between the ASD-discordant
and ASD-concordant pairs with the same zygosity (e.g. MZ discordant:
r=0.986; MZ concordant: r=0.980). Additionally, we examined site-spe-
cific DNA methylation in an ASD-discordant MZ pair, which revealed sev-
eral CpG sites with large differences in DNA methylation levels between
the twins.Conclusions and Future Directions: Our preliminary results
suggest that ASD is not related to changes in the global DNA methyla-
tion profile. However, there may be significant site-specific differences in
DNA methylation levels between ASD-affected and unaffected individ-
uals. We will further investigate the site-specific relationships between
DNA methylation levels and ASD and will examine whether differentially
methylated regions can be detected in both PBMCs and buccal cells. We
will also use RNA-seq data to examine the correlation between differen-
tially methylated regions and gene expression levels.
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Longitudinal differences in DNA methylation profile of twins reared
apart and together. A. Ganna’, Y. Wang’, C. Wérnhjelm’, X. Shen’, T.
Morris?, C.A. Reynolds®, N.L. Pedersen’, S. Hagg'. 1) Department of
Medical Epidemiology and Biostatistics, Karolinska Institutet; 2) Medical
Genomics Group, UCL Cancer Institute, University College London; 3)
Department of Psychology, University of California-Riverside.

DNA methylation can be influenced by environmental and genetic fac-
tors. Twin studies can be used to evaluate the environmental contribu-
tion by controlling for the genetic effect. A study design that compares
twin pairs reared together with twin pairs reared in separate families is
particularly attractive because it can be used to investigate the contri-
bution of common family environment. Several studies have suggested
a modest contribution of common environment in phenotypic variation,
but no previous studies have evaluated DNA methylation. In addition,
no studies have examined how such differences change over time in
the same individuals.We compared differences (Euclidean distances)
in the overall methylation profile (lllumina HumanMethylation450 array,
428,545 probes) of 74 twin pairs (34% monozygotic - MZ) reared apart
(i.e. separated before the age of 10) and 80 pairs (54% MZ) reared to-
gether from the Swedish Adoption Twin Study of Aging. Repeated mea-
surements (max 5, mean 2.3 measurements per twin pair) were collected
over a 20-years follow-up period, resulting in 710 samples with DNA
methylation data. Pre-processing was done using Dasen normalization
with adjustments for cell composition in blood and batch effectOver-
all within-pair differences in methylation profile increased over time
(P-value < 0.0001, using mixed models) and were higher in DZ com-
pared to MZ twins (p-value=0.05). Surprisingly, we found larger differ-
ences in the methylation profile of twin pairs reared together compared
to those reared apart (P-value = 0.01). This effect was stronger for MZ
pairs. Probe-specific analysis identified 2 probes (cg00344178, P-val-
ue=4.5x10-8 and cg10213695, P-value=2.6x10-8) that were positively
associated with larger differences in MZ twins reared together after con-
trolling for an FDR of 5%.We performed extensive sensitivity analysis
by adjusting for differences in smoking, alcohol, BMI, cardiovascular
disease, lipids levels, dementia, cognitive function, but the observed ef-
fect remained significant. Additional analysis assessing potential batch
effects couldn’t disprove our findings.Future replications needed to con-
firm our findings are planned in additional N=104 MZ twins.

459T

Is familial correlation in genome-wide DNA methylation level due to
sharing the womb or genes? S. Li", E.M. Wong?, C. Apicella’, J. Stone?,
G. Dite', J.E. Joo? G.G. Giles*, M.C. Southey? J.L. Hopper'. 1) Centre
for Epidemiology and Biostatistics, The University of Melbourne, Victoria
3010, Australia; 2) Genetic Epidemiology Laboratory, Department of Pa-
thology, The University of Melbourne, Victoria 3010, Australia; 3) Centre
for Genetic Origins of Health and Disease, The University of Western
Australia, Western Australia 6009, Australia; 4) Cancer Epidemiology
Centre, Cancer Council Victoria, Victoria 3004, Australia.

Genome-wide DNA methylation level is studied as a risk factor for
many diseases, but the genetic and environmental causes of its vari-
ation are less well studied. We measured DNA methylation from dried
blood spots for 479 Australian women (mean age 56 years) comprising
66 MZ and 66 DZ twin pairs, and 215 of their sisters (130 families from
Australian Mammographic Density Twins and Sisters Study), using the
lllumina Infinium HumanMethylation450 BeadChip. Genome-wide DNA
methylation level was defined as the average beta value across autoso-
mal probes. We applied multivariate normal pedigree analysis using the
software FISHER to adjust for age, estimate correlations, and fit vari-
ance components models where A refers to additive genetic factors, C
to environmental factors shared by relatives (equally by twin pairs and
to a lesser extent s<1 by sibling pairs), and E to individual factors. The
estimated correlation in genome-wide DNA methylation level across
all 468,406 probes was 0.42 (SE=0.10; P=2x10-5) for MZ pairs, 0.40
(SE=0.10; P=3x10-5) for DZ pairs, and 0.01(SE=0.06; P=0.9) for sibling
pairs (including twin-sister pairs). After removing 184,424 probes with
known genomic factors (SNPs, INDELs, etc.), the estimated correla-
tions were 0.34 (SE=0.11; P=2x10-3), 0.35 (SE=0.10; P=4x10-4) and
0.04 (SE=0.05; P=0.5), respectively. For both measures, there was no
difference between the MZ and DZ pair correlations (both P>0.9) and
the twin pair correlations were greater than the sibling pair correlation
(all P<0.01). Similar results were found for methylation levels in differ-
ent genomic regions and chromosomes. For genome-wide methylation
DNA level across all probes, we estimated A=2% (SE=11, P=0.9) and
s=0; the only significant familial component was C, which explained
40% (SE=10, P=10-4; SE=11 when A=0) of the variance. We also found
that, for non-twin sister pairs born after twins, the correlation was 0.47
(SE=0.15; P=10-3), which was greater than 0.01 (SE=0.19; P=0.5) for
non-twin sister pairs born before twins (P=0.05). We conclude that there
is no evidence from either the twin or sibling pair correlations that genetic
factors explain variance in genome-wide DNA methylation level. Instead,
the data are consistent with substantial variance due to non-genetic fac-
tors shared by twins alone. One explanation is that twins share the uterus
at the same time. There is evidence that twin birth might influence the
genome-wide methylation DNA level of subsequent sisters.
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Integrative Methods to Characterize X Chromosome Inactivation
Patterns in Epithelial Ovarian Cancer. S. Winham’, N. Larson’, Z. Fog-
arty’, M. Larson’, S. Armasu’, B. Fridley?, E. Goode'. 1) Department of
Health Sciences Research, Mayo Clinic, Rochester, MN; 2) University of
Kansas Medical Center, KUMC, Kansas City, KS.

In females, X chromosome inactivation (XCl), randomly silences tran-
scription of one of the two homologous copies of the X chromosome
via DNA methylation in order to equalize levels of gene expression with
males. This process is tissue- and cell-specific, and some genes escape
XCI. While studies suggest that inactivation is skewed (one chromosome
is preferentially activated) in lymphocytes from epithelial ovarian cancer
(EOC) patients, the role of XCl in tumors is largely unknown. Better under-
standing of chromosome and gene-level XCl patterns will advance our
knowledge of ovarian tumor biology.To examine the role of XCl in EOC,
we integrated genotype, gene expression, and DNA methylation data
from tumors of 113 ovarian cancer patients. We measured allele-specific
expression (ASE) for 481 genes across the X chromosome by combining
RNA-Seq, and 1000 Genomes Project imputed genotype data to identify
the active alleles for each tumor. Chromosome-wide, 89 patients showed
skewed XCI based on a likelihood ratio test (P<0.01). Using a beta-bi-
nomial mixture model, we estimated which genes escaped XCI for each
patient, and 22% of genes showed variable escape patterns across tu-
mors. We compared the tumor escape status to previously reported lym-
phocyte escape status, and found that on average, 14% of genes were
discordant within individuals; 61% of the discordances were previously
reported lymphocyte escape genes. In one tumor-normal ovarian tissue
pair, 19 of 68 expressed genes showed evidence of somatic changes,
with 7 genes undergoing XCI in adjacent normal tissue but escaping
in the tumor, including TSC22D3 (MIM: 300506), a transcriptional reg-
ulator previously implicated in EOC.Because XCl is governed by DNA
methylation, we also assessed beta values of the Infinium 450K Array
CpG probes in X chromosome gene promoter regions, and observed
cis associations with ASE imbalance. To assess global XCl patterns, we
performed cluster analyses on the ASE data, identifying two ASE clus-
ters. We also identified two clusters based on the promoter methylation
data, and observed strong association with the ASE clusters (P=0.007).
We examined the relationship between the clusters and clinical factors,
and found XClI patterns were associated with tumor histology, stage, and
overall survival (P<0.04).Together, these results suggest that XCl may
play an important role in EOC. Future studies to examine somatic chang-
es with paired tumor-normal tissue are needed.

461T

Oxytocin and Religious Brain. J.R. Korenberg', L. Dai?, J.B. King®, M.A.
Ferguson®, J.A. Nielson*, D. Giangrasso®, C.S. Carter®, H.P. Nazarloo®,
J.S. Anderson®. 1) Brain Institute, Department of Pediatrics, University
of Utah, Salt Lake City, UT; 2) Department of Pediatrics, University of
Utah, Salt Lake City, UT; 3) Neuroscience Graduate Student, Universi-
ty of Utah, Salt Lake City, UT; 4) Psychiatry and Psychology, Harvard
University & Massachusetts General Hospital; 5) The Kinsey Institute,
Indiana University, Bloomington, Bloomington, IN; 6) Department of Ra-
diology, University of Utah, Salt Lake City, UT.

The molecular and neural mechanisms regulating human social be-
haviors are fundamentally important but largelyunknown. Religious ex-
perience is one of the most powerful transformative factors in the lives of
individuals andcultures, and provocative evidence showed that religion
influences social behaviors in different and even controversialways. It
has been suggested that religious priming serves to enhance pro-sociali-
ty for in-group members, whileincreasing aggression towards out-group.
It is interesting that social peptide hormone oxytocin, has been impli-
catedto play a role in cooperation and competition within and between
groups. In addition, recent study showed thatreligion priming and an
oxytocin receptor gene polymorphism interact to affect self-control in a
social context. Wetherefore hypothesized that religiouspriming will result
in an increase in pro-sociality as measured by observer ratingsof social
stimuli, plasma serum levels of oxytocin, and functional connectivity in
social brain regions. In this study, wereport the plasma oxytocin levels
before and after a thirty-minute period of religious experience in a cohort
of elevenreturned Mormon missionaries. Our preliminary results showed
that the plasma oxytocin and vasopressin levels arehighly associated.
This is the first time to study the in vivo relationship of peptide hormones
in regulating religiousbelief and will enhance our understanding of neuro-
biology of the effects of religious experience on social behaviors.
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Val158Met polymorphism in COMT affects the brain’s white matter
properties during second language immersion. P. Mamiya', T. Rich-
ards? B. Coe?®, E. Eichler®, P. Kuhl'. 1) Institute for Learning & Brain Sci-
ences, University of Washington, Seattle, WA; 2) Department of Radiol-
ogy, University of Washington, Seattle, WA; 3) Department of Genome
Sciences, University of Washington, Seattle, wA.

Second language emersion as an adult is becoming increasingly
prevalent as students prepare for college in a foreign country. There is a
great variability in the level of proficiency among these late second lan-
guage learners. Previous studies have demonstrated that adults learning
a second language show changes in both the grey and white matter
brain structures as a function of learning. It is unknown whether genet-
ic variations influence how an individual’s brain adapts while learning a
second language. To address this issue, we studied Chinese students
who enrolled in an English immersion program as preparation for college
and investigated whether the Val158Met polymorphism in COMT can
affect second language learning. Methionine (Met) substitution at codon
158 in COMT results in elevated dopamine in prefrontal cortex, and is
associated with superior executive function, a high order cognitive ability
known to be important for learning. We hypothesized that this polymor-
phism may have an effect on second language learning. Methods: We
used real-time polymerase chain reaction method to identify the variant
in COMT, and DTI to characterize the brain’s white matter properties.
We entered the COMT genotype and white matter data into a regression
model to predict second language learning. Our first finding was that
the Met/Val and Val/Val subjects show a significant positive correlation
between the number of days they had been in the class at the time of the
brain scan and enhancement of white matter properties in the voxels lo-
cated in the superior longitudinal fasciculus (SLF), a fiber track important
for language processing. This enhancement of white matter properties
was shown as an increased fractional anisotropy (FA) and reduced radial
diffusivity (RD), assessed by two DTl measures, in the SLF. This correla-
tion was not found in the Met/Met subjects. Furthermore, the FA values
in the SLF and the COMT genotype significantly predict the grades stu-
dents received in the program. Comparing data from a regression model
using only the FA value in the SLF to one in which we added the genetic
data, we found an over 100% increase in the total variance explained.
Taken together, our findings suggest that the COMT genotype may play a
role in enhancing neuroplasticity in the brain’s white-matter fiber tracks,
enabling heightened student learning during exposure to second lan-
guage learning in adulthood.

463T

Significant transcriptional changes in 15q duplication but not An-
gelman syndrome deletion dental pulp stem cell derived neurons. N.
Urraca'?, Q. Tran®, T.G. Belgard®, R. Memon® S. Goorha? C. Valdez? S.
Sanchez’, J.M. Ramirez®, M. Donaldson?, D. Bridges®, L.T. Reiter?. 1) Le
Bonheur Children’s Hospital, Memphis, TN; 2) Department of Neurology,
UTHSC, Memphis, TN; 3) Department of Pediatrics, UTHSC, Memphis,
TN; 4) Department of Pediatric Dentistry, UTHSC, Memphis, TN; 5) De-
partment of Preventive Medicine, UTHSC, Memphis, TN; 6) Department
of Physiology, UTHSC, Memphis, TN; 7) Cytogenetics Laboratory, Insti-
tuto Nacional de Pediatria, Mexico City, Mexico; 8) Department of Bio-
chemistry and Molecular Biology, University of Basque Country, Bilbao,
Spain; 9) MRC Functional Genomic Unit, University of Oxford, UK.

The analysis of gene expression in living neurons from Angelman
(AS) and Duplication 15g (Dup15q) syndrome subjects has impeded
our understanding of these disorders. Here we use dental pulp stem
cells (DPSC) from AS deletion, 15q Duplication and neurotypical con-
trol subjects for mRNA-seq analysis in both DPSC and DPSC-neurons.
We identified 20 genes unique to AS neurons, 120 genes unique to 15q
duplication and 3 shared genes that were differentially expressed versus
control neurons. Copy number correlated with gene expression for most
genes across the 15911.2-g13.1 critical region. Two thirds of the genes
differentially expressed in 15q duplication neurons were down-regulated
compared to controls including several transcription factors, while in AS
most differential expression was in the 159 region. Pathway analyses
revealed steroid hormone biosynthesis genes were slightly enriched in
both 15q duplication and AS neurons. We found more changes in gene
expression in Dup15q than AS cell lines, perhaps because the mecha-
nism of AS may be primarily through the degradation of UBE3A protein
substrates. Comparison of gene expression changes in Dup15q DPSC
neurons correlated with published postmortem idiopathic autism brain
studies, indicating that this may be a valid in vitro model for gene expres-
sion changes in the brain. Finally, the finding of a significant increase in
both HERC2 and UBESA in Dup15q neurons and significant decrease in
these two genes in AS deletion neurons may explain differences between
AS deletion class and UBE3A specific classes of AS mutation where
HERC?2 is expressed at normal levels.

464F
FXN promoter silencing in the humanized mouse model of Friedre-
ich ataxia. Y. Chutake’, W. Costello’, C. Lam', M. Pook? S. Bidichan-
dani’. 1) Dept of Pediatrics, Section of Genetics, University of Oklahoma
Health Sciences Center, Oklahoma City, OK; 2) Dept of Life Sciences,
College of Health & Life Sciences, Brunel University, London, UK.
Friedreich ataxia is caused by an expanded GAA triplet-repeat se-
quence in intron 1 of the FXN gene that results in epigenetic silencing
of the FXN promoter. This silencing mechanism is seen in patient-de-
rived lymphoblastoid cells but it remains unknown if it is a widespread
phenomenon affecting multiple tissues. The humanized mouse model of
Friedreich ataxia (YG8sR) carries a single transgenic insert of the human
FXN gene containing an expanded GAA triplet-repeat in intron 1. The
latter mimics the human condition, and similar to people with Friedreich
ataxia tissues from the YG8sR mouse are deficient for FXN transcript
when compared to an isogenic transgenic mouse lacking the expanded
repeat (Y47R). Tissues from YG8sR mice carried similar sized expanded
GAA triplet-repeats and showed evidence of increased DNA methylation
at the FXN locus. We found that tissues from YG8sR, but not Y47R,
showed deficiency of FXN transcript that extended both upstream and
downstream of the expanded GAA triplet-repeat, suggestive of deficient
transcriptional initiation. This pattern of deficiency was seen in all tissues
tested, irrespective of whether they are known to be affected (dorsal
root ganglia, heart, cerebellum) or spared (cerebrum, skeletal muscle,
fibroblasts) in disease pathogenesis. FXN promoter function was di-
rectly measured by quantitative analysis of transcriptional initiation via
metabolic labeling of newly synthesized transcripts in fibroblasts, which
revealed significant deficiency of transcriptional initiation in the YG8sR
mouse compared to the Y47R control mouse. Thus, deficient transcrip-
tional initiation accounts for the transcriptional deficiency in the human-
ized mouse model of Friedreich ataxia, similar to patient-derived cells,
and the mechanism underlying promoter silencing in Friedreich ataxia is
widespread across multiple tissues.
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Chromatin accessibility in the mammalian retina: Potential impact
on studies of human retinal and macular degeneration. F. Giuste’,
R. Ratnapriya’, Y. Hyun-din', S. Montezuma?, T. Longo', A. Parker’, A.
Police Reddy’, D. Ferrington?, A. Swaroop’. 1) Neurobiology, Neurode-
generation, & Repair Laboratory, NEI, NIH, Bethesda, MD; 2) Department
of Ophthalmology & Visual Neurosciences, University of Minnesota Twin
Cities, Minneapolis, MN.

A majority of variants associated with common disease reside in the
non-coding region of the genome. To evaluate the nature of genomic el-
ements harboring potential susceptibility variants associated with retinal
and macular degeneration, we are developing a genome-wide chroma-
tin map of the mammalian retina. The primary cause of blindness in a
vast majority of degenerative retinal diseases is the dysfunction or loss
of photoreceptors. Since it is difficult to obtain photoreceptor-specific
chromatin data from human retina, we have also assayed open chro-
matin regions in flow-sorted mouse rod photoreceptors using ATAC-seq
open chromatin assay. We are beginning to integrate ATAC-seq data of
mouse rod photoreceptors and of human retina with respective global
transcriptome profiles. Our analyses should provide important insights
into genetic and epigenetic regulation of retinal gene expression and as-
sist in identifying the potential impact of susceptibility variants on photo-
receptor function and disease pathogenesis.

466F

Locally adaptive comparison of DNase | profiles to detect fine scale
differences in regulatory activity. J. Morrison’, R. Sandstrom? N. Si-
mon’. 1) Biostatistics, University of Washington, Seattle, WA; 2) Genome
Sciences, University of Washington, Seattle, WA.

Variation in gene-expression and regulation leads to cell-level pheno-
typic variation from the scale of differences in cell identity to differences
in drug sensitivity among cells of the same type. DNase | digestion ex-
periments have been used to identify active regulatory DNA in numerous
cell types. Different cell types can be characterized by sets of DNase
hypersensitve sites (DHSs) - short regions with very high rates of DNase
| cleavage. Analysis based on called DHSs is powerful for identifying
and characterizing cell type specific and constitutive regulatory regions.
However, DHS based analysis may be insufficient for characterizing
more subtle phenotypic variation within a single cell type. This type of
variation may be tied to a combination of dramatic and fine scale vari-
ation in DNase sensitivity. Summarizing DNase sensitivity as a series of
DHSs discards information about quantitative differences and about dif-
ferences in regions with lower sensitivity.In this work we explore a locally
adaptive method for detecting and describing differences in chromatin
accessibility by applying a recently developed method for comparing ge-
nomic profiles called Joint Adaptive Differential Estimate (JADE). JADE
can be used to fit smooth DNase sensitivity profiles and identify regions
where these profiles differ across phenotypic classes. In order to use
JADE effectively, the smoothing strategy must be biologically informed
and preserve meaningful variation while reducing the complexity of the
problem. We explore adaptations of trend filtering for smoothing DNase
| sensitivity data. We then apply JADE using these smoothing strategies
to comparative analysis of DNase | profiles of small cell lung cancer cells
classified as either sensitive or insensitive to drug therapy.

467T

ChlIP-seq identifies the target genomic loci of the SMARCAG6 heli-
case in human hematopoietic neoplasms. J.A. Welch"?%, D. Esopi?,
P. Shen®, P. Schaughency?*, A. Skaist?4, S. Yegnasubramanian®*, K.H.
Burns'®, S.J. Wheelan?%. 1) McKusick-Nathans Institute of Genetic
Medicine, The Johns Hopkins University School of Medicine, Baltimore,
MD; 2) Department of Oncology, The Johns Hopkins University School of
Medicine, Baltimore, MD; 3) Department of Pathology, The Johns Hop-
kins University School of Medicine, Baltimore, MD; 4) Next Generation
Sequencing Center, Sidney Kimmel Comprehensive Cancer Center, Bal-
timore, MD.

The SMARCAG6 helicase is a chromatin regulator that is thought to
be important for somatic retrotransposon silencing. Like other Snf heli-
cases, which promote transcriptional silencing in mammalian genomes,
SMARCAG6 has demonstrated DNA-dependent ATPase activity in vitro.
SMARCAG is known to interact with DNA methyltransferases DNMT1
and DNMT3B and histone deacetylases HDAC1 and HDAC2. In mice,
chromatin immunoprecipitation has demonstrated an interaction be-
tween SMARCAG6 and LINE, SINE, and IAP retrotransposons. Evidence
from transgenic mouse models indicates that SMARCAG function is re-
quired for retroelement silencing. Mice that are homozygous for a null
mutation show decreased methylation of LINE, SINE, and IAP elements
as well as derepressive H3 and H4 acetylation marks in IAPs and exhibit
perinatal lethality. Defects in retroelement silencing are phenocopied in
hypomorphic mice with targeted deletions of conserved helicase-en-
coding exons, and while viable, these animals display growth defects
and age prematurely. Whether or not SMARCAG is involved in retrotrans-
poson silencing and localizes to retroelements in the human genome are
open questions. The availability of a commercially manufactured poly-
clonal antibody specific to human SMARCA6 and the development of
computational strategies to identify retrotransposons in high throughput
sequencing data have positioned us to investigate the latter. To this end,
we performed chromatin immunoprecipitation followed by sequencing
(ChlIP-seq) to identify the target loci of SMARCAG in a human Burkitt lym-
phoma cell line. Here, we discuss our findings from these experiments.
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Morpholino oligomers as a potential therapeutic option for cor-
rection of defective alternative splicing. S. Tantzer', K. Sperle’, G.M.
Hobson'2. 1) Nemours Biomedical Research, Alfred |. duPont Hospital
for Children, Wilmington, DE; 2) Pediatrics, Thomas Jefferson University,
Philadelphia, PA.

Most mutations of the proteolipid protein 1 gene (PLP1 [MIM 300401]),
including copy number changes and those affecting the coding se-
quence, cause the X-linked leukodystrophy Pelizaeus-Merzbacher dis-
ease (PMD [MIM 312080]). We recently showed that mutations reducing
the PLP1/DMZ20 alternative splice ratio have a distinctly different early
phenotype on MRI called hypomyelination of early myelinating structures
(HEMS). Although there are currently no cures for HEMS or the many
other diseases that can be caused by disruption of alterative splicing,
molecules that modulate aberrantly spliced products toward a more nor-
mal ratio have exciting therapeutic potential. We designed a morpholino
oligomer (MO-PLP) to target the DM20 5’ splice site, thereby increasing
the PLP1/DM20 ratio. Treatment of an immature oligodendrocyte cell
line, Oli-neu, with MO-PLP significantly increased the endogenous Plp1/
Dm20 ratio as well as the PLP1/DM20 ratio expressed from transfect-
ed minigene splicing constructs containing patient mutations known to
reduce the PLP1/DM20 ratio. Our previously published mouse model,
PLP-ISEdel, carries one of these patient mutations, an intronic 19 base
pair deletion of a splicing enhancer that causes a decrease in the PLP1/
DM20 ratio. A single intracerebroventricular injection of MO-PLP into
neonatal PLP-ISEdel mice resulted in an increase in PLP/DM20 ratio of
both RNA and protein in both brain and spinal cord. The effect lasted
up to postnatal day 60, which is well beyond the early postnatal spike
in myelination and PLP production. Our results suggest that morpholino
oligomers have therapeutic potential for the treatment of HEMS and oth-
er diseases caused by misregulation of alternative splicing.

469T

Seeking drugs for Pelizaeus-Merzbacher disease using drug repo-
sitioning approach targeting a novel cellular pathology. K. Inoue’, H.
Li', PR. Mangalika’, A. Nishizawa’, Y. Numata’', S. Nakamura', T. Morim-
ura’, H. Saya?, Y. Goto'. 1) Dept MR & BD Res, Natl Inst Neurosci, NCNP,
Kodaira, Tokyo, Japan; 2) Div Gene Regulation, Inst Advanced Medical
Research, Keio Univ, Tokyo, Japan.

Pelizaeus-Merzbacher disease (PMD) is the most common, but incur-
able inherited hypomyelinating leukodystrophy caused by various muta-
tions in the PLP1 gene, which encodes a major myelin membrane lipid-
protein. PLP1 amino acid substitutions often cause severe form of PMD.
Although it has been thought that activation of the apoptotic pathway of
unfolded protein response (UPR) triggered by accumulation of the mu-
tant PLP1 in endoplasmic reticulum (ER) is the major cellular mechanism
for oligodendrocyte cell death, attenuation of this pathway doesn'’t res-
cue the cellular phenotypes, suggesting an involvement of other under-
lying mechanisms. We recently identified that mutant PLP1 also interfere
with intracellular transport of other normal membrane and secretary pro-
teins, possibly affecting the normal cellular physiology. This finding has
raised a hypothesis that the mutant PLP1-induced dysfunction of sec-
retary pathway may serve as another cellular mechanism for PMD and
the drugs that can enhance the transport of secretary and membrane
proteins may rescue the cellular phenotype caused by mutant PLP1. To
identify such drugs, we have established a screening system using HelLa
cells transiently co-expressing mutant PLP1 and secretable-form lucif-
erase reporter. We have screened a library of 1400 existing medicine,
so that our findings are immediately applicable to the clinical study. We
next tested if the selected compounds can also rescue the abnormal
intracellular localization of KDEL receptor that is normally present in Gol-
gi apparatus but is mislocalized in ER when co-expressed with mutant
PLP1. Using these screening systems, we have identified 20 compounds
that can correct the reduced intracellular transport of normal secretary
and membrane proteins. These compounds may serve as potential can-
didates for the treatment of PMD caused by amino acid substitutions.

470W

Rapamycin as a novel treatment for vascular malformations caused
by somatic mutations that activate the PISBK>AKT signaling path-
way. L. Boon’?, J. Hammer', E. Seront’, S. Dupont?, F. Hammer®, Ph.
Clapuyt®, M. Vikkula®’. 1) Centre Vascular Anomalies, Division of Plastic
and Reconstruction Surgery, Cliniques universitaires St-Luc, Universita
catholique de Louvain, Brussels, Belgium; 2) Human Molecular Genetics,
de Duve Institute, Universita catholique de Louvain, Brussels, Belgium;
3) Department of Medical Oncology, Cliniques universitaires St-Luc,
Universita catholique de Louvain, Brussels, Belgium; 4) Pediatric Oncol-
ogy, Cliniques universitaires St-Luc, Universita catholique de Louvain,
Brussels, Belgium; 5) Department of Interventional Radiology, Cliniques
universitaires St-Luc, Universita catholique de Louvain, Brussels, Bel-
gium; 6) Pediatric Radiology, Cliniques universitaires St-Luc, Universita
catholique de Louvain, Brussels, Belgium; 7) WELBIO (Walloon Excel-
lence in Lifesciences and Biotechnology), de Duve Institute, Universita
catholique de Louvain, Brussels, Belgium.

Background: Venous and lymphatic malformations (VM and LM) are
congenital lesions composed of ectatic veins or lymphatic cysts, re-
spectively. They have an incidence estimated at 1/2.000 and 1/10.000,
respectively. They often cause deformity, pain, local intravascular co-
agulopathy or chronic infection. Inherited VMs (VMCM) are caused by
germline TIE2 mutations, whereas sporadic VMs are often caused by
somatic TIE2 mutations. Sporadic LMs and combined malformations are
caused by somatic PIK3CA mutations.Purpose: The identification of the
molecular bases and activation of the downstream PI3K-AKT signaling
pathway opened the door for development of precision therapies. We
assessed the efficacy and safety of Rapamycin, an mTor inhibitor, as
a possible therapy for patients with difficult-to-treat slow-flow malfor-
mations.Methods: The trial is registered under VASCA-LM at clinicaltri-
als.gov (NCT01811667). Eighteen patients aged from 3 to 64 years with
refractory-to-standard-care LM, VM and/or complex vascular anomaly
were enrolled. Informed consent was obtained. Clinical symptoms in-
cluded chronic daily debilitating pain, functional impairment, recurrent
infections, and daily gastrointestinal bleeding. Efficacy was evaluated
by anamnesis of symptoms, repeated evaluation of pain, quality of life
and clinical parameters, and photographs of the lesions. Blood tests in-
cluded D-dimer and fibrinogen measurements. A global self-evaluation
percentage of increase/decrease in quality of life was recorded, as well
as side effects, according to CTCAE version 3. Volumetric MRI was per-
formed before initiation and at a yearly bases.Results: Fifteen patients
reached 12 months follow-up. All patients with LMs, 6/7 patients with
VMs and all patients with complex vascular anomalies experienced im-
portant relief of pain and symptoms, improved functional restraint and
self-perceived quality of life. A statistically significant reduction in volume
was observed with MRI with patients that reached one-year follow-up.
Known side effects were not infrequent.Conclusion: Results from this
clinical pilot study demonstrate that rapamycin can be a therapeutic op-
tion for refractory-to-standard-care slow-flow vascular malformations,
which classically exhibit PIBK>AKT activation. Similar results were seen
in a mouse model of VMs generated by activating TIE2 mutations. There-
fore, rapamycin has great promise as the first molecular therapy for diffi-
cult-to-treat slow-flow vascular malformations.
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The Inflammasome: A Novel Concept in VCP Disease. A. Nalbandian’,
A. Khan?, R. Srivastava?, K. Llewellyn’, V. Kimonis', L. BenMohamed?. 1)
University of California, Irvine; 2) Gavin Herbert Eye Institute.

Valosin Containing Protein (VCP) disease, discovered in 2000, is
caused by mutations in the gene encoding Valosin-Containing Protein
(VCP). The spectrum of phenotypes associated with VCP mutations con-
tinues to expand, including disorders with overlapping pathogenesis,
such as Inclusion Body Myositis (IBM) in 80%, Paget’s Disease of Bone
(PDB) in 50%, Frontotemporal Dementia (FTD) in 33%, and Amyotrophic
Lateral Sclerosis (ALS) in 15% individuals. VCP disease patients exhibit
progressive proximal limb girdle muscular weakness and eventually die
from progressive muscle weakness and cardiac and respiratory failure.
Histologically, patients show the presence of rimmed vacuoles and TAR
DNA-binding protein 43 (TDP-43)-positive large ubiquitinated inclusion
bodies in the muscles. Several studies have investigated the onset of
VCP-associated myopathy, however to our knowledge, we are the first
group to explore the inflammasome signaling network in this disease.
We discovered induction of NLRP3-mediated inflammasome in inflam-
matory macrophages and neutrophils may possibly contribute to inflam-
mation and muscle-related tissue damage observed in VCP disease.
Such inflammation might be triggered by ROS, NOS or, other yet-to-be
determined inflammatory mechanisms, in damaged muscle tissues; and
blocking one or several of pathways of NLRP3 inflammasome check-
points in VCPR155H/+ heterozygote mice may reduce muscle-related
inflammation and tissue damage resulting in robust and sustained ther-
apeutic effect. We also detected an increase in the IL-1b inflammato-
ry cytokine and Caspase 1. These findings suggest that targeting the
inflammasome pathway by pharmacological inhibitors may ameliorate
an increasing list of disorders and can now include in VCP disease and
related neurodegenerative multisystem proteinopathies.These findings
suggest that targeting the mTOR pathway and restoring autophagic flux
ameliorate an increasing list of disorders and can now include in VCP
disease and related neurodegenerative multisystem proteinopathies. In
conclusion, this pre-clinical study in VCPR155H/+ heterozygote mice
may lead to a novel and powerful immunotherapy for patients suffering
from VCP- and associated neurodegenerative diseases.

472W

Efficacy and Safety of Diazoxide Choline Controlled-Release Tablet
in Patients with Prader-Willi syndrome. A. Surampalli’, M. Wencel’,
JA. Gold"?3, NM. Cowen?, V. Kimonis’. 1) Division of Genetics and Ge-
nomics, Department of Pediatrics, University of California Irvine, School
of Medicine, Irvine, CA; 2) Loma Linda University School of Medicine,
Loma Linda, CA; 3) Children’s Hospital of Orange County, Orange, CA;
4) Essentialis, Inc. Carlsbad, CA.

Prader-Willi syndrome (PWS) is a complex, multi-system genetic syn-
drome affecting 1:10,000-1:30,000 males, females and all ethnicities.
PWS is the most common syndromic form of obesity. PWS patients have
a characteristic behavior disorder, mild intellectual disability, hypotonia,
hypothalamic-pituitary axis dysfunction, growth hormone (GH) deficien-
cy, hypogonadism, other hormonal deficiencies, short stature, central-
ly- hyperphagia, obesity, reduced lean mass and reduced energy ex-
penditure. Diazoxide choline controlled-release tablets (DCCR) works by
mimicking sensitivity to leptin and insulin in AGRP and POMC neurons,
reducing de-novo fatty acid biosynthesis, stimulating B-oxidation of fat
and normalizing GABA response, reducing hyperphagia, fat mass and
aggressive behavior in PWS patients.Thirteen obese subjects with ge-
netically confirmed diagnosis of PWS, between 10-22yrs were enrolled
in the study PC025. Two subjects were withdrawn from the study due to
a prior psychiatric illness in one and progressively compromised glyce-
mic control at the highest dose in the other. Eleven subjects completed
the open-label treatment phase, were designated as Responders (hyper-
phagia response rate 92%) and randomized into the double-blind phase
of the study. Data was analyzed for both open-label treatment phase
and double-blind phase.We found significant improvements in hyper-
phagia in DCCR treated subjects at the end of the open-label treatment
period (-31.6%, p=0.003) and in those who continued on DCCR in the
double blind phase (-29.2%, p=0.006). There was significant reduction
in ‘aggressive’, ‘threatening’ , ‘destructive’ behavior in comparison to
all other PWS associated behaviors at the end of open label treatment
phase (62.5% Vs 29.8% respectively, p=0.01). The effect of DCCR on
behavior seems to be independent of the effect on hyperphagia. Signif-
icant impacts were seen on fat mass (-3.8%, p=0.011), lean body mass
(+5.4%, p=0.001), lean body mass/fat mass ratio (+9.8%, p=0.002)
during open-label treatment. The impacts on body composition were of
similar magnitude in GH treated and GH naive subjects. DCCR treatment
significantly reduced TG, Tot-C, and Non-HDL-C in both the open-la-
bel and double blind phase.The safety profile of DCCR in PWS subjects
was consistent with prior studies. The most common adverse events
included peripheral edema which was responsive to dose reduction and
diuretics, and transient hyperglycemia.
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Histone Deacetylase Inhibitor Reverses Promoter Silencing in Frie-
dreich Ataxia. S. Bidichandani', Y. Chutake’, C. Lam’, W. Costello’, M.
Anderson?. 1) Dept of Pediatrics, Section of Genetics, University of Okla-
homa Health Sciences Center, Oklahoma City, OK; 2) Dept of Biosta-
tistics & Epidemiology, University of Oklahoma Health Sciences Center,
Oklahoma City, OK.

Friedreich ataxia (FRDA) is caused by an expanded GAA triplet-repeat
(GAA-TR) mutation in the FXN gene, and patients are typically homozy-
gous for expanded alleles containing 100-1300 triplets. Patients have a
severe deficiency of FXN transcript, which is predominantly caused by epi-
genetic silencing of the FXN promoter. We sought to determine if a class
| histone deacetylase (HDAC) inhibitor that is currently being developed
as a rational therapy for FRDA is able to reverse FXN promoter silencing.
Patient-derived lymphoblastoid cell lines bearing a range of expanded al-
leles (200-1122 triplets) were evaluated for FXN transcript levels by quan-
titative RT-PCR following treatment with the 2-aminobenzamide derivative
drug, 109 or a related but inactive compound, 966. FXN transcript levels
increased ~2-fold (p<0.001) upon treatment with 109 (but not 966), both
upstream and downstream of the expanded GAA-TR mutation, suggest-
ing that the increase is due to improved promoter function. FXN promoter
function was directly measured by quantitative analysis of transcriptional
initiation via metabolic labeling of newly synthesized transcripts in living
cells, which revealed that 109 (but not 966) resulted in a ~3-fold increase
in both transcriptional initiation (p<0.01). FXN promoter structure was mea-
sured via Nucleosome Occupancy and Methylome Sequencing (NOMe-
Seq), a high-resolution in vivo footprint assay for nucleosome occupancy in
individual chromatin fibers, which revealed that 109 (but not 966) resulted
in a ~3-fold increase in chromatin accessibility (p<0.0001) at the FXN pro-
moter. Epigenetic promoter silencing in FRDA is therefore reversible, and
the results implicate class | HDACs in repeat-mediated promoter silencing.

474W
Phase 3 and long-term extension study with migalastat, a pharma-
cological chaperone, demonstrate stable renal function, reduced
left ventricular mass and gastrointestinal symptom improvement in
patients with Fabry disease. D.P. Germain’, D.G. Bichet?, R. Giugliani®,
D. Hughes?*, R. Schiffmann®, W. Wilcox®, J. Castelli’, E.R. Benjamin’, J.
Yu’, N. Skuban’, J. Barth’. 1) Division of Medical Genetics, University of
Versailles, Montigny, France; 2) Hopital Sacré-Coeur, University of Mon-
treal, Canada; 3) Medical Genetics Service, HCPA/UFRGS Porto Alegre,
Brazil; 4) Royal Free Campus, University College London, UK; 5) Baylor
Research Institute, Dallas, TX; 6) Department of Human Genetics, Emory
University, Georgia; 7) Amicus Therapeutics, Cranbury, NJ, USA.
Background: Fabry disease (FD) is a progressive, devastating X-linked
genetic disorder caused by the deficient activity of lysosomal alpha-ga-
lactosidase. Objectives: Migalastat (1-deoxygalactonojirimycin, AT1001)
is an orally-administered investigational pharmacological chaperone
for Fabry disease that selectively binds and stabilizes a-Gal A, leading
to increased lysosomal activity. Study 011 (AT1001-011, NCT00925301)
included a 6-month double-blind placebo-controlled period (Stage 1)
and an 18 month open-label extension. Sixty-seven subjects were ran-
domized; 48 subjects completed the study and continued in long term
extension Study AT1001-041. Methods: Estimated GFR (eGFR) was as-
sessed every 3-6 months using the CKD-EPI and MDRD equations. Left
ventricular mass index (LVMi) was assessed by echocardiography every
6-12 months by a blinded central laboratory. Gastrointestinal symptoms
were assessed every 6 months using the Gastrointestinal Symptom Rating
Scale (GSRS). p-values are unadjusted for multiple comparisons. Efficacy
results are reported for the 50 subjects with amenable GLA mutations.
Results: eGFR remained stable in subjects treated up to 48 months, with
mean annualized eGFR changes (+SEM) of -0.80+0.60 (CKD-EPI) and
+0.70+0.80 (MDRD) mL/min/1.73m2/yr. LVMi was significantly reduced in
subjects treated up to 48 months (-8.0 +5.5 g/m2); the largest reductions
were observed in subjects with abnormal LVMi at baseline (-17.2+16.5 g/
m2). Improvement was observed in the diarrhea domain of GSRS during
the 6-month double-blind period (-0.3 migalastat, +0.2 placebo, p=0.03),
and in diarrhea, indigestion and reflux domains during the open-label ex-
tension. Conclusions: Treatment with migalastat for up to 48 months was
associated with stable renal function, reduced LVMi and improved gastro-
intestinal symptoms in patients with Fabry disease who have amenable
GLA mutations.

475T

Hydroxyurea induces vy-globin expression through microRNAs-me-
diated actions in human hematopoietic and K562 erythroleukemia
cells.. D.G. Pule', S. Mowla? N. Novitzky?, A. Wonkam'. 1) Human Ge-
netics, Clinical Laboratory Sciences, University of Cape Town, Cape
Town, Western Cape, South Africa; 2) Hematology, Clinical Laboratory
Sciences, University of Cape Town, Cape Town, Western Cape, South
Africa.

Background: Hydroxyurea is the only available drug treatment for
Sickle Cell Disease (SCD); but the mechanism of fetal hemoglobin (HbF)
induction is poorly understood. In particular, the role of microRNAs in the
post-transcriptional regulation of HbF, through potent regulators such
as MYB, BCL11A and KLF-1, is understudied.Objectives: We have in-
vestigated the role of microRNAs in the post-transcriptional regulation
of HbF in erythroid cells treated with hydroxyurea.Methods: As models,
we used 1) hematopoietic stem cells derived from umbilical cord blood
(HSCs) and 2) the K562 human erythroleukemia cell line. Both primary
erythroid and K562 cells were treated with hydroxyurea and changes in
BCL11A, KLF-1, GATA-1, MYB, B- and ~y-globin gene expression and
7 targeted miRNAs, previously shown to be modified by hydroxyurea
or associated with basal y-globin expression were also investigated.
Results: We differentiated CD34+ stem cells into erythroid precursors
using a single-phase expansion and differentiation protocol. BCL11A
was down-regulated and there was a marked 7-fold increase (p < 0.003)
in y-globin expression in both primary human erythroid and K562 cells.
Down-regulation of GATA-1 was also consistent with the above findings.
Similarly, KLF-1 was down-regulated in both cell models, corresponding
to the repressed expression of BCL11A and B-globin gene (p < 0.04). In
both cell models, most miRNAs was significantly up-regulated by hy-
droxyurea with some level of variation. Down-regulation of, another po-
tent negative regulator of y-globin and direct target of the up-regulated
miR-15a and miR-16-1, provides a post-transcriptional tier of HbF regu-
lation. We also demonstrated that the inhibition of miR-26b; miR-151-3p
and miR-451 resulted in an apparent decrease in HbF.Conclusions: The
data provide evidence of a microRNAs-mediated post-transcriptional
mechanism for y-globin regulation under hydroxyurea treatment. These
findings will add a unique piece to our understanding of HbF regulation
and incite further investigation of the post-transcriptional regulatory net-
work for HbF expression.
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High-content screening for small molecule inhibitors of facioscapu-
lohumeral dystrophy. S.J. Palmer’, L. Caron?, E. Eiffe’, A. Heaton’, U.
Schmidt?. 1) Novogen Laboratories Ltd, 16-20 Edgeworth David Ave,
Hornsby, Sydney, NSW 2077 Australia; 2) Genea Biocells, Level 3, 321
Kent St, Sydney NSW 2000 Australia.

Facioscapulohumeral muscular dystrophy (FSHD1 [MIM 158900] and
FSHD2 [MIM 158901)) is the third most common form of MD with a prev-
alence of 1:14,000-20,000. It initially weakens the muscles of the face
and upper limb girdle, and progresses to affect most skeletal muscles.
It is caused by a deletion in a subset of the D4Z4 macrosatellite repeats
in the subtelomeric region of chromosome 4 (FSHD1) or a mutation in
the SMCHD1 gene (FSHD2) that regulates the epigenetic status of the
D4Z4 locus. Both forms of the disease result in decreased epigenetic
repression of the locus and myogenic mis-expression of the DUX4 ret-
rogene located in the D4Z4 repeats. Evidence indicates that the DUX4
double homeobox transcription factor initiates a cascade of inappropri-
ate gene expression that inhibits myogenesis, increases oxidative stress,
induces muscle atrophy and activates autoimmune responses. In order
to develop an efficient in vitro screening system to identify novel small
molecule drugs combatting the disease, embryonic stem (ES) cell lines
were isolated from human embryos diagnosed with FSHD1 as part of
the preimplantation genetic diagnosis service for FSHD-affected fami-
lies. FSHD ES cell lines were grown in myogenic differentiation media to
create myotubes that model aspects of the adult disease. In comparison
with controls, the FSHD ES lines demonstrated detectable DUX4 ex-
pression, attenuated myotube morphological parameters and an altered
transcriptional profile. Correction of these criteria in vitro provides a ba-
sis for high-content screening of novel small molecule therapeutics. A
large body of evidence indicates that the isoflavone molecule, genistein,
can permanently modify epigenetic marks in the genome, which was el-
egantly demonstrated in mice carrying the epigenetic reporter allele, Avy.
Maternal genistein supplementation increased repeat-mediated gene si-
lencing of the locus and increased the frequency of the pseudoagouti
coat colour in the offspring. Therefore, genistein and related isoflavonoid
structures could increase repeat-mediated gene silencing of the D4Z4
locus in stem cells within the skeletal muscle niche, thus blocking DUX4
expression and halting the progress of FSHD. We screened a series of
novel genistein-related isoflavonoids using the FSHD ES cell assay de-
scribed, which led to the identification of several lead compounds that
fulfil the rescue criteria and could form the basis of the first drug treat-
ment for this currently incurable disease.
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The small molecule aldehyde trap NS2 represents a pharmacolog-
ical approach to enzyme replacement therapy for SSADH deficien-
cy (SSADHD). G.R. Ainslie’, K.R. Vogel', V.C. Cullen?, S.L. Young? T.C.
Brady?, K.M. Gibson'. 1) Experimental and Systems Pharmacology ,
Washington State University, Spokane, WA., USA; 2) Aldeyra Therapeu-
tics, Inc., Lexington, MA, USA.

Succinic semialdehyde dehydrogenase (SSADH; ALDH5A1) deficiency
(SSADHD; MIM 271980) is the most prevalent inherited disorder of 4-am-
inobutyrate (GABA) degradation. The phenotype includes developmen-
tal delay, hypotonia and expressive language impairment in childhood,
and various neuropsychiatric aspects, including obsessive-compulsive
disorder, in adolescence and adulthood. Epilepsy occurs in 50% of pa-
tients. Accumulation of the enzyme substrate succinic semialdehyde
(SSA) associates with elevations in both GABA and the related neuro-
modulator, gamma hydroxybutyrate (GHB), as well as a number of other
potentially toxic metabolites, including the aldehyde 4-hydroxy-2E-non-
enal (4-HNE). Current treatment approaches target GABAergic signaling,
with mixed results. Aldeyra Therapeutics has developed a small mole-
cule aldehyde trap, NS2, which has an excellent safety profile and which
is currently in a clinical trial for another genetic disease of aldehyde me-
tabolism (Sjogren-Larsson Syndrome). We hypothesized that NS2 can
trap SSA and therefore prevent its accumulation, thus indirectly lowering
downstream disease markers such as GABA, GHB and 4-HNE. In this
way, NS2 represents a novel therapeutic approach to SSADH deficiency
by targeting the disease at its root cause. Here, we show that NS2 can
react in situ with SSA, and additionally with 4-HNE, forming the NS2-
SSA and NS2-4HNE adducts, respectively, which can be detected by
LC MS/MS. This aldehyde trapping was shown to occur under phys-
iological pH conditions, and was rapid, attaining completion in 1.5-2
hours. Initial pharmacokinetic studies in mice completely deficient for
SSADH demonstrated that, after a single intraperitoneal bolus admin-
istration at 10 mg/kg, NS2 attained micromolar concentration in serum,
and reached all target organs tested (brain, liver, kidney). Moreover, NS2
was able to trap SSA in vivo in these mice, as confirmed by the detection
of the NS2-SSA adduct in target tissues 8 hours post-dose. These stud-
ies form the basis for testing NS2 in a repeated-dosing paradigm (pre-
viously shown to be non-toxic in other rodent studies) for improvement
of metabolic, neurological, and lifespan outcomes. If successful, these
preclinical studies may lead to trials of NS2 in SSADH-deficient patients.
Aldehyde trapping may thus represent a novel, pharmacological enzyme
replacement therapy for SSADH deficiency and other Mendelian disor-
ders in which reactive aldehydes accumulate.
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Effects of oral eliglustat on bone parameters in treatment-naive
patients with Gaucher disease type 1: results from the phase 3,
randomized, placebo-controlled ENGAGE trial after 18 months.
P. Mistry’, D.J. Amato? M. Dasouki®, S. Packman’, G.M. Pastores?®, S.
Assouline®, M. Balwani’, A. Ortega®, S.S. Shankar®, M.H. Solano', L.H.
Ross'"!, J. Angell'’, M.J. Peterschmitt’’. 1) Yale University School of
Medicine, New Haven, CT; 2) Mount Sinai Hospital, Toronto, Canada; 3)
University of Kansas Hospital, Kansas City, KS; 4) UCSF School of Med-
icine, San Francisco, CA; 5) New York University School of Medicine,
New York, NY; 6) Jewish General Hospital, Montreal, Quebec, Canada;
7) Mt. Sinai Hospital, New York, NY; 8) OCA Hospital, Monterrey, Mexico;
9) Emory University, Atlanta, GA; 10) Hospital de San Jose-Fundacion de
Ciencias de la Salud, Bogota, Colombia; 11) Genzyme, a Sanofi compa-
ny, Cambridge, MA.

Background:Manifestations of Gaucher disease type 1 (GD1) include
splenomegaly, hepatomegaly, anemia, and thrombocytopenia. Patients
are also at risk of bone complications, including decreased bone min-
eral density, increased risk of pathogenic fractures and joint collapse,
and chronic bone pain. Eliglustat is an oral substrate reduction therapy
approved for the treatment of adults with GD1. Safety and efficacy of
oral eliglustat were evaluated in the placebo-controlled ENGAGE trial
(NCT00891202; sponsored by Genzyme, a Sanofi company). All prima-
ry and secondary endpoints were met in the 9-month primary analysis
period (Mistry et al., JAMA 2015;311:695-706).Methods:After the prima-
ry analysis, 39 of 40 patients entered a 9-month, open-label extension
phase in which all patients received eliglustat. Bone evaluations during
both phases of the trial included changes from baseline in bone mar-
row infiltration, bone marrow burden (BMB) score, and lumbar spine
T- and Z-scores.Results:At baseline, 80% (16/20) of eliglustat patients
and 75% (15/20) of placebo patients had marked to severe total BMB
scores. After 9 months, significant improvements (eliglustat vs. placebo)
were observed for spine and femur BMB scores; spine Z-scores also im-
proved. Among patients receiving eliglustat for 18 months who had bone
data available (n=18), improvements continued during the extension
period (mean changes from baseline: total BMB: -2.15; lumbar spine
T-score: +0.19, lumbar spine Z-score=+0.26). For patients switched from
placebo to eliglustat (n=20), mean changes from baseline after 9 months
of eliglustat were: total BMB: -0.94, lumbar spine T-score: +0.03, and
lumbar spine Z-score: +0.03. No new safety concerns were identified.
Conclusions:Patients receiving eliglustat for 18 months continued to
show improvement in bone parameters beyond the initial 9-month pri-
mary analysis period.
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Stability is maintained in adults with Gaucher disease type 1 switched
from velaglucerase to eliglustat or imiglucerase: a sub-analysis of
the eliglustat ENCORE trial. R. Pleat’, TM. Cox?, T.A. Burrow?, P. Gi-
raldo?, O. Goker-Alpan®, B.E. Rosenbloom®, J. Angell’, L. Croal’, L. Un-
derhill’, M.J. Peterschmitt’. 1) Genzyme, a Sanofi company, Cambridge,
MA; 2) Department of Medicine, Addenbrooke’s Hospital, University of
Cambridge, Cambridge, UK; 3) Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH; 4) Centro de Investigacion Biomédica en Red de
Enfermedades Raras, (CIBERER), Zaragoza, Spain; 5) Lysosomal Disor-
ders Research and Treatment Unit, Center for Clinical Trials, O&O Alpan,
LLC, Springfield, VA; 6) Cedars-Sinai/Tower Hematology Oncology, Bev-
erly Hills, CA.

Introduction:Gaucher disease type 1 (GD1) is an autosomal recessive
disorder caused by deficiency of the lysosomal enzyme acid--gluco-
sidase resulting in accumulation of glucosylceramide. Clinical manifes-
tations include anemia, thrombocytopenia, hepatosplenomegaly, and
skeletal disease. The current standard of care is enzyme replacement
therapy (ERT). Eliglustat, an oral substrate reduction therapy, was re-
cently approved for the long-term, first-line treatment of adults with GD1
who are extensive, intermediate or poor CYP2D6 metabolizers. The
12-month ENCORE trial (NCT00943111; Genzyme) found oral eliglustat
non-inferior to imiglucerase in maintaining disease stability in adults with
GD1 who had achieved pre-specified therapeutic goals after >3 years
of ERT (Cox, Lancet 2015:25Mar.pii:S0140-6736(14)61841-9).Meth-
ods:This post-hoc analysis examined safety and efficacy in the 30 EN-
CORE patients whose treatment at study entry was velaglucerase alfa:
22 of whom were randomized to eliglustat and 8 to imiglucerase. The
composite primary efficacy endpoint was the percent of patients meet-
ing all 4 pre-specified stability parameters in spleen (£25% increase from
baseline [BL]), liver (<20% increase from BL), hemoglobin (<1.5 g/dL de-
crease from BL) and platelets (<25% decrease from BL).Results:Mean
duration of velaglucerase treatment prior to study entry was 1.34 years
at a mean dose of 49.9 U/kg/2weeks. After 12 months of eliglustat, 90%
of velaglucerase-transitioned patients maintained all four stability goals;
separately, 95% of patients maintained goals for hemoglobin and plate-
lets and 100% of patients for spleen and liver. Mean + SD changes from
BL for patients transitioned to eliglustat were: spleen volume (multiples
of normal [MN]), -1% =+ 8.7; liver volume (MN), 1.6% = 7.9; hemoglobin
(g/dL), -0.42 + 0.62; and platelets, 1% + 25.9. Data were comparable
in velaglucerase-transitioned patients switched to imiglucerase. Among
all velaglucerase-transitioned patients, most adverse events were mild/
moderate; there were no treatment-related serious adverse events, and
1 eliglustat patient discontinued treatment due to an adverse event (pal-
pitations, moderate, possibly-related).Conclusions:Efficacy and safety
results in velaglucerase-transitioned patients randomized to either eli-
glustat or imiglucerase were consistent with the full ENCORE trial pop-
ulation. In both groups, clinical stability was maintained and the treat-
ments were well-tolerated.
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Gene Expression Profiling of Whole Blood from TNF Receptor-As-
sociated Periodic Syndrome (TRAPS) Patients to Understand Re-
sponse to Canakinumab Treatment. R... Torene’, M. Gattorno? H.
Lachmann?®, L. Obici4, A. Meini®, V. Tormey®, R. Caorsi?, L. Baeriswyl’,
U. Affentranger’, S. Starck-Schwertz’, M. Letzkus’, N. Hartmann’, K.
Abrams?, N. Nirmala’. 1) Biomarker Development, Novartis Institutes for
Biomedical Research, Cambridge, MA; 2) G. Gaslini Institute, Genova, It-
aly; 3) Royal Free Hospital, London, United Kingdom; 4) Amyloid Centre,
IRCCS Policlinico San Matteo, Pavia; 5) Pediatric Clinic, Spedali Civili,
Brescia, Italy; 6) Galway University Hospitals, Galway, Ireland; 7) NIBR,
Basel, Switzerland; 8) Novartis Pharmaceuticals Corporation, New Jer-
sey, USA.

Purpose: TRAPS is an autosomal dominant condition resulting from
variants in the TNF super family receptor 1A (TNFRSF1A) gene. Thus
far, >100 different allelic variants, including SNPs, indels, and complex
variants, in this gene have been identified in TRAPS patients. It is an
autoinflammatory disease causing unprovoked fevers, myalgia, ab-
dominal pain, rash, headaches, and, in severe cases, AA amyloidosis.
Canakinumab is a high-affinity, human, selective, anti-IL-1b monoclo-
nal antibody, developed for the treatment of autoinflammatory diseases.
The purpose of this study was to determine whether gene expression
in whole blood can support a molecular mechanism for the activity of
canakinumab in TRAPS patients.Methods: Twenty patients with ac-
tive TRAPS received open-label canakinumab 150 mg sc/month for 4
months in an efficacy and safety study. Whole blood was collected at
baseline, Day 15 and Day 113 from 19 of these patients and 1 sample
each from 19 untreated age-matched healthy volunteers for analysis of
gene expression levels by microarrays.Results: All 20 patients, regard-
less of TNFRSF1A allelic variant, improved upon treatment. Gene ex-
pression profiles of these patients shifted towards that of healthy volun-
teers. The disease-causing gene (TNFRSF1A), drug target gene (IL-1b),
and other inflammation related genes (e.g., MAPK14 and NFKB) were
down-regulated after treatment and several inflammation related path-
ways were evident among the differentially expressed genes. Many of
the differentially expressed genes had expression levels that correlated
with neutrophil count, however, neutrophil count alone could not account
for the expression differences observed.Conclusions: Altogether, the
gene expression data support a model in which canakinumab increases
neutrophil apoptosis and reduces pro-inflammatory signals through its
inhibition of IL-1b. Canakinumab is able to reverse the overexpression
of several genes associated with inflammatory response, including /L-
1b. Interestingly, IL-1b blockade normalized the overexpression of the
disease-causing gene, TNFRSF1A, at the RNA level, suggesting a direct
impact on the main pathogenic mechanism of TRAPS.
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Impact of NGS in rare diseases: Identification of novel biological
pathways and therapeutic development in nemaline myopathy. VA.
Gupta, A. Cankaya, A. Kondo, A. Krapf, A.H. Beggs. Division of Genet-
ics and Genomics, The Manton Center for Orphan Disease Research,
Boston Children’s Hospital, Harvard Medical School, Boston, MA 02115,
USA.

Next generation sequencing has opened new avenues in understand-
ing the genetic causes of hereditary disorders. Unbiased sequencing of
the human genome/exome has resulted in identification of novel genes
and pathways that were previously inconceivable using traditional genet-
ic approaches. This is particularly evident in rare genetic disorders that
suffer from the limitations of small sample size and clinical heterogeneity
making gene discovery very challenging. Nemaline myopathy (NM) is a
rare genetic disease that is characterized by generalized skeletal muscle
weakness. NMs form a highly heterogeneous group of myopathies rang-
ing from fetal akinesia, through severe congenital forms with death from
respiratory failure during the first year of life, to a mild-childhood onset
myopathy with survival into adulthood. Approximately, 75% of known
genes in genetically diagnosed patients encode structural proteins con-
stituting the sarcomeric thin filaments of skeletal muscle, limiting the
prospect of developing specific therapies. Using whole exome/genome
sequencing in 95 NM patients, we had identified mutations in a novel
kelch protein encoding gene, KLHL41, in five unrelated families. Unlike
previously known thin filament-associated NM genes, Kelch proteins
function as substrate-specific adaptors for cullin E3 ubiquitin ligase, a
core component of the ubiquitin-proteasome system to regulate protein
turnover. Immunofluorescence studies in patients’ skeletal muscles with
NEB and ACTA1 mutations showed highly reduced levels of proteaso-
mal complexes suggesting a crucial role of KLHL41 in the proteasomal
pathway in nemaline myopathy. As mutations in NEB affect 50% of ge-
netically diagnosed cases in NM, we evaluated the effect of proteasome
regulation in restoring muscle function in nebulin deficiency in a zebraf-
ish model. Treating neb -/- zebrafish with small chemicals targeting the
proteasomal pathway resulted in improved skeletal muscle function.
These studies provide promising novel therapeutic targets for develop-
ing treatments for nemaline and related muscle diseases for which no
treatment is available yet. This signifies the impact of next generation
genomic approaches in translating gene discoveries into therapeutic de-
velopments that will have tremendous impact on improving the quality of
life in patients affected with rare diseases.
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Systemic induced loss of NF1 in adult mouse is lethal. A.N. Turner,
K. Li, T.R. Schoeb, B.R. Korf, R.A. Kesterson. Department of Genetics,
University of Alabama at Birmingham, Birmingham, AL.

Mutations in the Neurofibromatosis type 1 (NF1) can manifest in nu-
merous tissues as a result of loss of neurofibromin protein function(s),
one of which is negative regulation of p21ras (Ras) signaling via a known
GTPase activating (Ras-GAP) domain. Other potential functions of the
multi-domain NF1 protein are less clear with biallelic inactivation of the
NF1 gene leading to an embryonic lethal phenotype. Our lab is current-
ly creating and characterizing mice with recurrent nonsense mutations
found in NF1 patients to recapitulate the premature termination codons
(PTCs) found in humans, thereby providing a model for therapeutic inter-
vention studies (e.g. nonsense suppression therapy (NST) that enhances
the insertion of an amino acid at a PTC and allows translation to pro-
ceed to produce a full-length protein). Thus, we created a novel NF1
mouse line carrying a recurrent nonsense mutation found in NF1 patients
at exon 18 (c. 2041 C>T; p. Arg681Ter, Nf1st18), which when combined
with a conditional knockout allele (Nf1Flox) in the proper context will de-
velop spinal cord tumors. While our goal is to develop therapeutic inter-
ventions to inhibit or treat developing tumors associated with NF1 loss,
the development of tumors in NF1 mouse models is a time consuming
and costly experimental process. Therefore, we established an “acute”
conditional knockout model using a tamoxifen-inducible CAGGCre-ER
recombination system to gain a better understanding of the role of NF1
in the adult mouse and to develop more rapid methods of assessing
neurofibromin function in response to treatment. Following inactivation
of floxed NF1 allele(s), adult NF1F/F; CAGGCre-ER mice lose function of
NF1 systemically and are not able to survive beyond 12 days with ani-
mals showing severe damage to mitotically active cells throughout the
body, including hematopoietic cells. Similarly, mice harboring the PTC
Nf1st18 allele along with a single floxed NF1 allele (NF1St18/F; CAG-
GCre-ER) fail to survive more than 12 days following inactivation of the
floxed allele. This model allows rapid testing of nonsense suppression
drugs, and the identification of NF1 sensitive cells and tissues in the
adult for a more robust readout of NF1 activity to complement our cur-
rent ongoing tumor studies.
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Caveolae-mediated uptake of a-galactosidase A in Fabry disease in
vitro systems. E. Changsila, O. Goker-Alpan, T. Taber, C. Martin, C. Se-
jpal, M. Ivanova. Lysosomal and Rare Disorders Research and Treatment
Center, Fairfax, VA, USA.

Fabry disease (FD) is a lysosomal storage disorder due to the defi-
ciency of the lysosomal enzyme a-galactosidase A, resulting in cardiac,
renal and cerebrovascular end-organ injury. Two human recombinant
a-galactosidase A (rh-aGAL-A) preparations are available as enzyme
replacement therapy (ERT) for FD, however only a-galactosidase beta
(Fabrazyme), has been approved in the USA. Despite of ERT, there is
still a significant mortality associated with FD, suggested to be a result
of lack of delivery of rh-aGAL-A to different cell types with similar ef-
ficiency. Although, mannose-6-phosphate receptor (M6PR) dependent
endocytosis is believed to be the major pathway for intracellular pro-
cessing of rh-aGAL-A, other mechanisms mediated by megalin, sortilin,
and even passive diffusion have been implicated in different cells.We
investigated the uptake and intracellular transport of rh-aGAL-A in vitro
in cell types affected in Fabry disease including; fibroblasts derived from
patients with FD and healthy controls, neuronal cells (HCN2), and embry-
onic kidney cells (HEK293), mainly focusing on mannose-6-phosphate
receptor(M6PR)-dependent endocytosis. Enzyme uptake was measured
by a-galactosidase assay, using fluorescent labeling and microscopy.
Inhibitors of M6PR (mannose-6-phosphatase, or M6PR neutralized an-
tibody), caveolae inhibitor (Filipin) and the microtubule depolymerization
inhibitor (nocodazole) were used to study the endocytic process. We re-
port that the efficiency of enzyme uptake is cell type specific. The time
to maximum enzyme load was 3h for fibroblasts vs 6h for HCN2 cells.
HEK293 cells demonstrated biphasic uptake with the first maximum oc-
curring 1h after treatment followed by return to the basal levels and the
second peak 24h after treatment. Uptake of rh-aGAL-A into lysosomes
during the initial hours is achieved by caveolae-mediated endocytosis,
as evidenced by the inhibition in presence of Filipin. Nocodazole blocked
the uptake in all cell lines including fibroblasts from patients with FD.
Unexpectedly, M6PR inhibitors did not block uptake of rh-aGAL-A, indi-
cating that this mechanism may not operate initially or alternative M6P
inhibitors will need to be investigated.
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Development of an Intrathecal Enzyme Replacement Therapy for
Sanfilippo Syndrome Type D (Mucopolysaccharidosis IlID). D.R.
Moen'3, X. Zhang®, S-H. Kan®, J. Wood'*, S. Ekins', T-F. Chou?3, P.I.
Dickson?2. 1) Phoenix Nest, Inc., Brooklyn, NY; 2) Department of Pediat-
rics, Harbor-UCLA, Torrance, CA; 3) Los Angeles Biomedical Research
Institute, Torrance, CA; 4) Jonah’s Just Begun, Brooklyn, NY.

Sanfilippo syndrome (mucopolysaccharidosis type lll; MPS lll) is a
devastating neurodegenerative disorder with no cure or effective treat-
ment currently available. All subtypes of MPS Il have similar clinical phe-
notypes with onset in infancy or early childhood: progressive and severe
neurological deterioration, hearing loss, and visceral manifestations.
Most patients die before reaching adulthood, but some may survive to
the fourth decade with progressive dementia and retinitis pigmentosa.
There are, however, many therapies in early development for MPS |ll,
including genetic, stem cell, enzyme replacement (ERT), chaperone, and
substrate reduction.MPS IIID, the rarest of the MPS Il subtypes, is an
autosomal recessive storage disorder caused by genetic deficiency of
N-acetylglucosamine-6-sulfatase (GNS), a lysosomal enzyme vital in
the pathway of glycosaminoglycan (GAG) degradation. Over time, these
GAG accumulate and eventually induce cellular death, with nervous
tissue most severely affected. ERT has long been a strategy to treat
MPS disorders, however, due to the difficulties in delivery of therapeutic
agents across the blood brain barrier, treatment of the neurodegenera-
tive pathology of the disease has proven difficult. Therefore, our strategy
is to manufacture and deliver the enzyme directly to the affected tissue
via an intrathecal route. Early studies of intrathecal ERT for other forms
of MPS have already shown promise, with administration early in life
preventing or reversing the visible signs of neurodegeneration in animal
models.Using a stably transfected Chinese hamster ovarian (CHO) cell
line, we have begun producing pre-clinical levels of recombinant human
GNS (rhGNS) protein. rhGNS has been purified and enzymatically char-
acterized, and we have optimized storage conditions for both longevity
and safe administration. Using MPS IIID fibroblasts, we are evaluating its
cellular uptake and will further demonstrate localization in the lysosome
and the ability to reduce GAG storage.
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Comparison of taliglucerase alfa 30 U/Kg and 60 U/Kg in treat-
ment-naive pediatric patients with Gaucher disease. M.P. Wajnrajch’,
A. Zimran?, D.E. Gonzalez-Rodriguez®, A. Abrahamov?, P.A. Cooper’, S.
Varughese?, A. Paz®, E. Brill-Almon®, D. Lewis’, R. Chertkoff. 1) Pfizer
Inc, New York, NY; 2) Gaucher Clinic, Shaare Zedek Medical Center, Je-
rusalem, Israel; 3) Inst Privado de Hematol e Investig Clin, Asuncion,
Paraguay; 4) University of the Witwatersrand & Charlotte Maxeke Jo-
hannesburg Academic Hospital, Johannesburg, South Africa; 5) Protalix
BioTherapeutics, Carmiel, Israel.

Background/Objectives: Taliglucerase alfa is an enzyme replacement
therapy approved for treatment of patients with Type 1 Gaucher disease
(GD) and is the first approved plant cell-expressed recombinant thera-
peutic protein.Patients/Methods: Pediatric patients were randomized to
receive either 30 (n=6) or 60 (n=5) U/kg of taliglucerase alfa every other
week. Due to small patient numbers, there were numerical imbalances in
disease parameters between the dose groups at baseline but they were
clinically comparable with regard to anemia, risk of bleeding, and organ
volumes. Mean percentage changes from baseline were used to compare
the response between the dose groups and as a measure of control for
numerical imbalances in baseline disease parameters.Results: Through
12 months, taliglucerase alfa 30 and 60 U/kg, respectively, increased
mean hemoglobin concentration (+13.8% and +15.8%) and mean platelet
count (+30.9% and +73.7%), and reduced mean spleen volume (-34.1%
and -48.5%), liver volume (-14.5% and -25.0%), chitotriosidase activity
(-58.5% and -66.1%), and CCL18 concentration (-50.6% and -52.6%).
Discussion/Conclusion: Although statistical analysis was not possible
due to small numbers of patients, both treatment groups demonstrated
clinically meaningful improvement from baseline in these disease param-
eters with numerically greater improvement observed in the 60-U/kg dose
group.Disclosure: This study was sponsored by Protalix BioTherapeutics.
Pfizer and Protalix entered into an agreement in November 2009 to devel-
op and commercialize taliglucerase alfa.
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Long-term safety and efficacy of taliglucerase alfa in pediatric pa-
tients with Gaucher disease who were treatment-naive or previous-
ly treated with imiglucerase. A. Zimran', D.E. Gonzalez-Rodriguez?, A.
Abrahamov’, PA. Cooper®, S. Varughese®, P. Giraldo*, M. Petakov®, E.S.
Tan®, A. Paz’, E. Brill-Almon’, R. Chertkoff’. 1) Gaucher Clinic, Shaare
Zedek Medical Center, Jerusalem, Israel; 2) Inst Privado de Hematol e
Investig Clin, Asuncion, Paraguay; 3) University of the Witwatersrand
& Charlotte Maxeke Johannesburg Academic Hospital, Johannesburg,
South Africa; 4) CIBERER, Hospital Universitario Miguel Servet, Zarago-
za, Spain; 5) Belgrade University Medical School, Belgrade, Serbia; 6)
KK Women’s and Children’s Hospital, Singapore; 7) Protalix BioThera-
peutics, Carmiel, Israel.

Background/Objectives: Taliglucerase alfa is an enzyme replacement
therapy approved for treatment of patients with Type 1 Gaucher disease
(GD) and is the first approved plant cell-expressed recombinant thera-
peutic protein.Patients/Methods: This extension study of taliglucerase
alfa in pediatric patients included those who were either treatment-naive
(n=10) or who were previously switched from imiglucerase (n=5). Patients
received taliglucerase alfa 30 U/kg or 60 U/kg (treatment-naive patients)
or at the same dose as previously treated with imiglucerase (switch pa-
tients).Results: In treatment-naive patients, taliglucerase alfa 30 and 60
U/kg, respectively, increased mean hemoglobin concentration (+19.7%
and +23.3%) and mean platelet count (+23.9% and +156.6%) while
also reducing mean spleen volume (-67.8% and -68.9%), liver volume
(-37.0% and -34.3%), and chitotriosidase activity (-72.7% and -84.4%)
from baseline through 36 total months of treatment. In patients previous-
ly treated with imiglucerase, these disease parameters remained stable
through 33 total months of treatment with taliglucerase alfa. In both stud-
ies, most adverse events were mild/moderate and treatment was well
tolerated.Discussion/Conclusion: These long-term results of taliglucer-
ase alfa in pediatric patients with GD extend the taliglucerase alfa clinical
safety and efficacy data set.Disclosure: This study was sponsored by
Protalix BioTherapeutics. Pfizer and Protalix entered into an agreement
in November 2009 to develop and commercialize taliglucerase alfa.
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Eteplirsen, a Phosphorodiamidate Morpholino Oligomer (PMO) for
Duchenne Muscular Dystrophy (DMD): Clinical Update. E.M. Kaye’,
L.R. Rodino-Klapac? Z. Sahenk? L.P. Lowes? L.N. Alfano? K. Berry?,
A.M. Gomez-Ramirez?, S. Lewis?, K.M. Flanigan? L.H. Cripe? S. Al-
Zaidy? P. Duda’, P. Sazani’, J. Saoud’, J.R. Mendell. 1) Sarepta Thera-
peutics, Cambridge, MA; 2) Nationwide Children’s Hospital, Columbus,
OH.

DMD is arare, degenerative, X-linked recessive genetic disease affect-
ing approximately 1:3500 male births. It is caused mainly by mutations in
the DMD gene that result in the inability to produce functional dystrophin,
an essential protein for muscle fiber function. Eteplirsen, a PMO designed
to enable functional dystrophin production in boys amenable to exon 51
skipping is being evaluated in on-going clinical trials.Twelve boys aged
7-13 years with eligible genotypes were randomized 1:1:1 to weekly IV
eteplirsen 30 mg/kg, 50 mg/kg, or placebo for 24-weeks. All patients
then transitioned into an ongoing open-label extension trial with 30 or
50 mg/kg eteplirsen. Clinical efficacy endpoints included the 6 Minute
Walk Test and Pulmonary Function Testing. Safety assessments includ-
ed adverse event recording, ECG, ECHO, hematology, blood chemistry,
and urinalysis.A statistically significant treatment benefit of 65.4 meters
(p<0.017) on the BMWT over 168 weeks was observed for patients in the
continuous 30 and 50 mg/kg eteplirsen cohorts who were able to per-
form the BMWT (n=6) compared with the placebo/delayed-treatment co-
hort (n=4). PFTs including MIP (+11.1%), MEP (+13.5%), and MIP/MEP
%-predicted (-2.4% & -6.3%) were stable from Week 1 through 168 in all
12 subjects.No deaths, discontinuations due to AEs, treatment-related
SAEs, immune activation including infusion reactions, or clinically sig-
nificant abnormal laboratory findings were reported. Treatment compli-
ance was high with ~99% of all possible doses administered.Eteplirsen’s
long-term tolerability and statistically significant clinical benefit suggest
it could be a viable therapy for DMD boys amenable to exon 51 skipping.
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CRISPR-Cas9 as a potential therapeutic tool for the Bardet-Biedl
Syndrome (BBS) M390R mutation in vitro and in vivo. M.R. Cring, J.E.
Garrison, V.C. Sheffield. University of lowa, lowa City, IA.

Bardet-Biedl Syndrome (BBS) is a rare, autosomal recessive disease
characterized by abnormal ciliary function and biogenesis. There are
several phenotypes associated with BBS, including obesity, intellectu-
al disability, hypogonadism, male infertility, and severe retinopathy. The
most common mutation contributing to BBS is M390R in the BBS1 gene,
which accounts for approximately 25% of known cases. Individuals with
this particular mutation suffer photoreceptor death and typically go blind
within their teenage years. Gene therapy approaches to correct this phe-
notype in the retina are attractive due to the accessibility of the eye.
Previous studies have shown that overexpression of wild type BBS1 in
the retina after delivery by AAV vectors leads to overexpression toxicity
and continued photoreceptor loss. Therefore, gene correction strategies
that restore endogenous expression levels may be a more viable thera-
peutic option. The CRISPR-Cas9 endonuclease has received extensive
attention in recent years due to its ease of engineering and relatively
high efficacy in mammalian cells. This study tests the feasibility of using
the CRISPR-Cas9 platform and a homologous donor template to correct
the M390R mutation in vitro and in vivo. We show that the spCas9 can
target BBS1 in IMCD-3 cells, and addition of a single stranded oligo
in iPSCs can introduce the M390R mutation by homologous recombi-
nation. Recent work has shown that the Stapholococcus aureus Cas9
endonuclease is small enough to package into AAV vectors. Therefore,
we have produced several gRNAs in plasmids containing the saCas9,
including an M390R allele specific gRNA. We have also constructed a
homologous donor template including synonymous changes such that
endonuclease activity will cease after homologous recombination events
have occurred. We are testing our saCas9 constructs in IMCD-3 cells to
determine their level of endonuclease efficiency. We are delivering mul-
tiple independent CRISPR-Cas9 constructs along with gRNAs and ho-
mologous donor templates to mutant mouse brains via electroporation.
Excision and sequencing of brains will determine whether homologous
recombination and correction has occurred. Once this has been estab-
lished, we will package the Cas9 constructs that facilitate homologous
repair into an AAV2/5 vector and deliver it to the retinas of 2 week old
mutant mice. These mice will be monitored and tested for photoreceptor
survival by histology and ERG.
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Promoterless gene-targeting using adenoassociated viral (AAV)-me-
diated homologous recombination to treat methylmalonic acidemia.
R.J. Chandler’, A. BarzeP?, L. Lisowski®, M.A. Kay? C.P. Venditti'. 1) Na-
tional Human Genome Research Institute, NIH, Bethesda, MD; 2) De-
partments of Pediatrics and Genetics, Stanford University, Stanford, CA;
3) Gene Transfer, Targeting and Therapeutics Core, Salk Institute, San
Diego, CA.

Methylmalonic acidemia (MMA) is a lethal inborn error of metabolism
most typically caused by mutations in methylmalonyl-CoA mutase (MUT).
Affected patients suffer from frequent and potential lethal bouts of met-
abolic instability that can be treated by orthotopic liver transplantation.
Adeno-associated viral (AAV) gene therapy has shown great promise as
the treatment for MMA in a murine model of the disease. However, a
majority of the AAV-treated mice developed hepatocellular cancer, which
was determined to arise from AAV-mediated insertional mutagenesis. In
an attempt to create a safer gene therapy platform for the treatment of
MMA, we created a novel vector, AAV-2A-MUT, to target site-specific
gene addition of human MUT into the mouse albumin (Alb) locus without
the use of nuclease. A promoterless AAV backbone contained a 2A-pep-
tide coding sequence proximal to a codon-optimized human MUT gene
and was flanked by arms of homology immediately upstream of the Alb
stop codon. Site-specific integration of the vector into the Alb locus re-
sults in the expression of Alb and MUT as a single transcript. Following
transcription the 2A-peptide causes ribosomal skipping and allows Alb
and MUT to be translated as separate proteins. We delivered 2.5e12 GC
of AAV8-2A-MUT by intraperitoneal injection to mice with MMA at birth.
At one month post-injection, we observed increased hepatic expression
of the MUT by western blot, improved growth and a significant reduc-
tion of plasma methylcitrate, a disease related metabolite, in the treated
MMA mice. This gene delivery approach is anticipated to provide perma-
nent hepatic transgene expression while reducing the risk of off-target
integration and vector mediated insertional mutagenesis.

490W
Choroid plexus-targeted viral gene therapy in an alpha-manno-
sidosis mouse model increases brain LAMAN activity globally and
eliminates brain pathology. E. Choi’, J. Wolfe? S. Kaler'. 1) Section on
Translational Neuroscience, Molecular Medicine Program, NICHD/NIH,
Bethesda, MD; 2) Children’s Hospital of Pennsylvania, Philadelphia, PA.
The choroid plexuses are vascularized structures that project into the
cerebrospinal fluid (CSF). The specialized polarized epithelia of choroid
plexuses produce CSF by transporting water and ions into the ventricles,
and are post-mitotic, i.e., do not undergo turnover. We hypothesized that
remodeling these epithelia to secrete missing lysosomal enzymes by
one-time CSF administration of a recombinant AAV (rAAV) could be an
attractive strategy for long-term treatment of lysosomal storage diseases
(LSDs). Lysosomes function as digestive units of cells and specific en-
zymes within lysosomes break down nutrients. Patients with LSDs can-
not metabolize certain nutrients, resulting in diminished lifespans and
reduced quality of life. CSF-directed recombinant enzyme replacement
has shown promise for several LSDs but requires repeated instillations
due to short recombinant enzyme half-lives. In contrast, rAAV-mediated
gene transfer to the choroid plexus could enable continuous synthesis
of lysosomal enzymes and steady delivery to the brain globally. To eval-
uate this hypothesis, we obtained an alpha-mannosidosis mouse model
generated by targeted disruption of the lysosomal acid-mannosidase
(LAMAN). We cloned the human (hu) LAMAN cDNA into a rAAV shut-
tle plasmid and generated high titer rAAV5 expressing huLAMAN. We
administered viral particles to the CSF of homozygous mutant mice by
brain lateral ventricle injection on day 3 of life. We documented dose-de-
pendent transduction and huLAMAN mRNA expression confined to the
choroid plexuses of rAAV5-treated animals. Brain biochemical analyses
at 1, 2 and 6 months post-treatment documented sustained increases
of LAMAN enzyme activity globally across the brain. By 8 months of
age, untreated mutant mice showed prominent lysosomal vacuoles in
hippocampal neurons, in contrast to rAAV5-LAMAN treated mutants
for which brain histopathology was comparable to wild-type. If choroid
plexus-targeted viral gene therapy approach were similarly successful in
larger animals and human subjects, the most significant current barriers
to health for patients with LSDs could be circumvented.
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Development of a Stem cell/gene therapy approach to treat San-
filippo syndrome type B. D. Clarke, S. Kan, S. Le, Q. Bui, V. Sanghez,
P. Dickson, M. lacovino. Pediatrics department, Los Angeles Biomedical
Institute at Harbor UCLA, Torrance, CA.

Mucopolysaccharidosis type IlIB (MPS 1lIB, Sanfilippo syndrome type
B) is a lysosomal storage disease characterized by profound intellectual
disability, dementia, and a lifespan of about twenty years. The cause
is mutation in the gene encoding o—N-acetylglucosaminidase (NAGLU),
deficiency of NAGLU, and accumulation of heparan sulfate. Obstacles
to treatement include the absence of mannose 6-phosphate on recom-
binant human NAGLU, the blood brain barrier, and degradation of the
enzyme. We will address these issues using a stem cell/gene therapy
approach. A fusion protein of recombinant NAGLU and a fragment of
insulin-like growth factor Il (IGFIl) was prepared for endocytosis by the
mannose 6-phosphate/IGFIl receptor. The fusion protein sequence was
cloned into a lentiviral vector and used to transduce NAGLU -/- induced
pluripotent stem cells (iPSCs) derived from NAGLU -/- mouse embryonic
fibroblasts (MEFs). The iPSCs were differentiated to Neural Stem Cells
(INSCs). NAGLU activity assays were performed to test in vitro whether
the NAGLU and NAGLU-IGFII were secreted and uptaken from deficient
cells in a comparable manner. Here we show that the while the secretion
of NAGLU was higher compared to NAGLU-IGF2, the uptake showed
opposite trend with NAGLU-IGFII more efficiently uptaken in -/- iNSCs.
Our next step will be transplanting corrected iINSC expressing NAGLU
or NAGLU-IGFII into the neonatal brain of NAGLU -/- mice. We will as-
sess the distribution of transplanted cells via the expression of NAGLU
and lysosomal storage markers to determine whether corrected neuronal
progenitor cells will be a long lasting and effective therapy forSanfilippo
syndrome type B.

492W
Rescue of Diamond-Blackfan Anemia haploinsufficiency by knock-
up of the deficient protein. I. Dianzani’, A. Aspesi’, E. Pavesi', S. Par-
rella’, S. Macri’, D. Cotella’, U. Ramenghi®, S. Gustincich? A. Follenzi’, C.
Santoro’. 1) Health Sciences, Universita del Piemonte Orientale, Novara,
Italy; 2) International School for Advanced Studies (SISSA/ISAS), Trieste,
Italy; 3) Department of Public Health and Pediatric Sciences, Turin, Italy.
Diamond Blackfan Anemia (DBA) is a rare erythroid aplasia often as-
sociated with malformations. In about 70% of cases heterozygous LOF
mutations are found in ribosomal protein (RP) genes and point to hap-
loinsufficiency. DBA is considered the paradigm for ribosomopathies, a
class of diseases caused by ribosome dysfunction and often charac-
terized by bone marrow failure. Mutations in RPs either of the small or
the large subunit impair rRNA maturation and ribosome biogenesis. As
a consequence of the activation of ribosomal stress abnormal amounts
of rRNA precursors accumulate and the P53 pathway is activated in af-
fected cells.The aim of our project is to correct the effects of the haplo-
insufficiency observed in DBA by increasing the level of the deficient RP
by favouring translation of the WT allele transcript. As a proof of concept
precursor rRNA and the P53 pathway will be first evaluated to assess
the rescue. Some of us discovered a new class of antisense non-coding
RNAs (SINEUPSs) that promote translation of partially overlapping sense
coding mRNAs with no effects on mRNA levels. This “knock-up” ac-
tivity depends on two functional domains: a 5’ overlap with the coding
mRNA that confers target specificity and an embedded inverted SINEB2
element that functions as activator of translation. Synthetic transcripts
with these features increase the translation of target mRNAs. We have
decided to employ this technology to knock-up the synthesis of deficient
RPs in cells from DBA patients, that carry a null mutation. We designed
SINEUP molecules specific to RPL5 and RPS19, the two most com-
monly mutated DBA genes, and prepared lentiviral vectors to efficiently
express them in primary cells.We show that the SINEUP technology is
able to increase the level of the target RP in HelLa and erythroid cell
lines without affecting the mRNA levels. Preliminary experiments on DBA
patient activated lymphocytes suggest a rescue of the rRNA phenotype.
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CSF-directed AAV9 gene therapy plus subcutaneous copper pro-
vides superior rescue in a mouse model of Menkes disease. V.R.
Haddad', D. Martinelli’, E.Y. Choi', PM. Zerfas? P.H. Sullivan®, D.S. Gold-
stein®, L.R. Brinster?, D. Abebe?, J.A. Centeno®, S.G. Kaler'. 1) Section
on Translational Neuroscience, Molecular Medicine Branch, National In-
stitute of Child Health and Human Development, NIH, Bethesda, MD; 2)
Office of Research Services, Division of Veterinary Resources, National
Institutes of Health, Bethesda, MD; 3) Clinical Neurocardiology Section,
National Institute of Neurological Disorders and Stroke, National Insti-
tutes of Health, Bethesda, MD; 4) Research animal management branch,
National Institute of Child Health and Human Development, National In-
stitutes of Health, Bethesda, MD; 5) Joint Pathology Center, Andrews Air
Force Base, MD.

Menkes disease is a lethal infantile neurodegenerative disorder caused
by mutations in a copper transporter, ATP7A. Untreated patients typically
die by 3 years of age. Currently, the sole available treatment involves dai-
ly subcutaneous (sc) copper injections, which however are ineffective in
=~75% of affected patients even when commenced before the symptoms
occur. To develop a more complete treatment for this illness, potentially
suitable even for subjects with complete loss-of-function ATP7A muta-
tions, we tested adeno-associated virus (AAV) vectors carrying human
ATP7A cDNA in the mottled-brindled (mo-br) mouse. The mo-br mouse
recapitulates the symptoms and early demise of human Menkes disease.
We previously demonstrated that a viral gene therapy approach using
AAV serotype 5 (AAV5) in combination with copper chloride administered
to the cerebrospinal fluid (CSF) was able to significantly prolong survival
in mutant mice. However, growth and neuromotor defects persisted in
long-term surviving mice. In the current study, we report superior out-
comes (n=40 mice) using CSF-directed AAV9 in combination with sc
clinical grade copper histidine. We evaluated both AAV9 and AAVrh10
vectors given their broad tropism (choroid plexus epithelia, neurons and
glial cells) after CSF administration compared to AAV5 (selective choroid
plexus tropism). Individual treatments with AAV alone or copper alone
did not significantly enhance survival. We also compared different AAV9
and rh10 doses: 1.6x1010; 5.0x109 and 1.6x109 vg, in combination with
15 pg of sc Cu, and found that intermediate and high AAV9-ATP7A dos-
es were most effective. In correlation with the greatest survival benefit,
CSF-directed AAV9 plus sc Cu normalized growth and neurobehavior-
al outcomes. This synergistic treatment effect markedly improved bio-
markers of brain copper metabolism in comparison to untreated mu-
tant mice, and correlated with viral genome copy number. Brain copper
measurements in combination-treated mutants were not statistically dif-
ferent from wild type indicating restored copper transport to the brain.
Electron micrographs and H&E stain of brain regions reflected significant
improvements in brain pathology in the combination-treated animals.
Compared to our previous study with AAV5, the present findings strongly
suggest that CSF-directed gene therapy with AAV9, in combination with
sc copper, may have clinical utility for this difficult illness.
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CRISPR-Cas9 Mediated Genome Editing of Myocilin in Hereditary
Glaucoma. A. Jain!, G. Zode? K. Bugge', C. Searby', F. Zhang?, A.
Clark?, V. Sheffield'. 1) Pediatrics, University of lowa, lowa City, 1A; 2)
North Texas Eye Research Institute, UNT Health Science Center at Fort
Worth, Texas; 3) McGovern Institute for Brain Research at Massachu-
setts Institute of Technology, Cambridge, Maryland.

Glaucoma is a leading cause of irreversible blindness worldwide. EI-
evated intraocular pressure (IOP) remains the most important risk factor
for glaucoma. Mutations in myocilin (MYOC) have been reported in >16%
of Juvenile Open Angle Glaucoma and about 4% of Primary Open Angle
Glaucoma patients. Mutations in MYOC lead to myocilin misfolding and
are associated with endoplasmic reticulum (ER) stress in the trabecular
meshwork (TM), the tissue that maintains aqueous humor outflow and
regulates IOP. ER stress and/or death of the TM cells lead to ocular hy-
pertension and glaucoma. Genetic depletion of MYOC expression does
not lead to a discernable phenotype suggesting that MYOC glaucoma is
a gain-of-function mutation. We propose to relieve ER stress in human
and mouse TM cells by targeting the human MYOC gene using state of
art CRISPR-Cas9 technology.We generated and characterized human
TM cell lines overexpressing wild type and mutant human MYOC and
looked for ER stress markers using quantitative PCR, Western immuno-
blotting and immunocytochemistry. MYOC was targeted by either tran-
sient transfection of px330-CRISPR plasmids or adenovirus Ad5- medi-
ated transduction of guide RNAs targeting exon 1 of the human MYOC
gene. Human primary TM cells were treated with Ad5-crMYOC virus and
evaluated for dexamethasone (DEX)-mediated MYOC accumulation and
ER stress. Intravitreal injection of Ad5 viruses in transgenic (Tg)-hMYO-
CY437H ocular hypertensive mice was performed to study the effect on
IOP.The results revealed that TM cell lines overexpressing mutant MYOC
have increased accumulation of myocilin in the ER and increased ER
stress markers compared to wild type. Both transient transfection and
Ad5-mediated transduction reduced levels of MYOC and ER stress in
these cells. Primary TM cells have reduced levels of DEX-mediated ER
stress when pretreated with Ad5-crMYOC as compared to Ad5-cas9 vi-
rus controls. Ad5-crMYOC virus significantly reduced IOP as compared
to Ad5-cas9 control virus in the Tg-hMYOCY437H mouse model. This
is a proof of principle study indicating that targeting the MYOC gene
can relieve ER stress in TM cells, rescuing their function and health, and
preventing glaucoma.
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Spell-Checking Nature: Versatility of CRISPR/Cas9 for the Treat-
ment of Inherited Disorders. D.U. Kemaladewi', D. Wojtal’?, Z. Malam’,
S. Abdullah’, TW.Y. Wong'?, E. Hyatt', S. Pereira’, J. Stavropoulos?,
V. Mouly®, K. Mamchaoui®, F. Muntoni®, T. Voit®, H. Gonorazky™*, J.J.
Dowling’?47, R. Mendoza-Londono*’, E.A. Ivakine', R.D. Cohn’2478, 1)
Genetics and Genome Biology, The Hospital for Sick Children, Toron-
to, Canada; 2) Department of Molecular Genetics, University of Toronto,
Toronto, Canada; 3) The Centre for Applied Genomics, The Hospital for
Sick Children, Toronto, Canada; 4) Department of Paediatrics, Univer-
sity of Toronto, Toronto, Canada; 5) Sorbonne Universites, UPMC Univ
Paris 06, INSERM UMRS974, Paris, France; 6) Dubowitz Neuromuscu-
lar Centre, Institute of Child Health and Great Ormond Street Hospital,
London, United Kingdom; 7) Division of Clinical and Metabolic Genetics,
The Hospital for Sick Children, Toronto, Canada; 8) Centre for Genetic
Medicine, The Hospital for Sick Children, Toronto, Canada.

Recent estimates suggest that about 400 million people worldwide
are affected by orphan diseases, mostly caused by primary genetic ab-
normalities. While orphan-drug development has made some progress
over the last few years, most genetic disorders lack therapeutic options.
The recent discovery and advancement of genome engineering tools,
such as the CRISPR/Cas9 system, have opened up avenues for the de-
velopment of novel treatment strategies. Here we explore the versatility
of CRISPR/Cas9 to alter expression of disease-modifying genes as well
as target disease-causing mutations in a variety of genetic disorders.
First, we used the CRISPR/Cas9 system to upregulate utrophin, a com-
pensatory protein in Duchenne muscular dystrophy (DMD). We coupled
a catalytically inactive Cas9 fused to transcriptional transactivator VP16
(dCas9-VP160) with guide RNAs targeting either UTRN A or UTRN B pro-
moters. We observed 4.1-14.6 fold upregulation of utrophin in DMD myo-
blasts, leading to restoredB-dystroglycan expression.We next interrogat-
ed whether the system can be used for allele-specific targeting, such
as in achondroplasia patients carrying pathogenic dominant-negative,
gain-of-function mutation in fibroblast growth factor receptor 3 (FGFR3:
c.1138G>A, p.Gly380Arg). We used S. pyogenes Cas9 (SpCas9) paired
with a protospacer adjacent motif (PAM)-discriminating guide RNA, and
detected 12 times higher indels frequency in the mutant allele compared
to the wild-type by means of deep sequencing technology.Subsequent-
ly, we used the CRISPR/Cas9 system to remove large genomic rear-
rangements. Using SpCas9 coupled with a single RNA guide targeting
the duplicated region, we removed a large 278kb tandem duplication on
the X-chromosome including the MECP2 gene. Moreover, using similar
strategy, we successfully removed a 139kb region in DMD fibroblasts
carrying exons 18-30 duplication in DMD, leading to restoration of full-
length dystrophin and a-dystroglycan expression. Importantly, we found
predicted off-target cutting to be minimal and not affecting any critical
regions within the human genome.Taken together, our data indicate that
the CRISPR/Cas9 system is a versatile approach to correct pathogen-
ic mutations and alter expression of disease-modifying genes. Proof of
concept studies utilizing patient cells as outlined here are critical in laying
the foundation for further research into the application of these therapeu-
tic strategies for numerous inherited disorders.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



44 Posters Therapy for Genetic Disorders

496W

Broad Therapeutic Window for Retinitis Pigmentosa. S.F. Koch’, Y.T.
Tsai', J.K. Duong? L. Bonet-Ponce®, C.W. Hsu', W.P. Wu', W.W. Wu',
C.S. Lin* S.H. Tsang'. 1) Ophthalmology, Columbia University, New York,
NY; 2) Department of Biostatistics, Mailman School of Public Health, Co-
lumbia University Medical Center, New York, NY; 3) Department of Phys-
iology, School of Medicine and Dentistry, Catholic University of Valencia,
Valencia, Spain; 4) Herbert Irving Comprehensive Cancer Center, Colum-
bia University Medical Center, New York, NY.

Retinal gene therapy has yet to achieve sustained functional rescue
after disease onset — perhaps because transduction efficiency is insuffi-
cient (“too little”) and/or the disease is too advanced (“too late”). To test
the latter hypothesis, we developed a novel mouse model for retinitis pig-
mentosa (RP) that allowed us to restore the mutant gene in all diseased
photoreceptor cells, thereby ensuring sufficient transduction efficiency.
We then treated mice at early, mid or late disease stages. At all three
time points, degeneration was halted and function rescued for at least
6 months. In addition to being the first demonstration of gene therapy
efficacy after onset of degeneration, our study is the first to demonstrate
a broad therapeutic time window. The results suggest that RP patients
are treatable, despite most being diagnosed after significant cell loss. To
maximize clinical impact, our work suggests that gene therapy research
must focus on improving transduction efficiency.

497T

Pre-clinical development of a genetically-modified human dermal
fibroblast (FCX-007) for the treatment of recessive dystrophic epi-
dermolysis bullosa (RDEB). M.P. Marinkovich, MD’, N. Ehsani-Chimeh,
MD', N. Nguyen’, S. Moncrief, PhD? V.K. Dailey?, M. Chakiath? A. Elaya-
di, PhD? S. Krishnan, MS?, J. Maslowski, MS®. 1) Stanford University
School of Medicine, Stanford, CA; 2) Intrexon Corporation, Germantown,
MD; 3) Fibrocell Science, Exton, PA.

Recessive dystrophic epidermolysis bullosa (RDEB) is an autosomal
recessive, inherited skin disease caused by null mutations within the
type VII collagen gene (COL7A1). The mutations cause an absence or
reduction of functional collagen VIl (COL7), which make up anchoring
fibrils that maintain binding of the epidermis to the dermis. The disease is
characterized by a mechanical fragility and repeated blister formation in
the sub-lamina densa, at the level of the structurally defective anchoring
fibrils. Currently, there is no effective therapy for this disease, and death
is usually the result of aggressive squamous cell carcinoma, sepsis or
malnutrition.We are developing an autologous, genetically-modified fi-
broblast cell therapy that is anticipated to improve skin function in RDEB
patients through restoration of collagen levels. A patient’s fibroblasts
will be harvested, genetically modified ex-vivo with a functional COL7A1
gene, and expanded in culture (FCX-007). Ex vivo transduction will occur
through the use of a replication-defective, self-inactivating (SIN) lenti-
viral vector. After expansion, the fibroblasts are administered back to
the patient as a local intradermal injection into target wound margins.
The resulting increase in anchoring fibrils is anticipated to stabilize the
connection between skin layers and reduce blistering tendency./n vitro
product development data indicates that cGMP scale FCX-007 cells ex-
press full-length COL7 collagen exhibiting the proper trimeric form, size
and binding functionality. The integrated transgene copy number and
COLY7 expression is dependent on viral dose. We present results from a
pre-clinical animal model evaluating FCX-007 in RDEB and normal hu-
man skin xenografts implanted onto immunodeficient SCID mice. The
goals of the study are to confirm persistence, distribution and localiza-
tion of COL7, and to evaluate any potential for product toxicity or vector
biodistribution. The data presented are intended to support an Inves-
tigational New Drug (IND) filing.We also present the study design for a
proposed Phase I/l clinical trial to treat RDEB subjects with FCX-007.
The primary endpoints for the study are to evaluate safety and to confirm
the formation of anchoring fibrils at the basement membrane zone (BM2)
in biopsies collected from subjects after product administration.
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Gene therapy for a mouse model of glucose transporter-1 deficien-
cy syndrome. S. Nakamura', H. Osaka’, S. Muramatsu?®, N. Takino?, S.
Aoki', E. F. Jimbo', K. Shimazaki®, T. Onaka®*, S. Ohtsuki®, T. Yamagata'.
1) Department of pediatrics, Jichi Medical University, Shimotsuke-shi,
Tochigi, Japan; 2) Division of Neurology, Jichi Medical University, Shimot-
suke-shi, Tochigi, Japan; 3) Department of Neurosurgery, Jichi Medical
University, Shimotsuke-shi, Tochigi, Japan; 4) Division of Brain and Neu-
rophysiology, Department of Physiology, Jichi Medical University, Tochi-
gi, Japan; 5) Department of Pharmaceutical Microbiology, Faculty of Life
Sciences, Kumamoto University, Kumamoto, Japan; 6) Center for Gene
and Cell Therapy, The Institute of Medical Science, The University of
Tokyo, Japan.

(Background) Glucose transporter 1 deficiency syndrome (GLUT1DS,
OMIM #606777) is an autosomal dominant disorder caused by haplo-in-
sufficiency of SLC2A1, the gene encoding GLUT1. The classical phe-
notypes of GLUT1DS are intractable seizures, intellectual disability, and
cerebellar ataxia, starting in infancy. We investigated if gene delivery of
GLUT1 using an adeno-associated virus (AAV) vector can correct the
phenotype in a mouse model of GLUT1DS.(Materials and Methods) We
generated an AAV9 vector in which SLC2A7-myc-DDK was expressed
under the neuron-specific synapsin | promoter. Transduction was evalu-
ated in GLUT1+/- mice after systemic administration of AAV9-SLC2A1;
1.8 x 1011 vg per mouse into the peritoneum at 7 days old. After 5
weeks, total RNA was extracted from the cerebrum, and vector-specif-
ic RT-PCR was performed. Also the brain was subjected to immuno-
fluorescence staining using anti-myc antibody (MBL CO., Ltd, Nagoya,
Japan). To evaluate motor performance, rotarod and footprint analyses
were performed to the age of 20 weeks mice.(Results) In GLUT1+/- mice
after injection of AAV9-SLC2A1, vector-derived RNA was detected in the
brain. Exogenous GLUT1 was mainly stained neural cells in the cerebral
cortex and hippocampus. Cerebellar Purkinje cells were also immune-re-
active to the anti-myc antibody. In rotarod analyze, the time to falling off
the rotating cylinder was longer in injected GLUT1+/- mice than untreat-
ed GLUT1+/- mice.(Discussion) We confirmed that intraperitoneally ad-
ministered AAV9-SLC2A1 can cross the blood-brain barrier and express
exogenous GLUT1. Although the level of exogenous GLUT1 expression
was low (~1% of neurons in the total visual field), motor function was
improved. In general, systemic administration has advantage in its in-
vasiveness and disadvantage in transduction efficiency to the CNS. We
are comparing intraperitoneal or intra-cerebroventricular route as a way
of administration.
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Engineering Recurrent, Reciprocal Genomic Disorders using CRIS-
PR/Cas9 in Human iPS Cells. D. Tai"?3, A. Ragavendran®?, A. Stort-
chevoi’?, C. Seabra?34, P. Manavalan'®, S. Erdin'?, R. Collins’?, I. Blu-
menthal’, C. Zhen®, C. Le€®, J. Gusella"57, M. Talkowski’?%5, 1) Molecular
Neurogenetics Unit, Center for Human Genetic Research, Massachu-
setts General Hospital, Boston, MA; 2) Department of Neurology, Har-
vard Medical School, Boston, MA; 3) Psychiatric and Neurodevelopmen-
tal Genetics Unit, Center for Human Genetic Research and Department
of Psychiatry, Massachusetts General Hospital, Boston, MA; 4) Institute
of Biomedical Sciences Abel Salazar, University of Porto, Portugal; 5)
The Jackson Laboratory for Genomic Medicine, Farmington, CT; 6) Pro-
gram in Medical and Population Genetics, Broad Institute of Harvard and
MIT; 7) Department of Genetics, Harvard Medical School, Boston, MA.
Recurrent genomic disorders involve large copy number variations
(CNVs) generated from non-allelic homologous recombination (NAHR)
mediated by segmental duplications. These reciprocal microdeletions
and microduplications are a major cause of human disease, often pro-
ducing phenotypically distinct syndromes. However, investigation of
their impact at the molecular levels have been hampered by the size
of the recurrent lesion, which can encompass many genes, as well as
the diverse genetic backgrounds of patients and lack of accessible tis-
sues. The capacity to generate large reciprocal CNVs in an otherwise
isogenic human induced pluripotent stem cells (iPSCs) could overcome
these obstacles and provide an invaluable tool for modeling these re-
current genomic disorders. Here, we used CRISPR/Cas9 genome en-
gineering methods to achieve this goal for the 16p11.2 microdeletion/
microduplication syndrome, a common genetic cause in autism spec-
trum disorder, as a proof-of-principle for NAHR-mediated disorders.
Using a dual-guide RNA strategy, we first ablate the 575 kb unique
genic segment spanning the 16p11.2 microdeletion region. We then de-
veloped a single-guide RNA approach that uniquely targets the flank-
ing segmental duplications. The single guide RNA strategy was able to
accurately mimic the NAHR-mediated in vivo mechanism in the cells,
generating microdeletion of the unique genic segment as well as one
copy equivalent of the segmental duplications. Remarkably, the single
guide method was also able to reproducibly generate microduplications,
including duplication of one copy equivalent of the segmental duplica-
tion. We performed multiple replication experiments and confirmed ge-
nome and transcriptome copy number alterations using copy number
analysis (QPCR), genome-wide chromosomal microarray, and RNAseq,
all of which revealed that both methods were specific (no off-target CNVs
were observed from array) and relatively efficient (CNV was observed in
14.8% of all clones screened). Moreover, gene-expression patterns from
RNAseq recapitulated those observed in our previous human and mouse
16p11.2 microdeletion RNAseq studies. These data suggest that our ge-
nome engineering approach provides an efficient method to model re-
current, reciprocal genomic disorders in human iPSCs, which can then
be differentiated to any cell type of relevance. With further optimization
and development, these methods may also permit efficient correction of
these defects.
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Chimeric U2 small nuclear RNA-DMPK trans-splicing molecule re-
verses pre-mRNA splicing defects in myotonic dystrophy type 1. P.S.
Lai"?, H.Y. Chen® B.X. Qian®, S. Udayappan® P. Kathirvel*. 1) Dept Pe-
diatrics, National Univ Singapore, Science Drive 2, Singapore 119228;
2) Khoo Teck Puat - National University Children’s Medical Institute, Na-
tional University Health System, Kent Ridge Road, Singapore 119228;
3) Dept of Clinical Research, Singapore General Hospital, Outram Road,
Singapore 169608; 4) Institute of Molecular Biology, Biopolis Drive, Sin-
gapore 138673.

RNA-based therapeutic approaches have been previously explored in
a number of disease models for in situ rescue of genes. The use of an
exogenous artificial pre-mRNA splicing molecule is an attractive strategy
for modifying cis-splicing processes using the endogenous spliceosome
machinery and has been shown to restore loss-of-function mutations in
disorders such as hemophilia, cystic fibrosis, dysferlinopathy, etc. For
gain-of-function diseases, it is important that the wild type mRNA is not
removed when an artificial trans-splicing molecule (ATM) is introduced
to correct the mutant pre-mRNA. Myotonic dystrophy type 1 (DM1) is
an autosomal dominant disorder caused by CTG repeat expansions in
the 3’ end of the untranslated region of the dystrophia myotonica protein
kinase (DMPK) gene which is encoded by 15 exons spanning 13 kb of
genomic DNA. In this study, we show the efficacy of correcting DM1
using an artificial trans-splicing molecule (ATM) designed to target intron
14 of the DMPK gene. We constructed a chimeric ATM molecule carry-
ing pre-mRNA binding and splicing domains, coding region of DMPK
exon 15, reporter green fluorescence protein (GFP) gene and specific U2
snRNA sequences. Trans-splicing efficiency of the chimeric ATM with
the U2 snRNA sequences (U2-ATM250) and the ATM without U2 snRNA
sequences (ATM250) was tested in myosarcoma cells (CCL-136). Com-
pared to the ATM250, the U2-ATM250 showed increased trans-splicing
efficiency of endogenous DMPK pre-mRNA from 11.85% to 30.33%.
Expression of U2-ATM250 in two immortalized DM1 fibroblast clones
which were differentiated by inducible MyoD expression showed DMPK
pre-mRNA trans-splicing efficiencies of 36.0% and 22.61% respec-
tively. In addition, a significant reduction (p<0.0001) in mutant DMPK
mRNA aggregates (foci) was observed by in situ hybridization and con-
focal microscopy in the nuclei of the differentiated DM1 fibroblasts.
These findings demonstrate that chimeric U2 snRNA-ATM can increase
trans-splicing efficiency of DMPK transcripts and induce phenotype
change in intact DM1 fibroblast cells suggesting that this strategy may
have broader applications to other diseases which are amenable to 3’
trans-splicing therapeutic strategy.
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Silencing of Important Molecules Having Roles in Pathogenesis of
Idiopathic Pulmonary Fibrosis via RNA interference and Develop-
ment of New Therapeutic Modalities. O.F. Hatipoglu’, E. Uctepe’, K.O.
Yaykasli?, H. Oksuz’, S. Cigdem’, M. Gunduz'. 1) Department of Medical
Genetics, Turgut Ozal University Faculty of Medicine, Ankara, Turkey;
2) Department of Medical Biology, Kahramanmaras University Medical
Faculty, Kahramanmaras, Turkey.

Idiopathic Pulmonary Fibrosis (IPF) is a disease that is characterized
by the deposition of an excessive degree of myofibroblast cells and ex-
tracellular matrix components in the lower respiratory tract and lung in-
terstitium. Median survival is 3 years after initial diagnosis. Prevalence
rate varies from 14 to 43 per 100 000 people. Today, it is thought that
recurrent epithelial damage and aberrant wound healing are the basis
of IPF pathogenesis, resulting in the accumulation of fibroblasts in the
lung. In addition, coagulation, apoptosis, angiogenesis pathway disor-
ders, oxidative damage, and most recently epithelial-mesenchymal tran-
sition (EMT) are implicated in the pathogenesis of this disease. Major aim
of our study is to show the fundamental role of osteopontin, Twist and
Whnt5a genes in IPF pathogenesis which these genes have been impli-
cated by several studies in EMT and to show whether the suppression
of these genes could be effective for IPF treatment examined. First of all,
we treated A549 cell line with different dose of TGFb to create EMT. We
showed that after TGFb treatment, Ecadherin expression is markedly de-
creased, on the contrary, Vimentin expression increased showing EMT.
Then, changes in the expression of genes responsible for EMT formation
and fibrosis examined at the level of mMRNA and protein performing siR-
NA knockdown for Osteopontin, Twist and Wnt5a gene transcripts in
lung alveolar cell lines.Acknowledgements: This study was supported
by TUBITAK (The Scientific and Technical Research Council of Turkey),
(Project Number: SBAG/ 113S947).
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Potential benefit of CSFTR mosaicism in a family with Hereditary
Diffuse Leukoencephalopathy with Spheroids. F.S. Eichler'?, P. Caru-
so’, A.C. Bjonnes?*5, J. Pan’, R. Saxena®*°. 1) Dept of Neurology, Mas-
sachusetts General Hospital, Boston, MA; 2) Center for Human Genetic
Research, MGH, Boston, MA; 3) Dept of Radiology, MGH, Boston, MA;
4) Dept of Anesthesia, Clinical Care and Pain Medicine, MGH and HMS,
Boston, MA; 5) Medical and Population Genetics, Broad Institute, Cam-
bridge, MA.

Mutations in the colony stimulating factor 1 receptor (CSF1R) have
recentlybeen discovered as causal for Hereditary Diffuse Leukoen-
cephalopathy withAxonal Spheroids (HDLS). We identified a novel, het-
erozygous missensemutation in the tyrosine kinase domain of CSF1R
(E664K) by exomesequencing in five members of a family with HDLS.
Three affected siblingshad characteristic white matter abnormalities
and presented with progressiveneurologic decline. In the fourth affect-
ed sibling, early progression halted afterallogeneic hematopoetic stem
cell transplantation (HSCT) from an unaffectedsibling over 15 years ago.
Blood spot DNA from this subject displayed 15%chimerism in CSF1R
acquired after HSCT. Interestingly, both parents wereunaffected but the
mother’s blood and saliva were ~20% mosaic for the CSF1Rmutation.
Our findings suggest that increased levels of wild-type CSF1R relative to
the mutant version, whetherachieved by mosaicism or chimerism, may
confer benefit in HDLS and suggestthat HSCT might be considered for
this disorder.

503T

Gluten-free diet is a cornerstone of Ehlers-Danlos syndrome man-
agement. K. Angione, J.D. Milunsky, J.M. Milunsky. Center for Human
Genetics, Inc., Cambridge, MA.

Ehlers-Danlos syndrome (EDS) is a heterogeneous group of heritable
connective tissue disorders divided into six major types. The most well
recognized include “classical” (type | and ll), “hypermobility” (type IlI),
and “vascular” (type IV). EDS is characterized by arthralgia, joint and skin
hypermobility, and vascular manifestations. Gastrointestinal (Gl) issues
and autonomic dysregulation are also common among individuals with
EDS.EDS patients typically present with a myriad of symptoms calling for
implementation of various management strategies. These may include
both holistic approaches and medical interventions. We proposed that
implementation of a gluten-free (GF) diet as one of several management
strategies will be effective in improving the symptoms of EDS patients,
particularly those suffering from multiple gastrointestinal ailments. The
GF diet, while primarily used for the treatment of individuals with Celiac
disease, has also been utilized as a treatment option for patients with a
variety of other disorders, including irritable bowel syndrome, rheumatoid
arthritis, diabetes mellitus, and chronic fatigue syndrome.Consumption
of a GF diet has the potential to alleviate a wide variety of gastrointestinal
symptoms, including chronic nausea/vomiting, abdominal pain, bloat-
ing, and IBS symptoms (frequent diarrhea and constipation). GF diets
also yield additional benefits beyond the Gl tract. Patients have reported
decreased joint pain, improvement in autonomic symptoms (including
fatigue, “brain fog,” dizziness, and paresthesias), and an overall improve-
ment in well-being.Out of 100 patients with a clinical diagnosis of EDS
seen at our Center, 51 (51%) implemented a GF diet as part of their
management plan. 38 of these patients (74.5%) reported improvement of
symptoms with a “strict” GF diet. One additional patient (2.0%) reported
improvement with a limited gluten diet. 12 patients (23.5%) reported that
they had not observed any significant improvement of symptoms after a
trial period of at least 6 weeks. In cases where multiple members of the
same family were evaluated, only the proband was considered for these
analyses.Adherence to a gluten-free diet significantly improves self-re-
ported symptoms among individuals with EDS, contributing to improve-
ment of autonomic symptoms, lowered pain scores, decreased gastro-
intestinal symptoms, and an overall improvement of quality of life. A GF
diet should be considered an essential component of EDS management.

504W

Transcriptome Comparison of Rat and Human Schwann Cells. D.
Sant’, P. Monje?, D. Van Booven', G. Wang'. 1) John P. Hussman Insti-
tute of Human Genomics, University of Miami Miller School of Medicine,
Miami, FL; 2) The Miami Project to Cure Paralysis and Department of
Neurological Surgery, University of Miami Miller School of Medicine, Mi-
ami, FL.

Schwann cells (SCs) are the myelinating glial cells in the peripher-
al nervous system. Transplantation of SCs has been shown to improve
functional recovery of spinal cord injury in rats, suggesting a similar cell
therapy for human treatment. However, human experiments have failed
to yield the same success as rat treatments. The failure to achieve the
same success as in rat cells is hypothesized to be due to inherent dif-
ferences between rat and human SCs rather than differences in exper-
imental design. To investigate the differences between human and rat
SCs that have led to key differences in the ability to remyelinate neurons,
we performed whole transcriptome sequencing (RNAseq) on human and
rat SCs grown under identical conditions. Statistical significance in the
difference of levels of transcripts were determined using three sepa-
rate programs: BaySeq, DESeq, and edgeR. We found that 7284 of the
16483 homologous genes (44%) were expressed differentially. Further
pathway analysis using MetaCore revealed two important pathways to
be deficient in human SCs, both of which are known to mediate the SC’s
response to axon contact and differentiation into myelinating cells: (1)
in the adenylate cyclase/cAMP signaling pathway, 15 of the known 31
genes were found deficient in human SCs; (2) in the extracellular matrix
(ECM)-dependent, adhesion-dependent control of cytoskeletal organiza-
tion pathway, 37 of the known 111 genes were found deficient in human
SCs. Knowledge of these key deficiencies can be used to predict the
ability of SCs to myelinate in cell culture and after transplantion, and help
in the design of human Schwann cell-specific potency assays for clinical
trials of spinal cord injury.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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The NIGMS Human Genetic Cell Repository at the Coriell Institute:
A research participation opportunity for individuals with inherited
diseases and chromosomal abnormalities. N. Turan. Coriell Institute
for Medical Research, Camden, NJ.

The NIGMS Human Genetic Cell Repository was established at the
Coriell Institute for Medical Research, an independent non-profit re-
search institution, in 1972 by the National Institute of General Medical
Sciences (NIGMS). The NIGMS Repository provides a readily accessible,
centralized resource for cell lines and genetic material from individuals
with genetic disorders, including heritable diseases and chromosomal
abnormalities, and from individuals from various geographical locations
for studies on human diversity. Samples are also collected from unaffect-
ed, first-degree relatives of individuals with genetic disease, and from ap-
parently healthy individuals for the study of human variation.The primary
goal of the NIGMS Repository is to stimulate and facilitate biomedical
research, teaching, and the diagnosis and prevention of human genetic
diseases by establishing and maintaining a repository of high quality,
uncontaminated, well characterized, and clinically well-documented
cell lines and DNA and making these resources available to investiga-
tors throughout the U.S. and abroad.The NIGMS Repository contains
more than 11,300 cell lines, including human induced pluripotent stem
cell (iPSC) lines, and 5,600 DNA samples, representing over 800 Online
Mendelian Inheritance in Man (www.omim.org/statistics/entry, accessed
9/24/14) phenotypes.The NIGMS Repository is an invaluable resource
and samples have been used for genetic testing assay development,
validation and proficiency, identification of novel genes, exploration of
gene function and expression, and generation iPSC lines. To date, there
have been over 6,000 publications citing NIGMS Repository samples.
The NIGMS Repository is also an important resource for clinicians and
genetic counselors as it offers an opportunity for patients and families to
contribute to the research process in addition to, or in the absence of,
the availability of clinical testing or disease-specific research. Sample
donation requires a blood or tissue specimen and completion of an in-
formed consent, a submission form, and a clinical data summary.

506W

Accelerate R&D in genetic diseases for diagnostic and therapy: ini-
tiatives from the International Rare Disease Research Consortium
(IRDIiRC). S. Ayme’, A. Mills’, L. Lau’, P. Lasko? International Rare Dis-
eases Research Consortium. 1) US14-Orphanet, INSERM, Paris, ile de
France, France; 2) CIHR Institute of Genetics, McGill University, Montre-
al, QC, Canada.

Despite considerable advances in the scientific field, genetic disease
patient needs are far from covered, both in terms of diagnostic measures
and in terms of effective therapies. To ensure that data generated by re-
search is optimally used for the benefit of patients, an international con-
sortium was set up as an initiative of the European Commission and the
United States’ National Institutes of Health. The consortium conducted
in-depth discussions with all stakeholders on the obstacles to overcome
in efforts to accelerate R&D in rare diseases. This brainstorming peri-
od resulted in recommendations for funding agencies and researchers
to optimize the use of shared data through database and knowledge
accessibility and interoperability. Moreover, five actions were launched.
The first consists in promoting the use of ontologies to describe phe-
nomes, essential for clinical databases to become interoperable. The
second is to create a data exchange platform, enabling recognition of
clinically similar cases according to clinical features or genomic data in
efforts to identify new clinical entities, jointly with the Global Alliance for
Genomics and Health. The third is to reach an international agreement
on acceptable alternatives to randomized clinical trials when they are
not applicable, and increase acceptability of new methods by regula-
tory agencies. The fourth is to accelerate the development of criteria
to measure treatment effects that are relevant to patients. The fifth is
to coordinate efforts to develop the use of scientific and clinical data
by using dispersed resources, including natural language, for selecting
drugs as potential treatment options for rare diseases. Initiatives, both
academic and commercial, have bloomed recently, targeted at identify-
ing new therapeutic targets and to repurpose drugs. They leverage on
developments in Computational Linguistics and Graph Theory, to build a
representation of knowledge which is automatically analysed to discover
hidden relations between any drug and any disease, representing pos-
sible Modes of Action for any given pharmacological compound. Their
efficacy for selecting drugs as treatment options for genetic diseases is
already documented. All these initiatives constitute IRDIRC’s roadmap
which will be presented. .

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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The ketogenic diet rescues defects of hippocampal neurogenesis in
a mouse model of Kabuki syndrome. J.S. Benjamin'?, G.A. Carosso’?,
G. Pilarowski'?, L. Zhang', H. Cho’, K.D. Hansen?, H.J. Vernon’45, H.T.
Bjornsson’®. 1) McKusick-Nathans Institute of Genetic Medicine, Johns
Hopkins Sch Med, Baltimore, MD; 2) Predoctoral Training Program in
Human Genetics, McKusick-Nathans Institute of Genetic Medicine,
Johns Hopkins University School of Medicine, Baltimore, Maryland; 3)
Department of Biostatistics, Bloomberg School of Public Health, Bal-
timore, Maryland; 4) Kennedy Krieger Institute, Baltimore, Maryland;
5) Department of Pediatrics at the Johns Hopkins University School of
Medicine, Baltimore, Maryland.

Kabuki syndrome (KS) is a genetically determined intellectual disability
syndrome associated with distinctive facial features, immune deficiency,
and growth retardation. KS is caused by mutations in either KMT2D or
KDME6A, components of the histone machinery which both participate
in the process of chromatin opening. If an inability of chromatin open-
ing plays a role in the pathogenesis of KS, agents that favor chromatin
opening such as the histone deacetylase inhibitors (HDACI) may provide
therapeutic benefit. To test this hypothesis we previously characterized
a mouse model of KS (Kmt2d+/bGeo), with craniofacial abnormalities,
decreased H3K4me3 in the granule cell layer (GCL) of the dentate gy-
rus, and defects of neurogenesis and hippocampal memory. We saw
rescue of all observed defects after treatment with an HDACi (AR-42) for
two weeks. However, as a cancer drug, it may be difficult to transition
AR-42 to the clinic, necessitating other possible treatments. Recently
beta-hydroxybutyrate (BHB), a naturally produced ketone body, was
shown to be an HDACi. We confirmed HDACI activity of BHB in vitro
by a dose dependent increase in activity in an H4Ac reporter assay. To
explore potential benefits of BHB in vivo, Kmt2d+/bGeo and Kmt2d+/+
littermates were placed on a BHB promoting ketogenic diet (KD), which
led to an increase of BHB in both genotypes. After two weeks on a KD
we observed rescue of the neurogenesis deficiency as measured by the
relative amount of doublecortin and EdU positive cells (P<0.01, P<0.001)
as well as a normalization of open chromatin marks (H3Ac, H3K4me3) in
the GCL (P<0.05, P<0.05) and gene expression abnormalities in the hip-
pocampus in Kmt2d+/bGeo. On a KD, Kmt2d+/bGeo mice also demon-
strated functional recovery in the number of platform crossings in a Mor-
ris water maze (P<0.05). In addition, exogenous administration of BHB
ameliorated the neurogenesis defect supporting a mechanistic role for
BHB for the observed therapeutic effect. Interestingly, while both geno-
types showed increased BHB in response to a KD, Kmt2d+/bGeo mice
demonstrate a natural predisposition towards elevating BHB compared
to acetoacetate as well as an elevation of lactate compared to pyruvate
(P<0.05), but both systems are under the control of the NADH/NAD+ ra-
tio, an indicator of the cellular redox state. These data suggest that BHB
elevation either through a ketogenic diet or exogenous administration
may have therapeutic potential for KS and related disorders.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Genetic Modifiers in Women with Turner Syndrome and Bicus-
pid Aortic Valve: Chromosomal Microarray and Whole Exome Se-
quencing. P.S. Kruszka', S.I. Berger', N.K. Banks', A.F. Martinez', Y.A.
Addissie’, L.J. Olivieri?, C.A. Bondy®, M. Muenke'. 1) Medical Genetics
Branch, NHGRI/NIH, Bethesda, MD; 2) Children’s National Medical Cen-
ter, Washington, D.C; 3) National Institute of Child Health and Human
Development, National Institutes of Health, Bethesda Maryland.
INTRODUCTION: Biscupid aortic valve (BAV) occurs at a much higher
frequency in individuals with Turner syndrome (>30%) than the general
population (~1%). Bicuspid aortic valve is thought to result from haplo-
insufficiency of a putative gene or genes on the short arm of the X chro-
mosome. This study investigates genetic modifiers of the aortic valve
phenotype in women with Turner syndrome. METHODS: Women with
monosomy X by 50 metaphase karyotype were enrolled. Aortic valves
were evaluated with cardiac MRI. SNP array and whole exome sequenc-
ing completed evaluation. RESULTS: Twenty-five women with Turner
syndrome, average age 44 years (range 27 to 68) were enrolled; 7 wom-
en had BAV (28%), 14 women had tricuspid aortic valve (TAV) (56%),
and 4 women were classified as partial fusion based on cardiac MRI. Six
patients had 7 copy number variations (CNVs), each of which contained
genes involved in cardiac development or known to be associated with
congenital cardiac malformations, including a deletion involving CTN-
NAS3, a gene associated with arrhythmogenic right ventricular dysplasia.
Exome sequencing yielded a total of 1,146,906 variants. Variants were
then filtered for premature stop variants, splicing variants, frameshifts,
and missense variants predicted to be damaging by PolyPhen-2, leav-
ing 27,807 variants. Using these variants, a case-control evaluation was
done on participants with bicuspid aortic valve versus tricuspid aortic
valve using a threshold of P < 0.01 (uncorrected). There were 10 variants
in 7 genes that were predicted to be deleterious by PolyPhen-2 with
a P < 0.01 (uncorrected). The most significant gene was DYNC2H1 (P
= 7.2 x 10-4 ), which was the only gene known to be associated with
CHD. A candidate gene approach was conducted with 542 genes in-
volved in cardiac development in humans and animal models. A total of
332 variants in 139 genes were found, with an equal distribution in BAV
(14.7 variants/individual), TAV (12.7 variants per individual), and PF (12.8
variants per individual) (P > 0.8). Of the genes know to be associated
with BAV (NOTCH1, GATA6, FBN1, TGFBR2, ACTA2, HOXA1, KCNJ2,
there were two deleterious variants in NOTCH1 found in patients, one in
BAV (p.R621H) and one in TAV (p.A2044T). CONCLUSION: This study
is the first whole exome sequencing evaluation of women with Turner
syndrome. Our results suggest that the bicuspid aortic valve phenotype
is a complex trait that may involve multiple modifier genes.

509T

A comprehensive sequence analysis of 22 tRNA genes identified a
critical role of mitochondrial defects in hypertension. M. Wang’, P.P.
Jiang’, L. Xue?, M.X. Guan’'. 1) Institute of Genetics, School of Medi-
cine, Zhejiang University, Hangzhou, Zhejiang, China; 2) Attardi Institute
of Mitochondrial Biomedicine, Wenzhou Medical University, Wenzhou,
Zhejiang, China.

Hypertension is one of the major global public health problems, affect-
ing approximately 1 billion worldwide, including 265 million adults in the
China in hypertension.

Mitochondria can regulate multiple aspects of vascular function and
be critical for pathogenesis of hypertension. However, only limited in-
sight into the pathogenesis of hypertension has come from the genet-
ic defects of mitochondrial genomes. In this report, we performed the
first comprehensive study to investigate the spectrum and incidence
of mutations in 22 mitochondrial tRNA genes in a cohort of 2070 Chi-
nese subjects with hypertension. This analysis identified 165 nucleotide
changes occurred at variable positions among 22 tRNAs. The numbers
of variants varied from 3 in the tRNASer(UCN) to 24 in the tRNAThr. Then
all the variants were evaluated for pathogenicity using following criteria:
evolutionarily conserved nucleotides among 41 vertebrates, the absence
of 512 controls, and potential structural and functional alterations. This
analysis showed that 117 variants were polymorphisms and 47 variants
including 4 known hypertension-associated mutations were putative
pathogenic mutations. These putative mutations may destabilize the
structures of tRNAs such as altering Watson-Crick (WC) base-pairings
and disrupt tRNA functions included improper maturation of tRNA mol-
ecules, reduced ability to be charged by the cognate amino acid, or in-
ability to decode corresponding codons. Consequently, a failure in tRNA
metabolism may cause mitochondrial dysfunction for the development
of hypertension. Our data provide the evidence that mitochondrial tRNA
mutations are the important cause of hypertension, particularly account-
ing for 3.9% cases of 2070 Han Chinese subjects with hypertension,
which may provide new insights into the pathophysiology and valuable
information for management and treatment of hypertension.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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PNPLAS3 rs738409 is associated with APRI, a clinical predictor of he-
patic fibrosis that shows association with left ventricular mass: the
Strong Heart Family Study. S. Cole’, K. Haack’, J. Kent, Jr.", H. Géring?,
L. Best’, E. Lee?, R. Loomba®, J. Umans®, J. Weinsaft’, R. Devereux’. 1)
Dept Gen, Texas Biomedical Research Inst, San Antonio, TX; 2) South
Texas Diabetes and Obesity Institute, University of Texas Health Scienc-
es Center at San Antonio, Brownsville, TX; 3) Missouri Breaks Industries
Research, Inc. Eagle Butte, SD; 4) Dept of Biostatistics and Epidemiolo-
gy, University of Oklahoma Health Sciences Center, Oklahoma City, OK;
5) Division of Gastroenterology and Epidemiology, University of Califor-
nia at San Diego, La Jolla, CA; 6) MedStar Health Research Institute,
Hyattsville, MD; 7) Division of Cardiology, Weill Cornell Medical College,
New York, NY.

Increased fibrosis is known to contribute to both hepatic disease
and CVD. We tested these relationships in American Indians (Al), in-
vestigating whether hepatic fibrosis (HF), as assessed by the aspartate
aminotransferase (AST) to platelet ratio index (APRI), is associated with
left ventricular mass (LVM), a predictor of adverse cardiac outcomes.
We also tested whether APRI is associated with PNPLA3 rs738409, a
known genetic risk variant for non-alcoholic fatty liver disease (NAFLD
[MIM613282]). Methods: We studied 3,645 Al multigenerational fami-
ly members from the Strong Heart Family Study (SHFS), from Arizona
(AZ), North/South Dakota (DA) and Oklahoma (OK). Measures include
alcohol consumption (ETOH), echocardiographically-measured LVM,
alanine aminotransferase (ALT), AST (UIl/L) and patatin-like phospholi-
pase domain-containing protein 3 (PNPLA3) rs738409 [PNPLA3 1148M]
genotypes, collected using standard methods. APRI was calculated as
[((AST/AST upper limit of normal)/platelet count(109/L)) x 100]. APRI
was tested for association with LVM while stratifying by ETOH (no vs.
high [>3 drinks/day men, >2 drinks/day women]). Measured genotype
analysis in SOLAR was used to test center-specific association between
rs728409 genotype and APRI after adjustment for age, sex, BMI and
ETOH, while accounting for pedigree relationships, with significance at
a Bonferroni-corrected p-value=0.004. Results: We observed an APRI
>1.5 (indicating significant HF) in 3.0%, 1.4% and 1.8% of the AZ, DA
and OK participants, respectively, suggesting undiagnosed fibrotic dis-
ease in this Al population. An APRI > 1 was significantly associated with
higher LVM in participants reporting either no (p=0.008) or high ETOH
(p=0.01), indicating that HF may be correlated with cardiac remodeling
and impaired function. Allele frequencies for rs738409 (C reverse strand;
G coding missense) were 0.21, 0.55, 0.47 in AZ, DA and OK. Rs738409
was significantly associated with ALT, AST and APRI measures across
all centers (p = 4x10-4 to 3.7x10-8), but unlike other populations, the
G coding allele is associated with lower levels of the liver function and
HF measures, suggesting additional genetic effects at this locus marked
by this allele in Al. Rs738409 was not associated with LVM likely due
to fibrosis being only one of many determinants of LVM. In conclusion,
for the first time, and in Al, we demonstrate the association of PNPLA3
rs738409 with APRI, a measure that links HF to CVD risk.
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Functional variants in a clinical setting: an example using APOC3
R19X and extreme triglyceride levels extracted from electronic
health records. D.C. Crawford', K.E. Diggins?, N.A. Restrepo?®. 1) Epi-
demiology and Biostatistics, Institute for Computational Biology, Case
Western Reserve University, Cleveland, OH; 2) Center for Human Genet-
ics Research, Vanderbilt University, Nashville, TN.

In a personalized or precision medicine setting, patients with extreme
triglyceride (TG) levels may be flagged for further evaluation for cardio-
vascular disease risk assessment (TG >200 mg/dl) or for the presence of
hyperthyroidism, malnutrition, or malabsorption disease (TG <10 mg/dl).
We hypothesize that the addition of functional genetic variants such as
APOC3 R19X, a variant (rs76353203) associated with low TG levels and
cardioprotection, can further facilitate the triage process in assessing
disease risk among flagged patients. To test this approach, we surveyed
BioVU, the Vanderbilt University Medical Centers’s biorepository linked
to de-identified electronic health records (EHRs), for adult European
American patients (>45 and >55 years of age for men and women, re-
spectively) with the lowest percentile of TG levels. The initial search iden-
tified 262 patients with the lowest TG levels in the biorepository; among
these, 184 patients with sufficient DNA and the lowest TG levels were
chosen for lllumina ExomeChip genotyping. Almost half the genotyped
patient sample was female (43.5%) and the average body mass index
was 24.8 kg/m2. As expected based on the sampling criteria, this was
an older patient population with 28% born in the 1940s and 14.7% born
in the 1930s (range: 1910s to 1960s). The first mentioned TG levels for
these patients ranged from 15 mg/dl to 161 mg/dl with an average first
TG level of 39.3 mg/dl. More than half of the genotyped patients (60.3%)
had more than one TG level in the EHR. A total of two patients were
identified as heterozygotes of APOC3 R19X for a minor allele frequency
(MAF) of 0.5% in this patient population of low TG compared with a re-
cent estimate of 0.08% in a general American population ascertained by
the National Health and Nutrition Examination Surveys. Both heterozy-
gous patients had only a single mention of TG in the EHR (31 and 35 mg/
dl, respectively). In this patient population, the inclusion of APOC3 R19X
genotypes in the EHR did not assist in assessing hyperthyroidism, mal-
nutrition, or malabsorption given no TG levels <10mg/dl were identified
in the EHR. However, at least two patients were identified as carriers of
a null variant strongly associated with cardioprotective lipid profiles and
decreased risk for coronary artery disease highlighting the possible utility
of inclusion of functional genetic variation in clinical risk assessment.
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Striatin is a novl risk gene for human dilated cardiomyopathy. M. Da-
souki’, N. Muiya', M. Abouelhoda’, E. Alsolme? M. Nader'?, N. Dzimiri'.
1) Genetics, King Faisal Specialist Hospital & Research Center , Riyadh,
Saudi Arabia; 2) Department of Physiology,College of Medicine, Al Faisal
University, Riyadh, Saudi Arabia.

Introduction: Striatin (STRN) is a WD-repeat calmodulin-binding pro-
tein which binds to caveolin-1 and PP2A. It is localized in the dendritic
spines of the brain striatum, motor and olfactory systems as well as the
intercalated disc regions of the cardiac myocytes along with the three
desmosomal proteins, Plakophilin-2, Plakoglobin and Desmoplakin
which are known to cause dilated cardiomyopathy (DCM). In the Boxer
dogs, spontaneous mutations in STRN, especially an 8-bp deletion in the
3’ untranslated region, have been associated with arrythmogenic right
ventricular cardiomyopathy (ARVC) and DCM, manifested by ventricular
systolic dysfunction, dilatation and tachyarrhythmias, syncope, and even
sudden death. More recently, association studies of single nucleotide
polymorphic variants in mice and humans revealed a role for striatin in
QRS duration and cardiac ventricular conduction as well as modulating
the interaction between salt intake and blood pressure via the nonge-
nomic mineralocorticoid receptor pathway. However, cardiac related
mutations and expression in human STRN are still unknown.Hypothe-
sis: Genomic variants in STRN may have a pathogenic role in human
DCM.Methods: The full coding region of STRN was Sanger sequenced
in gDNA samples from 96 Saudi Arabian adult patients with idiopathic
DCM, and Western blotting performed in cardiac left ventricular tissue
(9 DCM versus 5 controls).Results: A total of 277 novel heterozygous
variants were identified in the entire cohort with two hot spots (50% in
exon 17 and 33% in exon 2). Within the coding sequence, 7 novel exonic
missense, 1 stop-gain and 1 frameshift SNVs were found, in addition
to 28 variants in the 3’UTR of the gene. The novel SNVs identified in
patients with idiopathic DCM include 2 potentially damaging (STRN:N-
M_003162:exon3: ¢.363C>G: p.Y121X and exon18:c.2318dupA:p.
D773fs) truncating variants. Western blotting results indicated that the
expression of STRN is lower in DCM left ventricles compared to control
myocardium.Conclusion: This data suggests that STRN is a novel risk
gene for DCM. Functional characterization of the effect of these novel
variants in a Zebrafish model is underway.
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Testing population-specific quantitative trait associations for clini-
cal outcome relevance in a biorepository linked to electronic health
records: LPA and myocardial infarction in African Americans. L. Du-
mitrescu’, K.E. Diggins’, R. Goodloe’, D.C. Crawford? 1) Center for Hu-
man Genetics Research, Vanderbilt University, Nashville, TN; 2) Institute
for Computational Biology, Department of Epidemiology and Biostatis-
tics, Case Western Reserve University, Cleveland, OH.

Previous candidate gene and genome-wide association studies have
identified common genetic variants in LPA associated with the quantita-
tive trait Lp(a), and emerging risk factor for cardiovascular disease. The
associations are population-specific and many have not yet been tested
for association with the clinical outcome of interest. To fill this gap in
knowledge, we accessed BioVU, the Vanderbilt University Medical Cen-
ter biorepository linked to de-identified health records (EHRs), including
billing codes (ICD-9-CM) and clinical notes, to test population-specific
Lp(a)-associated variants for an association with myocardial infarction
(MI) among African Americans. We performed electronic phenotyping
among African Americans in BioVU >40 years of age using five case
definitions for Ml (#1: 1 ICD-9 code 410.* on three consecutive days; #2:
1 ICD-9 code 410.* on two consecutive days; #3: >3 ICD-9 code 410.*
ever; #4: >2 ICD-9 code 410.* ever; #5: >1 ICD-9 code 410.* ever) and
a single control definition (exclude MI: ICD-9 code 410.* and exclude
ischemic heart disease: codes 411.%, 412.*, 413.%, 414.*). After review
of the EHRs using keyword searches of the clinical notes (for “myocar-
dial infarction”, “MI”, “infarc”, “STEMI”, “NSTEMI”), a total of 311 Ml
cases were confirmed, resulting in a positive predictive values ranging
from 87.6% (definition #5) to 99.4% (definitions #2 and #3). Among the
5,883 controls identified, 344 were frequency matched for age and sex
and chosen for genotyping. A total of five known Lp(a)-associated ge-
netic variants in African Americans were genotyped using Sequenom:
rs1367211, rs41271028, rs6907156, rs10945682, and rs1652507. LPA
rs3798220 (14399M) previously associated with increased levels of Lp(a),
MI, and coronary artery disease in European Americans was also geno-
typed. Tests of association using logistic regression assuming an addi-
tive genetic model revealed no significant associations (p<0.05) for any
of the five LPA variants previously associated with Lp(a) levels in African
Americans. Interestingly, 14399M rs3798220 was not associated with MI
in African Americans (odds ratio = 0.51; 95% confidence interval: 0.16
- 1.65; p=0.26) despite strong, replicated associations with M| and cor-
onary artery disease in European American genome-wide association
studies. These data highlight the challenges in translating quantitative
trait associations to clinical outcomes in diverse populations.
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APOL1 risk allele is associated with early diagnosis of hypertension
and a 2-3 mmHg increase in systolic blood pressure in young Afri-
can American adults. G. Galarneau’, G.N. Nadkarni’, S.B. Ellis’, R. Na-
dukuru’, S.A. Scott’, TA. Manolio?, R. Li?, L.J. Rasmussen-Torvik®, A.N.
Kho3, M.G. Hayes® J.A. Pacheco® R.L. Chisholm®, D.M. Roden?, J.C.
Denny?, E.E. Kenny', E.P. Bottinger', eMERGE network. 1) Icahn School
of Medicine at Mount Sinai, New York, New York, USA; 2) National Hu-
man Genome Research Institute, National Institutes of Health, Bethesda,
Maryland, USA; 3) Feinberg School of Medicine, Northwestern Universi-
ty, Chicago, lllinois, USA; 4) Vanderbilt University Medical Center, Nash-
ville, Tennessee, USA.

Apolipoprotein L1 (APOLT) risk allele is associated with end-stage
renal disease in African American (AAs). To determine whether APOL1
was associated with blood pressure (BP) traits as predisposing factors
for kidney disease, we performed a retrospective analysis of longitudinal
patient health records in 3 biobanks in the Electronic Medical Records
and Genomics (eEMERGE) network.The discovery cohort consisted of
5,213 AAs from Mount Sinai BioMe Biobank. Replication cohorts con-
sisted of an independent set from BioMe (n=1,655), Vanderbilt BioVu
(n=2,889) and Northwestern NUgene (n=613) biobanks. Median fol-
low-up was 5, 3, 6 and 8 years, respectively. We genotyped SNPs com-
prising the APOL1 G1 and G2 renal risk alleles; rs73885319, rs71785313
and rs60910145 in BioMeand imputed the genotypes in BioVu and NU-
gene with lllumina 1M data. The APOLT1 risk allele (2 copies of G1 or G2)
frequencywas 14%-16%. We performed Cox proportional hazards and
linear and logistic regression to test association of the APOL1 risk allele
with time to hypertension (HTN) onset, BP as a continuous outcome, and
hypertensive end organ damage as dichotomous outcomes. We used
METAL for meta-analyses of replication cohorts.In 457 individuals with
the risk allele and diagnosed HTN, median documented onset of HTN
was 2-5 years younger with age, sex and BMI as covariates in discovery
(Pdis=0.04) and replication cohorts (Prep=3x10-4).To test if there were
age-specific associations between the APOL1 risk allele and systolic
(SBP) or diastolic (DBP) blood pressure, we divided the cohorts in 20-
year age groups (20-39, 40-59 and 60-79). In the 20-39 yo AAs without
BP medication, the risk allele accounted for 2-3 mmHg SBP elevation
(Ndis=946; Pdis=0.04; Prep=6x10-4 with sex and BMI as covariates;
Ndis=822; Pdis=0.07; Prep=0.04 with sex, BMI and eGFR as covariates).
AAs with the risk allele in BioMe were more likely to manifest hyperten-
sive organ damage including concentric left ventricular hypertrophy by
echocardiogram (OR [95% Cl]=1.57[1.18-2.08] P<0.01) and hemorrhag-
ic cerebrovascular accidents (OR [95%Cl]=2.66[1.31-5.38] P=0.01) with
sex, age and BMI as covariates.Conclusion: Compared to other known
BP loci, APOL1 is a large effect size locus for SBP in young AAs that may
account in part for well-documented higher BP and health disparities
associated with HTN in younger AAs.

515T
MyBPH acts as a modifier of hypertrophy in patients with Hypertro-
phic Cardiomyopathy. C.J. Kinnear', JC. Moolman-Smook’, A. Goos-
en? M. Revera®, PA. Brink?, L. van der Merwe?*, JM. Mouton’. 1) SAMRC
Centre for Tuberculosis Research, Department of Biomedical Sciences,
Stellenbosch University, Cape Town, Western Cape, South Africa; 2) De-
partment of Medicine, Faculty of Medicine and Health Sciences, Stel-
lenbosch University, South Africa; 3) Department of Cardiology, IRCCS
San Matteo Hospital, Pavia, Italy; 4) Department of Statistics, Faculty of
Natural Sciences, University of the Western Cape, South Africa.
Hypertrophic cardiomyopathy (HCM) is considered a model disease
to study molecular factors underlying isolated cardiac hypertrophy. HCM
manifests with various phenotypes and clinical symptoms, even in fam-
ilies with the same genetic defects, suggesting that additional factors
contribute to the disease phenotype.Recently MyBPH, a sarcomeric pro-
tein, was shown to be involved in cardiomyocyte contraction. MyBPH
is structurally similar to cardiac myosin binding protein C (cMyBPC), of
which the encoding gene, MyBPC3, is one of the most frequently impli-
cated genes in HCM. Given the similarity between cMyBPC and MyBPH,
and the critical role MyBPH plays in sarcomere contraction, we propose
that MyBPH may be involved in the modulation of cardiac hypertrophy.A
family-based genetic association analysis approach was used to inves-
tigate the hypertrophy modifying effects of seven single nucleotide poly-
morphisms (SNPs) and haplotypes in MyBPH, in 256 individuals from
27 families, in which three unique South African HCM-causing founder
mutations (p.R403W and pA797T in B-myosin heavy chain gene (MYH7)
and p.R92W in the cardiac troponin T gene (TNNT2)) segregate. Each
participant underwent extensive clinical screening which included as-
sessments of ventricle wall thickness, maximal posterior wall thickness
and maximal intraventricular septum thickness by 16 2D-echocardio-
graphic measurements taken at the mitral valve-, papillary muscle- and
supra-apex levels. SNP genotyping was done using the PCR-based
KASPTM genotyping assays. Genetic association between each vari-
ant and haplotype and hypertrophy traits chosen to represent the HCM
hypertrophic phenotype was analyzed with a specialized mixed-effects
linear model.Significant evidence for association between three SNPs
and hypertrophy traits was observed when stratifying the cohort accord-
ing to HCM-founder mutations. Interestingly, we observed associations
between SNPs rs2250509, rs3737872 and rs762625 and hypertrophy
traits only in the p.A797TMYH7 HCM founder mutation group. Further-
more, we found that several haplotypes had markedly different signifi-
cant effects in two of the HCM founder mutation groups (p.A797TMYH7
and p.R92WMYH?7) and in the total cohort.Our findings suggest that the
hypertrophic phenotype of HCM is modulated by the compound effect
of a number of variants and haplotypes in MyBPH. These novel results
therefore provide a basis for future studies to investigate the risk profile
of hypertrophy development.
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Functional genomic analysis of blood and cardiac tissue during
ischemia reperfusion (IR). D. McDaniel’, D. Rigney’, X. Zhou?, A. Sime-
one’, L. McDaniel. 1) Dept Surgery, Univ Mississippi Med Ctr, Jackson,
MS; 2) Dept Pathology; 3) Dept Microbiology/Immunology.
Ischemia/reperfusion (IR) during organ procurement contributes sig-
nificantly to tissue injury and may cause early organ dysfunction after
transplantation. Genes associated with innate immunity are prime activa-
tors of early inflammatory responses to an allograft that lead to host-in-
duced inflammation and organ rejection. We hypothesized that Allograft
inflammatory factor 1 (AlF-1)/Daintain could promote activation of innate
immune response through the activation of cardiac TLRs released during
organ procurement and may contribute to allograft dysfunction. We have
investigated the impact of IR injury in an in vitro study of human heart
tissue during the process of transplantation. In addition, we investigated
expression levels of AIF-1 and TLRs during cardiac IR in a rat model of
the left anterior descending artery (LAD) occlusion which generates isch-
emia in left ventricle (LV). The mRNA expression levels of AIF-1 isoform 2
and 3 were significantly increased after 30 min ischemia/60 min reperfu-
sion (p<0.01 and p<0.005 respectively). TLR-2 expression was minimal
but the TLR-4 was non-specific. In LAD study, AlIF-1 and TLR mRNA
transcripts were significantly increased in a time dependent- manner
after IR. These markers were upregulated as early as 10 minutes after
reperfusion and further they were increased several-fold after 60 minutes
of reperfusion in tissue and peripheral blood cells as compared to the
control group. The TLR-2 levels were greater in blood samples, whereas,
the TLR-4 levels were greater in cardiac LV after 30 min LADI/60 min
reperfusion. In summary, the data supports role of the AlF-1 and TLRs
in early activation of innate immune response, thus the control of these
genes may have therapeutic potential for strategies preventing allograft
dysfunction early on after transplantation.
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Rare coding variants associated with blood pressure in ~13,000 indi-
viduals of African ancestry. P. Nandakumar’, D. Lee', F. Tekola-Ayele’,
B. Tayo®, E. Ware, C.C. Gu®, M. Fornage?, S. Kardia®, C. Rotimi’, R. Coo-
per®, D.C. Rao®, A. Morrison?, G. Ehret'?, A. Chakravarti'. 1) Institute of
Genetic Medicine, Johns Hopkins School of Medicine, Baltimore, MD; 2)
Institute of Molecular Medicine and Human Genetics Center, University
of Texas Health Science Center, Houston, TX; 3) Department of Special-
ties of Medicine, Geneva University Hospitals, Geneva, Switzerland; 4)
Department of Epidemiology, University of Michigan, Ann Arbor, Ml; 5)
Division of Biostatistics, Department of Medicine, Washington University
School of Medicine in St. Louis, St. Louis, MO; 6) Departments of Public
Health Sciences and Medicine , Loyola University Stritch School of Med-
icine , Maywood, IL; 7) Center for Research on Genomics and Global
Health, National Human Genome Research Institute, National Institutes
of Health, Bethesda, MD.

Hypertension is a major risk factor for cardiovascular disease. Sever-
al genome-wide association studies (GWAS) have implicated common
variants at ~80 loci in systolic and diastolic blood pressure (BP) regula-
tion across multiple populations, but the specific genes at these loci are
unknown. This study focuses on identifying these and other specific BP
genes associated with BP traits in individuals of African ancestry using
six cohorts (GenNet, GENOA, HyperGEN, ARIC, HUFS, LUC) genotyped
on the lllumina HumanExome BeadChip v1.0 (n=247,870 variants) or
v1.1 (n=242,901). Data cleaning yielded a final set of 12,922 individu-
als and 162,702 variants for analysis. Fixed-effects meta-analyses were
performed with the segMeta R package for SBP and DBP, each adjusted
for age, age-squared, sex, BMI and the first 10 principal components
of ancestry from each cohort. These analyses include single variants
analyzed by frequency class (common: MAF>0.05, low frequency:
0.01<MAF<0.05 and rare: MAF<0.01), gene-based analysis with SKAT
and the T1 burden test on variants with MAF<0.01, and those considered
“damaging” (defined as intronic splice, NMD-compatible stop-gain, and
conserved missense (phyloP>4)). Results were multiple test corrected
by the Bonferroni method.Results: Associations of rare variants in AFF1,
encoding an mRNA transcription elongation protein, (rs142319329, DBP,
P=3.65x10-7) and XPOT, encoding an exportin, (rs140705696, DBP,
P=2.58x10-7) were identified, with six and four copies across the six
cohorts, respectively. Further, associations of rare variants with two to
four carriers in KIF21B, KRBA1 and OR51B2 were identified for SBP.
XPOT was also found to be significant in the SKAT test for both SBP
(P=1.37x10-6) and DBP (P=3.47x10-7) and in the T1 test on damaging
SNPs (P=4.33x10-6). A previous study identified an association between
a locus containing Xpot and atrial weight index in atenolol-treated mice;
the group further demonstrated expression of this gene in cardiac tissue.
Additionally, for DBP, TEC, encoding a tyrosine kinase, was associated
in the T1 test on all variants with MAF<0.01 (P=2.31x10-6), and QSOX1,
encoding a sulfhydryl oxidase enzyme, was associated in the T1 test on
damaging variants (P=3.74x10-6). Recent experiments support cardio-
vascular function for QSOX1, including its induction of vascular smooth
muscle cell migration and proliferation in vitro. These results suggest
credible candidate genes for BP regulation.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



54 Posters Cardiovascular Genetics

518T

The contribution of common and low-frequency/rare variants in
ATP-binding cassette A1 (ABCAT1) to lipoprotein-lipid traits. V. Niem-
siri', X. Wang’, Z.H. Radwan’, D. Pirim’, J.E. Hokanson? R.F. Hamman?,
M.M. Barmada’, F.Y. Demirci’, M.l. Kamboh'. 1) Human Genetics, Grad-
uate School of Public Health, Pittsburgh, PA; 2) Epidemiology, Colorado
School of Public Health, University of Colorado Anschutz Medical Cam-
pus, Aurora, CO.

Coronary heart disease (CHD) is the leading cause of deaths globally.
Risk factors for CHD include abnormal lipoprotein-lipid levels (i.e., high
low-density lipoprotein cholesterol [LDL-C] levels, low high-density lipo-
protein cholesterol [HDL-C] levels and high triglycerides [TG]). ATP-bind-
ing cassette A1 (ABCA1), a transmembrane transporter, plays an import-
ant role in the reverse cholesterol transport, specifically in the delivery
of free cholesterol and phospholipids to form nascent HDL-C particles
and in the cholesterol efflux. In humans, defects in ABCAT7 cause low
levels of HDL-C, including Tangier disease (TD; MIM: 2054000). In addi-
tion to HDL-C deficiency, an increased risk of CHD has been observed
in TD. In this study, we aimed to identify common (minor allele frequency
[MAF] 25%) and low-frequency/rare variants (MAF<5%) and to evaluate
the genetic contribution of ABCAT variants to plasma lipoprotein-lipid
levels. We resequenced 50 exons and exon-intron boundaries of ABCAT
in 95 individuals with extreme HDL-C levels (<10th and >90th %tile)
followed up by genotyping of selected variants in the entire sample of
623 US Non-Hispanic Whites. Subsequently, we examined the asso-
ciation between genotyped ABCA1 variants with four lipoprotein-lipid
traits (HDL-C, LDL-C, total cholesterol [TC], and TG). We identified 404
sequence variants (including 37 novel variants), and then selected 250
variants (216 from sequencing stage and 34 from HapMap-CEU data-
base) for genotyping. A total of 182 bi-allelic variants (MAF>5%, n=116;
MAF<5%, n=66) passed genotyping quality controls and were advanced
in downstream analyses. Gene-based test showed evidence of asso-
ciation between 182 ABCAT1 variants and TG (P=0.0108). Single-site
association analyses revealed 26 common ABCA17 variants nominally
associated (P<0.05) with at least one lipid trait, of which 17 (16 with
TG; best SNP: rs2066716 [p.Thr1427Thr], P=0.0016 and 1 with TC;
rs4743763, P=0.0005) remained significant after adjustment for multiple
testing. Haplotype association analyses identified 60 haplotype windows
and 16 regions significantly associated with at least one lipid trait (global
P<0.05). Rare variant analyses demonstrated evidence of lipid-associa-
tion for multiple sets of low-frequency/rare ABCAT variants. Our findings
support the role of ABCA7-common and low-frequency/rare variants —
contributing to plasma lipoprotein-lipid levels in the general population.
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Diastolic blood pressure and intraocular pressure gene variants in
relation to primary open-angle glaucoma. L.R. Pasquale’, H. Aschard?,
J.H. Kang®, J.C. Bailey?, R.R. Allingham?®, J. Haines*, P. Kraft?, P. Hysi¢, M.
Hauser®, J.L. Wiggs', NEIGHBORHOOD Consortium. 1) Ophthalmology,
Harvard Medical School, Boston, MA; 2) Department of Epidemiology,
Harvard School of Public Health, Boston, MA; 3) Division of Network
Medicine, Brigham and Women’s Hospital, Boston, MA; 4) Department
of Epidemiology and Biostatistics, Institute of Computational Biology,
Case Western Reserve University School of Medicine, Cleveland, OH; 5)
Department of Ophthalmology Duke University Medical Center, Durham,
NC; 6) Department of Twin Research and Genetic Epidemiology, King’s
College London, UK.

Purpose: Alower ocular perfusion pressure, derived as diastolic blood
pressure (DBP)minus intraocular pressure(IOP),is regarded as a strong
risk factor for primary open-angle glaucoma (POAG). We evaluated
whether single nucleotide polymorphisms (SNPs) associated with IOP
orDBP show association with POAG using data from the NEIGHBOR-
HOOD consortium,whichincludes3,853POAGcases and 33,495 controls.
Methods: We selected from two pivotol meta-analyses, 7 independent
SNPs associated with IOP and 27 associated with DBP at the ge-
nome-wide significance level.We tested the association of those SNPs
with POAG and also generated a genetic risk score(GRS),defined as the
weighted sum of IOP-increasing and DBP-decreasing alleles. We con-
sidered weights equal to the effect estimates from the original DBP and
IOP studies, and equal weights. We also considered agender-specific ef-
fect, which we evaluated through an interaction analysis.Results: Based
on the original reports, the DBP SNPs and IOP SNPs collectively ex-
plain 2.2% and 1.2% of the variance in the respective traits. Overall, IOP
SNPs showed strong association with POAG -fiveof seven SNPs were-
significantat the Bonferroni correction levelof 0.0015(strongest associ-
ation equals OR=1.41, 95% CI: 1.28, 1.56; P=5.9x10-13). The weight-
ed andunweightedGRS were also highly significant (OR=2.38, 95% ClI:
2.02-2.81; P=3.8x10-26and OR=1.19, 95% CI: 1.15-1.23;P=2.9x10-27,
respectively). In contrast, only one DBP SNP demonstrated significance
at the P=0.0015 level(OR=1.17, 95% CI: 1.09-1.25; P=6.2x10-6). Neither
DBP GRSwassignificantly associated with POAG (P>0.28).No gender
interaction effect was identified between any GRS or any of the SNPs.
Conclusion: In agreement with the existing literature, we confirmed that
POAG shares genetic basis withlOP. Conversely, it appears thatthemost
establishedDBP SNPshave only limited contribution to POAG. .
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Sequencing of PEAR1 to identify rare and novel genetic determi-
nants of platelet aggregation. M.A. Taub', L.R. Yanek?, K. lyer’, I.
Ruczinski', D. Vaidya? N. Faraday? D.M. Becker?, L.C. Becker?, R.A.
Mathias?. 1) Biostatistics, Johns Hopkins, Baltimore, MD; 2) The Gene-
STAR Program, Johns Hopkins School of Medicine, Baltimore, MD; 3)
Johns Hopkins School of Medicine, Baltimore, MD.

Platelet aggregation is heritable, and GWAS have found strong rep-
licated associations of platelet aggregation to multiple agonists with a
common intronic variant (rs12041331 (SNP1)) of the platelet endothelial
aggregation receptori gene (PEART) in African Americans (AA) and Eu-
ropean Americans (EA). Here, we used sequencing to refine the GWAS
locus and identify additional rare/novel determinants of platelet aggrega-
tion in AA and EA subjects.Whole genome sequence (WGS) data on 214
unrelated GeneSTAR subjects (44% AA) was subset to chr1:156853490-
156896226 to include PEAR1. These genomes were phased, and im-
putation was done in additional GeneSTAR subjects (N=1203 AAs and
N=1990 EAs) using ~1M framework GWAS SNPs and the 214 GeneSTAR
genomes as reference haplotypes. Tests for association for 28 platelet
aggregation phenotypes were done in (1) the set of 214 subjects with
WGS; and (2) the set of 2193 subjects with imputation, stratified by race.
Phenotypes included platelet aggregation at baseline and post aspirin
intervention (81mg/day for 14 days) across a range of doses of three ag-
onists (collagen, epinephrine and ADP).The WGS data showed a strong
association of a novel rare variant (MAF=1%) at chr1:156872148 in AAs
(p = 1.15 x 10-9) with aggregation to collagen. Interestingly, it is located
~2kb away from SNP1 also in intron 1, but is not in linkage disequilibrium
with it. In the larger imputed dataset, SNP1 gave the strongest signal for
AAs in 27 phenotypes (p< 5.58 x 10-7 for all, MAF=0.36). SNP1 was also
significant in EAs across multiple agonists (p < 7.92 x 10-6, MAF=0.09).
While in AAs, no imputed common exonic variants showed strong sig-
nals, in EAs we observed three common exonic variants (MAF=0.13-
0.17) with strong association (rs822442, rs41273221 and rs56260937,
p < 8.63 x 10-6, D’ with SNP1 = 0.4) for aggregation to epinephrine
and ADP. rs822442 is missense; rs41273221 is missense and labeled
“possibly damaging” by PolyPhen.This study confirms prior work by our
group which demonstrated on an independent sample (N=104) that in
reference to common variants (1) rs12041331 is a robust determinant of
platelet aggregation across all agonists in AAs and EAs, and in AAs is
the single strongest determinant; and (2) in EAs, there may be additional
exonic variants that determine platelet aggregation. We show for the first
time a rare novel variant plays a role specific to aggregation to collagen
in AAs, also found in intron 1 of PEAR1T.
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Exome sequencing identifies a possible new candidate gene as-
sociated with thoracic aortic aneurysms and dissections. Y. Wan’,
J.A. Aragon-Martin', M. Simpson?, N. Morsy', L.J. Collins’, D. Osborn3,
J. Bharj®, A. Saggar®, D. Milewicz®, M. Jahangiri®, E.R. Behr', A. Child'.
1) Cardiovascular and Cell Sciences Research Institute, St. George’s
Hospital, University of London, United Kingdom; 2) Genomic Medicine
Group, Division of Genetics and Molecular Medicine, Kings College Lon-
don, United Kingdom; 3) Human Genetics Research Centre, St. George’s
Hospital, University of London, United Kingdom; 4) Clinical Genetics
Unit, St George’s University of London, United Kingdom; 5) Department
of Internal Medicine, University of Texas, USA; 6) Department of Car-
diothoracic Surgery, St. George’s Healthcare NHS Trust, London, United
Kingdom.

In the absence of syndromic thoracic aortic aneurysms and dissec-
tions (TAAD) such as Marfan, Loeys-Dietz and Ehlers-Danlos syndromes,
~20% is inherited with variability in penetrance and severity as well as
male gender. Currently, 18 genes have been reported which account for
~25% of all cases and include; ACTA2, COL3A1, EFEMP2, FBN1, FLNA,
FOXE3, MAT2A, MYH11, MYLK, NOTCH1, PRKG1, SKI, SLC2A10,
SMAD3, TGFB2, TGFBR1, TGFBR2 and TGFBR3. Therefore, a large pro-
portion of cases do not have a disease-associated gene.The SGUL data-
base has collected 100 TAAD probands over a 25 year period, which do
not have an associated disease-causing gene. One of the probands had
a strong TAAD family history and was analyzed by Sanger sequencing for
the most common TAAD associated mutations in ACTA2, FBN1, SMAD3,
TGFBR1 and TGFBR2 genes. A synonymous rare variant was detected
in the ACTA2 gene (c.246C>T) but did not segregate with affected mem-
bers in this family. The three most distantly related affected individuals
in this family were processed for exome sequencing. All reported TAAD
genes were analyzed and no causative mutation in all affected individu-
als was found. The complete variant list was further filtered by removal
of all intronic and intergenic polymorphisms (except splice site-disrupt-
ing variants), homozygous variants, heterozygous variants that did not
segregate with the disease and MAF of >0.1% in 900 in-house controls,
1000 Genomes and EVS databases. This filtered the candidates to six
genes. Confirmation via Sanger sequencing and segregation analysis
provided one non-synonymous candidate variant that was found in all
affected individuals. This gene is highly expressed in smooth muscle
cells, suggesting a role in cardiovascular function. Sanger sequencing of
this gene in the remaining 99 TAAD probands found four further variants,
one for each of four probands. In-silico analyses (SIFT, Polyphen-2, Mu-
tation Taster, UMD-Predictor and Align GVGD) indicated two of the four
variations are disease-causing and further testing is being performed.
An in-vivo knockdown model for this gene using the Zebrafish (Danio re-
rio) was developed by co-injecting two non-overlapping splice-directed
morpholino oligonucleotides. Comparison of five days post fertilization
injected fish with uninjected controls showed a large pericardial edema,
moderate to severe tail curvature and reduced eye and body size, con-
sistent with the recently published paper on a new TAAD gene MAT2A.
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Discovery of a deleterious variant in TMEM87B in a patient with
a hemizygous 213 microdeletion, uncovers a recessive condi-
tion characterized by severe congenital heart defects. H. Yu', C.R.
Coughlin II', E.A. Geiger’, E.R. Elias’, J.L. Cavanaugh? S.D. Miyamoto?,
T.H. Shaikh'3. 1) Department of Pediatrics, Section of Genetics, Univer-
sity of Colorado School of Medicine, Aurora, Colorado; 2) Department
of Pediatrics, Division of Cardiology, University of Colorado School of
Medicine, Aurora, Colorado; 3) Colorado Intellectual and Developmental
Disabilities Research Center (IDDRC), University of Colorado School of
Medicine, Aurora, Colorado.

Congenital heart defects (CHD) have an estimated incidence rang-
ing from 4/1,000 to 50/1,000 and remain one of the leading causes of
infant mortality and childhood morbidity worldwide. Despite signifi-
cant advances made in medical research, the etiology of CHD is still
not completely understood. Here, we describe a patient with CHD in-
cluding atrial septal defect and restrictive cardiomyopathy along with
craniofacial anomalies and developmental delay. Initial screening using
chromosomal microarray analysis (CMA) identified a maternally inherited
2913 microdeletion (chr2:111,406,838-113,102,594; hg19). The subject
in this study had many of the features reported in previous cases with
recurrent 2q13 deletion. However, the inheritance of the microdeletion
from an unaffected mother combined with the low incidence (10%) and
milder forms of cardiac defects in previously reported 2913 microdele-
tion cases made the clinical significance of the CMA results unclear. We
next used whole exome sequencing (WES) in a trio-based analysis of
the patient and his unaffected parents. WES identified a paternally in-
herited TMEM87B mutation (c.1366A>G, p.Asn456Asp) in the patient.
TMEMB87B, a highly conserved, transmembrane protein of currently un-
known function, lies within the critical region of the 2913 microdeletion
syndrome. Furthermore, a recent study had demonstrated that depletion
of TMEMB87B in a vertebrate model organism affected cardiac devel-
opment and led to cardiac hypoplasia. Thus, by combining molecular
testing results from CMA and WES, we were able to uncover an auto-
somal recessive disorder characterized by a severe cardiac phenotype
and caused by compound heterozygous mutations in TMEM87B. This
study not only expands the spectrum of phenotype associated with 2913
microdeletion, but it also further confirms the role of TMEMS87B in the
etiology of 2g13 microdeletion syndrome, especially the cardiac pathol-
ogy. Our results further suggest that patients with 2q13 deletion who also
have signs of cardiac defects should be subject to TMEM87B mutation
screening.
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Rare variants in primary cilium genes may contribute to the risk of
AVSD in children with Down syndrome. H. Corbitt’, S. Sherman?, E.
Feingold®, R. Reeves*, M. Zwick? C. Maslen'. 1) Knight Cardiovascular
Institute, and Department of Molecular and Medical Genetics, Oregon
Health & Science University, Portland, OR; 2) Department of Human Ge-
netics, Emory University, Atlanta, GA; 3) Department of Human Genetics,
University of Pittsburgh, Pittsburgh, PA; 4) Department of Physiology and
McKusick Nathans Institute for Genetic Medicine, School of Medicine,
Johns Hopkins University, Baltimore, MD.

Down syndrome (DS) is the most common aneuploidy in humans, 1
of every 700 live births, yet the etiology of the comorbidities associat-
ed with DS is poorly understood. Congenital heart defects are the most
frequently occurring birth defect seen in children with DS. In particular,
the risk of atrioventricular septal defect (AVSD) is 2000-fold higher in
children with DS compared to the general population. Atrioventricular
septation is the mechanism that forms the heart’s valves and septum in
fetal development. About half of those with DS have abnormal septation
events during development leading to AVSD, whereas the other half have
healthy hearts. The partial prevalence of AVSD exhibits that trisomy 21
acts as a significant risk factor, but other modifiers must contribute to
reach the disease state.A whole exome sequencing study of a cohort
composed of cases, DS with an AVSD, and controls, DS without a heart
defect, was performed to identify the genetic variants that influence this
risk. We used PLINK to identify the single rare variants that are associ-
ated with AVSD. We also implemented a kernel-based method, SKAT-O,
to take a gene-based approach to test the cumulative effects of rare
variants. Computational tools, Mutpred and CADD, were used to predict
deleteriousness of each variant.Our study coincides with a recent para-
digm shift that postulates the second heart field (SHF) is responsible for
the septation process, instead of remodeling of endocardial cushions.
Multipotent progenitor cells from the SHF migrate and differentiate into
cells that populate specific regions of the heart, such as the AV canal.
The differentiation of the SHF is mediated by Sonic hedgehog (Shh) sig-
naling through the primary cilium. We discovered four case-specific rare
variants in genes that are crucial components of the ciliome (CROCC,
GLI3, CEP290, and ZDHHC?20). These variants are recurrent and found
in 28% of the cases in this study. All four variants result in a missense
change and are predicted deleterious by multiple computational algo-
rithms. Notably, GLI3 is a transcriptional activator and a repressor of
the Shh pathway and its target genes control the specification of the
SHF cell fate. CEP290 is a major component of the primary cilium and is
required for ciliogenesis as well as ciliary membrane composition. These
preliminary findings imply that genes within the ciliome are a promising
candidate group that may play a significant role in the pathogenesis of
AVSD.
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Prediction of causal regulatory DNA variants regulating the QT inter-
val phenotype. D. Lee’, A. Kapoor', A. Chakravarti’?. 1) McKusick-Na-
thans Institute of Genetic Medicine, Johns Hopkins University School
of Medicine, Baltimore, MD; 2) Center for Complex Disease Genomics,
Johns Hopkins University School of Medicine, Baltimore, MD.

The QT interval (MIM 610141), a measure of cardiac repolarization,
is a heritable quantitative trait that has major implications for cardio-
vascular diseases, such as sudden cardiac death (MIM 115080) and
arrhythmias (MIM 115000). Genome-wide association studies (GWASSs)
have identified 68 common variants at 35 loci significantly associated
with QT interval variation in individuals of European ancestry. However,
identification and characterization of the causal variants remains a key
challenge because most of these variants are in noncoding DNA. To di-
rectly address this problem, we adopted a new computational method,
deltaSVM, which can accurately predict the effect of regulatory variation
from DNA sequence (Lee Dt, Gorkin DU, Baker M, Strober BJ, Asoni
AL, McCallion AS*, Beer MA*. A method to predict the impact of regula-
tory variants from DNA sequence. Nat Genet (in press)). After removing
less common variants (MAF < 0.1), we performed an in-depth analysis
of the 59 QT interval associated GWAS SNPs at 32 loci. Starting with all
common variants (MAF > 0.1) within LD blocks containing the GWAS
SNPs, we focused on SNPs in high LD (|D’| > 0.8 and r2> 0.2) with the
sentinel SNPs, resulting in 4,968 potential candidates. We demonstrated
that these SNPs have three significant features: 1) They are significantly
enriched in DNasel hypersensitive sites (DHSs) in cardiac tissue, iden-
tified by DNasel-seq on adult heart from the NIH Roadmap Epigenom-
ics project (Pbin(X>=662 | N=4,968, p=0.05) < 2.2x10-16). 2) Significant
number of the 662 candidate SNPs in heart DHSs have larger delt-
aSVM scores than expected by chance (Pbin(X>=103 | N=662, p=0.1)
< 5.25x10-6). Notably, when each locus was individually evaluated, SC-
N5A (MIM 600163), KCNH2 (MIM 152427), ATP1B1 (MIM 182330) with
10% FDR and NOS1AP (MIM 605551), TTN (MIM 188840), FADS2 (MIM
606149) with 15% FDR are predicted to have multiple significant SNPs
suggesting that the combinatorial effect of multiple regulatory variants
often drives the GWAS signals. 3) Many of these predicted regulatory
SNPs are predicted to disrupt transcription factor binding sites (TFBSs)
important for cardiac tissue, such as MEF2 and GATA, as well as ge-
neric TFBSs (AP1, ETS, CTCF, and ZEB1), demonstrating the biological
relevance of our prediction. For validation, we are currently focusing on
~100 SNPs at the SCN5A locus using reporter assays to assess them for
regulatory activity in cardiac cell lines.
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Familial Combined Hyperlipidemia Is a Genetically Heterogeneous
Disorder. J.T. Rdmé’, P. Ripatti'?4, S. S6derlund®, I. Surakka’, N. Matika-
inen®8, M. Pirinen’, A-P. Sarin."5, S.K. Service®, R.K. Wilson’, A. Palotie’?4,
N.B. Freimer®, M-R. Taskinen®, S. Ripatti’. 1) Institute for Molecular Med-
icine Finland FIMM, University of Helsinki, Helsinki, Finland; 2) Program
in Medical and Population Genetics and Genetic Analysis Platform, The
Broad Institute of Harvard and MIT, Cambridge, Massachusetts, USA; 3)
Heart and Lung Centre, Helsinki University Hospital and Research Pro-
gram’s Unit, Diabetes & Obesity, University of Helsinki, Helsinki, Finland;
4) Psychiatric and Neurodevelopmental Genetics Unit, Department of
Psychiatry, Massachusetts General Hospital, Boston, Massachusetts,
USA; 5) National Institute for Health and Welfare, Helsinki, Finland; 6)
Center for Neurobehavioral Genetics, Semel Institute for Neuroscience
and Human Behavior, University of California, Los Angeles, California,
USA; 7) The Genome Institute, Washington University School of Medi-
cine, St. Louis, Missouri, USA; 8) Abdominal Center, Helsinki University
Hospital, Helsinki, Finland.

Familial combined hyperlipidemia (FCHL), a complex and common fa-
milial dyslipidemia defined by premature coronary heart disease (CHD)
in the proband and elevated total cholesterol and/or triglyceride levels in
at least twofamily members, substantially increases cardiovascular dis-
ease risk (OR 5.1). The underlying genetic architecture for this disorder
remains unclear, and no clearly causal variants have yet been identified.
We collected and carefully phenotyped 53 Finnish FCHL families with
1161 individuals. We genotyped and imputed 9 million genetic variants
in a subset of 715 family members, selected to be most informative for
genetic analyses. We first tested the enrichment and effect size of com-
mon, low-frequency and rare variants in the families. Next, we construct-
ed weighted gene scores for LDL-C and TG based on 212 previously
reported SNPs across the whole variant frequency spectrum, for which
previous studies have reported association to these phenotypes. We
used linear regression with the continuous scores to assess the fraction
of polygenic elevated LDL-C and TG in the families.In a case-control
setting, 12 mostly low-frequency variants were over1.5-fold enriched
in probands. For 9 of these variants, this is the first reported associa-
tion to FCHL. Affected subjects had elevated gene scores compared
to non-affected family members. The scores explained up to 70 % of
family-specific LDL-C or TG variation. In total, the known common lipid
SNPs explained 27 % and 19 % and low-frequency SNPs 3.3 % and 4.1
% of LDL-C and TG variation, respectively.Our study shows that FCHL
is highly polygenic, supporting the hypothesis that variants across the
whole allele frequency spectrum contribute to this complex familial trait.
Our results support the clinical tenet that FCHL is a cluster of overlap-
ping genetic defects and metabolic dysfunctions instead of an etiologi-
cally homogenous disease entity.
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Pathogenetic study at the intersection of Marfan syndrome and
autosomal dominant polycystic kidney disease. D. Schepers’, C.
Golzio? E. Davis? C. Claes’, E. Reyniers', A. Raes®, N. Katsanis? L. Van
Laer’, B. Loeys’. 1) Center for Medical Genetics, University of Antwerp
and Antwerp University Hospital, Antwerp, Edegem, Belgium; 2) Center
for Human Disease Modeling, Duke University Medical Center, Durham,
NC, USA; 3) Department of Pediatrics, Ghent University, Ghent, Belgium.
Thoracic aortic dissections are among the most life threatening forms
of cardiovascular disease. Thoracic aortic aneurysm, preceding dissec-
tion, is a prominent clinical feature of several heritable connective tissue
disorders, including Marfan syndrome (MFS). MFS is caused by muta-
tions in FBN1, which encodes fibrillin-1, an important extracellular matrix
protein. Mutations in PKD1 or PKD2, two polycystin encoding genes, are
responsible for autosomal dominant polycystic kidney disease (ADPKD).
Aortic and arterial aneurysms also occur in ADPKD. Vice versa, kidney
cysts have also been observed in MFS. This clinical overlap suggests a
mechanistic link between ADPKD and MFS.Here we describe a four gen-
eration family with nine affected individuals presenting with both thoracic
aortic aneurysm and mild cystic kidneys. FBN1, PKD1 and PKD2 were
excluded as disease causing genes by linkage analysis and/or sequenc-
ing. Subsequently, whole genome linkage analysis resulted in the delin-
eation of a unique linked region on chromosome 16g21-g24.1. Exome
sequencing was performed but no putative causal variants were found
in the linked region. Copy number variation analysis identified two dupli-
cated regions in the linkage interval, one (chr16: 86862531-870228808)
gene-less and the other (chr16: 86357163-86725305) containing seven
genes, including three genes encoding transcription factors of the FOX
gene family (FOXC2, FOXF1, FOXL1), one gene encoding a methenyl tet-
rahydrofolate synthetase containing domain protein (MTHFSD) and three
long non coding RNAs (LOC732275, FENDRR, FLJ30679). The presence
of the first duplication and its segregation in the family was confirmed us-
ing Multiplex Amplicon Quantification analysis. By overexpressing these
genes separately and in combination with each other in zebrafish, we will
explore the pathogenic mechanisms underlying not only MFS and AD-
PKD, but aneurysm and cyst formation in general. Preliminary results of
these experiments, revealing a potential role for FOXF1 in cyst formation,
will be presented.
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STEM9, a novel non-coding RNA on chromosome 9p21, is downreg-
ulated in coronary artery calcification. S.K Sen’, C. Oguz’, J.D. Var-
gas’, JJ. Barb?, S.Y. Gebreab’, S.K. Davis’, J.J. Johnston?, L.G. Bieseck-
er’, G.H. Gibbons’, A.R. Davis’. 1) Cardiovascular Disease Section,
National Human Genome Research Institute, Bethesda, MD; 2) National
Institutes of Health, Bethesda, MD.

BackgroundFor almost a decade, multiple GWAS have validated a
region of chromosome 9p21.3 as being very likely to have an etiologi-
cal connection with cardiovascular disease (CVD). However, the GWAS
lead SNPs are located in a gene desert and the mechanistic link con-
necting risk alleles to CVD remains a mystery. Here, we report a new
transcript in this region with possible links to coronary artery calcification
(CAC), a definitive and heritable CVD morphological marker.ResultsTo
explore unannotated transcripts in 9p21.3, we used RNA-Seq to com-
pare peripheral blood transcriptomes of eight advanced CAC subjects
and eight matched controls, focusing on a 100Kb region surrounding the
rs1333049 CAC GWAS lead SNP. A single ~350 bp transcript was dis-
covered to be expressed above background noise levels, which was not
included in any current gene or IncRNA annotation databases. ENCODE
strand-specific RNA-Seq data showed this transcript to be located on
the plus strand. Within the discovery set of CAC cases and controls, the
transcript was significantly downregulated in cases (p=0.002). Analysis
of RNA-Seq data from individual leukocyte populations in the GEO da-
tabase revealed that the transcript is highly expressed in monocytes. By
integrating lllumina 2.5M SNP chip data with RNA-Seq expression levels,
we located an eQTL genomic variant located 18Kb from the transcript
(p=0.03). Computational analysis of the transcript sequence revealed a
high-confidence binding site for the MZF1 transcription factor. Currently,
we have applied for the name STEM9 (Sense Transcript Expressed on
Monocytes in 9p21) for this transcript.ConclusionsWe report the finding
of a new transcript in a locus of extreme interest for CVD, along with
preliminary evidence for its downregulation in CAC. Although our results
reflect early stages of a work in progress, they merit deeper investigation,
given the missing causality that persists despite repeated GWAS valida-
tion of the 9p21 locus.
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Novel MYLK gene mutation in a Large Family with Fatal Aortic Aneu-
rysm and Dissection: Delineation of the Clinical phenotype. A. Shala-
ta'?, Z. Borochowitz!, M. Mahroom’, V. Adir', N. Assy? R. Fell, H. Co-
hen®, M. Nashashibi®, Y. Sova®, A. Libov®, M. Azab', D. Gieger’, G. Habib?,
W. Nsier®. 1) The Simon Winter Institute for Human Genetics, Bnai-Zion
Medical Center, PO.Box 4940, Haifa,; 2) Genetic Unit Ziv Medical Center,
Safed, Israel; 3) Liver Disease Unit, Ziv Medical Center, Safed Israel; 4)
Research Unit, Galilee Medical Center, Naharia, Israel; 5) Pathology Dep.
Galilee Medical Center, Naharia, Israel; 6) Pathology Dep. Carmel Med-
ical Center, Haifa, Israel; 7) Science Dep. Technion Inst. of Technology,
Haifa Israel; 8) Internal Medicine Dep. Carmel Medical Center Computer;
9) The Internal Medicine Dep. The Nazareth English Hospital.

Herein we describe the complexity of the MYLK gene mutation effect
on the clinical presentation of thoracic aortic aneurysm and dissection
(TAA, TAAD) in a large multi-generational consanguineous Arab family.
The patients developed splanchnic, iliac and renal arteries dissection
and subclavian and innominate arteries aneurysm.The disease pres-
ents in two distinguished clinical groups (G-A and G-B). G-A: apparently
healthy young family members and at the 4th decade they suffered of
severe overwhelming chest pain and dyspnea that rapidly deteriorated
to semi-comatose state. Most of them died within hours to few days
after onset. The mode of inheritance of this devastating phenotype fits
very well with the autosomal recessive pattern. G-B: Sixth to seventh
decade of age asymptomatic individuals, who presented with chronic
and compatible with life chest pain and effort induced breathlessness
and weakness. They developed aourtic aneurysm and dissection. The
mode of inheritance fit very well with the autosomal dominant pattern
with incomplete penetrance.Genotyping and gene sequencing study
was performed in the available patients and family members. We iden-
tified a missense mutation, (c.4471G>T, p.Ala1491Ser) located in exon
27 of the Myosin Light Chain Kinase encoding gene (MYLK gene). This
change converts a codon for alanine (GCA) to a codon for serine (TCA)
within the protein-kinase domain. Comparison of amino acid sequence
we found that the Ala1491 is conserved in 35 out of 35 tested species.
For phenotype/genotype correlataion we examined the entire available
family members (no. 45) including the known patients, their parents and
apparently healthy siblings. The mutation segregation fit very well with
the clinical phenotype. Hence, the group A patients were homozygous
while, the group B patients where heterozygous for the ¢c.4471G>T (p.
Ala1491Ser) mutation.We used the immunohistochemistry staining to
study the mutation effect on the MLCK protein expression. We used aor-
tic dissected tissue samples from 2 patients from the family and 2 other
unrelated controls. Compared to the controls, the MLCK protein in our
family was not detected in one patient and very weak in the other. Both
patients were homozygous for the MYLK gene mutation. This finding
showed that the mutation we found lead to the MLCK protein instabil-
ity and to its degradation. We conclude that the c.4471G>T mutation
demonstrates very well the loss of function effect in the protein level.

529W

Genetic variants near IRS1, body fat percentage and metabolic traits
in Hispanics/Latinos from the Hispanic Community Health Study/
Study of Latinos (HCHS/SOL). Q. Qi", S. Gogarten?, C. Laurie? C. Isa-
si', R. Loos?®, R. Kaplan'. 1) Department of Epidemiology and Population
Health, Albert Einstein College of Medicine, Bronx, NY; 2) Department
of Biostatistics, University of Washington, Seattle, WA; 3) Department
of Preventive Medicine, Icahn School of Medicine at Mount Sinai, New
York City, NY.

A previous genome-wide association study (GWAS) identified
rs2943650, a single nucleotide polymorphism (SNP) near /RS1 (insulin
receptor substrate 1), for which the major allele (frequency = 0.64) was
associated with lower body fat percentage (BF%) (b= -0.16 + 0.11%
per allele), but with less favorable metabolic profile. The major alleles of
SNPs in high LD with rs2943650 (r2>0.8 in Europeans) have also been
associated with insulin resistance and dyslipidemia. So far, SNPs near
IRS1 have been predominantly studied in populations of European an-
cestry, whereas few studies have investigated whether SNPs near IRS71
affect BF% and metabolic traits in a similar way in US Hispanics. We
examined associations of four previously reported SNPs (rs2943650,
rs2972146, rs2943641, and rs2943634) with BF% and multiple meta-
bolic traits among up to 12,730 US Hispanics from the HCHS/SOL. Par-
ticipants were aged 18-74 years from a four-city population sample. In
this Hispanic population, the four SNPs were in moderate-to-high LD
(r2 = 0.51~0.84), with minor allele frequencies of 20~30%. The major
alleles of all four SNPs were associated with lower body fat percent,
with the SNP rs2943634 (r2 = 0.65 with rs2943650) showing the stron-
gest result (b=-0.37 = 0.11% per major allele; P =0.001). The effect size
on BF% is greater than twice stronger than that reported among Eu-
ropeans (b= -0.37% vs -0.16%; P for heterogeneity =0.06). The major
allele of rs2943634 was also significantly associated with lower BMI
and waist circumference (P<0.003), but with higher levels of fasting in-
sulin HOMA-IR, LDL cholesterol and triglycerides (P<0.05), and lower
HDL-cholesterol (P=0.002). In conclusion, our study suggests a stronger
association between genetic variants near /IRS7 and BF% in US His-
panics compared with Europeans. Consistent with previous results, the
body-fat-decreasing allele near /IRS7 was associated with unfavorable
levels of metabolic traits.
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Inter-individual variation in DNA methylation levels in PLAT and STX2
genomic regions contribute to variation in Tissue Plasminogen Acti-
vator plasma levels. N. Zwingerman’, I. Kassam’, V. Truong’, D. Aissi?, J.
Dennis’, M. Wilson®, P. Wells*, PE. Morange®, DA. Trégouét?, F. Gagnon?.
1) Dalla Lana School of Public Health, University of Toronto, Toronto,
Ontario, Canada; 2) UMR_S 1166, Team Genomics & Pathophysiology
of Cardiovascular Diseases, INSERM, Paris, France; 3) Genetics and Ge-
nome Biology Program, SickKids Research Institute, Toronto, Ontario,
Canada; 4) Department of Medicine, Faculty of Medicine, University of
Ottawa, Ottawa, Canada; 5) UMR_S 1062, Nutrition Obesity and Risk of
Thrombosis, INSERM, Marseille, France.

Tissue Plasminogen Activator (tPA) is a serine protease that mediates
the conversion of plasminogen to plasmin, the major enzyme responsi-
ble for endogenous fibrinolysis. In some populations, elevated tPA levels
are associated with thrombotic outcomes. tPA plasma levels are highly
heritable, with estimates as high as 67%. A meta-GWAS identified vari-
ants in three genes involved in tPA regulation: PLAT, STXBP5, and STX2.
Collectively, these genetic variants explain less than 1% of tPA variance.
DNA methylation in these regions can regulate gene transcription and
may account for variation in tPA levels. In the genomic regions identified
by the meta-GWAS, we aim to identify DNA methylation levels associat-
ed with tPA plasma levels. In discovery sample of 140 individuals from
5 pedigrees ascertained on a single proband with venous thromboem-
bolism, a linear mixed effects regression model adjusted for relatedness
matrix and covariates was used, to test for association between DNA
methylation levels and tPA plasma levels. DNA methylation sites located
within 150kb of PLAT, STXBP5, and STX2 gene regions were tested.
Sites with FDR<0.1 were tested for replication in a study sample of 186
venous thromboembolism cases. A total of 304 DNA methylation sites
were tested for association. In the discovery sample, 13 significant as-
sociations were identified (5 within PLAT, 1 within STXBP5, and 7 within
STX2). Two associations, 1 in PLAT and 1 in STX2 regions, were repli-
cated in an independent study sample (p<0.03). PLAT encodes tPA, the
replicated DNA methylation site in the PLAT region is located upstream
of the gene and in an active genomic regulatory region. The second rep-
licated methylation site is located in the intergenic region of the STX2
gene, which has been previously shown to be associated with tPA re-
lease, and was heritable in our study sample (p<0.001). DNA methylation
associations with tPA were robust to adjustment for the identified genetic
variants in PLAT, STXBP5, and STX2 from the meta-GWAS. Collectively,
the two DNA methylation sites explain 5.7% and 1% of tPA level vari-
ation in the discovery and replication samples, respectively. Inter-indi-
vidual variation in DNA methylation levels in PLAT and STX2 genomic
regions contribute to the variation in tPA plasma levels, providing new
mechanistic insights on tPA regulation. DNA methylation may have larger
effect sizes on intermediate traits than genetic variants because of their
more direct relationship.
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Novel homozygous BMP9 nonsense mutation causes pulmonary
arterial hypertension. G. Wang, R. Fan, R. Ji, W. Zou, D. Penny, N.
Varghese, Y. Fan. Department of Pediatrics, Baylor College of Medicine,
Houston, TX.

Pulmonary arterial hypertension (PAH) is a rare progressive fatal vas-
cular disorder. Genetic predisposition plays vital roles in the develop-
ment of both familial and idiopathtic PAH with most mutations identified
in genes involved in the transforming growth factor beta (TGF-b) signal-
ing pathways including BMPR2 (bone morphogenetic protein receptor
type 2), ACVRL1 (activin receptor-like kinase type 1), ENG (endoglin),
SMADS8 and SMAD4 genes. As a member of the bone morphogenet-
ic proteins (BMPs), BMP9 (also known as GDF2) plays crucial role in
angiogenesis and maintenance of endothelial function. Defects in the
BMP9 gene have been documented in hereditary hemorrhagic telangi-
ectasia (HHT), the most common inherited vascular disorder that is often
associated with PAH.We report the case of a 5 year-old Hispanic boy
who was diagnosed with severe PAH and right heart failure at 3years of
age. During the admission in the pediatric intensive care unit, treatment
was started with inhaled nitric oxide and intravenous epoprostenol; he
was subsequently transitioned to treprostinil, sildenafil, and prophylactic
enoxaparin. Now, two years later, the child is asymptomatic on sildenafil,
bosentan, treprostinil subcutaneously and warfarin. Genetic screening
for all the known PAH related genes revealed a novel homozygous non-
sense mutation in the BMP9 gene (c.76C>T; p.Q26X). The child did not
have any telangiectasias or arteriovenous malformations; family history
also negative. Subsequent parental testing showed that both parents
were heterozygous for the same mutation, indicating that the child inher-
ited the BMP9 mutant allele from each parent.To our knowledge, this is
the first report about BMP9 mutation in patients with PAH. The homo-
zygous nonsense mutation may account for the early onset and severity
of PAH in this patient. The absence of clinical symptoms for PAH in the
parents may be due to incomplete penetrance or various expressivity of
the BMP9 mutations. Our study expanded the spectrum of phenotypes
related to BMP9 mutations.
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Association of Glutathione S- transferase M1 and T1 gene poly-
morphisms in South Indian stroke patients. Usha. P’, S. Sultana’, K.
Venkata Kolla', P. Vidyullatha', P.P. Reddy?. 1) Institute of Genetics and
Hospital for Genetic Diseases, Osmania University, Begumpet, Hyder-
abad, Telangana State; 2) Genetics, Bhagwan Mahavir Medical Research
Centre, Hyderabad, Telangana State, India.

ABSTRACT Stroke is a multifactorial disease caused by the interac-
tion of several genetic and environmental factorsand a variety of risk
factors such as blood pressure, diabetes, advanced age and smoking.
Activecigarette smoking has been established as a major risk factor for
coronary heart disease and for bothischemic and hemorrhagic stroke
and the risk is particularly elevated in younger people. Glutathione
S-transferases (GSTs) are the phase Il enzymes that catalyze the con-
jugation of glutathione to a widerange of electrophiles and represent
a protective mechanism against oxidative stress. So far noinformation
has been provided regarding the role of GSTM1 and GSTT1 gene poly-
morphisms andischemic stroke in Indian populations. So the present
study is carried out to investigate the associationbetween the GST M1
and T1 gene polymorphisms and the risk of stroke in a South Indian
population.We genotyped 198 ischemic stroke patients and 162 age
matched controls using multiplex polymerasechain reaction. Statistical
analysis showed that the frequency of both wild and null genotypes of
GSTM1(OR = 0.91, p = 0.68) and GSTT1 (OR = 0.60, P = 0.077) did not
differ significantly between control andstroke patients. Further analysis
of GSTM1 and GSTT1 genotypes among male smokers and nonsmokers
category of stroke patients and control subjects showed a protective role
of GSTM1 wild type(OR = 0.44, p = 0.007) and GSTT1 wild type (OR =
0.36, p = 0.01) in smokers.
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Sequencing and Functional Validation Identifies Low Frequency
Noncoding Variants at Chromosome 4q25 Underlying Atrial Fibril-
lation. S. Lubitz"?, L. Weng'?, N. Tucker'?, H. Lin34, C. Rosell? I. Chris-
tophersen’, E. Benjamin®4, K. Lunetta®*, P. Ellinor’?. 1) Massachusetts
General Hospital, Boston, MA; 2) Broad Institute, Cambridge, MA; 3)
Boston University, Boston, MA; 4) Framingham Heart Study, Framing-
ham, MA.

Background: Atrial fibrillation (AF) is a heritable and prevalent cardiac
arrhythmia associated with substantial morbidity. The top AF suscepti-
bility locus is a noncoding region on chromosome 425 near PITX2 that
contains 4 distinct susceptibility signals tagged by common variants. We
sought to identify causal alleles at the locus.Methods: We sequenced a
750kb region on chromosome 425 (median read-depth 230X) in 462 in-
dividuals of European ancestry from the Massachusetts General Hospital
with early onset AF and 464 referent individuals from the Framingham
Heart Study. We tested associations between overlapping rolling win-
dows (ranging in size from 2.5kb—15kb) and AF using SKAT. We examined
the contribution of variants in different allele frequency groups in strati-
fied analyses. We tested individual variants within regions for association
with AF. We tested the allele-specific enhancer activity of the variant re-
gions with a modified luciferase reporter assay performed in a myoblast
cell line.Results: Of the 7378 variants observed, 5988 (81%) occurred
with a frequency of <1%, and 1390 (19%) with frequency > 1%. Using
overlapping rolling windows, we identified a specific region associated
with AF that contains a known common variant association signal for AF.
We refined the peak association to an ~1.5kb region and found that the
association was driven by low frequency variants (minor allele frequency
1-5%), of which 3 were nominally associated with AF after adjustment for
one another and associated variants at the locus (rs115779909, P=0.05;
rs62339085, P=0.006; rs188425751, P=0.007). None of the 3 variants
were in linkage disequilibrium with one another (all pairwise r2<0.002).
Conditioning on these variants nullified the association between the pri-
mary common variant signal in the region and AF (rs6838973, P=0.006
before adjustment, P=0.13 after adjustment). Expression of constructs
containing these low frequency variants demonstrated allele-specific dif-
ferences in enhancer activity as measured by luciferase activity. Of the
identified low-frequency variants, rs188425751 is predicted to disrupt
a PITX2 binding site.Conclusions: Low frequency noncoding variants
exhibiting enhancer activity explain 1 of 4 known susceptibility signals
underlying AF on chromosome 4q25. Sequencing is critical for the identi-
fication of causal variation, and rolling window approaches may facilitate
the discovery of causal variants in noncoding regions.
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Identification of wide-spread allele-specific expression at lipid
GWAS loci. M. Alvarez’, A. Ko'?, E. Nikkola', T. Nguyen', R. Raulerson?,
Z. Miao', M. Civelek? F.S. Collins®, A.J. Lusis™*, J. Kuusisto®, M. Boehn-
ke’, R.M. Cantor', K.L. Mohlke®, M. Laakso®, P. Pajukanta’?. 1) Depart-
ment of Human Genetics, David Geffen School of Medicine at UCLA, Los
Angeles, USA; 2) Molecular Biology Institute at UCLA, Los Angeles, USA;
3) Department of Genetics, University of North Carolina, Chapel Hill,
North Carolina, USA; 4) Department of Medicine, David Geffen School of
Medicine at UCLA, Los Angeles, USA; 5) National Human Genome Re-
search Institute, National Institutes of Health, Bethesda, Maryland, USA;
6) Department of Medicine, University of Eastern Finland and Kuopio
University Hospital, Kuopio, Finland; 7) Department of Biostatistics and
Center for Statistical Genetics, School of Public Health, University of
Michigan, Ann Arbor, Michigan, USA.

Recent GWAS have identified 157 loci for serum lipids. However, the
actual causal variants and genes remain unknown in most of these re-
gions. We hypothesized that some of the GWAS loci influence lipids via
allele-specific transcriptional changes in adipose, a key metabolic tissue
in humans. To test our hypothesis, we collected genotype, adipose RNA
sequence, and phenotype data from 582 Finnish males participating
in the METSIM study, and tested the lipid GWAS loci for allele-specific
expression (ASE). For ASE, we counted reads (>30 reads, with >6 at
the lower expressed allele) at heterozygous transcribed sites that did
not show a mapping bias. Using a paired t test between reference and
alternate allele counts and correcting for multiple testing, we identified
33,340 ASEs. We analyzed lipid GWAS SNPs that were either within the
reported GWAS gene or in linkage disequilibrium (LD) (r2>0.8) with the
reported GWAS SNP. We found an enrichment of genes demonstrat-
ing ASE genes in the lipid GWAS regions with 198 (35%) ASE SNPs
in 62 (53%) adipose expressed genes in the GWAS regions, compared
to 5,842 (18%) SNPs in 3,158 (40%) genes in the non-GWAS regions
(P=0.004), respectively. ASE SNPs in the lipid GWAS regions showed
an enrichment of H3K4m3 (P=0.0028), and a higher RNA polymerase 2
binding (P=0.017), compared to the non-GWAS ASE regions, suggesting
increased transcriptional activation. To find the likely functional SNP(s)
at each GWAS locus, we searched for ASE SNPs associated with lipids
(P<5.3x10-8). We found 10 such GWAS genes with 54 lipid-associat-
ed ASE SNPs (UMJD1C, FADS2, FADS1, ZNF664, APOE, HLA-DRB1,
HLA-DQB1, MLXIPL, LPL, and PLEC). To identify additional, separate
lipid-associated ASE SNPs in the GWAS regions, we explored the ASE
SNPs not in tight LD (r2<0.2) with the reported GWAS SNP for lipid asso-
ciations. We discovered 18 additional ASE SNPs (within 500 kb from the
reported SNP) in 15 genes that showed a genome-wide significant lip-
id association. We also investigated whether the expression of the ASE
genes correlated with lipids, and found APOE, CPNE1, and KANK2 to be
correlated with the reported lipid trait (P<0.05). Taken together, our study
in adipose transcriptomes furthers the functional characterization of 19
of lipid GWAS loci with 72 lipid-associated ASE variants in 25 genes.
Accordingly, we discovered widespread ASE at the lipid GWAS loci, sug-
gesting ASE as a first clue towards their functional consequences.
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Identification of a homozygous mutation in PLXND1 in patients with
a complex phenotype featuring truncus arteriosus and abnormal
pulmonary venous return with predisposition to Hirschsprung dis-
ease and neuroblastoma. C. Gordon', A. Guimier', C. Muller', M. Ou-
fadem’, D. Lehalle? C. Bole-Feysot', P. Nitschké’, M. Singh®, J. Epstein?,
F. Bajolle?, D. Bonnet’, P. Bouvagnet®, S. Lyonnet'?, L. de Pontual’, J.
Amiel'2. 1) Institut Imagine, INSERM U-1163, Paris, France; 2) Service
de Génétique, Hopital Necker-Enfants Malades, AP-HP, Paris, France;
3) Department of Cell and Developmental Biology, Cardiovascular Insti-
tute, University of Pennsylvania, Philadelphia, PA, USA; 4) Unité Médi-
co-Chirurgicale de Cardiologie Congénitale et Pédiatrique, Centre de
référence Malformations Cardiagues Congénitales Complexes - M3C,
Hopital Necker-Enfants Malades, APHP, Paris, France; 5) Laboratoire
cardioGénétique - Hospices Civils de Lyon, Bron, France.

Truncus arteriosus (TA) is a rare congenital heart defect caused by
defective septation of the outflow tract, associated with significant mor-
bidity and mortality. We performed exome sequencing in three families in
which the probands presented with either isolated TA or TA in associa-
tion with other anomalies. Firstly, we identified a homozygous missense
mutation in the GAP domain of PLXND1 in three consanguineous sibs
presenting TA and abnormal pulmonary venous return, associated with
Hirschsprung disease (HSCR) in two out of three cases and with neuro-
blastoma (NB) in one. Investigation in the only surviving member of the
sibship revealed generalised vascular anomalies. In the second family,
we identified a frameshift mutation in SMADG in siblings with isolated
TA, inherited from their normal father, while in the third family, a splice
site mutation in TBX7 was identified in a patient with TA and athymia but
without typical craniofacial features of DiGeorge syndrome. The cardi-
ac phenotypes in these patients are consistent with the known roles of
Pixnd1, Smad6 and Tbx1 in development of the conotruncus in mouse
models, although heterozygous loss of SMAD6 in humans appears in-
completely penetrant. Our results confirm PLXND1 mutations as a cause
of cardiovascular defects in humans, and HSCR and NB may be asso-
ciated phenotypes due to disrupted plexin-semaphorin signalling during
neural crest development.
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Mutations in TAX1BP3 cause Dilated Cardiomyopathy with Sep-
to-Optic Dysplasia. E. Reinstein. Rabin Medical Center, Tel-Aviv, Israel.
We describe a Bedouin family with a novel autosomal recessive syn-
drome characterized by dilated cardiomyopathy and septo-optic dys-
plasia. Genetic analysis revealed a homozygous missense mutation in
TAX1BP3, which encodes a small PDZ-containing protein implicated in
regulation of the Wnt/B-catenin signaling pathway, as the causative mu-
tation. The mutation affects a conserved residue located at the core of
TAX1BP3 binding pocket and is predicted to impair the nature of a cru-
cial hydrophobic patch, thereby interrupting the structure and stability
of the protein, and its ability to interact with other proteins. TAX71BP3
is highly expressed in heart and brain and consistent with the clinical
findings observed in our patients, a knockdown of TAX1BP3 causes
elongation defects, enlarged pericard and enlarged head structures in
zebrafish embryos. Thus, we describe a new genetic disorder that ex-
pands the monogenic cardiomyopathy disease spectrum and suggests
that TAX1BP3 is essential for heart and brain development.
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Impaired PIEZO1 function in patients with a novel autosomal reces-
sive congential lymphatic dysplasia. B. Krock™?, V. Lukacs?, J. Mathur®,
R. Mao'?, P. Bayrak-Toydemir’?, M. Procter?, S. Calahan®, H. Kim®° M. Ban-
dell’, N. Longo?, R. Day’, D. Stevenson?®, A. Patapoutian®. 1) Pathology,
University of Utah, Salt Lake City, UT; 2) ARUP Institute for Clinical and
Experimental Pathology, ARUP Laboratories, Salt Lake City, UT; 3) De-
partment of Pediatrics, Division of Medical Genetics, Stanford University,
Stanford, CA; 4) Howard Hughes Medical Institute, Molecular and Cellular
Neuroscience, The Scripps Research Institute, La Jolla, CA; 5) Integrative
Structural and Computational Biology, The Scripps Research Institute, La
Jolla, CA; 6) Genomics Institute of the Novartis Research Foundation, San
Diego, CA; 7) Department of Pediatrics, Division of Pediatric Cardiology,
University of Utah, Salt Lake City, UT; 8) Department of Pediatrics, Division
of Medical Genetics, University of Utah, Salt Lake City, UT.

Defective development and function of lymphatic vessels can result
in primary lymphedema, a debilitating accumulation of lymphatic fluid
that typically affects the extremities. The known genetic etiologies of pri-
mary lymphedema delineate the developmental processes involved in
lymphatic development, such as the VEGFR3 signaling pathway. How-
ever, the genetic causes of congenital lymphedema are incompletely
understood, in particular for sporadic and autosomal recessively inher-
ited forms. This observation suggests that unrecognized developmen-
tal pathways may underlie the genetic cause of undiagnosed congen-
ital lymphedemas. Development of the lymphatic system is regulated
by interstitial pressure and shear forces induced by fluid flow; however,
the molecular mechanism of mechanosensation in these cells is largely
unknown. Whole exome sequencing of a pair of siblings affected with
an apparent autosomal recessive hereditary lymphedema identified
PIEZO1 as a candidate gene. Both siblings were compound heterozy-
gotes for a splicing and missense variant in PIEZO1, a mechanically
gated non-selective cation channel that is among the few ion channels
reliably demonstrated to convey mechanical cues of the environment to
mammalian cells. Functional analysis of the affected individual’s cells
revealed severely diminished PIEZO1 responses to both mechanical
stimuli and a pharmacological PIEZO1-activator. Patch-clamp analysis
of the missense PIEZO1 channel in a heterologous system demonstrated
strongly diminished current amplitudes as compared to wild type, likely
due to reduced cell surface expression. These findings suggest a role
for PIEZO1 in human lymphatic development and implicate it as a novel
genetic cause of an autosomal recessive congenital lymphatic dysplasia.
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Contribution of CRELD1 novel mutations and Polymorphisms in oc-
currence of AVSD among DS patients seen In North Indian popula-
tion. A. Asim’, I. Panigrahi?, A. Kapoor®, S. Agarwal'. 1) Genetics, Sanjay
Gandhi Post Graduate Institute of Medical Sciences, Lucknow, India,
Lucknow, Uttar Pradesh, India; 2) Advanced Pediatrics Centre,Post
Graduate Institute of Medical Science and Education Research ,Chandi-
garh,India; 3) Cardiology, Sanjay Gandhi Post Graduate Institute of Med-
ical Sciences, Lucknow, India, Lucknow, Uttar Pradesh, India.

Down syndrome (DS) is caused by trisomy of chromosome 21, is
the commonest genetic disorder characterized by multiple congenital
abnormalities of variable severity. Almost, 50% of DS individual have
congenital heart defect (CHD) out of which 40-60% has atrioventricular
defects (AVSD). CRELD1 (Cysteine-rich with EGF-like domains, OMIM
607170) is the gene identified as candidate gene for AVSD in DS. The
aim of the study is to reveal the status ofCRELD1variants in DS with
AVSD and without AVSD.A total of 60 patients of DS with AVSD (N = 24)
and without AVSD (N=36), along with 10 samples having AVSD alone
were recruited. Genomic DNA was extracted from Qiagen Mini kit and
Sequencing of exon 9 and 10 were performed in all PCR amplified sam-
ples.Novel substitution mutation has been identified in exon 9 at R329H
and E325K in DS with AVSD group. While, several other polymorphism
have also been identified in exon 10 namely rs9878047 (c.1049-129T >
C), rs3774207 (c.1119C > T), and rs73118372 (c.1136T > C) among DS
with AVSD with the frequency of 4.1%, 50% and 29.1% respectively
which has been reported earlier but for the first time in our north Indian
population. However, Mutation taster analysis indicates the lethality of
these mutations and polymorphisms.The results emphasized the need
of screening of exon 9 and 10 of CRELD1 gene among DS with AVSD as
the candidate gene marker in Indian patients.
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Cost analysis and strategy in molecular diagnosis of Familial Hyper-
trophic Cardiomyopathy: from Sanger to Next Generation Sequenc-
ing. D.A. Coviello’, M.I. Parodi’, S. Davi', E. Canepa’, M. Castagnetta’, P.
Spirito?, C. Rapezzi®, C. Autore®, B. Musumeci*, F. Formisano?, S. Forleo®,
S. Favale®, D. Degiorgio’, M. Cecconi’. 1) Laboratory of Human Genetics,
E.O. Ospedali Galliera, Genoa, ltaly; 2) Department of Cardiology, E.O.
Ospedali Galliera, Genoa ltaly; 3) Department of Cardiology, Aima Mater
Studiorum-University of Bologna, Italy; 4) Department of Cardiology, St.
Andrea Hospital, Sapienza University, Rome, ltaly; 5) Cardiology Unit,
Department of Emergency and Organ Transplantation, University of Bari,
Italy.

Routine clinical use of NGS technologies is helping to perform accu-
rate diagnosis with a faster T.A.T. and with lower costs. In the last seven
years we have routinely performed molecular diagnosis of Familial Hy-
pertrophic Cardiomyopathy (FHC) using Sanger sequencing on 11 major
genes, 8 sarcomeric and 3 metabolic genes. To move from Sanger to
NGS we developed a custom panel of 19 selected pathogenic genes
for FHC (MYBPC3, MYH7, TNNT2, ACTC1, TPM1, TNNI3, MYL2, MYL3,
MYH6, TNNC1, MYOM1, MYOZ2, VCL, ANKRD1, CALR3, CAV3, GLA,
LAMP2, PRKAG2) and we used lon Torrent technology on PGM (Life
Technologies).To validate the NGS methodology we analyzed 63 select-
ed FHC patients; in these patients, previously tested by means Sanger,
were been already identified 79 mutations in 11 genes out of 19. Among
79 mutations, 3 are located in uncovered regions of the panel and the
NGS analysis has identified 75 out of remaining 76. We perform a cost
analysis of NGS in comparison with Sanger sequence. We use NGS in the
molecular diagnostic of FHC patients and, to date, this technology has
allowed us to analyze additional 23 patients; 17 different mutations have
been identified in 16 patients. We have identified some critical points: a)
new version of the informed consent of the patient to perform the test; c)
choice of an appropriate software for analysis of the data generated; d)
relevance of collaboration with the clinicians for management of results,
especially in large families; e) inevitable increasing identification of new
variants with uncertain pathogenic value will affect the expectance of pa-
tients, especially in predictive or pre symptomatic testing f) incomplete
representation and coverage of target regions lead to missing clinically
relevant mutations regions g) necessity of Sanger sequencing to con-
firm mutant genotypes and to achieve a desirable coverage in GC-reach
regions. The validation step of NGS technology permitted us to identify
75/76 (98,5%) mutations on covered target regions. This result has con-
firmed the validity of this technology and permitted us to introduce the
NGS techniques within the diagnostic workflow for molecular analysis
of HCM at lower costs. Sanger sequencing is still used to analyze well
uncoveded genomic regions and to validate the presence of a causative
genotype.
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Implementation of diagnostic Whole Exome Sequencing to improve
diagnostic yield of genetic testing for patients with thoracic or ab-
dominal aortic aneurysm. H.T. Bruggenwirth’, A.S. IJpma'?, J.M.A.
Verhagen', G.M. Bolman’, J.N.R. Kromosoeto’, D. Heijjsman’, C.E.M.
Kockx®, F.J.G.T. Sleutels®, H.J.F.M. Eussen’, J.E.M.M. De Klein', M.A.
Van Slegtenhorst’, W.G. De Valk®, R.W.W. Brouwer®, W.F.J. Van IJcken3,
I.M.B.H. De Graaf-Van de Laar', M.W. Wessels', D.F. Majoor-Krakauer'.
1) Dept Clinical Genetics, Erasmus MC, Rotterdam, The Netherlands; 2)
Dept of Bioinformatics, Erasmus MC, Rotterdam, The Netherlands; 3)
Center for Biomics, Erasmus MC, Rotterdam, The Netherlands.
Thoracic Aortic Aneurysm (TAA) and Abdominal Aortic Aneurysm
(AAA) are genetically heterogeneous. A proportion of autosomal dom-
inant inherited TAA syndromes is associated with mutations in genes
interfering with the TGFB pathway. Non-syndromic TAA was associated
with mutations in genes affecting smooth muscle cell functioning. Much
less is known about genes involved in AAA. In our laboratory DNA anal-
ysis of several genes (8 genes were offered), involved in TAA and AAA
(evidence-based) was previously performed by Sanger sequencing of
the coding parts and exon-flanking intronic regions. In general, the diag-
nostic yield obtained was low. To improve the diagnostic yield we have
implemented Whole Exome Sequencing (WES) using HaloPlex exome
target enrichment (Agilent Technologies) with lllumina sequencing on a
HiSeq platform. For TAA and AAA samples at least 6 gigabases of se-
quence is generated (75x average coverage). A set of core-genes (ACTA2
[MIM 611788], COL3A1 [MIM 130050], FBN71 [MIM 154700], SMAD3
[MIM 613795], TGFB2 [MIM 614816], TGFBR1 [MIM 609192], TGFBR2
[MIM 610168]) was selected for which the coding regions should be cov-
ered by at least 20 reads, regions with lower coverage are supplemented
by Sanger sequencing. For the primary diagnostic analysis a virtual gene
panel, consisting of 23 genes known to be involved in aneurysms and a
SNP in MTHFR known to be a risk factor, is analysed. Using Cartagenia
software (Agilent) we select variants, present in those 24 genes. We filter
for the presence of potentially damaging heterozygous variants in case
of autosomal dominant inheritance and for the presence of compound
heterozygous or homozygous variants in case of autosomal recessive
disease. If during this first analysis no satisfactory explanation for the
phenotype is found, as a second step the exome can be opened (on
basis of research), provided that informed consent has been obtained. In
this poster, we present our newly developed analysis pipeline and results
of the primary diagnostic analysis.
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The genetics of inherited cardiac conditions. B. Chong’, S. Panta-
leo’, M. Chow’, J.P. Plazzer'*, C. Love? P. James?®, D. du Sart’. 1) Victo-
rian Clinical Genetics Services, Murdoch Childrens Research Institute,
Melbourne, Victoria, Australia; 2) Translational Genomics Unit, Victorian
Clinical Genetics Services, Murdoch Childrens Research Institute, Mel-
bourne, Victoria, Australia; 3) Clinical Genetics, Royal Melbourne Hospi-
tal, Melbourne, Victoria, Australia; 4) INSIGHT Database Curator, Royal
Melbourne Hospital, Melbourne, Victoria, Australia.

Inherited cardiac conditions, such as the cardiomyopathies or arrhyth-
mias, have a complex genetic pathology. They are often heterogeneous,
with overlapping clinical symptoms that may not always be penetrant.
This adds to the complexity of determining whether gene variants are
pathogenic, influence clinical severity or normal variation within the
genes. Next generation sequencing (NGS) technology has enabled as-
sessment of the large number and large size of these implicated genes.
We use a custom capture NGS panel to screen for the arrhythmias, car-
diomyopathies, aortopathies, congenital heart disease and unexplained
sudden death conditions, with complete coverage of the entire coding
region of all the genes analyzed. In 650 patients tested we identified,
54% pathogenic mutations and 19% variant of unknown significance in
the arrhythmia panel; 59% pathogenic mutations and 31% variant of un-
known significance in the cardiomyopathy panel; 34% pathogenic muta-
tions and 22% variant of unknown significance in the aortopathy panel;
45% pathogenic mutations and 42% variant of unknown significance in
the sudden death panel and the remaining patients in each panel were
negative. The data provides detailed information about the relative con-
tribution of the major genes to each phenotype and the distribution of
variants within each gene. For some genes we compared the regions
covered in our capture NGS panel with the whole exome NGS panel. By
analyzing the entire gene panel in all samples, we have been able to gain
an insight into the level of normal variation within these genes which in
some cases questions the variant pathogenicity classification. We have
also defined the key quality parameters to indicate whether a variant is
in the patient’s genome or an artefact or contaminant generated through
the NGS process. With new population data from whole exome analyses
in non-disease cohorts and our experience to date, we are now revising
our NGS analysis process and improving our variant classification crite-
ria to reflect a more evidence based classification.
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Clinical and molecular lessons from targeted next generation se-
quencing of 51 genes involved in primary electrical disease. B. Lo-
eys" 2 D. Proost’, J. Saenen®, G. Vandeweyer', A. Rotthier’, M. Alaerts’,
E. Van Craenenbroeck®, J. Van Crombruggen’, G. Mortier’, W. Wuyts’,
C. Vrints®, J. Del-Favero?, L. Van Laer'. 1) Center for Medical Genetics,
Antwerp University Hospital/University of Antwerp, Antwerp, Belgium;
2) Radboud University Medical Center, Nijmegen, The Netherlands; 3)
Department of Cardiology, Antwerp University Hospital/University of An-
twerp, Antwerp, Belgium; 4) Multiplicom, Niel, Belgium.

Primary electrical disease (PED) is characterized by cardiac arrhyth-
mias, which can lead to sudden cardiac death in the absence of de-
tectable structural heart disease. PED encompasses a diversity of inher-
ited syndromes, predominantly Brugada syndrome, early repolarization
syndrome, long QT syndrome, short QT syndrome, arrhythmogenic right
ventricular cardiomyopathy/dysplasia and catecholaminergic polymor-
phic ventricular tachycardia. To overcome the diagnostic challenges
imposed by the clinical and genetic heterogeneity, we developed a tar-
geted gene panel for next generation sequencing of 51 genes involved
in PED. Twenty CEPH samples and 20 positive control samples were
used to validate the panel. A technical sensitivity and specificity of 100%
respectively 99.9% was obtained. After validation, we applied the assay
to 114 PED patients. We identified 107 variants in 36 different genes, 18
of which were classified as pathogenic or likely pathogenic, 54 variants
were of unknown significance and 35 were classified as likely benign. In
the patient groups of BrS, ARVC/D and LQTS we reached causal mu-
tation detection rates of 23% (18/80), 37.5% (3/8) and 36.4% (4/11) re-
spectively. In total, 46.5% of patients (53/114) had a variant, either (likely)
pathogenic or VUS, that required additional molecular and clinical fol-
low-up. We hypothesize that several VUS will also be causal because
we identified more variants per gene in our PED patients compared to
what could be expected by chance, based on the number of variants
present in the EXAC database for these genes (eg. 3.7 times more SC-
N5A variants (MAF < 0.001) in our PED patients compared to the EXAC
database). Our data also support a putative oligogenic nature as in 17
probands we identified more than one (possible) pathogenic variant or
VUS. Even more intriguing is the observation that within one family, two
different pathogenic mutations cause the identical phenotype in different
individuals. The latter advocates for the application of the panel testing
in different affected individuals to identify to full underlying genetic archi-
tecture. Finally, we identified the first SCN5A founder mutation in 17 Bel-
gian families.In conclusion, the PED MASTR Plus assay is a proficient,
highly reliable and reproducible technique to routinely screen patients
suffering from primary arrhythmias.
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Target NGS extended panel for inherited cardiomyopathies: evalu-
ating the increased diagnostic yield in hypertrophic cardiomyopa-
thy. J.D.C. Marsiglia’, T.G.M. Oliveira’, M.M. Neto? L.C. Teixeira® J.E.
Krieger', E. Artega-Fernandez?, A.C. Pereira’. 1) Laboratory of Genetics
and Molecular Cardiology, Heart Institute, University of Sdo Paulo, Sdo
Paulo, Brazil; 2) Fleury Group - Research and Cevelopment Department
(R&D), Sao Paulo, Brazil; 3) CEFAP - Biomedical Science Institute (ICB/
USP), Sao Paulo, Brazil; 4) Clinical Unit of Cardiomyopathies - Heart In-
stitute, University of Sdo Paulo, Sdo Paulo, Brazil.

Introduction: Hypertrophic cardiomyopathy (HCM) is a primary cardi-
ac disease, mainly characterized by unexplained left ventricle hypertro-
phy, in the absence of dilatation, usually asymmetric and predominant-
ly septal. Up to now, more than 1400 mutations have been associated
with HCM in over 20 genes related to sarcomeric myofibrils, Z-disc and
calcium homeostasis. The main aim of this work was to compare the
diagnostic yield of an expanded gene panel for the identification of mu-
tations related with HCM that includes non-sarcomeric genes. Materials
and Methods: 111 samples from a cohort of clinically diagnosed pa-
tients with HCM were processed using an lon Torrent PGM platform for
the assessment of the diagnostic yield of a genetic panel composed
of 74 genes associated with inherited cardiomyopathies. The sample
NA12878, a HapMap reference sample, was used in the assessment of
intra- and inter-assay reproducibility in the validation process of a pro-
posed pipeline for the detection of genetic alterations. Variants were
considered potentially pathogenic if previously described as associated
with HCM or if presenting a deleterious score in at least two of three im-
pact prediction algorithms tested (PROVEAN, SIFT and PolyPhen-2) and
MAF<0.01, if available. Results: Of all 111 samples, 44 had negative or
inconclusive results, 42 had one or more mutations in sarcomeric genes,
20 had one or more mutations in non-sarcomeric genes, and 5 had two
mutations, one in a sarcomeric and the other in a non-sarcomeric gene.
The main non-sarcomeric genes harboring causal mutations were FLNC
and TRIM63, both already associated with HCM. Conclusions: We ob-
served an increase in diagnostic yield of 20% over a panel containing
only sarcomeric genes. These results suggest that current molecular ge-
netics diagnostic testing for hypertrophic cardiomyopathy should incor-
porate non-sarcomeric genes.
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WES as a first and second-tier test for arrhythmia and cardiomyop-
athy. A.A. Singleton, B.E. Friedman, K. Retterer, G. Richard, D. Macaya.
GeneDx, Gaithersburg, MD.

NextGeneration sequencing panels for inherited arrhythmias and car-
diomyopathies offer a sensitivity of 30-70% depending on the pheno-
type targeted. Our aim was to evaluate the positive rate of whole exome
sequencing (WES) for these test indications, using WES either as first-ti-
er test or after a negative or inconclusive targeted cardiology panel. We
report results of 30 consecutive cases submitted for WES to GeneDx
with a clinical indication of non-syndromic arrhythmia, cardiomyopathy,
and/or sudden cardiac arrest/death. Record review indicated 13 individ-
uals (43%) had prior testing including at least one targeted panel with
negative or uninformative results. Of these 13, WES revealed 6 probands
(46%) with pathogenic (P) or likely pathogenic (LP) variants in 6 distinct
genes. One gene was newly described and therefore had not been avail-
able as part of a cardiology panel. The other genes were not included in
the specific multi-gene panel initially chosen by the provider, likely due
to phenotypic overlap. In the remaining 7 individuals, WES identified only
variants of uncertain significance (VUS). These VUS were identified in
genes known to be associated with a cardiogenetic presentation as well
as in candidate genes. In contrast, 17 probands submitted for WES did
not have prior targeted testing. Of these, 6 (35%) had a positive result (P
or LP variants) in 8 distinct genes. Two probands were double mutation
carriers. Since 3 out of the 8 genes were newly described, the molec-
ular diagnosis in two of the probands (including one double mutation
carrier) would have been missed by traditional panel testing. Three out
of 17 probands (18%) had a negative results, and 8/17 (47%) had VUS
in known or candidate genes. In summary, WES testing for 30 probands
with arrhythmia, cardiomyopathy, sudden cardiac arrest/death, regard-
less of prior testing, yielded a positive rate of 40% (12/30).The molecular
diagnosis would have been missed by traditional panel testing in 3/30
probands (10%). WES proves to be a good second-tier test especially for
probands in whom the clinical diagnosis is not clear. A larger systematic
comparison between WES and panel testing including diagnostic yield,
cost, turn-around time would be necessary to determine the utility of
WES as first-line test for these cardiogenetic disorders.
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Lack of specificity of ACMG classification rules decreases inter-cu-
rator concordance. ClinGen’s adaptation of ACMG’s framework to
standardize interpretation of MYH7 related cardiomyopathy vari-
ants. C. Caleshu™?%, M. Kelly*, A. Morales'®%, E. Ashley’?%, R. Hersh-
berger’557, B. Funke’®°. 1) On behalf of the ClinGen Cardiovascular
Domain Working Group; 2) Stanford Center for Inherited Cardiovascular
Disease, Stanford, CA, USA; 3) Division of Medical Genetics, Stanford
Medical Center, Stanford, CA, USA; 4) Laboratory for Molecular Medi-
cine, Partners HealthCare Personalized Medicine, Boston, Massachu-
setts, USA; 5) Division of Human Genetics, The Ohio State University
Wexner Medical Center, Columbus, OH, USA; 6) Davis Heart and Lung
Research Institute, The Ohio State University Wexner Medical Center,
Columbus, OH, USA; 7) Cardiovascular Division, The Ohio State Uni-
versity Wexner Medical Center, Columbus, OH, USA; 8) Division of Car-
diovascular Medicine, Stanford Medical Center, Stanford, CA, USA; 9)
Department of Pathology, MGH and Harvard Medical School, Boston,
Massachusetts, USA.

Background: Recognition that variants in Mendelian disease genes
are often classified differently in different labs has signaled the need for
advances in variant classification systems. Recently, ACMG published
updated guidelines, intended to serve as a framework for classifying
Mendelian variants across all areas of genetics. We investigated the ap-
plication of these new guidelines to MYH7 and cardiomyopathy.Meth-
ods: Ten MYH?7 variants were independently reviewed by three members
of the ClinGen Cardiovascular Working Group. Reviewers classified the
variants using both the new ACMG criteria and criteria previously devel-
oped by each reviewer’s cardiomyopathy genetics team. This analysis
provided the foundation for an in-depth review of the ACMG criteria and
the development of adapted rules with optimized specificity for MYH?7.
Results: Classification concordance was 8/10 for institutional crite-
ria and 3/10 for ACMG guidelines. Disagreement between institutional
classifications arose mainly from privately held data, while disagreement
between ACMG classifications was largely due to ACMG criteria being
applied differently by reviewers. Six of seven established pathogenic and
likely pathogenic variants were classified as variants of uncertain sig-
nificance with the ACMG criteria by at least one of the three reviewers.
Subsequent in-depth review of the ACMG criteria resulted in 18 rule ad-
aptations that are critical to provide optimal specificity for MYH7. Nine
rules were modified, including changes informed by cardiomyopathy
specific characteristics such as incomplete penetrance, prevalence of
disease-causing alleles in the general population, and the existence of
1-5% of patients with >1 pathogenic variant. Eight rules were deemed
inapplicable to MYH?7, including loss of function as a known mechanism
of disease and mutational hotspots. One rule was added to enable using
the number of unrelated cases as a criterion supporting pathogenicity.
Fifteen rule revisions were broadly applicable across cardiovascular ge-
netics, reflecting a general lack of specificity.Conclusions: The use of
ACMG guidelines in their current form can decrease the concordance
of variant classifications. Expert review is therefore critical to adapt this
new framework to disease domains and to reflect disease and gene
specific characteristics and to enable consistent application. Our work
serves as a stepping stone for additional genes and diseases.
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Whole Genome Sequencing is a clinically effective strategy for In-
herited Cardiac Disorders. PA. James’” ?, T. Thompson', D. Du Sart’,
R. Leach?, D. Floerke?, R. Tearle?, D. Zentner®, A. Trainer®, J. Vohra®, I.
Winship'®. 1) Genetic Medicine, Royal Melbourne Hospital, Melbourne,
Victoria, Australia; 2) Department of Pathology, University of Melbourne,
Melbourne, Victoria, Australia; 3) VCGS Pathology, Victorian Clinical Ge-
netic Service, Murdoch Children’s Research Institute, Melbourne, Victo-
ria, Australia; 4) Complete Genomics Inc., Mountain View, California; 5)
Cardiology Department, Royal Melbourne Hospital, Melbourne, Victoria,
Australia; 6) Dept of Medicine RMH, Faculty of Medicine Dentistry and
Health Sciences, University of Melbourne, Melbourne, Victoria, Australia.
Background: Identifying the underlying mutation(s) in families af-
fected by inherited cardiac disorders allows optimal screening and risk
management and is a recommended component of standard clinical
care. In practice this remains unachievable in many families reflecting
the genetic complexity of these disorders. We examined the potential of
a whole genome sequencing (WGS) approach to genetic diagnosis and
compared this to standard practice in the setting of a multidisciplinary
cardiac-genetics clinic (CGC).Methods: Living index cases assessed in
the CGC for inherited arrhythmia, cardiomyopathy or aortopathy (n=100)
were consented for WGS alongside usual care. The whole genome was
sequenced and annotated (Complete Genomics). Variants were filtered
against public databases and whole genome data from a control cohort
of healthy elderly. Clinical interpretation was applied to high quality calls
for SNPs, InDels, structural variants and CNVs involving all genes asso-
ciated with a cardiac phenotype (HPO database). Clinically significant
results were validated by Sanger sequencing.Results: Analysis of 40
genomes has been completed (18 Cardiomyopathy, 19 LQTS/Brugada,
3 Aortopathy) revealing an average of 124 protein altering variants per
genome in genes with a reported cardiac phenotype. For 11 individuals
(27%) a potentially causative mutation was detected through targeted
sequencing in standard care. This increased to 27 individuals (63%) fol-
lowing analysis of WGS. In 17% of cases more than one likely pathogen-
ic change was detected. The addition of data on structural variation was
an important contributor to the improved detection rate of WGS.Conclu-
sion: Whole genome sequencing achieved a significant improvement in
genetic diagnosis over standard investigation and gene testing. The re-
sults confirm the broad heterogeneity of inherited cardiac disorders and
suggest a greater role of multiple mutations as determinants of severity
across the range of inherited cardiac conditions.
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Molecular diagnosis of generalized arterial calcification of infancy
(GACI). K. Iravathy Goud', M. Kavitha', M. Adi Maha Lakshmi', R. Ve-
mpati’, D. Sagarika', A. Panda’, Y. Nitschke? F. Rutsch? 1) Molecular
Biology & Cytogenetics Laboratory, Apollo Hospitals, Hyderabad, India,
India; 2) Department of generel pediatrics, Muenister University childrens
Hospital, Munster, Germany.

Generalized arterial calcification of infancy (GACI) is a life-threatening
disorder in young infants. Cardiovascular symptoms are usually appar-
ent within the first month of life. The symptoms are caused by calcifica-
tion of large and medium-sized arteries, including the aorta, coronary
arteries, and renal arteries. Most of the patients die by 6 months of age
because of heart failure. Recently, homozygous or compound hetero-
zygous mutations for the ectonucleotide pyrophosphatase/phosphodi-
esterase 1 (ENPP1) gene were reported as causative for the disorder.
ENPP1 regulates extracellular inorganic pyrophosphate (PP(i)), a major
inhibitor of extracellular matrix calcification. A newborn was diagnosed
with GACI. The infant died at the age of 7 weeks of cardiac failure and
the parents were referred to Molecular Biology and Cytogenetic lab for
further workup. Cytogenetics analysis was performed on the parents,
which showed normal karyotypes and mutational analysis for the ec-
tonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) gene was
also performed. The mutational analysis showed that both father and
mother of the deceased infant were heterozygous carriers of the muta-
tion ¢.749C>T (p.P250L) in exon 7 of ENPP1 and it was likely, that the
deceased child carried the same mutation homozygous on both alleles
and died of GACI resulting from this ENPP1 mutation. The couple was
counseled and monitored for the second pregnancy. Amniocentesis was
performed at 15 weeks of gestation for mutational analysis of the same
gene in the second pregnancy. The analysis was negative for the paren-
tal mutations. One month after the birth of a healthy infant, peripheral
blood was collected from the baby and sent for reconfirmation. The re-
sults again were negative for the mutation and the baby was on 6 months
follow up and no major symptoms were seen. The parents of the child
benefited enormously by learning about the disease much in advance
and also its risk of recurrence. The main aim of this study is to emphasize
on two aspects: (i) the importance of modern molecular technigues in
diagnosis such a syndrome and (2) the difficulties faced by the physician
to provide appropriate diagnosis and the adequate genetic counseling
to the family without molecular facilities. This study emphasis on impor-
tance of having molecular tools in tertiary care hospitals for diagnosis of
rare genetic diseases.
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APOE genotype influences acute phase lipid changes in response
to intracerebral hemorrhage. C.D. Anderson’#, C.L. Phuah’* M. Raf-
feld’, A.M. Ayres?3, A. Biffi"34, A. Viswanathan®3, S.M. Greenberg?®3,
J. Rosand’“. 1) Center for Human Genetic Research, Massachusetts
General Hospital, Boston, MA; 2) The J. Philip Kistler Stroke Research
Center, Massachusetts General Hospital, Boston, MA; 3) Hemorrhagic
Stroke Research Group, Massachusetts General Hospital, Boston, MA;
4) Program in Medical and Population Genetics, Broad Institute, Cam-
bridge, MA.

Background: In addition to their roles in modulating circulating lipid
levels, APOE e2 and e4 alleles are genome-wide significant risk factors
for intracerebral hemorrhage (ICH). ICH is accompanied by a decline in
total cholesterol (TC) and low-density lipoprotein (LDL). Given the pleio-
tropic relationship between APOE epsilon alleles, ICH, and lipid levels,
we investigated the influence of APOE status on changes in circulat-
ing lipids in the setting of ICH.Methods: ICH cases were drawn from
an ongoing longitudinal cohort study. APOE epsilon variants were pre-
viously genotyped. Controls were drawn from a hospital clinical registry
of non-cerebral acute illness. Measurements of serum lipids were stan-
dardized to four 6-month intervals before and after hospitalization for
TC, LDL, triglycerides (TG) and high-density lipoprotein (HDL). Piecewise
linear mixed-effects models were used to compare the impact of ICH
on lipid trends before and after hospitalization. Linear regression analy-
ses were utilised for comparing APOE allele-specific effects on temporal
variation in serum lipid levels.Results: 212 ICH cases and 301 controls
were analysed. Rates of decline in serum TC and LDL were greater at
time of ICH compared to patients with non-cerebral acute illness (TC:
-0.75 mg/dL/month for ICH, -0.13mg/dL/month for non-ICH subjects,
p=0.0015; LDL: -0.31mg/dL/month for ICH, -0.13mg/dL/month for non-
ICH subjects, p=0.31). This ICH-related decline in TC and LDL levels
was associated with APOE e4 carrier status and not e2 or €3. APOE
e4 carriers experienced a mean decrease of serum TC and LDL levels
acutely in ICH of -20.8+33.0 mg/dL and -15.4+26.5 mg/dL, respectively
compared with pre-ICH levels. In contrast, the difference in mean serum
TC and LDL levels during the same time period were -3.3+36.2 mg/dL
and -0.6+28.2 mg/dL, respectively in APOE e2 carriers. This decrease in
TC and LDL at ICH in APOE e4 carriers remained significant (p<0.05 for
TC, p< 0.01 for LDL) following adjustment for potential confounders in-
cluding diabetes and statin use.Conclusion: ICH acutely impacts serum
TC and LDL levels in ways that other non-cerebral acute ilinesses do
not, and APOE epsilon allele status is a strong predictor of these acute
changes. APOE influence on temporal lipid trends in ICH may reflect
APOE-specific differences in innate inflammatory or lipid-homeostatic
mechanisms in reponse to acute cerebral injury.
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Knockout mice for the cardiac repolarization regulator Nos7ap dis-
play partial lethality and increased heart mass. D.R. Auer, A. Kapoor,
A. Chakravarti. McKusick-Nathans Institute of Genetic Medicine, Johns
Hopkins University School of Medicine, Baltimore, MD.

We have previously identified the NOSTAP gene (MIM 605551) as a
major gene for cardiac repolarization (QT interval: MIM 610141), a ge-
netic risk factor for sudden cardiac death (MIM 115080), and a genetic
modifier for Mendelian long QT syndrome (MIM 192500). Although in
vitro gene targeting-based cellular and biochemical studies have shed
light on NOS1AP function in the heart and other tissues, to enhance our
understanding of its role in mammalian physiology and disease, we re-
port the generation of Nos7ap knockout mice using traditional embryon-
ic stem cell (ESC) targeting. ESCs carrying the knockout-first allele (with
conditional potential; tm7a) were obtained from the Knockout Mouse
Project. After germline transmission, tm7a/+ mice were bred with ubiqui-
tously-expressing cre and FLPe recombinase lines to generate the lacZ-
tagged, neoR- and exon4-deleted (tm1b) allele; the /lacZ- and neoR-de-
leted, exon4-floxed (fl) allele; and the lacZ-, neoR-, and exon4-deleted
(exon4 ) allele. Among the mice obtained from heterozygous intercrosses
(n=274), mice homozygous for the tm7a, tm1b, and exon4 alleles dis-
played reduced survival with two-thirds dying before reaching weaning
age, whereas the expected numbers of homozygotes were obtained for
the fl allele. At embryonic day 13.5 (E13.5), the expected numbers of ex-
on4 homozygotes were observed out of 100 embryos screened, indicat-
ing that homozygous lethality occurs between E13.5 and weaning. Mice
homozygous for the tm1a, tm1b, and exon4 alleles had (a) no detectable
Nos1ap protein by western blotting, (b) a significant reduction in mRNA
expression (0.4-fold of control for tm7a; P=1.1x10-5, 0.04-fold of control
for tm1b, P=2.5x10-6; n=5 in each group), and (c) significantly increased
heart weight as compared to controls (P=0.001; n=11 homozygous mu-
tants, n=16 wildtype). Targeted RNA expression analyses in E13.5 hearts
for genes that encode proteins known to interact with Nos7ap did not
exhibit significant differences between homozygous mutants and wild-
type controls. Nos7ap knockout mice are currently being characterized
by cardiac histology, electrocardiography, echocardiography, and RNA-
Seq to identify the physiological and global molecular consequences of
disrupting Nos7ap dosage and to determine how the null phenotype is
rescued in some animals.
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Response-eQTLs of human left ventricular tissue after ischemia. T.
Chang'?, V. Carey? S. Aranki®, S. Body’, C. Seidman?, J. Seidman®, B.
Strangers, B. Raby? J. Muehischlegel’. 1) Brigham and Women’s Hos-
pital, Department of Anesthesiology, Perioperative and Pain Medicine,
Harvard Medical School, Boston, MA; 2) Channing Division of Network
Medicine, Brigham and Women'’s Hospital, Boston, MA; 3) Brigham and
Women’s Hospital, Division of Cardiac Surgery, Harvard Medical School,
Boston, MA; 4) Division of Cardiovascular Medicine, Brigham and Wom-
en’s Hospital, Boston, MA; 5) Department of Genetics, Harvard Medical
School, Boston, MA; 6) Department of Medicine, University of Chicago,
Chicago, IL.

BBackground: Inter-individual variations in gene transcript levels are
important in mediating disease susceptibility. To identify and functional-
ly characterize genetic variation contributing to myocardial injury in hu-
mans, we performed an expression quantitative trait loci (€QTL) analysis
in normal and ischemic human left ventricular myocardium to identify
variants that alter expression in response to a stimulus.Methods: Api-
cal punch biopsies from the left ventricle were taken from 135 patients
undergoing cardiac surgery at two time points; immediately after aortic
cross clamping (baseline), and immediately before aortic cross clamp
removal (ischemia). We quantified genome-wide mRNA expression using
an lllumina HiSeq and performed genotyping with the lllumina Omni2.5
array.The response-eQTL was defined as the delta between the ischemic
and baseline sample. We examined the associations in cis between vari-
ants and gene expression levels with a distance of +100kb, adjusting for
demographics and clinical variables. A False Discovery Rate < 0.01 was
applied to account for the large number of testing between variants and
expressed genes, and only those SNPs with a MAF>5% were included.
Results: In all, 1.5 million variants and 16000 genes were analyzed with
a total of 4.3 million variant-gene pairs tested. Of those, 239 genes were
shared between the baseline and ischemic state, 247 genes were unique
to baseline, 84 were unique to ischemia. In addition, we identified 8 re-
sponse-eQTLs.Discussion: We demonstrated the presence of genetic
variants contributing to inter-individual variation for gene expression
change in left ventricular myocardium, hereby providing evidence of a
novel genetic basis for variable transcription in response to an ischemic
insult in human tissue. Response-eQTL genes of particular interest were
laminin alpha (LAMA3, FDR=0, Chisq=16.8), succinate dehydrogenase
complex (SDHA, FDR=0.06, Chisg=16.3), and dihydrofolate reductase
(DHFR, FDR=0, Chisq=19.9), linked to cell migration, mitochondrial re-
spiratory function, or amino acid synthesis.
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Loss of Function Mutations in NNT Are Associated with Left Ven-
tricular Noncompaction. E.E. Davis’, M.N. Bainbridge?®, W.Y. Choi*, A.
Dickson*, H.R. Martinez®, M. Wang?, H. Dinh? D. Muzny?, R. Pignatelli®, N.
Katsanis', E. Boerwinkle?, R. Gibbs?, J.L. Jefferies®. 1) Center for Human
Disease Modeling, Duke University Medical Center, Durham, NC; 2) Hu-
man Genome Sequencing Center, Baylor College of Medicine, Houston,
TX; 3) Codified Genomics, LLC, Houston, TX; 4) Department of Cell Biol-
ogy, Duke University, Durham, NC; 5) Department Pediatrics-Cardiology,
Baylor College of Medicine, Houston, TX; 6) The Heart Institute, Cincin-
nati Children’s Hospital Medical Center, Cincinnati, OH.

Left ventricular noncompaction (LVNC) is an autosomal dominant,
genetically heterogeneous cardiomyopathy with variable severity, which
may co-occur with cardiac hypertrophy. Despite recent advances to-
wards understanding the molecular basis of the disorder, many of the
causative LVNC genes remain to be identified. Here, we generated whole
exome sequence (WES) data from multiple members from five families
with LVNC. In four out of five families, the candidate causative mutation
segregates with disease in known LVNC genes MYH7 and TPM1, en-
coding myosin heavy chain beta and tropomyosin 1, respectively. Sub-
sequent sequencing of MYH7 in a larger LVNC cohort identified seven
novel likely disease-causing variants. In the fifth family, we identified a
frameshift mutation in NNT, a nuclear encoded mitochondrial protein,
not implicated previously in human cardiomyopathies. Resequencing of
NNT in additional LVNC families identified a second likely pathogenic
missense allele. Suppression of nnt in zebrafish caused early ventric-
ular malformation and contractility defects, likely driven by altered car-
diomyocyte proliferation. In vivo complementation studies showed that
mutant human NNT failed to rescue nnt morpholino-induced heart dys-
function, indicating a probable haploinsufficiency mechanism. Together,
our data expand the genetic spectrum of LVNC and demonstrate how
the intersection of WES with in vivo functional studies can accelerate the
identification of genes that drive human genetic disorders.
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Genomic Subsets and Cell Types Contribute to the Polygenicity and
Heritability of Coronary Artery Disease. R. Do, H.-H. Won?34%, P. Na-
tarajan®345, A. Dobbyn'S, K. Lage*>”%, S. Raychaudhuri®®'°, E. Stah/">5 1,
1) Genetics and Genomic Sciences, Icahn School of Medicine, New
York, NY; 2) Center for Human Genetic Research, Massachusetts Gen-
eral Hospital, Boston, Massachusetts, USA; 3) Cardiovascular Research
Center, Massachusetts General Hospital, Boston, Massachusetts, USA;
4) Department of Medicine, Harvard Medical School, Boston, Massa-
chusetts, USA; 5) Program in Medical and Population Genetics, Broad
Institute, Cambridge, Massachusetts, USA; 6) Institute for Genomics
and Multiscale Biology, Icahn School of Medicine at Mount Sinai, New
York, New York, USA; 7) Department of Surgery, Massachusetts General
Hospital, Boston, Massachusetts, USA; 8) Analytic and Translational Ge-
netics Unit, Department of Medicine, Massachusetts General Hospital,
Boston, Massachusetts, USA; 9) Division of Rheumatology, Immunol-
ogy, and Allergy, Brigham and Women’s Hospital and Harvard Medical
School, Boston, Massachusetts, USA; 10) Faculty of Medical and Hu-
man Sciences, University of Manchester, Manchester, UK; 11) Division
of Psychiatric Genomics, Icahn School of Medicine at Mount Sinai, New
York, New York, USA.

Coronary artery disease (CAD) and myocardial infarction (Ml) is one
of the leading causes of death and disability worldwide. Genome-wide
association studies (GWAS) have identified up to 45 loci associated with
CAD/MI. However, the molecular consequences of these loci remains
largely unknown. Efforts by the National Institutes of Health (NIH) Road-
map Project, have allowed for systematic assessment of the molecu-
lar functions of the genome. By leveraging data from the NIH RoadMap
Project, we investigated links between single nucleotide polymorphisms
(SNPs) associated with MI/CAD and their biological impacts on gene
function. First, we stratified MI/CAD according to genomic compart-
ments and observed that SNPs that were proximal to the protein-coding
region of genes exhibited significant polygenicity and >59% of the her-
itability for MI/CAD. Next, we showed that the polygenicity and herita-
bility of MI/CAD are enriched in histone modification regions in specific
cell types. By focusing on 45 MI/CAD-associated SNPs identified from
GWAS, we showed that a higher number of these loci are enriched with-
in specific regulatory elements, including active enhancer and promoter
regions. Finally, we observed significant heterogeneity of this enrichment
across cell types, with particularly strong signal observed in adipose nu-
clei, brain substantia nigra, brain angular gyrus, spleen cell types and
smooth muscle tissues. These results suggest that the genetic etiology
of MI/CAD is largely explained by tissue-specific regulatory perturbation
within the human genome.
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Gene silencing and haploinsufficiency of Jag? in GWAS locus
20p12.2 increase blood pressure. J. Kang’, M. Kim', S. Ji', S. Kim'?,
J. Lim', S. Hwang?® B. Oh’. 1) Department of Biochemistry and Molec-
ular Biology, School of Medicine, Kyung Hee University, Seoul, South
Korea; 2) Department of Animal Biotechnology, The Graduate School
of Future Convergence Technology, HanKyong National University, 327
Jungang-Ro, Ansung-Si, Gyeonggi-Do, South Korea; 3) Department of
Chemical Engineering, College of Engineering, HanKyong National Uni-
versity, 327 Jungang-Ro, Ansung-Si, Gyeonggi-Do, South Korea.
Hypertension is a highly heritable trait, and around 40-60% of the
inter-individual variation in hypertension is attributable to genetic fac-
tors. Genome-wide association studies (GWASs) have identified multi-
ple genetic loci associated with blood pressure. The 20p12.2 locus was
associated with hypertension, left ventricular wall thickness, stroke, and
coronary artery disease in Europeans, East Asians, South Asians, and
African ancestry individuals.We aimed to identify a causative gene in the
20p12.2 locus using mice models. Among genes on the locus, JAGT
was selected as a candidate gene, based on the proximity to the lead
SNPs (rs1327235, rs1887320), the hypertensive phenotype specified in
Alagille syndrome individuals, and the role of Jagged-Notch signals in
cardiovascular development. In vivo injection of Jag7 siRNA in mice sig-
nificantly increased blood pressure compared to control siRNA injection.
Consistently, vascular endothelial specific, haploinsufficient Jag? mice
(Jagflox/+; Tie2-Cre) showed increase in blood pressure compared to
wild-type mice (Jag7+/+; Tie2-Cre). We also found that the heart rate
was increased in Jag7flox/+; Tie2-Cre mice compared to the wild-type.
As presumed, injection of propranolol, a B-receptor blocker, reduced
both elevated blood pressure and heart rate in mice, suggesting that
the sympathetic surge increases the heart rate, resulting in elevation of
blood pressure in Jag7flox/+; Tie2-Cre mice.Our study demonstrates
that JAGT is a causative gene in the 20p12.2 locus and regulates blood
pressure through sympathetic activation, and these findings may provide
a novel hypertensive mechanism.
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The role of the anti-oxidant enzymes SOD2 and catalase in the
pathogenesis of pulmonary arterial hypertension. R.D. Machado’,
J. DeGeer?, N. Lamarche-Vane? 1) School of Life Sciences, University
of Lincoln, Lincoln, United Kingdom; 2) Centre for Translational Biology,
Glen site of the MUHC, 1001 Boul. Décarie, Montreal, QC.

Pulmonary arterial hypertension (PAH) is characterized by the progres-
sive obstruction of pulmonary arterioles, amid metabolic abnormalities,
leading to right-heart hypertrophy and failure. Patients with PAH display
conspicuous metabolic imbalances in the pulmonary vasculature, in par-
ticular between vasoconstrictors and vasodilators associated with ab-
normally elevated levels of reactive oxygen species (ROS). Mutation of
BMPR2, a receptor member of the TGF-beta signaling superfamily, is the
primary genetic factor underlying disease. While this discovery broadly
identifies the BMP pathway as being critical in maintaining the vascular
bed, little is known of pathways downstream of BMPR-II relevant to vas-
cular integrity.To interrogate the extent and nature of cellular dysfunction
in PAH we conducted a yeast two-hybrid screen using the kinase domain
of BMPR-II as bait in a lung cDNA library. This approach facilitates the
elucidation of the wider BMP signaling network by the identification of
novel interacting partners. Superoxide dismutase 2 (SOD2) and cata-
lase (CAT) were independently isolated. Both enzymes are considered
to be the front-line cellular defense against pathologically elevated lev-
els of ROS and thereby of biological relevance to PAH pathogenesis.
We demonstrate an association between BMPR-II and these molecules
in yeast by GST pulldown and co-immunoprecipitation, in addition to
identifying limited but consistent cellular co-localization in a proportion
of co-transfected cells. Of considerable interest, by semi-quantitative
Western blotting and immunofluorescence against endogenous protein
we demonstrate that BMPR2 haploinsufficient PAH patient cells display
significant down-regulation and mis-localization of both enzymes, sug-
gestive of a downstream effect of BMPR-II deficiency, a feature not ob-
served in cancer cell lines used here as controls.Taken together, these
data suggest that mis-handling of these enzymes by mutant BMPR-II
receptors represents a significant and early defect in disease etiology.
Current work now aims to determine whether restoration of SOD2/CAT
expression by use of chemical mimetics has potential to reverse the cel-
lular disease phenotype.
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Mechanical Stability of the Aorta in a Co/3a1 Mouse Model. J. Mei-
enberg’, J. Muenger’, J. Crabb?, A. Mauri?, C. Kaiser®, G. Barmettler®, C.
Giunta*, U. Ziegler®, S. Zeisberger®, E. Mazza? G. Matyas'®. 1) Center for
Cardiovascular Genetics and Gene Diagnostics, Foundation for People
with Rare Diseases, Schlieren-Zurich, Switzerland; 2) Institute of Me-
chanical Systems, Swiss Federal Institute of Technology Zurich, Zurich,
Switzerland; 3) Center for Microscopy and Image Analysis, University of
Zurich, Zurich, Switzerland; 4) Division of Metabolism, University Chil-
dren’s Hospital, Zurich, Switzerland; 5) Swiss Centre for Regenerative
Medicine, University of Zurich, Zurich, Switzerland; 6) Zurich Center for
Integrative Human Physiology, University of Zurich, Zurich, Switzerland.
Ehlers-Danlos syndrome vascular type (EDS IV) is a rare autosomal
dominant connective tissue disorder characterized by translucent skin,
easy bruising, and arterial, intestinal and/or uterine fragility. The most
severe complication is the increased risk for rupture of the aorta, leading
to life-threatening internal bleeding. EDS IV is caused by mutations in
the COL3A1 gene, which encodes the alpha 1 chain of type Il colla-
gen, a fibrillar collagen expressed in walls of hollow organs. So far, only
disease management and treatment of symptoms are available but no
targeted therapy. Recently, a novel mouse model which has true haploin-
sufficiency of Col3a1 due to a spontaneous deletion has been described.
In heterozygous mice, this Col3a7 deletion leads to reduced mechani-
cal stability of the aorta and, in ~28% of cases, to spontaneous rupture
of the aorta and thus to increased mortality similar to the phenotype
of human patients. Our goal was to assess the mechanical stability of
the aorta in this mouse model compared to wild-type mice.The thoracic
aorta from wild-type and heterozygous Col3a7 mice was dissected and
cleaned of adherent connective tissue. 1.5-mm-long sections of aortic
arch as well as ascending and descending aorta (Figure 1) were mounted
on two 200-pum diameter stainless steel wires on a tissue puller (Danish
Myo Technology). The mounted vessels were stretched radially until tis-
sue damage, thereby recording the stretching force (in mM).Maximum
force at tissue damage was significantly lower in heterozygous Col3a1
mice compared to age- and gender-matched wild-type animals in both
the ascending and descending parts of the aorta. For both genotypes,
the mechanical stability of the aorta was decreasing with increasing dis-
tance from the heart.We developed a protocol for the assessment of the
mechanical stability of mice aorta, which is suitable to detect significant
differences between heterozygous and wild-type Col3a7 mice. Our re-
sults open the way to test pharmacological substances for their potential
to increase the mechanical stability of the aorta with the goal to find a
therapy for patients with EDS IV and related aortic disorders.
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Cardiomyopathy in sialic acid deficient GNE myopathy. L. Mian’, N.
Carrillo-Carrasco?, S. Noguchi®, M. Mori-Yoshimura®, D. Maglic’, V.M.
Diaz*, D. Despres?, P. Zerfas®, S.M. WincovitchS, S. Anderson’, I. Nishi-
no®, W.A. Gahl" 8, M. Huizing’, M.C. Malicdan® %. 1) Medical Genetics
Branch, NHGRI, National Institutes of Health, Bethesda, MD; 2) Thera-
peutics for Rare and Neglected Diseases, National Center for Advancing
Translational Sciences, NIH, MD, USA; 3) Department of Neuromuscular
Research, National Institute of Neuroscience, National Center of Neu-
rology and Psychiatry, Kodaira, Tokyo, Japan; 4) National Institutes of
Health, National Institute of Neurological Disorders and Stroke, NIH,
USA,; 5) Office of Research Services, Division of Veterinary Resources,
Office of Research Services, NIH, MD, USA; 6) Cytogenetics and Mi-
croscopy Core, National Human Genome Research Institute, National
Institutes of Health (NIH), MD, USA; 7) Cardiovascular and Pulmonary
Branch, National Heart Lung and Blood Institute, National Institutes of
Health (NIH), MD, USA; 8) NIH Undiagnosed Diseases Program, Com-
mon Fund, Office of the Director, National Institutes of Health, Bethesda,
20892 Maryland, USA.

Statement of Purpose: GNE myopathy (GM) is an adult-onset dis-
tal myopathy caused by mutations in the GNE gene which encodes a
bifunctional, rate-limiting enzyme in sialic acid biosynthesis. GM is char-
acterized by a progressive muscle weakness and atrophy, preferentially
involving distal extremities. Muscle histology shows inclusion bodies and
rimmed vacuoles in affected muscle fibers. Although GM is known to
solely affect skeletal muscles, there are few reports of subjects with car-
diac abnormalities. Through our Natural History Study (NCT01417533),
we recognized that cardiac involvement may have a higher than expect-
ed occurrence in subjects with GM thus in this study we aimed to sys-
tematically characterize the cardiac phenotype in our GM mouse model.
Methods: Patients and mouse models (Gne-/-hGNED176VTg) with GNE
myopathy were subjected to cardiac physiology assessment, including
electrocardiogram (ECG), Holter, and echocardiogram. In addition, GM
mouse models and control littermates underwent cardiac MRI. Heart
samples from these mice were collected at various ages for routine his-
tology, immunohistochemistry, lectin histochemistry, electron micros-
copy, and protein analysis.Results: A number of patients in our cohort
exhibited ECG, echocardiogram and Holter abnormalities. In mice, we
found that a significant number of mice developed cardiac abnormal-
ities progressively with age. GM mice had increased QRS interval, QT
interval, and P amplitude in ECG. Echocardiogram findings show that
GM mutant mice showed increased diastolic left ventricle volumes, sug-
gesting of possible decreased cardiac functions, as compared with con-
trol. MRI findings reveal that GM mutant mice have decreased ejection
fraction, decreased stroke volume, and decreased cardiac output. His-
topathological analysis in GM mice revealed rimmed vacuoles in cardio-
myocytes, fibrosis, decreased number of intercalated discs, and lower
amount of cadherin as compared to control. Conclusions: Our findings
provide evidence that cardiac muscles are involved in GM. It is important
for clinicians to be aware of the occurrence of cardiac disease in GM
for careful examination of the cardiac function and proper management.
We propose that the cardiac abnormalities that we have seen are, at
least in mice, compatible with restrictive cardiomyopathy. Future work
will be needed to understand how aberrant sialylation in cardiomyocyes
will lead to cardiomyopathy. .
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Blood-Pressure Associated Variants in Natriuretic Peptide Recep-
tor C Affect Human Vascular Smooth Muscle Cells Proliferation and
Angiotensin II-Stimulated Calcium Response. M. Ren’, F. Ng', K. Wit-
kowska', M. Baron? A. Townsend-Nicholson? Q. Xiao', A. Hobbs’, S.
Ye'!, M. Caufield’. 1) William Harvey Research Institute, Barts and The
London School of Medicine and Dentistry, Queen Mary University of
London, London, UK; 2) Structural & Molecular Biology, University Col-
lege London, London, UK.

Background: Advances in genetic studies of blood pressure (BP) and
hypertension have identified a number of trait-associated variants so
far, and a recent genome-wide association study revealed a significant
association between variation at natriuretic peptide receptor C (NPR3)
gene locus and blood pressure (BP).Objective: To functionally investigate
the role of BP-associated variants at NPR3 gene locus in the context of
BP regulatory pathways.Methods and Results: Primary human umbilical
smooth muscle (HUASMCs) and endothelial (HUVECS) cells were col-
lected and genotyped for NPR3 gene variants rs1173743, rs1173747,
rs1173756 and rs1173771. Endogenous mRNA and protein expression
levels were assessed by gRT-PCR and western blotting. Open chromatin
regions were examined using formaldehyde-assisted isolation of regu-
latory elements (FAIRE). We found the NPR3 risk allele (major allele) of
intronic SNP rs1173747 was associated with diminished endogenous
mRNA and protein levels in HUASMCs, which was consistent with its
minor allele being located within an open chromatin state. Cell prolifer-
ation and migration were detected by cell counting and scratch assays.
Intracellular calcium response induced by Angiotensin Il (Angll) was de-
tected using a fluorescent probe (Calcium 6). It is demonstrated cells
carrying the major-allele of rs1173747 had increased proliferation and
intracellular calcium level in response to Angll in HUASMCs. No differ-
ence in migration rates were detected. No such genotype-dependent
characteristics were observed in HUVECs.Conclusion: This study has
provided a mechanistic explanation for susceptibility variants at NPR3
gene locus to impact BP predominantly through modulating vascular
smooth muscle cell behaviours.

558F

Apolipoprotein L1 genetic variants are associated with incident
chronic kidney disease but not incident cardiovascular events in a
population referred for cardiac catheterization. H. Wang’, L. Kwee’,
D. Craig’, C. Haynes’, M. Chryst-Ladd’, L. Svetkey', U. Patel’, P. Pun’, E.
Hauser’, W. Kraus', M. Pollak? S. Shah’. 1) Duke University, Durham, NC;
2) Beth Israel Deaconess Medical Center, Boston, MA.

Genetic variants in the apoliprotein L1 (APOL17) gene have been im-
plicated in the development of chronic kidney disease (CKD) in African
Americans. However, the association between APOL1 variants and car-
diovascular disease is unclear. We assessed the association of APOL1
variants with incident CKD, coronary artery disease (CAD) and incident
cardiovascular events (CVD) in a large population referred for cardiac
catheterization. Two single nucleotide polymorphisms in APOL1 (G1 al-
lele, rs60919145 and rs73885319) and a 6 base-pair insertion-deletion
(G2 allele, rs71785313) were genotyped in African Americans (n = 1760)
enrolled in the CATHGEN biorepository consisting of patients referred for
cardiac catheterization at Duke University Medical Center (2001-2010).
Incident CKD was defined as eGFR > 60 mL/min/1.73 m2 at index cath-
eterization with at least two subsequent eGFR < 60 separated by at least
3 months; incident CVD included myocardial infarction and need for cor-
onary interventions. Individuals were categorized as non-carriers (Ref/
Ref), heterozygote (G1/Ref or G2/Ref) or homozygote carriers (G1/G1,
G1/G2 or G2/G2) of APOLT1 risk alleles. The minor allele frequency was
0.22 (rs60919145), 0.14 (rs71785313) and 0.22 (rs73885319). Homozy-
gote carriers had a lower median eGFR than heterozygotes and non-car-
riers (74.8 vs. 78.7 mL/min/1.73 m2, p = 0.004) and higher prevalence
of baseline dialysis (12.1% vs. 3.4%, p < 0.001). Previously identified
association between APOL1 variants and incident CKD was confirmed
(OR 2.0, 95% CI 1.0 — 4.1, p = 0.05). With regards to CAD, there was
a trend towards less prevalent CAD and significantly lower burden of
CAD in carriers vs. non-carriers (45.8% vs. 50.3%, p = 0.08; median
CAD index 19 vs. 23, p = 0.02). However, no statistically significant as-
sociations were detected between APOL1 genetic variants and CAD in
multivariable regression using additive, dominant and recessive models,
adjusted for age, sex, BMI, diabetes status, hypertension, smoking sta-
tus, hyperlipidemia and baseline eGFR. There were no significant dif-
ferences between APOL1 genetic variants and time-to-event for CVD
events, even when stratifying by baseline kidney function and diabetes.
Our results suggest that while APOL1 variants are significantly associ-
ated with prevalent and incident kidney disease in African Americans,
they are not associated with CAD or incident CVD events in a cohort of
individuals with a high burden of cardiometabolic risk factors.
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Regulation of postprandial lipid homeostasis by TM6SF2 . N. Zagh-
loul, R. Yang, E. OHare, K. Ryan, S. Taylor, A. Shuldiner, L. Yerges-Arm-
strong, C. Sztalryd-Woodle. Genetics & Genomic Med, Division of En-
docrinology, Diabetes and Nutrition, University of Maryland School of
Medicine, Baltimore, MD.

Postprandial hypertriglyceridemia is an important risk factor for car-
diovascular diseases (CVD), but the mechanisms by which genetic fac-
tors modulate it remain unclear. It is primarily driven by very low density
lipoprotein (VLDL) secretion from liver or chylomicron (CM) production
from small intestine in response to dietary fat. We assessed the effect of
a loss-of-function missense variant, E167K in the TM6SF2 gene which
was recently found to be associated with a favorable fasting blood lipid
profile as well as other lipid traits such as hepatic steatosis. TM6SF2
is predominately expressed in liver and small intestine consistent with
a potential role in both tissues in regulation of postprandial lipemia.
We genotyped the variant in 2059 subjects from the Old Order Amish
(OOA) and performed association analyses to determine the effects of
TM6SF2-deficiency on postprandial hypertriglyceridemia. Relative to the
7% minor allele frequency (MAF) in European-American populations, the
E167K is enriched to 12% in the OOA. Analysis of carriers recapitulat-
ed associations with significantly lower fasting triglycerides (TG), total
cholesterol (b=-10.4, p=1.2x10-5), and LDL-C (b=-10.8, p=6.2x10-7) and
higher HDL-C (b=2.2, p=3.6x10-3). Importantly, following a high fat chal-
lenge, heterozygous and homozygous individuals exhibited significantly
lower TG levels at all post-high-fat challenge time points (p<0.05 all),
and lower total area (p=5x10-3) and incremental area under the curve
(p=0.02). To gain further insight into the role of TM6SF2 in small intestine
lipid homeostasis, we developed a model of tm6sf2-deficiency in ze-
brafish. Consistent with the human clinical observations, we observed a
significant decrease in fasting LDL-C and increased steatosis in liver. In
addition, accumulation of lipid in enterocytes was also detected. Intro-
duction of a 3-hour high fat diet (HFD) followed by clearance of dietary
lipid for 24 hours produced significant differences in the intracellular lip-
id content of enterocytes consistent with a possible disruption of lipid
clearance from enterocytes in response to dietary lipid. Finally, in human
Caco-2 enterocytes treated with shRNA against TM6SF2 exhibited sig-
nificantly more lipid accumulation relative to control cells in response to
an exogenous lipid load. Taken together, these data strongly support a
role for TMIESF2 in the regulation of post prandial lipemia and likely im-
plicate its function in enterocyte lipid homeostasis.
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Role of Genetic Variants in Cholesteryl Ester Transfer Protein in Risk
of Myocardial Infarction and Response to Therapy. K. Hartmann', M.
Seweryn? W. Sadee’. 1) Department of Pharmacology, The Ohio State
University, Columbus, OH; 2) Faculty of Mathematics and Computer Sci-
ence, University Lodz, Lodz, Poland.

Purpose Several pharmaceutical companies have designed inhibitors
of cholesteryl ester transfer protein (CETP) as an adjunct or alternative
to statins, which fail to prevent myocardial infarction (MI) in ~50% of
cases despite lowering lipids. Initial results from clinical trials are con-
flicting, which may reflect the effect of genetic variants. SNPs in CETP
have been consistently associated with HDL but less so with MI and
treatment response. CETP is part of a gene family (PLTP, LBP, and BPI),
which functions not only in cholesterol transport but also in immunity.
A complex haplotype structure, containing frequent long haplotypes in-
dicative of positive selection, may in part reflect activity in immunity. We
propose that the lack of consistent association of CETP with Ml may be
due to failure to consider all relevant variants in combination, both in liver
and immune related tissues.Approach We suggest two complementary
hypotheses:1) relevant variants in CETP can be frequent, and potentially
alter CETP expression in opposing directions; 2) the main contribution
of CETP to Ml is through lipid-immunity interactions. Our first aim was
to identify SNPs associated with altered CETP mRNA expression us-
ing data from the Genotype and Tissue Expression Project (GTEx) and
Framingham Heart Study (FHS), and analyze linkage patterns using 1000
genomes. We test predicted SNPs in FHS and Atherosclerosis Risk in
Communities (ARIC). Our second aim was to assess the physiological
role of CETP, by identifying co-expressed genes and functional net-
works.Results Our group has previously identified variants associated
with decreased expression (rs247616) and increased splicing (rs5883).
Analysis of expression data identified an additional SNP associated with
increased expression on the haplotype opposite of rs247616, associ-
ated with decreased expression. This robust negative linkage pattern
and a long, well-preserved haplotype including rs5883 suggest strong
evolutionary pressure attributable to the lipid and/or potential immune
functions. High expression of CETP in spleen and lymphocytes relative
to liver supports a role in immunity. Co-expression analysis identified
multiple genes, most with immune functions. Our initial analysis of can-
didate SNPs in GWAS yielded associations with both lipids and MI. Fur-
ther work will test candidate SNPs in CETP and tightly co-expressed
genes in combination to account for lipid levels and MI risk.Supported
by U01GMO092655 and TL1TR001069.
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Increased DNA damage and mutagen sensitivity: a new genetic
modifier in Pulmonary Arterial Hypertension? K.M. Drake, S.L. Me-
ade, M.A. Aldred. Genomic Medicine Institute, Lerner Research Institute,
Cleveland Clinic, Cleveland, OH.

Pulmonary arterial hypertension (PAH) is a life-threatening condition
characterized by obliterative lung vascular remodeling. It may be herita-
ble (HPAH), idiopathic or associated with another underlying condition.
HPAH shows autosomal dominant inheritance, but the penetrance av-
erages only 27%, suggesting that other genetic and/or environmental
modifiers are important in triggering disease. Our research focuses on
the role of somatic mutations. We have shown that endothelial cells from
PAH lungs frequently harbor chromosomal abnormalities. We therefore
tested whether PAH patients are intrinsically more susceptible to DNA
damage. Lung and blood cells showed significantly higher levels of mi-
cronuclei at baseline and in response to bleomycin or etoposide. Results
were consistent across all three types of PAH. Surprisingly, we found
similar results in unaffected first-degree relatives, demonstrating that this
is not related to PAH treatments and suggesting a possible genetic basis.
The goals of the present study are to identify the gene(s) underlying this
increase in DNA damage, define the spectrum of mutagen sensitivity
and determine if DNA repair is normal. We are initially focusing on PAH
families, combining QTL extreme phenotype mapping with parametric
linkage analysis and exome sequencing to identify candidate genes. The
number of micronuclei, a marker of chromosomal breakage and loss, is
analyzed in blood cells at baseline and in response to mutagens. Prelim-
inary results in two families suggest dominant segregation independent
of the underlying PAH mutation. Two unaffected relatives have baseline
levels of micronuclei in the control range but an exaggerated response to
mutagens in the “PH range”. The timecourse of repair of bleomycin-in-
duced damage is largely normal, but not all patients return to baseline,
suggesting a subtle difference in DNA repair that may lead to accumu-
lation of damage over time. Early results with other potential mutagens
show a highly significant increase in micronuclei in response to HDAC in-
hibitors. HDAC inhibitors have been proposed as a potential therapy for
PAH, so delineating the differences in histone acetylation patterns is now
an important priority. In conclusion, our results suggest that increased
levels of DNA damage may be an independent genetic modifier of PAH
and increased sensitivity to mutagenic agents has important implications
for clinical management.
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SLC39A8 polymorphism influences cellular cadmium uptake and
toxicity via signalling pathway activation in relation to hypertension.
R. Zhang', K. Witkowska', J. Guerra-Assuncao? F. Ng', M. Caulfield’,
S. Ye'. 1) Clinical Pharmacology , William Harvey Research Institute ,
London, United Kingdom; 2) Barts Cancer Institute, John Vane Science
Centre, London, United Kingdom.

Objective. hSLC39A8 (human solute carrier family 39 member 8)
encodes a transmembrane protein that co-transpors divalent heavy
metal cations, such as Cd2+,with elusive physiological role. Recent
genome-wide association studies have identified a non-synonymous
single nucleotide polymorphism rs13107325 to be associated with hy-
pertension. The aim of this study is to investigate the functional impact
of rs13107325 resulting in an amino acid substitution from Ala to Thr
(A391T) in SLC39A8 on Cd2+ transport and the downstream signaling
pathways.Methods. Intracellular Cd2+ uptake was measured in HEK293
cells overexpressing SLC39A8 (Measure-iTTM Pb and Cd assay kit), and
in human umbilical vascular endothelial cells (HUVECs) of different gen-
otypes. Cd2+- and genotype-dependence of ERK1/2 and NF-kB path-
way activation were investigated by immunoblotting and dual-luciferase
reporter assay. Cytotoxicity was measured by lactate dehydrogenase
assay and MTS assay. Molecular dynamics simulations were performed
to predict in silico the effect of A391T on the structure and dynamics
of SLC39A8 by using Robetta, TMHMM and etc.Results. Overexpres-
sion of Ala variant in HEK293 resulted in higher Cd2+ uptake and higher
cell death as compared with the Thr variant. This is associated with in-
creased phosphorylation of ERK1 and NF-kB activation. Similar trends
were observed in HUVECs with endogenous SLC39A8. Bioinformatics
tools also suggested a conformational change of the a-helical structur-
al transition (residual 390-392) in the Thr391 mutant, which potentially
attenuates the protein function.Conclusion. Increased Cd2+ uptake by
SLC39A8 Ala variant (blood pressure raising allele) is associated with
higher cell death in human kidney and endothelial cells. Therefore its
altered function due to rs13107325 may indicate a potentail therapeutic
target in hypertension.
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Genetics of gene expression regulation in a case-control study for
Acute Myocardial Infarction in a Pakistani population. N./ Panou-
sis’?3, S. Tuna?®, L. Lataniotis?, A. Rasheed®, N. Shah®, J. Danesh®, E.T
Dermitzakis™?2, D. Saleheen®’, P. Deloukas®. 1) Department of Genet-
ic Medicine and Development, University of Geneva Medical School,
Geneva, Switzerland; 2) Institute of Genetics and Genomics in Gene-
va (iG3), University of Geneva Medical School, Geneva, Switzerland; 3)
Swiss Institute of Bioinformatics, Geneva, Switzerland; 4) William Harvey
Research Institute, Queen Mary University of London, London, UK; 5)
Center for Non-Communicable Diseases, Karachi Pakistan; 6) Depart-
ment of Public Health and Primary Care, University of Cambridge, UK;
7) Department of Biostatistics and Epidemiology, University of Pennsyl-
vania, USA.

The prevalence of coronary heart disease (CHD) is higher in popula-
tions of South Asia compared to Europeans; the risk of Myocardial in-
farction (M) is 2-3 fold higher. By studying patterns of gene expression
and genetic variation in monocytes, which is a relevant cell type we can
discover biomarkers and develop a functional understanding of how ge-
netic variation can alter risk of CHD. We report an RNA-seq analysis of
monocytes from 71 cases of confirmed acute Ml and 77 healthy individ-
uals from the Pakistan Risk Of Myocardial infarction study (PROMIS).
Principal component analysis (PCA) of expression differentiated Ml from
healthy individuals, demonstrating whole genome differences in ex-
pression. More specifically, we identified 5244 differentially expressed
genes (5% FDR), including many that had previously been associated
with cardiovascular disease (IL1R2, PDGFD, LRP1). PCA using only few
differentially expressed genes cleanly differentiated MI and healthy indi-
viduals, suggesting a method for us to detect and/or validate novel bio-
markers. We also explored genetic regulation of monocyte expression,
in the context of GWAS variants associated with disease. As monocytes
play a central role in CHD pathogenesis, we hypothesized that variants
affecting gene expression are likely to be enriched in risk alleles for car-
diovascular related diseases. We tested for genetic variants associated
with gene expression levels within 1Mb of the transcription start site of
a gene and discovered 4799 eQTLs as well as 179 variants associated
with splicing changes (asQTLs) (FDR 5%). Analyzing cases and controls
separately, we identified hundreds of Ml specific eQTLs, which were not
associated with expression in controls. Enrichment analysis of MI-specif-
ic eQTLs and GWAS loci, using the Regulatory Trait Concordance (RTC)
method revealed several loci where the eQTL and GWAS signal were
tagging the same functional variant. This included eQTL variants, which
mediate GWAS hits for obesity (rs11247915), lipid levels (cholesterol:
rs2277862, triglycerides: rs3198697) and type2 diabetes (rs3786897).
We are currently combining the above findings with phenotypic risk fac-
tors (lipid profile, lifestyle, BMI) available in PROMIS to further investigate
the molecular basis of CHD. In summary, we have shown that monocyte
expression is an informative biomarker for Ml and genetic variants active
in the cell can be informative on genetic causes of CHD.
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A novel functional VKORC1 promoter polymorphism (rs397509427)
and Warfarin resistivity in Indian patients. 7. Shukla’, K.P. Rao’, S.K.
Munpally?, R. Tripathi2. 1) Genetics Dept, Osmania University, Hyder-
abad, India; 2) RAS Lifesciences, Hyderabad, India.

Warfarin is used as an oral anticoagulant for the prevention of throm-
boembolic diseases for subjects with deep vein thrombosis, atrial fibrilla-
tion, rheumatic heart disease or open heart surgeries. The dose require-
ment for warfarin therapy is highly variable, both inter-individually and
inter-ethnically. Apart from the involvement of Genetic polymorphisms
for the interindividual variability of humans to drugs, in the case of War-
farin, two important genes, viz., VKORC1 and CYP2C9 are known to
produce interindividual variation in warfarin therapy. The present study
was undertaken for their involvement in altered drug metabolism and
action.VKORCT1 is the target enzyme for warfarin, which plays an essen-
tial role in carboxylation of vitamin K-dependent coagulation factors, by
recycling Vitamin K. Mutations in the VKORC1 gene and its haplotypes
were known for variable dosages during warfarin therapy. Functional
studies revealed that the dominant VKORC17 -1639 G>A promoter SNP
(rs9923231) correlates with lower protein expression levels. In the pres-
ent study, A novel mutation rs397509427 SNP (an insertion of G, which
was present at -1586 position with respect to start codon) was observed
in the promoter region of the VKORC1 gene along with the rs9923231
SNP in 8 patients, all of whom were on a higher dosage of warfarin
(>7mg/day). The in-silico studies for Transcription factor binding site pre-
diction, Secondary structure analysis and prediction of conserved short
sequences/enhancers showed that the mutation could possibly act as
an enhancer binding site or affecting the binding of transcription inhibi-
tors.Further, studies were conducted for the functional study in HepG2
cell line to assess the role of mutant promoters. The relative quantita-
tion of luciferase mMRNA expression levels in control of VKORC1 mutant
promoter, showed approximately 6 fold higher expression levels in the
cells, while the luciferase assays showed a 3 fold increase in protein
expression. The results correlated well with the proposed hypothesis of
increased transcription and translation due to rs397509427 mutation. It
may be concluded that the mutation might enhance the efficiency of the
regeneration of the reduced vitamin K which ultimately would produce
more gamma-carboxylation of the vitamin K dependent clotting factors..
It is an important finding and should play a significant role in the treat-
ment regime as a diagnostic marker, when studied on a wider range of
ethnic groups.
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The Gly364Ser variant in the Catestatin domain of Chromogranin A
enhances the risk for hypertension in Indian populations. M. Kiran-
mayi', V.R. Chirasani’, PK.R. Allu’, S. Lakshmi', B.S. Sahu’, D. Vish-
nuprabu?, S. Sharma®, R. Kumaragurubaran', D. Bodhini4, M. Dixit', A.K.
Munirajan?, M. Khullar®, V. Radha®, V. Mohan?, A.S. Mullasari®, S. Senapa-
ti', N.R. Mahapatra’. 1) Department of Biotechnology, Indian Institute of
Technology Madras, Chennai, India; 2) Department of Genetics, Univer-
sity of Madras, Chennai, India; 3) Department of Experimental Medicine
and Biotechnology, Postgraduate Institute of Medical Education and Re-
search, Chandigarh, India; 4) Department of Molecular Genetics, Madras
Diabetic Research Foundation, Chennai, India; 5) Institute of Cardiovas-
cular Diseases, Madras Medical Mission, Chennai, India.

Chromogranin A (CHGA) is a 48-kDa protein involved in the sorting/
packaging of catecholamines and neuropeptides into the secretory gran-
ules of endocrine and neuro-endocrine tissues. CHGA is also a pro-hor-
mone that gives rise to several bioactive peptides including catestatin
(CST: human CHGA352-372), a catecholamine-release inhibitor. To iden-
tify and score naturally occurring polymorphisms in the CST region of
CHGA in Indian populations, we re-sequenced and genotyped the region
in a South Indian (Chennai) population (n=2680). We discovered one nov-
el (Gly367Val) and one previously reported polymorphism (Gly364Ser).
We further replicated the genotyping of Gly364Ser in a geographical-
ly-distinct North Indian (Chandigarh) population (n~=760) using Tagman
assay. Of note, there was a drastic difference in the frequency of 364Ser
allele between the Chennai (6.28%) and Chandigarh (3.48%) popula-
tions. In both the populations, 364Ser was found to occur in a higher
frequency in hypertensive cases than controls (unadjusted odds ratio
=1.440 (p=0.015) for Chennai and =2.662 (p=0.002) for Chandigarh). In
the Chennai population, the 364Ser carrying individuals displayed higher
blood pressure levels: SBP by ~3 mm Hg (p=0.047), DBP by ~2 mm Hg
(p=0.045) and MAP by ~2.5 mm Hg (p=0.030) and higher plasma glu-
cose levels (by ~8 mg/dl; p=0.018). In the Chandigarh population as well,
364Ser variant was found to be associated with elevated blood pressure
levels: SBP by ~8 mm Hg (p=0.004), DBP by ~6 mm Hg (p=0.001) and
MAP by ~7 mm Hg (p=0.001). The CST-Ser peptide generated lower
Nitric Oxide (NO) levels in HUVECs (assayed by DAF-2DA) as compared
to CST-WT peptide, providing a plausible explanation to these observa-
tions. Molecular modelling and molecular dynamics simulation studies
of the peptides showed that the presence of 364Ser caused dramatic
changes in the CST peptide secondary structure, thus, revealing a struc-
tural basis for their differential biological activities. In light of the recent
reports showing direct links between NO generation and beta2-adren-
ergic receptor (ADRB2), molecular dockings of CST peptides to ADRB2
were carried out. While CST-WT could effectively block the binding of the
antagonist cyanopindolol to the ADRB2 active site CST-Ser bound at an
entirely different location, keeping the active site free for interactions. In
conclusion, the Gly364Ser variant increases the risk for hypertension via
modulation of NO pathway in vascular endothelial cells.
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Functional Interrogation of an Intronic SNP in SMADS3 Linked to CAD
(Coronary Artery Disease). A. Turner, A. Martinuk, M. Nikpay, P. Lau, S.
Soubeyrand, R. McPherson. University of Ottawa Heart Institute, Otta-
wa, Ontario, Canada.

As part of recent large meta analyses of genome-wide association
studies (GWAS), we have identified several new loci associated with
CAD, including SMAD3. SMAD3 is an important mediator of TGFb sig-
naling, but its specific role in CAD pathogenesis is not currently clear.
The novel CAD-associated SNP in SMADS, rs56062135, has an effect al-
lele frequency of 0.79 (odds ratio 1.07). Many SNPs identified via GWAS
are not causal in disease pathogenesis themselves, and may instead
act as proxies for the actual functional SNP(s). Our goal was to identify
candidate functional CAD-associated SNP(s) at the SMADS3 locus and
characterize the roles these SNPs play in CAD pathogenesis. Bioinfor-
matics revealed rs56062135 is perfectly linked with several other SNPs,
with rs17293632 representing the best candidate to be a causal variant.
rs17293632 is located in an intron in SMAD3 with chromatin marks indic-
ative of an enhancer and is predicted to disrupt a conserved, consensus
AP-1 binding site. Luciferase assays in primary human aortic smooth
muscle cells, HelLa cells, and HepG2 cells reveal rs17293632 is located
in a very strong enhancer sequence. The minor allele disrupts the AP-1
site and drastically lowers enhancer activity (p<0.001). To determine if
rs17293632 is associated with SMAD3 mRNA levels in humans in vivo,
we selected age and gender matched patients across the three different
genotypes (approximately 50 patients per genotype). RNA from whole
blood was extracted from PAXgene Blood RNA tubes (PreAnalytiX/QIA-
GEN) and SMAD3 mRNA levels were quantified by gRT-PCR. Subse-
quent expression quantitative trait locus analysis revealed rs17293632
genotype is significantly associated with SMAD3 mRNA levels in whole
blood (p<0.05). rs17293632 was also significantly associated with
SMAD3 mRNA levels in 96 genotyped carotid plaque samples (p<0.05).
Chromatin immunoprecipitation experiments in genotyped human aortic
smooth muscle cells where the SMAD3 AP-1 site is intact reveal binding
of several AP-1 components to the region encompassing rs17293632.
Allele-specific chromatin immunoprecipitation in aortic smooth muscle
cells heterozygous at rs17293632 show AP-1 components bind less
preferably to the minor allele. Our SMADS data highlights that non-cod-
ing DNA variants are important in the pathogenesis of common diseases
such as CAD. Ongoing functional analysis of the SMADS locus is ex-
pected to identify novel mechanisms and pathways leading to athero-
sclerosis.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



Posters Cardiovascular Genetics 77

567F

Integrity of induced pluripotent stem cell (iPSC) derived mega-
karyocytes as assessed by genetic and transcriptomic analysis. K.
Kammers', J.T. Leek’, I. Ruczinski', J. Martin?, M.A. Taub’, L.R. Yanek?,
A. Frazee', D. Hoyle®, N. Faraday? D. Becker?, L. Cheng’, Z.Z. Wang?,
L. Becker?, R.A. Mathias®. 1) Department of Biostatistics, Bloomberg
School of Public Health, Johns Hopkins University, Baltimore, MD; 2)
The GeneSTAR Program, Johns Hopkins School of Medicine, Baltimore,
MD; 3) Johns Hopkins School of Medicine, Baltimore, MD.

Aggregation of platelets in the blood on ruptured or eroded athero-
sclerotic plaques may initiate arterial occlusions causing heart attacks,
strokes, and limb ischemia. Understanding the biology of platelet aggre-
gation is important to prevent inappropriate vascular thrombosis. GWAS
studies have identified common variants associated with platelet aggre-
gation, but because they are intronic or intergenic, it is not clear how they
are linked biologically to platelet function. To examine this, we are funded
to produce pluripotent stem cells (iPSCs) from people with informative
genotypes, and then derive megakaryocytes (MKs), the precursor cells
for anucleate platelets, from the iPSCs to determine patterns of gene
transcript expression in the MKs related to specific genetic variants.To
this end it is essential that the iPSC-derived MKs retain their genomic
integrity during production or expansion. This was examined using three
alternative measures of integrity of the MK cell lines: (1) mutation rates
comparing parent cell DNA to iPSC cell DNA and onward to the differen-
tiated MK DNA,; (2) structural integrity using copy number variation (CNV)
on the same; and (3) transcriptomic signatures of the derived MK cells.
For the genotype and CNV data, we used the HumanOmniExpressEx-
ome-8v1 array on 14 paired donor DNA - iPSC and paired iPSC - MK
lines, and for the RNASeq data we extracted non-ribosomal RNA from
14 paired iPS and MK cell lines.A comparison of genotypes between
matched pairs of cell lines indicated a very low rate of discordance; es-
timates ranged from 0.0001%-0.01%, well below the genotyping error
rate (0.37% estimated from controls). No CNVs were generated in the
iPSCs that got passed on to the MKs. Finally, looking specifically for
genes ‘turned on’ in MKs following differentiation from the iPSCs, we
observed the following highly biologically relevant gene sets in the list of
top 12 identified: platelet activation, immune response, inflammatory re-
sponse, platelet formation, and regulation of cell proliferation. The most
highly expressed genes in iPSCs were ribosomal proteins, while in MKs
they were platelet related proteins, such as GP9 and PF4.In conclusion,
the genetic and transcriptomic data strongly support high integrity of the
iPSC-derived MKs. We are currently performing extensive eQTL analysis
to categorize ‘functional’ relevance of the GWAS-identified determinants
of platelet aggregation leveraging the genotype and RNASeq data.
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Elevated levels of oxidative DNA damage and Folate gene polymor-
phisms in children with congenital septal defects and their mothers.
s.B. Sunayana’, k. Srujana’, K. Nageswara rao? G. Sandhya’, D. Sujatha3,
M. HemaPrasad'. 1) Human Genetics, Osmania University, Hyderabad,
India; 2) Care Hospital, Banjara Hills, Hyderabad-500034; 3) National In-
stitute of Nutrition, Hyderabad.

Congenital septal defects (CSD) are the most common type of birth
defect and may result in death in uterus, in infancy, or in childhood. Ma-
ternal oxidative stress and folic acid levels are the major factors that ad-
versely affect the fetal heart development. The present study is aimed to
understand the possible etiological factors that contribute to an increase
in the severity of disease. Cytogenetic analysis using fluorescence in
situ hybridization (FISH) and comet assay were performed to identify the
microdeletions in chromosome 22 and to measure the oxidative DNA
damage in the lymphocytes, respectively. Single nucleotide polymor-
phisms (SNPs) of Methylenetetrahydrofolate reductase (MTHFR) (677C
>T), reduced folate carrier (RFC) (A80G) and methionine synthase re-
ductase (MTRR) were analyzed to identify the role of folic acid.Methods:
One hundred and sixty two children with non-syndromic CSD and their
mothers were studied with age-matched controls. Blood samples were
collected from the Department of Pediatric Cardiology, Care Hospital,
Hyderabad, with prior clearance from the Institutional Ethics Committee
and written consent from the parents. The lymphocytes were isolated
from fresh blood for comet assay as well as for the identification of 22
q11.2 microdeletions. The plasma and red blood cells (RBCs) were used
for the estimation of folic acid and vitamin B12. The C-reactive protein
(CRP) was analyzed using the enzyme-linked immunosorbent assay.
Genomic DNA was isolated for PCR and restriction fragment length
polymorphism analysis of SNPs 677C> T, 1298A>G, A80G and 66A>G
genes.Results:The mean values of RBC folate in mothers with affect-
ed prepositus having 3 months infants to 15 years children with CSD
showed one and a half fold reduction in RBC folate (349.6 + 162.9ng/
ml) when compared to controls (527.6+227.4ng/ml). Further, vitamin B12
levels in mothers (73.7 + 46.2ng/mL) with CSD offspring were significant-
ly low when compared to the controls (264.2 + 159.1ng/mL). The mean
comet tail length and CRP levels were significantly increased (p<0.05)
in CSD children and mothers compared to the controls. The SNPs of
MTHFR 677C> T, 1298A>G, RFC 80A> G and MTRR 66A>G was ob-
served in 79.65% of CSD children and in 85.8% mothers, respectively.
Conclusions: Low folate levels and genetic polymorphism have shown
increased oxidative DNA damage in children with congenital septal de-
fects and in their mothers are the important risk factors for CSD .
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A Gene-by-Environment Interaction Informs Aortic Segment-Specif-
ic Vulnerability for Aneurysm Formation in Mendelian Aortopathies.
N. Wilson, J. Doyle, C. Antonescu, S. Wheelan, D. Bedja, H. Dietz, MIB-
AVA Leducq consortium. Institute of Genetic Medicine, Johns Hopkins
Medical Institutions, Baltimore, MD.

Most heritable aortopathies including Marfan (MFS) and Loeys-Dietz
(LDS) syndrome show aortic root aneurysm (AoRA). Bicuspid aortic valve
with more distal ascending aortic aneurysm (BAV/AscAA) is the most
common inherited aneurysm condition, occurring in up to 1% of people,
yet its etiology remains mysterious with heterozygous loss-of-function
mutations in NOTCH1 accounting for less than 1% of cases. It remains
unclear whether anatomic differences between these conditions fore-
shadow intrinsic differences in mechanistic underpinnings and hence
therapeutic vulnerabilities. We showed that TGFb-linked ERK activation
drives aortic disease in a MFS mouse model (FBN71C1039G/+) and that
inhibition of ERK phosphorylation with either angiotensin receptor block-
ers (ARBs) or the ERK kinase inhibitor RDEA119 rescues AoRA in MFS
mice. In contrast, calcium channel blockers (CCBs) specifically induce
more distal ascending aortic enlargement and tear in MFS mice that
closely mimics the pathology typically seen in BAV/AscAA. Concomitant
administration of either ARBs or RDEA119 prevents both AoRA and As-
cAA in CCB-treated MFS mice. In an unbiased approach to mechanisti-
cally characterize this gene-by-environment interaction, we applied strict
a priori filters to RNA sequencing data from aortic specimens, imposing
a change in CCB-treated animals that was abrogated upon use of RDEA-
119. Given that expression-profiling analysis of end-stage tissues makes
it difficult to distinguish between pathogenic, compensatory and irrele-
vant events, we focused on alterations that occurred in tight temporal
sequence with conditional provocation. Enrichment algorithms identified
Notch signaling as the lead candidate pathway. Informatively CCB-treat-
ed MFS mice exposed to dibenzazepine (DBZ), a potent Notch inhibitor,
showed marked acceleration of AscAA progression and rupture; DBZ
had no effect on wild-type animals but also accentuated AoRA in MFS
mice without CCB treatment. We conclude that: 1) there is intersection
between the pathogenesis of MFS and BAV/AscAA,; 2) in the face of an
underlying disease predisposition, Notch signaling is protective; and 3)
multiple therapeutic strategies including Notch agonism have shared
potential in phenotypically discordant aneurysm conditions. Studies are
underway to interrogate the relevance of the 2nd-most enriched pathway
in CCB-treated MFS mice, regulation of androgen receptor activity, to
the overt male preponderance among patients with BAV/AscAA.
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Notch1 haploinsufficiency under the influence of maternal hyper-
glycemic environment increases risk of congenital heart defects by
an epigenetic mechanism. M. Basu’, K. Bosse', V. Garg’2. 1) Center for
Cardiovascular and Pulmonary Research and The Heart Center, Nation-
wide Children’s Hospital , 700 Children’s Drive, Columbus, OH 43205;
2) Departments of Molecular Genetics & Pediatrics, The Ohio State Uni-
versity.

Rationale: Congenital heart disease (CHD) is the most common birth
defect with high incidence of infant morbidity and mortality. Majorities
of CHDs are proposed to have a multifactorial etiology and are due to
a combination of genetic and environmental factors. Pre-gestational
maternal diabetes is a well-recognized non-genetic risk factor which
disturbs embryonic development and increases susceptibility towards
congenital malformations. Hyperglycemia results in increased produc-
tion of reactive oxygen (ROS) and nitrogen species leading to endothe-
lial-cell dysfunction and we recently demonstrated a genetic interaction
between endothelial nitric oxide (NO) synthase and Notch1 important
for cardiac development. Therefore, we hypothesized that maternal dia-
betes in combination with Notch1 heterozygosity in developing embryo
will predispose to the development of CHD.Methods: We tested our hy-
pothesis using streptozotocin-induced mouse model of type-l diabetes
in mice heterozygous for a null allele for Notch1 and performed mor-
phological analyses on E13.5 embryos. Protein and mRNA expression
were measured using immunohistochemical staining and qRT-PCR. In
vivo results were also validated using an atrioventricular mesenchymal
(AVM) cell line and chick embryo model system in presence of high glu-
cose to dissect the underlying mechanism of gene-environment inter-
action.Results: Histologic analyses indicated that wildtype (WT) embry-
os [2/9(22%)] exposed to maternal diabetes have increased incidence
of ventricular septal defect (VSD) compared to [0/9 (0%)] non-diabet-
ic embryos. The incidence of VSD was further increased for diabetic
Notch1+/- mice [12/14(85.7%)]. Analysis of non-diabetic and diabetic
WT embryonic hearts revealed that hyperglycemia is associated with
a gradual decrease in Notch7 mRNA and its downstream target genes
(Hey1, Hey2, Nrg1) with concomitant upregulation in Jarid2 mRNA ex-
pression, an epigenetic histone mark known to regulate Notch1. We also
detected increased production of ROS and decreased NO bioavailability
in AVM cells treated with 25mM of glucose compared to normoglyce-
mia (5.5mM). Jarid2 expression also increased with hyperglycemia both
at RNA and protein levels. In vitro chromatin immunoprecipitation data
suggested relative enrichment of Jarid2 on Notch1 locus with hypergly-
cemia. Together our data demonstrate that maternal hyperglycemia dis-
rupts cardiac development by affecting the Notch1 signaling pathway
through Jarid2-mediated repression.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



Posters Cardiovascular Genetics 79

571W

Common Genotype and Environmental Risk Factors of Myocardial
Infarction and High Blood Cholesterol in a Retrospective Population
Study. Y. Liang’, A. Kelemen?. 1) 1Department of Family and Community
Health, University of Maryland, Baltimore, Baltimore, MD; 2) 2Depart-
ment of Organizational Systems and Adult Health, University of Mary-
land, Baltimore.

This article assesses whether risk alleles related to Ml may also relate
to high cholesterol; and to evaluate prediction power of the joint genet-
ic and environmental factors influencing the risk of Ml and cholesterol.
The retrospective study consists of 1837 subjects, 818 having history
of Ml and 1019 with no history of Ml aged 35 to 69 years. The data in-
cludes 29 variables such as smoking status, alcohol use, etc. 81 SNPs
linked to a metabolic pathway were genotyped and preselected from the
SeattleSNPs variation discovery panel. SNPs car_CEPT_3 [OR=1.431,
(1.047, 1.956)] and car_NOS_2 [OR=1.413, (1.063, 1.877)] were found
to be significantly associated with risk of MI. High cholesterol has stron-
gest effect on MI [OR=5.397, (4.069, 7.160)] compared with other fac-
tors. HBP [OR=2.420, (1.819, 3.219)], male gender [OR= 4.252, (3.087,
5.857)], smoking status [OR=3.399, (2.376, 4.862) for current smoker;
[OR=.447, (.321, .622)] for former smoker], drinking status in past 1-2
yrs [OR=.672, (.502, .901)], awere found significantly associated with MI.
The interaction between drinking and smoking status was significant
[OR=.459, (.220, .956)] for current smokers who drank in the past 1-2 yrs.
The prediction power was increased from 72% to 80% when including
both genetic and environmental factors and their interactions compared
with environmental factors only. The presence of the two SNPs, il1_2_12
and alox_2_22 increased the odds of the likelihood of high cholesterol
by 27% [OR=1.272, (1.045, 1.549)] and 42% [OR=1.424, (1.027, 1.974)]
respectively. Adjusting for the demographic and clinical factors, the odds
of the likelihood of high cholesterol were 33% lower [OR=0.671, (0.511,
0.881)] for people who had the cept 2 12 allele than for people who
did not have it; the odds of the likelihood of high cholesterol were 99%
lower [OR=0.011,(.000, .249)] for people having no history of Ml than for
people having it. Gene-gene and gene-environmental interaction effects
were found significantly associated with high cholesterol (gender and
cept_2_12, family history of heart diseases and car_esr1_2, no Ml history
and age, Alox_2_22 and cept_2_12). Having history of either MI or high
cholesterol conditions has significant effect on each other in both ways.
The common alleles gene variants (i/7 and car_cept.) associated with
both MI and high cholesterol has been discovered, which may be poten-
tial therapeutic target for personalized treatment and precision medicine.
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Utilizing gene expression to uncover genotype-dependent effects of
BMI in multiple tissues. C.A. Glastonbury’, A. Vifiuela?%4, A. Buil?>34,
G. Thorleifsson®, U. Thorsteinsdottir>, E. Dermitzakis?>>4, T. Spector,
K. Small'. 1) Department of Twin Research and Genetic Epidemiology,
King’s College London, London, UK; 2) Department of Genetic Medi-
cine and Development, University of Geneva Medical School, Geneva,
Switzerland; 3) Institute for Genetics and Genomics in Geneva (iGE3),
University of Geneva, Geneva, Switzerland; 4) Swiss Institute of Bioin-
formatics, Geneva, Switzerland; 5) deCODE Genetics, Sturlugata 8, IS-
101 Reykjavik, Iceland; 6) Faculty of Medicine, University of Iceland, 101
Reykjavik, Iceland.

On the population level obesity is robustly associated to a range of
co-morbidities. However, despite a demonstrated causal role of obesi-
ty in co-morbidities such as Type 2 Diabetes, co-morbidity incidence
amongst obese individuals is heterogeneous. This heterogeneity may
reflect genotype-dependent responses to obesity, here termed gene x
environmentBMI (GXEBMI) interactions. We leveraged the power of tran-
scriptomics to identify GXEBMI regulatory effects in RNA-seq data from
three primary tissues and one cell line (Adipose, Skin, Whole Blood &
LCLs) from 856 healthy female twins from the TwinsUK cohort. A ge-
nome-wide cis GXEBMI scan (x1MB from TSS, MAF >5%) identified
four genome-wide significant (GWS) GXEBMI effects in Adipose (ALGSY,
HACL1, GAA, SMG6) and one in Skin (RHPN2). Two of three GWS ef-
fects testable in the DeCODE adipose expression dataset (N = 673) repli-
cated (p < 0.05, consistent direction of effect) demonstrating our findings
are robust. We tested the GWS GXEBMI variants for trans effects (xt5MB
from TSS) and found rs3851570 (cis GXEBMI of ALGY), is a trans- GXEB-
Ml regulator of 151 genes in adipose (Top hit: ZNF423 p=8.2x10-13, bon-
ferroni corrected cutoff = 4.3x10-7). The 151 trans- GXEBMI genes are
enriched for oxidative phosphorylation (B-H, p = 1.4x10-3) and respira-
tory chain processes (B-H, p=8.3 x 10-3) indicating rs3851570 interacts
with BMI to regulate cellular metabolism. We characterized properties
of adipose GXEBMI using 423 effects identified at a relaxed threshold
of p < 1x10-5 These GXEBMI are highly tissue-specific (@1=0), not di-
rectly associated to BMI (p > 0.05; GIANT dataset, N = 250K) nor en-
riched for main effect cis-eQTLs (@1=0.03). GXEBMI genes are enriched
for GO metabolic process (p = 0.01) and GXEBMI SNPs are enriched
for low p-values in large GWAS’s of Insulin (p = 0.001) and HOMA-IR
(p = 0.006). These findings suggest utilizing gene expression to detect
GxE is a powerful approach to understand the development of obesity
and adipose-relevant complex traits. As adipose tissue is a heteroge-
neous mix of cells, we computationally deconvolved each sample to es-
timate the relative proportion of 19 cell-types. The most abundant cell
type estimated are adipocytes (median=0.72) followed by Macrophages
(median=0.07). Overall, the immune cell fraction is strongly correlated to
adiposity (% trunk fat, r2 = 0.39, p < 2.2x10-16). Ongoing work aims to
identify cell-specific cis-eQTLs and their relationship with complex traits.
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What next after GXE GWAS: A bioinformatic functional characteri-
zation of the EBF1 gene and stress interaction signal. A. Singh, M.A.
Babyak, B.H. Brummett, R. Jiang, I.C. Siegler, W.E. Kraus, S.H. Shah,
R.B. Williams, E.R. Hauser. Duke University Medical Center, Durham, NC.
Identifying the functional relationship between risk genotypes and
phenotypes and understanding the influence of the environment are im-
portant steps in characterizing the genetic architecture of GxE interac-
tions. In our previous study (Singh et al. 2014) a GXE GWAS showed that
in the presence of chronic psychological stress in two population-based
cohorts (MESA and Framingham), common variants in the EBF71 gene
(SNPs rs4704963, rs17056278, R2=1) contribute to inter-individual dif-
ferences in human obesity, diabetes, and cardiovascular disease risk
factors. The gene-by-stress interaction was replicated in three addition-
al studies (Family Heart Study, Duke Caregiver Study, and CATHGEN
Cohort) (Singh et al. 2015). In this work, we performed functional char-
acterization using bioinformatic approaches, an existing curated knowl-
edgebase (i.e., Ingenuity® Pathway Analysis (IPA)), and gene expression
data from the CATHGEN cardiovascular cohort study (Burns et al., 62nd
ASHG, 2012). In the IPA knowledgebase the T2D pathway showed the
role of GLUT4 gene in the development of insulin resistance and the
EBF1 gene interaction network showed an interacting-link between
EBF1 and a known diabetes gene SLC2A4 (i.e., GLUT4). We compared
the genomic sequence of the GWAS signal in multiple vertebrate spe-
cies (Human, Rhesus, Mouse, Dog, Elephant, Opossum, etc.); a SNP
from the GWAS signal (rs17056278) is located on a highly conserved
site that includes a candidate for conserved transcription factor bind-
ing site CCAT (tfbscons) suggesting a potential functional role for the
associated SNP. Using linear regression under the default additive ge-
netic model adjusting for age and sex, we tested the EBF7 SNP in an
eQTL analysis with and without a stress interaction in CATHGEN Whites
where chronic psychosocial stress was a computed variable (Singh et al
2015). There was a statistically significant differential expression of EBF1
(P=0.034), expression levels being lower for the minor allele group. We
did not detect a significant SNP x chronic psychosocial stress interaction
on expression of EBF1; however, the effects were consistent with the
original GWAS association in terms of the direction and trend, i.e. EBF1
gene expression increased with increasing chronic psychosocial stress
for the carriers of the minor allele but not for major allele homozygotes.
To examine the relationship between chronic psychosocial stress, EBF1
variants, and gene expression, a larger study is required.
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Comprehensive analysis of established dyslipidemia-associated
loci in the Diabetes Prevention Program. T.V. Varga’, A.H. Winters?,
K.A. Jablonski®, E.S. Horton*®, P. Khare-Ranade®, W.C. Knowler’, S.M.
Marcovina®, F. Renstrém'®, K.E. Watson’®, R. Goldberg’"'?, J.C. Flo-
rez#51314 T Pollin?, PW. Franks"'>', Diabetes Prevention Program
Research Group. 1) Department of Clinical Sciences, Lund University,
Malmo, Skane, Sweden; 2) Division of Endocrinology, Diabetes, and Nu-
trition, Department of Medicine, and Program in Genetics and Genomic
Medicine, University of Maryland School of Medicine, Baltimore, Mary-
land, USA; 3) The Biostatistics Center, George Washington University,
Rockville, Maryland, USA; 4) Department of Medicine, Harvard Medical
School, Boston, Massachusetts, USA; 5) Diabetes Research Center, Di-
abetes Unit, Massachusetts General Hospital, Boston, Massachusetts,
USA; 6) Washington University, St. Louis, Montana, USA; 7) Diabetes
Epidemiology and Clinical Research Section, NIDDK, Phoenix, Arizona,
USA; 8) Northwest Lipid Metabolism and Diabetes Research Laborato-
ries, University of Washington, Seattle, Washington, USA; 9) Department
of Biobank Research, Umea University, Ume&, Sweden; 10) Department
of Medicine, UCLA School of Medicine, California, USA; 11) Lipid Disor-
ders Clinic, Division of Endocrinology, Diabetes, and Metabolism, Leon-
ard M. Miller School of Medicine, University of Miami, Miami, Florida,
USA; 12) The Diabetes Research Institute, Leonard M. Miller School of
Medicine, University of Miami, Miami, Florida, USA; 13) Program in Med-
ical and Population Genetics, Broad Institute of Harvard and MIT, Cam-
bridge, Massachusetts, USA; 14) Center for Human Genetic Research,
Massachusetts General Hospital, Boston, Massachusetts, USA; 15) De-
partment of Nutrition, Harvard Chan School of Public Health, Boston,
Massachusetts, USA; 16) Department of Public Health & Clinical Medi-
cine, Umea University, Umed, Sweden.

Background: We assessed whether 234 established dyslipidemia-as-
sociated loci modify the effects of metformin treatment and lifestyle in-
tervention (vs. placebo control) on lipid and lipid sub-fraction levels in the
Diabetes Prevention Program (DPP) randomized controlled trial.Meth-
ods: We tested gene-treatment interactions on 1-year changes in blood
lipid concentrations (high and low density lipoprotein cholesterol [HDL-C,
LDL-C], total cholesterol, triglycerides) and lipoprotein sub-fraction par-
ticle concentrations and size in 2,993 non-diabetic DPP participants.
Results: Of the previously reported SNP associations, 32.5% replicated
at P<0.05 at baseline. Trait-specific genetic risk scores (GRS), defined
as sums of the risk alleles of all trait-associated variants, were robustly
associated with their respective baseline traits (3x10-4>P>1.1x10-16)
for all but two traits (medium HDL and intermediate density lipopro-
tein, P>0.05). Metformin and lifestyle modified the effect of the GRS for
large HDL particle numbers, such that from baseline to 1-year, each risk
allele of the GRSHDL-large associated with lower large HDL levels in
the metformin (b=-2.7% per GRS allele; 95%CI -4.5, -1.0; P=2x10-3;
Pinteraction=0.02 for metformin vs. placebo) and the lifestyle arm (b=-
2.8% per GRS allele; 95%Cl -4.6, -1.1; P=2x10-3; Pinteraction=5x10-3
for lifestyle vs. placebo), but not in the placebo arm (P>0.05). Moreover,
lifestyle modified the effect of GRSHDL-size, such that a higher GRS
associated with lower HDL particle size from baseline to 1-year in the
lifestyle arm (b=-0.02nm per GRS allele; SE=0.007; P=1x10-3; Pinterac-
tion=8x10-3 for lifestyle vs. placebo), but not in the metformin or placebo
arms (P>0.05).Conclusions: Improvements in HDL particle size conferred
by metformin and lifestyle may be diminished by high genetic loading for
smaller particle size.
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Understanding the Biological Basis of GxE Interactions in Car-
dio-metabolic Disease: Methylation Profiles, Genetic Variation and
Caregiver Stress. R. Jiang’, L. Kwee?, A. Singh’, S.H. Shah?, B.H. Brum-
mett!, M.A. Babyak’, I.C. Siegler’, R.B. Williams’, E.R. Hauser?. 1) De-
partment of Psychiatry and Behavioral Sciences,Duke University Med-
ical Center, Durham, NC; 2) Duke Molecular Physiology Institute, Duke
University Medical Center, Durham, NC.

Previous studies have demonstrated and replicated an interaction be-
tween genetic variants and psychosocial stress. Minor alleles of two SNP
variants (rs439401, rs157580) were associated with an adverse meta-
bolic profile (e.g., higher triglyceride levels) in stressed caregivers, but
a favorable or neutral metabolic profile in non-stressed controls. We hy-
pothesized that this interaction between psychosocial stress and genetic
variation may be due to differential DNA methylation at three levels: aver-
age methylation in the candidate region (AMCR), average global methyl-
ation (AGM) and genome-wide, probe-specific methylation. We selected
age- and gender-matched caregiver/control pairs and assayed the Cpg
methylation level using the Infinium HumanMethylation450 BeadChip.
Sample and methylation probe quality control was performed using the
RnBeads package in R, resulting in 112 samples with 462,936 CpG sites
for association analysis of methylation levels and SNP genotypes. The
CpGAssoc package was used for statistical analysis of AMCR, AGM and
individual CpG sites. We did not observe genome-wide significant p-val-
ues (p<10-7) with any of the individual CpG sites or a significant p-val-
ue for AGM (p>0.05) for association with caregiver stress or genotype.
AMCR was calculated for 73 CpG sites in the 104 kb PVRL2-TOMMA40-
APOE-APOC region, controlling for age, gender and six PCs. Our results
showed that rs439401 C/C carriers had lower AMCR than C/T and T/T
carriers (p=0.045). Further analysis of rs439401 by caregiver/control sta-
tus showed that this pattern was seen only in caregivers, but not in the
controls. C/C caregivers had lower AMCR compared with C/T caregivers
(P=0.014), and T/T caregivers (P=0.076). A similar pattern was observed
for rs157580 in that G/G caregivers had higher AMCR compared to A/A
(P=0.004) and A/G in caregivers (P=0.008), but not in controls. The ef-
fect of SNP variants on methylation level was seen only in caregivers,
and the direction of the pattern was consistent with the relationship be-
tween SNP variants and metabolic profile in our previous studies. These
findings indicate that the stressed-caregiver/non-stressed control sta-
tus may moderate the association of SNP variants through methylation
levels in the candidate gene region, and thus, have an impact on the
metabolic phenotypes. Further replication in a larger sample is required
as well as additional studies of the role of stress, SNP variants, and DNA
methylation.
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Genome-wide association study identifies variants that predict sur-
vivorship in individuals with coronary artery disease. J.R. Dungan’,
X. Qin?, M. Hurdle?, C. Haynes?, E. Grass? D. Craig? S.G. Gregory? E.R.
Hauser'?, S.H. Shah? W.E. Kraus’2. 1) School of Nursing, Duke Univer-
sity, Durham, NC; 2) Department of Medicine, Duke University, Durham,
NC.

Background: We have previously reported a novel phenotype, ‘sur-
vivorship in coronary artery disease (CAD)’; using a candidate gene
(LSAMP, identified from linkage mapping in early-onset CAD) we demon-
strated proof-of-principle for genetic effects unique to CAD cases for
both mortality risk and improved survival. To evaluate such effects at a
genome-wide level we now conduct a genome-wide association (GWA)
analysis of this phenotype and hypothesize that novel candidate genes
could predict survival in clinically-appreciable CAD.Methods: A GWA
analysis was conducted for survivorship in individuals with CAD using
discovery (N=1,099) and replication cohorts (N=414) of Caucasians se-
lected from a cardiovascular biorepository (CATHGEN) of sequential pa-
tients referred for cardiac catheterization. CAD cases were defined as
having a CAD index >32 (at least one-vessel CAD) and indication for
catheterization was concern for ischemic heart disease. lllumina Omni
Quad v1.0 GWAS chip was used with stringent QC metrics. Cox propor-
tional hazards regression models for each SNP (additive) adjusted for
age, sex, four Eigenstrat-defined principal components and seven major
cardiovascular risk covariates were constructed using the R statistical
package. Models were censored on time from cardiac catheterization to
death (all-cause) or last follow-up time (med 5.2 years). Genome-wide
significance was defined as p<10-5 for discovery and p<0.05 for replica-
tion. Meta-analyses of discovery and validation cohorts were conduct-
ed with a combined Z-score approach using METAL.Results: Of the 93
SNPs meeting genome-wide significance in the discovery analysis three
SNPs replicated with nominal significance, having the same direction
of effect in both cohorts: rs13007553 (MYT1L/TSSC1; HR 1.31, 95% CI
1.01-1.7, pdiscovery=5.93x10-5, preplication=0.04 , pmeta=1.05x10-5;
rs587936 (DAB2IP; HR 0.80, 95%C/ 0.61-1.05, pd=3.75x10-5 pr=0.02,
pm=2.13x10-5); and rs1993024, (FSTL5/NAF1; HR 0.75, 95%C/ 0.55-
1.03, pd=4.04x10-5, pr=0.02, pm=0.03). Of the discovery SNPs, 30 were
significant in meta-analysis (p<0.001) and had the same direction of ef-
fect in both cohorts.Discussion: We have identified genome-wide vari-
ants that appear to predict survivorship in CAD cases and which were
not identified from prior GWAS of CAD. Similar to previously reported
candidate gene results for LSAMP, both TSSC1 and DAB2IP are related
to tumor suppression suggesting a novel shared mechanism mediating
survivorship in CAD.
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Comprehensive characterization of the genetic architecture of sud-
den cardiac death. FN. Ashar’, C. Albert?, S.S. Chugh?®, A. Cupples?,
M. Eigelsheim®, P. Goyette®, A. Huertas-Vasquez®, H. Huikuri’, J. Jun-
tilla’, X. Jouven?, S. Kaab®, M. Kortelainen’, P. Kwok'', T. Lehtimaki'?,
L. Lyytikainen?, M. Muller-Nurasyid'®, C. Newton-Cheh', B. Psaty’,
S. Pulit', D. Siscovick'®, B. Stricker®, N. Sotoodehnia', D.E. Arking’,
CHARGE-SCD. 1) Johns Hopkins School of Medicine, Baltimore, MD;
2) Division of Preventive Medicine, Cardiovascular Division, Brigham
and Women’s Hospital, Boston, Massachusetts, USA; 3) The Heart In-
stitute, Cedars-Sinai Medical Center, Los Angeles, California, USA; 4)
Department of Biostatistics, Boston University School of Public Health,
Boston, Massachusetts, USA; 5) Department of Epidemiology, Erasmus
University Medical Center, Rotterdam, The Netherlands; 6) Universita
de Montréal, Montreal, Quebec, Canada;; 7) Dept. of Internal Medicine,
University of Oulu and University Central Hospital, Oulu, Finland; 8) Uni-
versita Paris Descartes, Assistance Publique-Hopitaux de Paris, Hopital
Européen Georges Pompidou, Paris, France; 9) Department of Medicine
I, University Hospital Grosshadern, Ludwig-Maximilians-Universitat, Mu-
nich, Germany; 10) Medical Research Center Oulu, University Hospital of
Oulu, and University of Oulu, Finland; 11) Department of Dermatology,
Cardiovascular Research Institute, and Institute for Human Genetics,
University of California, San Francisco, California, USA; 12) Department
of Clinical Chemistry, Fimlab Laboratories, School of Medicine, Universi-
ty of Tampere, Finland; 13) Institute of Genetic Epidemiology, Helmholtz
Zentrum Miunchen-German Research Center for Environmental Health,
Neuherberg, Germany; 14) Center for Human Genetic Research, Car-
diovacular Research Center, Massachusetts General Hospital, Boston,
Massachusetts, USA; 15) Cardiovascular Health Research Unit, Univer-
sity of Washington, Seattle, Washington, USA.

As part of the CHARGE-Sudden Cardiac Death (SCD) working group,
we have conducted the largest GWAS (4,496 cases, >25,000 controls)
to date for sudden cardiac death, a phenotype defined operationally as
a sudden unexpected pulseless condition due to a ventricular arrhyth-
mia. Although the primary cause of SCD is considered to be electrical
instability, the majority of SCD occurs in the setting of coronary artery
disease (CAD).While no loci reached genome-wide significance following
replication in our GWAS, we used this dataset to interrogate the effects
of the group of SNPs associated with SCD risk factors, on sudden death
risk. We employed a multi-SNP genetic risk score (GRS) approach that
uses weighted linear regression to establish the relationship between
SNP effect estimates for SCD and a risk factor of interest. We chose to
focus on SNPs associated with two major etiological classes of SCD risk
factors—ECG traits (QT, QRS, and PR intervals), and CAD associated
traits (CAD, type2 diabetes [T2D], BMI, HDL, LDL, total cholesterol and
triglyceride levels) at five different alpha cutoffs (o) (5e-8, 1e-5, 1e-3,
0.05 and 0.99).0f the ECG parameters, we see a statistically significant
enrichment of SNPs associated with QT interval at all alpha cutoffs (at
o=5e-8, p=0.007; when 0=0.99, p=7.41e-7). In contrast, we find no ev-
idence of association between the set of SNPs associated with QRS
duration or PR interval and SCD at any alpha cutoff. When we focus on
CAD associated traits, GRS models constructed with T2D or CAD SNPs
showed statistically significant enrichment in SCD at all alpha cutoffs ex-
amined (at a=5e-8, p for CAD=2.48e-6; p for T2D=0.012). Furthermore,
while the risk scores constructed from SNPs associated with lipid levels,
did not predict SCD risk, GRS with BMI SNPs at 5e-8 cutoff was strongly
predictive of SCD risk (p=1.29e-4).Taken together, this analysis is the
first to establish the link between common variants associated with risk
factors related to SCD pathophysiology and SCD risk. Furthermore, this
study not only offers further support for existing epidemiological obser-
vations establishing prolonged QT interval, CAD, and T2D as SCD risk
factors but also presents a compelling case to investigate the biological
role for loci associated with BMI in sudden death.

578T

DNA methylation profiling identifies a locus near a HMG-CoA syn-
thase gene associated with triglyceride levels and modified by BMI.
F. Gagnon', V.. Truong', N. Zwingerman’, I. Kassam’, D. Aissi?, J. Den-
nis’, M. Wilson®, P. Wells*, P.-E. Morange?, D.-A. Trégouét?. 1) Dalla Lana
School of Public Health, University of Toronto, Toronto, ON, Canada; 2)
INSERM, UMR_S 1166, Team Genomics & Pathophysiology of Cardio-
vascular Diseases, Paris, France; 3) Genetics and Genome Biology Pro-
gram, SickKids Research Institute, Toronto, Canada; 4) Department of
Medicine, Faculty of Medicine, University of Ottawa, Ottawa, Canada;
5) INSERM, UMR_S 1062, Nutrition Obesity and Risk of Thrombosis,
Marseille, France.

In a candidate gene study using biobanked whole blood DNA, we re-
ported an association of DNA methylation marks in the CTP1A gene with
triglyceride (TG) levels in families and cases of venous thromboembolism
(VTE). The CTP1A gene encodes for a protein expressed in liver that is
essential for fatty acid oxidation, which supports the role of DNA meth-
ylation in TG regulation.To further explore the role of epigenetic marks
in inter-individual variation of fasting TG levels, we conducted a ge-
nome-wide association study between TG and DNA methylation levels
measured in whole blood from 214 individuals from the French-Canadian
Family study on F5L Thrombophilia (F5L). The F5L study is composed
of 5 large families ascertained on single probands with VTE. Replication
was tested in 350 unrelated VTE cases from the MARseilleTHrombosis
Association Study (MARTHA). We used linear mixed regression mod-
els adjusted for age, sex, cell type proportions, and familial correlation
when analyzing the F5L study. Sensitivity analyses assessing potential
confounders and effect modifiers were conducted.We replicated the re-
cently reported association between TG and a DNA methylation mark
in ABCGT1, a lipid-related gene, and discovered a novel genome-wide
significant association in the PHGDH gene. The effect size at the PHG-
DH locus was stronger in the F5L study (b=-0.21, p=2.3x10-7) than in
MARTHA (b=-0.08, p=0.048). The prevalence of overweight and obese
individuals (BMI>25) was 56% and 36%, respectively, in the F5L and
MARTHA studies. A stratified analysis in MARTHA revealed BMI as an
effect modifier, with an effect only detected in overweight and obese
individuals (b=-0.17, p=9.8x10-3) compared to individuals with normal
BMI (b=-0.001, p=0.99).Follow-up analyses showed that no SNPs within
1Mb of the identified PHGDH locus confounded the association between
the methylation marker and TG levels; but a SNP located in HMGCS2, a
gene with similar functions as CTP1A and only 34 kb from PHGDH, was
associated with the TG-methylation marker. HMGCS2 belongs to the
HMG-CoA synthase family known for its pivotal role in cholesterol syn-
thesis and ketogenesis. A preliminary Mendelian Randomization analysis
suggests an important but indirect role of the PHGDH methylation mark
on TG level variation.These causal inference results shed light on the mo-
lecular mechanisms underlying TG level variation, and provide putative
insights on the VTE-obesity association.
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Coronary Collateralization Shows Sex and Ethnic Differences in the
Presence of Obstructive Artery Disease. Z. Liu’, L. Wang'? N. Va-
sudeva?, P.J. Goldschmidt-Clermont®, M.A. Pericak-Vance’?, D.M. Seo?®,
G.W. Beecham'?. 1) Human Genetics, John T. Macdonald Foundation,
University of Miami, Miami, FL; 2) John P. Hussman Institute for Human
Genomics, University of Miami, Miami, FL; 3) Division of Cardiology, Mill-
er School of Medicine, University of Miami, Miami, FL.

BACKGROUND: Coronary collateralization is a natural process of
revascularization in the cardiovascular system. Collateral circulation
protects cardiac tissues from myocardial infarction (MI) by allowing ox-
ygenated blood to bypass the blockage in main coronary arteries. As
such, collateral circulation may partly affect Ml outcomes such as sud-
den cardiac death.METHOD: To better understand the genetic mecha-
nisms of coronary collateralization, we assessed 879 patients with ob-
structive coronary artery disease (over 50% stenosis presented in any
of the four major coronary branches: left main, LAD, LCX, RCA) from
our cardiac catheterization patient cohort. Patients were assessed for
presence/absence of collaterals, as well as age, sex, diabetes, anti-cho-
lesterol medicine usage, etc. DNA samples were genotyped using the
Affymetrix 6.0 genotyping platform. Due to diverse genetic backgrounds
of our samples, we calculated local and global ancestry, and subse-
quently performed admixture mapping using logistic regression, with the
presence of collaterals as an endpoint. RESULTS: We found sex differ-
ences in collateralization: men had statistically significantly higher rates
of collaterals than women (p-value = 1.38E-04). Different race/ethnic-
ity groups showed different rates of collateralization: white Hispanics/
Latino showed higher rates of collaterals (59%) than African Americans
(50%) and non-Hispanic Whites (48%) (chi-square p-value = 1.7E-02).
The admixture mapping analysis showed Native American ancestry was
associated with the presence of collaterals at a region on chromosome
17 (chr17:36120051-40782083, beta = 0.55, min p-value = 1.27E-04).
African ancestry also showed association with collaterals at a different
region on chromosome 17 (chr17:32796666-33440166, beta = 0.38, min
p-value = 7.2E-04).CONCLUSIONS: In our study, men have higher rate
of collateralization than women, which may in part explain why women
have poor outcomes after MI than men. Different race ethnicity groups
have different rates of collateralization, which may partially explain racial
disparities in Ml outcomes. Finally, we identified two regions on chro-
mosome 17 that are likely to harbor genetic variations that influence
collateralization. A following up in-depth study of these two regions is
ongoing.

580W

Exome chip meta-analysis identifies novel loci contributing to lipid
levels in Asian population. X. Lu’, H. Zhang', W. Zheng? S. Ganesh’, P.
Sham?®, K. Mohlke?, W. Sheu?®, J. Rotters, Z. Mo’, R. Dorajoo®, E. Tai®, X.
Lin®, T. Wu'%, D. Gu'", C. Willer', the Asian exome chip lipids Consortium.
1) Department of Internal Medicine, Division of Cardiovascular Medicine,
University of Michigan, Ann Arbor, Michigan, USA; 2) Division of Epide-
miology, Department of Medicine, Vanderbilt Epidemiology Center, Van-
derbilt-lIngram Cancer Center, Vanderbilt University School of Medicine,
Nashville, TN, USA; 3) Department of Psychiatry, the University of Hong
Kong, Pokfulam, Hong Kong; 4) Department of Genetics, University of
North Carolina, Chapel Hill, NC, USA; 5) Department of medicine, Taic-
hung veterans general hospital, Taichung, Taiwan; 6) Institute for Trans-
lational Genomics and Population Sciences, Los Angeles BioMedical
Research Institute at Harbor-UCLA Medical Center, Torrance, California,
USA,; 7) Center for Genomic and Personalized Medicine, Guangxi Med-
ical University, Nanning, Guangxi, China; 8) Saw Swee Hock School of
Public Health, National University of Singapore and National University
Health System, Singapore, Singapore; 9) Key Laboratory of Nutrition and
Metabolism, Institute for Nutritional Sciences, Shanghai Institutes for Bi-
ological Sciences, Chinese Academy of Sciences and Graduate School
of the Chinese Academy of Sciences, Shanghai, China; 10) MOE Key
Lab of Environment and Health, School of Public Health, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Hu-
bei, China; 11) Fuwai Hospital, National Center for Cardiovascular Dis-
eases, Chinese Academy of Medical Sciences and Peking Union Medi-
cal College, Beijing, China.

Genome-wide association studies (GWAS) have identified ~160 loci
contributing to lipid levels, which are heritable risk factors for cardiovas-
cular diseases. However, most of the published variants are non-cod-
ing and explain less than half of the heritability of lipid levels. Thus, we
attempted to evaluate the effect of the coding variants on lipid levels,
particularly in the Asian population who have not been studied as ex-
tensively as Europeans. To identify coding and low-frequency variants
associated with plasma lipids levels, we collected Exome chip genotyp-
ing data from more than 39,000 Asian samples from 20 cohorts. Lipid
levels were transformed using the inverse normal distribution after ad-
justing for age, age2, sex, principal components. Single variant analyses
in each cohort were carried out either using rvtests or RareMetalWorker.
The meta-analysis of single variant and gene-level association tests were
performed using RAREMETALS for HDL, LDL, triglyceride and total cho-
lesterol levels. We identified a novel non-synonymous variant in CD163
(HDL, P =3.98 x 10-9). Furthermore, we identified a common non-coding
variant in ACVR1C with TC (P =4.83 x 10-8) that were not previously re-
ported in large-scale GWAS. We also replicated 28 loci reported in prior
GWAS, involving 38 coding variants. In gene-based tests, a burden of
rare/lower frequency variation in PCSK9, HMGCR, CETP, APOA1, and
CD36 were associated with lipids levels. Results of the gene-level bur-
den tests were driven primarily by single variant associations. Our study
identifies novel coding variant associations and extends the allelic spec-
trum of variation underlying lipid levels.
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Molecular basis of regulatory variation at coronary heart disease as-
sociated loci. C.L. Miller', M. Pjanic’, T. Wang', T. Nguyen’, J. Lee? B.
Liu?3, T. Assimes’, S. Montgomery?3, T. Quertermous’. 1) Cardiovascular
Medicine, Stanford University School of Medicine, Stanford, CA; 2) De-
partment of Genetics, Stanford University School of Medicine, Stanford,
CA,; 3) Department of Pathology, Stanford University School of Medicine,
Stanford, CA.

Genome-wide association studies have identified 46 replicated ge-
netic loci for coronary heart disease (CHD), and 104 loci associated at a
5% false discovery rate. However, the regulatory mechanisms of these
associations largely remain undefined. Given that the majority of these
CHD-associated loci reside in non-coding regions, they are predicted
to function via context-specific gene regulation. Recent high-throughput
assays of regulatory function include the assay for transposase-accessi-
ble chromatin using sequencing (ATAC-seq) and chromatin immunopre-
cipitation-sequencing (ChlP-seq). ATAC-seq utilizes a Tn5 transposase
to fragment and tag accessible DNA sequences, which are often coupled
to transcription factor occupancy identified by ChlP-seq. Importantly,
this assay may reveal the spatio-temporal regulatory profiles in limited
numbers of primary cells. Using ATAC-seq in primary human coronary
artery smooth muscle cells (HCASMC) we identified 147,173 accessible
chromatin peaks in control versus 198,976 peaks in TGF-beta-stimu-
lated cells (136,446 shared peaks). Using de novo motif enrichment anal-
ysis we identified significant enrichment of specific AP-1 family mem-
bers (29.2% vs. 5.1% background), chromatin remodeling, and SMC
differentiation transcription factors. Using functional enrichment analy-
sis of overlapping regions in open chromatin, ChlP-seq and CHD loci
we observed enrichment of the hypoxia inducible factor 1 (HIF-1) and
TGF-beta signaling pathways (1.5x10-22 and 5.6x10-18, respectively)
and relevant phenotypes, including cell migration and blood vessel mor-
phology. Finally, we utilized these regulatory maps to explore the causal
mechanisms underlying CHD-associated variants at four loci using hap-
lotype-specific chromatin immunoprecipitation (haploChlIP), luciferase
reporter assays, and allelic expression imbalance in HCASMC. Taken
together, these results suggest that genome-wide approaches such as
ATAC-seq can be leveraged to map context-specific regulatory mecha-
nisms of non-coding variants associated with complex diseases such
as CHD, and reveal new biological and molecular insights into targeting
heritable disease risk.

582F

A genome-wide association study of ischemic stroke and its sub-
types identifies a novel locus near TSPAN2. S.L. Fulit, National In-
stitute of Neurological Disorders and Stroke - Stroke Genetics Network
(SiGN). University Medical Center Utrecht, Utrecht, Netherlands.

Stroke is the 2nd leading cause of death worldwide and the annu-
al number of stroke deaths is rising. Hypertension, atrial fibrillation, and
smoking are known risk factors, but a large proportion of ischemic stroke
(IS) risk remains unexplained. Given the established heritability of IS, ge-
netic variation likely accounts for some of the residual risk. IS is highly het-
erogeneous; the 3 most common subtypes are cardioembolic, large artery
atherosclerosis (LAA), and small artery occlusion (SAO). Genome-wide as-
sociation studies (GWAS) have identified only 4 confirmed risk loci; 3 are
subtype specific. With the aim of elucidating disease etiology, the Stroke
Genetics Network sought to perform a comprehensive GWAS by assem-
bling the largest sample to date and employing Causative Classification
of Stroke (CCS), a system that considers neuroimaging results and an-
cillary examinations to obtain a comprehensive evaluation of subtype. As
it is centrally-adjudicated and web-based, CCS also reduces inter- and
intra-observer variability.After extensive quality control to merge cases
collected worldwide and publicly-available controls, we ran discovery
analyses in 16,851 cases and 32,473 controls. We ran GWAS for all IS
and for each subtype in CCS and TOAST, the most commonly employed
subtyping system used in all previous GWAS. Since only TOAST cases
were available for replication, we calculated pairwise correlations of SNP
effects between CCS and TOAST GWAS. Genetic correlation between
CCS and TOAST primary subtypes was moderate to strong (r = 0.61-
0.75), indicating that TOAST cases were suitable for replication. SNPs with
p<10-6 were selected for in silico lookup in an independent set of 21,842
TOAST-subtyped IS cases and 367,842 controls.Joint analysis of all data
revealed a novel association at rs12122341, a common SNP near TSPAN2
conferring risk to LAA (OR[G] = 1.2, p = 1.3 x 10-9). The 12924 locus,
previously implicated in all IS, was associated predominantly with SAO
(rs10744777, OR[T] = 1.17, p = 2.9 x 10-9).TSPAN2 knockout mice exhibit
neuroinflammation and TSPAN is highly expressed in arterial endothelial,
smooth muscle cells, and white blood cells. Further studies will determine
if the rich repository of phenotypic data created by CCS will allow for ge-
netic analysis of novel phenotypes, or if leveraging the genetic overlap of
CCS and TOAST through broader inclusion of cases reveals more risk loci,
a vital first step in improving IS diagnosis and treatment.

583W
Chromosome 22q11 microdeletion syndrome: association of con-
genital heart disease with copy number variants. G. Repetto, L. Leon,
C. Vial, K. Espinoza, F. Benavides, M.L. Guzman. Center for Genetics and
Genomics, Clin Alemana-Univ Desarrollo, Santiago, Chile.
Chromosome 22qg11.2 microdeletion syndrome (22g11DS) is one of
the most common pathogenic genomic rearrangements in humans. Al-
though the majority of patients share a deletion of similar size and loca-
tion, 22q11DS is notorious for its highly variable clinical presentation.
One of the relevant features is congenital heart disease (CHD), present
in 50-60% of patients. It usually affects the cardiac outflow tract and
includes defects such as tetralogy of Fallot, ventricular septal defects
and truncus arteriosus, among others. The reason for the incomplete
penetrance of CHD remains unknown. We hypothesize that structural
genetic variation outside of the deletion region may have a modifier ef-
fect. We evaluated the association of copy number variants (CNVs) and
the presence of CHD in a large cohort of Chilean patients with 22g11DS.
The study included 133 patients with CHD (cases) and 120 with normal
cardiac anatomy (controls). Frequency, size and location of constitu-
tional CNVs were characterized using Affymetrix SNP 6.0 arrays. CNV
calls were made with the GC model wave adjustment procedure using
PennCNYV software. Genome-wide CNV association was evaluated using
ParseCNV. Association was assessed by Fisher’s exact testand odds
ratio. The large 3Mb LCR A-D deletion was found in 92% of patients;
the remainder had 2 or 1.5 Mb deletions (LCR A-C or A-B, respectively)
. Statistically significant difference in frequencies were found for a dupli-
cation on chromosome region 1p36.13. The duplication was present in
8.5% of cases and 1.7% of controls (p value 0.02, OR 5.35, 95% confi-
dence interval 3.83-6.88). The region contains noncoding RNAs, and we
propose that they may exert a modifying role over the primary effect of
the deletion. Funded by Fondecyt-Chile grant # 1130392.
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Causal effect of blood plasminogen activator inhibitor type 1 level
on increased risk of coronary heart disease. C. Song"? A.D. John-
son’?, C.J. O’Donnell2. 1) National Heart, Lung and Blood Institute/
Framingham Heart Study, Framingham, MA; 2) NHLBI Division of Intra-
mural Research.

IntroductionPlasminogen activator inhibitor type 1 (PAI-1) plays an
essential role in the fibrinolysis system and thrombosis. Previous stud-
ies have reported elevated blood PAI-1 levels associated with increased
risk of coronary heart disease (CHD). However, it is unclear whether the
association reflects a causal influence of PAI-1 on CHD risk versus an
effect of shared regulators. MethodsTo evaluate for a causal role in the
association between PAI-1 and CHD, we performed a systematic re-
view and meta-analysis. We conducted an electronic literature search
in PubMed of PAI-1 and CHD/Coronary artery disease/Myocardial in-
farction published in English between 1992 and 2015. To investigate the
causal association between PAI-1 and CHD, we used genetic risk scores
(GRSs) composed of PAI-1-related SNP variants, reported by the largest
available genome-wide association study (GWAS) of PAI-1, as instru-
mental variables (IVs). We then tested whether elevated PAI-1 levels were
associated with a higher CHD risk by the Mendelian Randomization (MR)
approach using summarized statistics from GWASs for PAI-1 and for
CHD. We integrated results by using PAI-1-related GRS composed of
SNPs with different P-value thresholds in GWAS for PAI-1 (SNP asso-
ciation thresholds P<5e-8, 0.001, 0.01, and 0.05) as |Vs to address po-
tential bias.Resultin the systematic meta-analysis, the highest quantile
of blood PAI-1 level was associated with higher CHD risk comparing
with the lowest quantile [Odds ratio (OR) =1.68; 95% confidence interval
(CI): 1.41, 2.01] in an age-and sex-adjusted model. The effect size was
reduced but remained significant in studies using a multivariable-adjust-
ed model. The MR analyses consistently showed a similar causal effect
size of increased PAI-1 level on risk of CHD using IVs at different P-value
thresholds, and the significance level increased when using a GRS with
more SNPs (OR=1.02 per unit increased of PAI-1; 95% CI: 1.02, 1.03
when using PAI-1-SNPs with P<0.05).ConclusionOur study indicated
a small to moderate causal effect of elevated PAI-1 level on CHD risk.
Further study is warranted to understand the specific molecular determi-
nants of circulating PAI-1 on CHD risk.

585F
Genetic determinants associated with BP phenotypes. N. Vasudeva’,
L. Wang'?, Z. Liu?, P. Goldschmidt®, M. Pericak-Vance?, D. Seo®, G. Bee-
cham?2. 1) John P. Hussman Institute for Human Genomics, University of
Miami, Miami, FL; 2) Dr. John T. Macdonald Foundation, Department of
Human Genetics, University of Miami, Miami, FL; 3) Division of Cardiolo-
gy, Miller School of Medicine, University of Miami, Miami, FL.
Hypertension is a leading cause of mortility and morbidity in the de-
veloped countries. These traits are well established as a heritable traits.
Genetic variants may lead to changes in BP. However the underlying en-
vironmental factors as well as their complex interactions makes discov-
ering the genetic determinants affecting these trait a challenging task.
Multiple variants are believed to cumulatively contribute to this polygenic
trait. Genome-wide genotyping was performed on 1975 subjects using
Omni 2.5 Million SNPs chip. Our dataset consists of multi-ethnic popula-
tions with ~12% Blacks, ~45% Hispanics and ~37% Whites. Sample and
SNP quality control were followed by Eigenstrat. To account of the effect
of blood pressure lowering medications, we added 7% and 6% to systol-
ic blood pressure (SBP) and diastolic blood pressure (DBP), mean arterial
pressure (MAP), pulse pressure (PulseP) measures, respectively, for each
antihypertensive medication taken. Linear regression was used to ana-
lyze single variant association adjusting for covariates such as sex, age,
age?, principal component one, anti-cholesterol medicines and diabetes.
Various SNPs approached the genome-wide significant level. SNPs at
chr19:2,242,829 in gene SF3A2 (p-val: 9.31E-08) and chr3:88,668,147
(p-val: 2.68E-07) for SBP, chr11: 112,260,754 (p-val: 1.27E-08), chr19:
2,242,829 (1.78E-08) for MAP approached genome-wide significant as-
sociation with BP phenotypes. We will further perform a gene-based as-
sociation test using the SKAT R package. A web based tool WebGestalt
will be used in order to find pathways connected to these large numbers
of genes. To further analyze these genotypes and pathways, we will use
alternate gene based methods such as VEGAS to better understand the
genetic etiology of hypertension in our population.

586W
Genome-wide association study of CVD-related loci with lipid traits
in the Heart Strategies Concentrating on Risk Evaluation (Heart
SCORE) study. X.B. Wang’, S. REIS? |. Halder?, M. Barmada’, FY.
Demirci’, M.l. Kamboh'. 1) HUMAN GENETICS, University of Pittsburgh,
PITTSBURGH, PA; 2) Medicine, University of PITTSBURGH, PA.
Cardiovascular disease (CVD) is the leading cause of death worldwide.
Plasma levels of total cholesterol (TC), high-density lipoprotein cholester-
ol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglycerides
(TG) are significant risk factors for CVD and about 50% of the variation
in these four quantitative traits is under genetic control. Two meta-anal-
yses of published lipid genome-wide association studies have identified
157 loci that explain approximately 25-30% of the genetic variance for
each of the four traits, indicating that additional genetic factors remain
to be identified. In this study, we used a lllumina CVD BeadChip that
contains approximately 49,000 SNPs in approximately 2,100 candidate
genes selected based on their potential role in CVD to test for associa-
tion with four lipid traits in 464 African American (AA) and 770 European
American (EA) subjects as part of the Heart SCORE study. Seventy of the
reported 157 genome-wide significant lipid loci/genes were represented
on this chip. We observed significant associations (P<0.05) with SNPs in
55 of the 70 loci with strongest associations between HDL-C and CETP/
rs7499892 (P=3.92E-09), LDL-C and APOE/rs7412 (P=1.80E-06), and
TG and APOB/rs2678379 (P=2.53E-06). In addition to the replication of
known loci, we also observed multiple novel suggestive associations at
P<1E-04 with the four major lipid traits. One of these novel loci, SGK
(P=8.18E-05), was replicated in an independent study. In conclusion, we
have replicated many of the known lipid loci and identified potentially
novel loci for the four lipid traits using a novel CVD chip.
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CETP genotype is associated with phenotypic variability of HDL
among other loci identified in a lipid vQTL study. Y. Ma’, Y. Cao’, P.
Wei', C.M. Ballantyne? J.M. Cheverud® C.S. Guild*, C.E. Ndumele®, E.
Boerwinkle’, T.J. Maxwelle. 1) Human Genetics Center, University of Tex-
as Health Science Center, Houston, TX; 2) Section of Atherosclerosis
and Vascular Medicine, Baylor College of Medicine, and Center for Car-
diovascular Disease Prevention, Methodist DeBakey Heart and Vascular
Center, Houston, TX; 3) Department of Biology, Loyola University, Chi-
cago, IL; 4) Department of Medicine, University of Mississippi Medical
Center,Jackson, MS; 5) Division of Cardiology, Johns Hopkins University
School of Medicine, Baltimore, MD; 6) Computational Biology Institute,
The George Washington University, Ashburn, VA.

A variance-heterogeneity quantitative trait locus (vQTL) is a genetic lo-
cus associated with phenotypic variability. vQTL can be the result of link-
age disequilibrium (LD) with a functional QTL. It can also be induced by
gene-by-gene (GxG) or gene-by-environment (GxE) interactions. We per-
formed vQTL screening for triglycerides, cholesterol, high-density lipo-
protein (HDL), and low-density lipoprotein (LDL) in European Americans
(EA) and African Americans (AA) separately using the whole-exome SNP
genotype data of the Atherosclerosis Risk in Communities (ARIC) study.
A parametric bootstrap-based mean and variance joint test followed by
a variance only test was performed for vQTL screening. We identified
eight significant vQTLs in or near CETP and one vQTL in LIPG for HDL,
one VQTL for triglycerides, and one vQTL for cholesterol in EA. We also
identified five HDL vQTLs in or near CETP in AA, four of which corre-
spond to the HDL vQTLs identified in EA. Given that vQTL can be the re-
sult of GxG interactions, subsequent GxG screening involving identified
vQTLs was performed. Significant GxG interactions were identified be-
tween the cholesterol vQTL and twelve single nucleotide polymorphisms
(SNPs) from eleven unique locations in EA. In addition, we also identified
significant interactions between two of the HDL vQTLs and four SNPs
from three different regions in EA, and four pairs of interactions involving
HDL vQTLs in AA. We then used the Framingham Heart Study (FHS)
data to replicate the vQTLs and significant GxG interactions identified
in EA using ARIC data. Mixed effect models incorporating familial cor-
relation were used to analyze the FHS data. Three HDL vQTLs in CETR,
rs1800775, rs7499892, and rs1532624, were confirmed using FHS data.
One interaction between HDL vQTL rs9989419 and rs11721627 was
replicated. Our analyses have shown that CETP genotype is associated
with phenotypic variability of HDL, in addition to its well-known associ-
ation with mean heterogeneity of HDL. We have also demonstrated the
candidate role of vQTLs in GXG study.
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Genome-wide Association Studies Meta-analysis on Long Term
Average Blood Pressure among Asian Population. C. Li", Y.K. Kim®,
R. Dorajoo?, H. L, I-T. Lee™, C-Y. Cheng'>'3' M. He®, W.H Sheu’®, X.
Guo’™, J. He'?, J.E. Hixson’, D.C. Rao®, J. Chen? J. Zhao'!, D-F. Gu?,
E-S. Tai*, X. Lin%, J-Y. Wu'', TY. Wong'>'3' T. WuS, Y.I. Chen’s, J.I. Rot-
ter’®', B-J. Kim®, S.K. Ganesh'’, A. Chakravarti’®, TN. Kelly’, AGEN
consortium. 1) Department of Epidemiology, Tulane University School of
Public Health and Tropical Medicine, New Orleans, LA; 2) Department
of Medicine, Tulane University School of Medicine, New Orleans, LA;
3) Division of Structural and Functional Genomics, Center for Genome
Science, Korea National Institute of Health, KCDC, Korea; 4) Saw Swee
Hock School of Public Health, National University of Singapore, Singa-
pore; 5) Key Laboratory of Nutrition and Metabolism, Institute for Nu-
tritional Sciences, Shanghai Institutes for Biological Sciences, Chinese
Academy of Sciences and Graduate University of the Chinese Academy
of Sciences; 6) Division of Biostatistics, Washington University School
of Medicine, St. Louis, MO; 7) Department of Epidemiology, Human Ge-
netics and Environmental Sciences, University of Texas School of Public
Health, Houston, TX; 8) State Key Laboratory of Cardiovascular Disease,
Fuwai Hospital, National Center of Cardiovascular Diseases, Chinese
Academy of Medical Sciences and Peking Union Medical College, Bei-
jing 100037, China; 9) MOE Key Lab of Environment and Health, School
of Public Health, Tongji Medical College, Huazhong University of Science
& Technology, Wuhan 430030, Hubei, China; 10) Division of Endocrinol-
ogy and Metabolism, Department of Internal Medicine, Taichung Veter-
ans General Hospital, Taichung, Taiwan; National Yang-Ming University
Hospital, Taipei, Taiwan; 11) National Center for Genome Medicine, Insti-
tute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan; School of
Chinese Medicine, China Medical University Hospital, Taichung, Taiwan;
12) Singapore Eye Research Institute, Singapore National Eye Center,
Singapore 168751, Singapore; 13) Duke-NUS Graduate Medical School,
Singapore; 14) Department of Ophthalmology, National University of Sin-
gapore, Singapore; 15) Institute for Translational Genomics and Popula-
tion Sciences, Los Angeles Biomedical Research Institute at Harbor-UC-
LA Medical Center; 16) Division of Genomic Outcomes, Departments of
Pediatrics and Medicine, Harbor-UCLA Medical Center; 17) Cardiovas-
cular Medicine, Department of Internal Medicine Department of Human
Genetics University of Michigan; 18) Institute of Genetic Medicine, Johns
Hopkins University School of Medicine, Baltimore, MD.

Objectives: We aimed to identify novel genomic mechanisms under-
lying blood pressure (BP) regulation by conducting genome-wide single
marker and gene-based meta-analyses of the novel long term aver-
age (LTA) BP phenotype.Methods and Results: A total of 18,422 East
Asian participants were included in the discovery stage meta-analyses
(stage-1). Promising findings were tested for replication among 46,629
participants of European ancestry (stage-2). Significant SNPs and genes
were determined by a P<5.0x10-8 and 5.0x10-6, respectively, in joint
analysis of stage-1 and stage-2 data. For 4 loci reported by the previ-
ous LTA BP GWAS meta-analysis in participants of European ancestry,
evidence of trans-ethnic replication was determined by consistency in
effect direction and a Bonferroni-corrected P<1.67x10-2 (0.05/4). The
current study identified one novel ARL3 variant, rs4919669 at 10924.32,
influencing LTA systolic BP (stage-1 P=5.03x10-8, stage-2 P=8.64x10-
3, joint P=2.63x10-8) and mean arterial pressure (stage-1 P=3.59x10-
9, stage-2 P=2.35x10-2, joint P=2.64x10-8). Nine associations for 3
previously reported BP loci at WBP1L, NT5C2, and ATP2B1 were also
identified. Gene-based analysis revealed one novel gene, KCNJ11, that
was associated with LTA systolic BP (stage-1 P=8.55x10-6, stage-2
P=1.62x10-5, joint P=3.28x10-9) and mean arterial pressure (stage-1
P=9.19x10-7, stage-2 P=9.69x10-5, joint P=2.15x10-9). Fourteen
genes (TMEM180, ACTR1A, SUFU, ARL3, SFXN2, WBP1L, CYP17A1,
C100rf32, C100rf32-ASMT, ASBMT, CNNM2, and NT5C2 at 10g24.32;
ATP2B1 at 12921.33; and NCR3LG1 at 11p15.1) implicated by previous
GWAS meta-analyses were also identified. Among the loci identified by
the previous GWAS meta-analysis of LTA BP, we trans-ethnically repli-
cated associations of the KCNK3 marker rs1275988 at 2p23.3 with LTA
systolic BP and mean arterial pressure (P=1.27x10-4 and 3.30x10-4, re-
spectively).Conclusion: The current study identified 1 novel variant and
1 novel gene for LTA BP. Furthermore, we present the first evidence of
relevance of the KCNK3 locus for LTA BP in an East Asian sample.
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PIK3CG rQTL for blood pressure (SBP & DBP) modifies CHD/LDL
and CHD/DBP relationships among other rQTL and GxG found in a
blood pressure rQTL screen. T.J. Maxwell', Y. Ma?, Y. Cao? C.M. Bal-
lantyne®, J.M. Cheverud?, C.S. Guild®, C.E. Ndumele®, E. Boerwinkle? P.
Wei2. 1) Computational Biology Institute, The George Washington Uni-
versity, Ashburn, VA; 2) Human Genetics Center, University of Texas
Health Science Center, Houston, TX; 3) Section of Atherosclerosis and
Vascular Medicine, Baylor College of Medicine, and Center for Cardio-
vascular Disease Prevention, Methodist DeBakey Heart and Vascular
Center, Houston, TX; 4) Department of Biology, Loyola University, Chi-
cago, IL; 5) Department of Medicine, University of Mississippi Medical
Center,Jackson, MS; 6) Division of Cardiology, Johns Hopkins University
School of Medicine, Baltimore, MD.

A screen for relationship loci (rQTL) was performed between systolic
(SBP) and diastolic blood pressure (DBP) separately for European (EA)
and African Americans (AA) with genome-wide genotype data in the
Atherosclerosis Risk in Communities (ARIC) study. An rQTL exists when
the correlation between multiple traits varies by genotype. Differential
gene-by-gene (GxG) and/or gene-by-environment (GxE) interactions are
often responsible for rQTL. Screening for this single-locus pattern is a
powerful approach to identifying loci with context-dependent effects.
Parametric bootstrapping was used to identify 37 genome-wide sig-
nificant rQTLs from 10 unique locations in EA. Subsequent screens for
GxG using whole-exome SNP genotype data identified significant loci
for DBP from 15 unique locations interacting with 5 of the rQTL in EA.
We used the Framingham Heart Study (FHS) for replication. Twenty EA
rQTL from 4 locations replicated in FHS using an analogous mixed effect
model incorporating familial relationships. One EA GxG interaction repli-
cated in FHS while another replicated in ARIC AA. One EArQTL is from a
cluster of correlated SNPs intronic to and 3’ of PIK3CG. It was identified
because it affects the relationship between SBP and DBP but it also is
nominally significant as an rQTL for coronary heart disease (CHD) risk
and DBP, and for CHD risk with both LDL and total cholesterol. PIK3CG
has been extensively studied and is related to cardiac contractility, mod-
ified LDL uptake by macrophages, foam cell formation and blood pres-
sure related measures. Our PIK3CG SNPs are separate from other loci 5’
of PIK3CG reported in other GWAS studies. One EA rQTL (rs10520840)
was involved in eleven significant GxG interactions from nine unique lo-
cations, one of which (rs7188697) was previously reported as a large hit
for QT interval. We found 17 significant rQTLs from 14 locations in AA
with 8 of the rQTLs interacting with SNPs from 13 locations with all but
one for SBP. Currently we do not have an appropriate replication sample
for the AA results. However, we did have 3 AA rQTL and one GxG rep-
licated in FHS and one rQTL replicated in ARIC EA. One of these rQTL
is a nominal rQTL for CHD and SBP and another is directly associated
with CHD. Overall, there are numerous loci that affect the relationship
between SBP and DBP, some due to interactions with other loci and
some subsequently modifying the risk relationship between blood pres-
sure and CHD.
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A smoking and diabetes status stratified analysis of peripheral ar-
terial disease (PAD) identifies new loci and variants that my interact
with these risk factors to modify the risk of PAD. N.R. van Zuydam®?,
M. de Andrade®, E. Vlachopoulou?®, E. Ahlqvist®, E. DahlstrémS, V. Salo-
maa’, C.N.A. Palmer?, J.C. Hopewell?, H.M. Colhoun?, I.J. Kullo®, GoLEAD
and SUMMIT. 1) Wellcome Trust Centre for Human Genetics, University
of Oxford, Oxford, United Kingdom; 2) Medical Research Institute, Uni-
versity of Dundee, UK; 3) College of Medicine, Mayo Clinic, Rochester
MN, USA; 4) University of Helsinki, Finland; 5) Lund University, Malmo,
Sweden; 6) Folkhélsan Institute of Genetics, Folkhdlsan Research Cen-
ter, Biomedicum Helsinki, Helsinki University Central Hospital, Helsinki,
Finland; 7) National Institute for Health and Welfare, Helsinki, Finland; 8)
CTSU, Nuffield Department of Population Health, University of Oxford,
Oxford, UK.

Peripheral arterial disease (PAD) affects approximately 200 million
people worldwide. Smoking and diabetes are the largest risk factors for
PAD. There are three established loci for PAD: genome wide significant
(p<5x10-8) signals near CHRNA3 and LPA, and another highly signif-
icant signal (p<5x10-7) in the 9p21.3 region. This study sought to ex-
pand the number of PAD associated regardless of risk factor profile and
to identify variants that are specifically associated with PAD dependent
on smoking and diabetes status.PAD was defined as an ankle brachi-
al pressure index <0.9, mid-thigh to mid-foot amputations, corrective
procedures related to PAD, dispensed medication to treat claudication
or claudication with evidence of vascular disease. We were able to
analyse a total of 6,685 PAD cases and 39,324 PAD free controls. We
stratified these subjects by diabetes status (2,621 cases/14,579 con-
trols with diabetes and 2,827 cases /21,988 controls without diabetes)
and by smoking status (3,964 cases/22,597 controls from ever smokers
and 1,083 cases /11,922 controls from never smokers). We performed a
fixed-effects variance weighted meta-analysis and variants were tested
for heterogeneity between strata. We detected genome-wide significant
associations (p<5x10-8) with PAD in all individuals for known variants:
rs10757272 (OR[95%Cl]=1.17[1.12-1.22], p=5x10-9), in the 9p21.3 re-
gion, and rs1051730 (OR[95%CI]=1.13[1.09-1.18], p=1x10-9), near
CHRNAS3. Rs2036527 (OR[95%CIl]=1.28[1.21-1.35], p=1x10-11), R2=0.9
with rs1051730), near CHRNA3, was associated with PAD in non-dia-
betic subjects and showed evidence of interaction with diabetes status
(P het=5x10-7, in subjects with diabetes: OR[95%CI]=1.00[0.94-1.08],
p=NS). We identified a novel association for rs10894808 (OR[95%-
Cl]=1.55[1.41-1.69], p=9x10-9), near B3GAT1, in never smokers (P het-
=5x10-8, in ever smokers: OR[95%CI]=0.95[0.87-1.04], p=NS).In this
study, presenting the largest GWAS of PAD so far, we describe one novel
locus for PAD based on stratification for known risk factors. Two loci,
detected at genome wide significance, showed strong evidence of inter-
action with either diabetes or smoking status. These results suggest that
there may be different pathways contributing to risk of PAD dependent
on smoking and diabetes status. .
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GDF-15 gene variants influence GDF-15 levels, an independent
prognostic marker for cardiovascular events. N. Eriksson’, D. Ardis-
sino®, A. Budaj*, E. Hagstrém'2, C. Held"?, W. Koenig®®’, A. Siegbahn'?,
P.G. Steg®'%""'2, R.A.H. Stewart'’?, D. Waterworth™, H.D. White™, L. Wal-
lentin’ 2 on behalf of the STABILITY Investigators. 1) Uppsala Clinical Re-
search Center, UUppsala Clinical Research Center, Uppsala University,
Uppsala, Sweden. ppsala, Uppsala, Sweden; 2) Department of Medical
Sciences, Cardiology, Uppsala University, Uppsala, Sweden; 3) Azienda
Ospedaliero-Universitaria di Parma, Parma, Italy; 4) Postgraduate Med-
ical School, Grochowski Hospital, Warsaw, Poland; 5) Department of
Internal Medicine II-Cardiology, University of UIm Medical Center, Ulm,
Germany; 6) Deutsches Herzzentrum Minchen, Technische Universitat
Munchen, Munich, Germany; 7) DZHK (German Centre for Cardiovas-
cular Research), partner site Munich Heart Alliance, Munich, Germany;
8) Department of Medical Sciences, Clinical Chemistry, Uppsala Univer-
sity, Uppsala, Sweden; 9) INSERM-Unité 1148, Paris, France; 10) As-
sistance Publique-Hopitaux de Paris, Département Hospitalo-Universi-
taire FIRE, Hoépital Bichat, Paris, France; 11) Universita Paris-Diderot,
Sorbonne-Paris Cité, Paris, France; 12) NHLI Imperial College, ICMS,
Royal Brompton Hospital, London, UK; 13) Green Lane Cardiovascular
Service, Auckland City Hospital and University of Auckland, Auckland,
New Zealand; 14) Genetics, GlaxoSmithKline, King of Prussia, PA, USA.
Background: Growth differentiation factor 15 (GDF-15) is an emerg-
ing biomarker in the field of cardiovascular diseases. It is an indepen-
dent prognostic biomarker for cardiovascular events and major bleeding
during antithrombotic treatment. Whether there is a causal association
between GDF-15 and outcomes is still unknown. Genetic markers lo-
cated in the GDF15 gene are associated with altered circulating GDF-
15 concentrations. In this genome-wide association study (GWAS) we
assess the genetic effects on GDF-15 in a large, global, clinical trial on
patients with stable coronary heart disease (CHD).Methods: We per-
formed a GWAS on 10,788 stable CHD patients enrolled in the Stabili-
zation of Atherosclerotic Plaque by Initiation of Darapladib Therapy trial
(STABILITY, ClinicalTrials.govnumber, NCT00799903). Genotype data
was generated on the lllumina OmniExpressExome array. In total 10,786
patients and 733,565 SNPs passed genotype quality control of which
10,462 patients had GDF-15 measurements at baseline. GWAS analy-
ses of GDF-15 were performed using PLINK, adjusted for established
cardiovascular risk factors and genetic principal components. Analyses
were performed sequentially adjusting for each genome-wide significant
variant until no signals were left.Results: Overall the median (interquar-
tile range) level of GDF-15 was 1248 (909 - 1814) ng/L. We identified
three independent genome-wide significant SNPs associated with the
GDF-15 level: rs17725099, rs1227731 and rs12459782 (lowest P-value
= 3.06E-158) with minor allele frequencies of 0.25, 0.14 and 0.33, re-
spectively. The SNPs were located close to or within the GDF15 gene
on chromosome 19 and were in predicted regulatory regions. The top hit
SNP, rs17725099, explained 4.7% of the variance in GDF-15 level with
an increase in median GDF-15 level between major and minor genotype
of 44% (from 1128 (G/G) to 1626 (A/A) ng/L), SNPs combined explained
6.9% of the variance. Further, rs17725099 showed similar effect (beta
estimate) across all self-reported ethnicity groups except black (n=118)
and the effect remained when stratifying by country (n=28).Conclusion:
We identified three independent SNPs affecting GDF-15 concentrations.
The SNPs explained 6.6% of the variance in GDF-15 and the top hit SNP
had similar effect on GDF-15 across all countries. The results indicate
that these SNPs may be suitable for Mendelian randomization analyses
in the search for a possible causal effect of GDF-15 on clinical outcomes.
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Population-specific genomics identifies predictor of venous throm-
boembolism in African Americans. W. Hernandez’, E.R. Gamazon?, E.
Smithberger’, T.J. O’Brien®, A.F. Harralson®, M. Tuck*, A. Barbour®, R.A.
Kittles®, L.H. Cavallari®, M.A. Perera’. 1) Dept Med, Section of Genetic
Medicine, The University of Chicago, Chicago, IL; 2) Division of Genet-
ic Medicine, Department of Medicine, Vanderbilt University, Nashville,
TN; 3) The George Washington University, Department of Pharmacology
and Physiology Washington, DC; 4) Uniformed Services University of the
Health Sciences, Department of Veterans Affairs, Washington, DC; 5) Di-
vision of Urology, Department of Surgery, University of Arizona College
of Medicine, Tucson, AZ; 6) University of Florida, Department of Pharma-
cotherapy and Translational Research, Gainesville, FL.

Background: Venous thromboembolism (VTE) is the third most com-
mon life-threatening cardiovascular condition in the U.S. with African
Americans (AAs) having a 30 - 60% higher incidence compared to other
ethnicities. The mechanisms underlying population differences in the risk
VTE are poorly understood. Genome-wide association studies (GWAS) in
Caucasians have confirmed the well-established risk variants, Factor V
Leiden (rs6025) and prothrombin G20210A (rs1799963). However, these
variants are nearly absent in AAs.Methods: To more comprehensively
account for genetic variation observed in VTE risk among AAs, we con-
ducted the firstGWAS on AAs comprised of 578 subjects (cases=146,
controls=432) followed by replication of highly significant findings in an
independent cohort of 159 AA subjects (cases=94, controls=65).GWAS
genotypes were imputed to approximately 10 million SNPs using refer-
ence files from the 1,000 genomes haplotypes - Phase | integrated vari-
ant set. Logistic regression was used to estimate associations between
genetic variants and risk of VTE.We utilized ioinformatics analysis of the
top signalsto identifiy expression quantitative trait loci (€QTLs) in whole
blood and we investigate the mRNA expression differences between
VTE cases and controls.Results:Genome-wide significant associations
were identifiedon chromosome 7 (rs73692310, p=1.73x10-9) and chro-
mosome 18 (rs28496996 and rs58952918, p<1.1x10-8) and replicated
SNP associations on chromosome 20 (rs2144940 and rs1998081, me-
ta-analysis p<5x10-8) which increased VTE risk by ~2.20 fold. These risk
variants were found at higher frequency among AAs (>20%) compared to
other ethnic groups (<8%). We demonstrate that chromosome 20 SNPs
are cis-eQTLs for thrombomodulin (THBD) — a key player in the regulation
of coagulation, and also show the expression of THBD is lower among
VTE cases compared to controls (p=9.87x10-6). The direction of these
associations supports the role of decreased TMBD in VTE risk.Conclu-
sion: We have identified and replicated common novel polymorphisms
associated with increased risk of VTE in two independent AA cohorts. In
addition, our study provides further evidence that the well-established
risk variants among Caucasians (rs6025, prothrombin G20210A, and
ABO variants) are not the major cause of VTE in AAs. Our findings pro-
vide new molecular insight into a mechanism regulating VTE suscepti-
bility in AAs; a population disproportionately affected by this disease.
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Genome-wide Association Study with 1000 Genomes Imputation
Identifies 7 new loci Associated with Blood-Pressure Traits in Af-
rican-American Population. J. Liang’, D. Edwards?, B. Tayo® E. Fox¢,
Y. Lub, R. JensenS, J. Smith?, X. Guo®, H. Tang®, G. Chen'’, L. Yanek’,
A. Morrison', S. Tajuddin™, A. Johnson', K. Liu™, R. Charles's, M. For-
nage'?, S. Kardia’, K. Rice®, S. Redline’’, J. Rotter', C. Richard® D.
Levy™, B. Keating'®, A. Chakravarti'’, T. Edwards?, X. Zhu', N. Franceschi-
ni?°, COGENT-BP investigators. 1) Case Western Reserve University,
Cleveland, OH; 2) Vanderbilt University, Nashville, Tennessee; 3) Loyola
University Chicago, Chicago, IL; 4) University of Mississippi Medical
Center, Jackson, MS; 5) Mount Sinai Hospital, New York, NY; 6) Universi-
ty of Washington, Seattle, WA; 7) University of Michigan, Ann Arbor, MI;
8) Cedar-Sinai Medical Center, Los Angeles, CA; 9) Stanford University,
Stanford, CA; 10) National Human Genome Research Institute, National
Institutes of Health, Bethesda, Maryland; 11) John Hopkins University,
Baltimore, Maryland; 12) The University of Texas Health Center, Hous-
ton, TX; 13) National Institutes of Health, National Institutes of Aging,
Bethesda, Maryland; 14) National Institutes of Health, National Heart,
Lung and Blood Institute; 15) Northwestern University Feinberg School
of Medicine, Evanston, IL; 16) National Human Genome Research In-
stitute, Bethesda, Maryland; 17) Harvard University, Harvard Medical
School, Cambridge, MA; 18) University of California, Los Angeles, David
Geffen School of Medicine, Los Angeles, CA; 19) University of Pennsyl-
vania, Perelman School of Medicine, Philadelphia, PA; 20) University of
North Carolina, Chapel Hill, NC.

African-Americans are more susceptible to high blood pressure (BP)
and complications associated with high BP than any other ethnic group
in the United States. Many large BP genome-wide association studies
(GWASSs) have been reported with common variants associated with
BP in different ethnic populations, although the BP variation account-
ed for by the associated variants is still modest. The published GWASs
are less successful in African ancestry populations than other popula-
tions, possibly due to relatively small sample size and different linkage
disequilibrium patterns. We reported a GWAS using genotypes imputed
from the 1000G Phase | Integrated Release Version 3 or recent including
30,086 individuals for 17 African American and one Nigerian cohorts. We
observed nine independent loci (BC041459, HBG2, RUFY4 (CXCR2P1),
NDST4/TRAM1L1, GPR20, PTH2R/MAP2, ZNF621/CTNNB1, EVX1/
HOXA, CDH17) significantly associated with one or multiple BP traits
(systolic BP, diastolic BP, pulse pressure and hypertension status) (p <
5.0 x10-8). Two of them have been reported previously (EVX1/HOXA,
CDH17). Among the nine index SNPs, two were also studied in our pre-
vious report (Franceschini et al. AJHG, 2013) but with less significance.
Fine mapping, functional follow-up analysis and replication analysis are
ongoing to further confirm the findings. Our study strongly suggests that
searching for genetic variants underlying complex traits in African an-
cestry populations can be fruitful when variants are imputed to the 1000
Genomes reference panel.
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Identification of genetic loci associated with heart rate variability
by the VQHRV consortium. I.M. Nolte', L.M. Muroz', V. Tragante? R.
Jansen?®, A. Vaez!, . MOPMAP Investigators?, K.F. Kerr®, . LifeLines Co-
hort Study’, S. Kaab’, N. Verweij®, T. Lehtiméki®, B.P. Krijthe™, D. Levy'",
M.R. Jarvelin’, A. Minassian’®, A. Britton™, A.J. Oldehinkel®, A. Klut-
tig's, D.L. Kuh'’, E. Ingelsson™, PK. Stein™, H. Huikuri?°, H. Tiemeier?',
C.M. Nievergelt', K. Stolarz-Skrzypek?, J.F Thayer?®, H. Riese’®, B.J.J.M.
Brundel?, H. Snieder’, E.J.C. de Geus®. 1) Department of Epidemiology,
University of Groningen, University Medical Center Groningen, Gronin-
gen, Netherlands; 2) Department of Cardiology, University Medical Cen-
ter Utrecht, Utrecht, The Netherlands; 3) Department of Psychiatry, VU
University Amsterdam, Amsterdam, The Netherlands; 4) Departments of
Epidemiology and Medicine, University of North Carolina, Chapel Hill,
NC, USA; 5) Department of Biostatistics, University of Washington, Se-
attle, WA, USA; 6) LifeLines Cohort Study, University Medical Center
Groningen, Groningen, The Netherlands; 7) Department of Medicine |,
University Hospital Munich, Ludwig-Maximilians-University Munich, Mu-
nich, Germany; 8) Department of Cardiology, University of Groningen,
University Medical Center Groningen, Groningen, The Netherlands; 9)
Department of Clinical Chemistry, Fimlab Laboratories and University of
Tampere School of Medicine, Tampere, Finland; 10) Department of Ep-
idemiology, Erasmus Medical Center, Rotterdam, The Netherlands; 11)
National Heart, Lung, and Blood Institute’s Framingham Study, Framing-
ham, MA, USA; 12) Department of Epidemiology and Biostatistics, MRC-
PHE Centre for Environment & Health, School of Public Health, Imperial
College London, UK; 13) Department of Psychiatry, University of Califor-
nia San Diego, La Jolla, California, USA; 14) Department of Epidemiology
and Public Health, University College London, London, UK; 15) Interdis-
ciplinary Center Psychopathology and Emotion regulation, Department
of Psychiatry, University of Groningen, University Medical Center Gronin-
gen, Groningen, The Netherlands; 16) Institute of Medical Epidemiology,
Biostatistics and Informatics; Martin-Luther-University Halle-Wittenberg,
Halle (Saale), Germany; 17) MRC Unit for Lifelong Health and Ageing
at University College London, London, UK; 18) Department of Medical
Sciences, Molecular Epidemiology and Science for Life Laboratory, Up-
psala University, Uppsala, Sweden; 19) Department of Medicine, Wash-
ington University School of Medicine, St. Louis, MO, USA; 20) Medical
Research Center of Oulu, University of Oulu, University Hospital of Oulu,
Oulu, Finland; 21) Departments of Epidemiology & Child and Adoles-
cent Psychiatry, Erasmus Medical Center, Rotterdam, The Netherlands;
22) First Department of Cardiology, Interventional Electrocardiology and
Hypertension, Jagiellonian University Medical College, Krakow, Poland;
23) Department of Psychology, The Ohio State University, Columbus,
OH, USA; 24) Departments of Clinical Pharmacology, University Medical
Center Groningen, University of Groningen, Groningen, The Netherlands;
25) Department of Biological Psychology, VU University Amsterdam,
Amsterdam, The Netherlands.

Background: Reduced cardiac vagal control reflected in low heart
rate variability (HRV) is associated with greater risk of cardiac morbidity
and mortality. Heritability of HRV ranges from 34-53% for the standard
deviation of normal-to-normal intervals (SDNN), from 36-71% for the
root mean square of successive differences (RMSSD), and from 25-63%
for peak-valley respiratory sinus arrhythmia and high frequency power
(pvRSA/HF) in the spectral decomposition of heart rate (HR).Objective:
to identify loci associated with HRV at rest by performing meta-analysis
of genome-wide association studies (GWAS).Design: The VgHRV con-
sortium performed three two-stage meta-analyses of GWAS in 53,542
individuals of European ancestry for the HRV measures SDNN, RMS-
SD, and pvRSA/HF. These traits were determined from 10s to12h heart
beat recordings, preferably under sitting/supine resting conditions. In-
dependent SNPs that reached genome-wide significance after replica-
tion were followed-up in 11,234 Hispanic and 6,899 African American
individuals. Post-GWAS analyses included in silico sequencing and an-
notation, eQTL analysis in whole blood, genetic risk score analysis, ge-
netic correlation analysis between HRV and HR, and functional network
analysis.Results: We identified 11 independent SNPs in eight loci that
were significantly associated with at least one of the three HRV mea-
sures. These hits together accounted for 0.8-0.9% of the variance in
HRYV in the general European population. Replication in Hispanic and
African American samples confirmed association for seven and six hits,
respectively, in six of the loci. Five of the identified SNPs were previ-
ously associated with resting HR, but six were unique to HRV including
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our top finding (p=4.6x10-46). Two of our hits were either themselves
or in high LD with non-synonymous SNPs and three were eQTLs. LD
Score regression showed that genetic correlation is almost 1 between
the HRYV traits and is around -0.6 between HRV and HR. Genes near our
hits were broadly related to two categories of significantly enriched bi-
ological processes: 1) cellular signaling and response (e.g. to glucagon)
and 2) metabolic processes in the cell (e.g. glycosylation).Conclusion:
The VgHRV consortium identified 11 independent SNPs in eight loci that
were genome-wide significantly associated with HRV explaining 0.9%
of its variance. Post-GWAS analyses yielded interesting functional clues
providing insight into the biology underlying cardiac vagal control.
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Genome-wide association analysis of self-reported blood clots in
6,135 research participants identifies 8 loci associated with throm-
bosis. M. Sabater-Lleal’, D.A. Hinds?, A. Buil, A. Martinez-Perez*, R. Ma-
lik®, L. Folkersen®, D. Ziemek'’, A. Malarstig"?, N. Bing’, J.M. Soria*, J.C.
Souto?, A. Franco-Cereceda®, A. Hamsten', E.T. Dermitzakis®, J.Y. Tung?,
METASTROKE. 1) Cardiovascular Genetics and Genomics, Department
of Medicine, Karolinska Institutet, Stockholm, Sweden; 2) 23andMe, Inc;
3) Department of Genetic Medicine and Development, University of Ge-
neva Medical School, Geneva, Switzerland; 4) Hospital de la Santa Creu
i Sant Pau, IIB-Sant Pau, Barcelona, Spain; 5) Institute for Stroke and
Dementia Research, Klinikum der Universitat Miinchen, Ludwig-Maxi-
milians Universitat, Munich, Germany; 6) Center for Biological Sequence
Analysis, Department of Systems Biology, Technical University of Den-
mark, Denmark; 7) Pfizer Worldwide R&D; 8) Cardiothoracic Surgery
Unit, Department of Molecular Medicine and Surgery, Karolinska Institu-
tet, Karolinska University Hospital Solna, Stockholm, Sweden.

Venous thromboembolism (VTE), which includes deep-vein thrombo-
sis (DVT) and pulmonary embolism (PE), is a complex disease deter-
mined by well-established environmental factors and genetic risk fac-
tors. To add insights into the genetic regulation of thrombotic disease,
we conducted a genome-wide association study (GWAS) of self-report-
ed blood clots in 6,135 VTE cases and 252,827 controls of European
ancestry belonging to the 23andMe cohort of research participants.Eight
loci that exceeded genome-wide significance were revealed. Our study
replicated previously known VTE loci near F5, FGA-FGG, F11, F2, PRO-
CR, FVIIl and ABO genes, and the more recently discovered loci near
SLC44A2, and TSPAN15.In addition, we present data showing common
genetic risks factors for stroke and coronary artery disease.Analyses of
expression profiles and expression quantitative trait loci (€QTL) across
different tissues suggested three plausible candidate genes for the
chromosome 19 locus, the first thrombosis-related locus that does not
harbour seemingly coagulation-related genes. Finally, our resultsprovide
evidencethat self-reported data for VTE GWAS vyield results comparable
with those using clinically diagnosed VTE. This observation opens up
the potential for larger meta-analyses, which will enable elucidation of
the genetics of thrombotic diseases, and serves as an example for the
genetic study of other diseases.
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Meta-analysis of exome chip for platelet count and mean platelet
volume identifies novel common and rare loci. J.D. Eicher’, N. Cha-
mi?, T. Kacprowski®, A. Nomura®, L. Yanek®, N. Faraday’, P. Auer®, A.
Reiner®, G. Lettre?, A.D. Johnson', Blood Cell Consortium. 1) Popula-
tion Sciences Branch, Intramural Research, Framingham Heart Study,
NHLBI, NIH, Framingham, MA; 2) Montreal Heart Institute and Universita
de Montréal, Montréal, Québec, Canada, H1T 1C8; 3) Department of
Functional Genomics, Interfaculty Institute for Genetics and Function-
al Genomics University Medicine and Ernst-Moritz-Arndt University
Greifswald Friedrich-Ludwig-Jahn-Str. 15a, 17475 Greifswald, Germany;
4) Center for Human Genetics Research, Massachusetts General Hospi-
tal, 185 Cambridge St., Boston, MA 02114; 5) Department of Medicine,
Johns Hopkins University 1830 E Monument St, Baltimore, MD 21287; 6)
School of Public Health, University of Wisconsin-Milwaukee 1240 N 10th
Street Milwaukee, WI 53201; 7) Public Health Sciences Division, Fred
Hutchinson Cancer Research Center, Seattle, WA 98109; 8) Department
of Epidemiology, University of Washington School of Public Health, Se-
attle, WA 98195.

Platelet production is a tightly controlled developmental process in-
dicative of the important role platelets play in hemostasis and thrombo-
sis. |dentifying genetic determinants of platelet count (PLT) and mean
platelet volume (MPV), two common clinical blood count measure-
ments, may elucidate mechanistic insights into platelet production, re-
lease, clearance, and their possible roles in chronic disease. Previous
genome-wide association and exome chip studies have identified both
common and rare genetic variation that influences PLT and MPV. Here,
using platelet phenotypes and exome chip genotype data collected in 21
different studies, we performed a meta-analysis on PLT and MPV asso-
ciation results in 131,857 and 41,529 individuals, respectively. Individual
study exome chip association results, completed using RareMetalWork-
er or RVTests, were combined with RareMetals for single variant tests
and burden testing using Variable Threshold (VT) and SKAT.For PLT, we
confirm association of many known rare (e.g., JAK2, TUBB1, MPL, and
SH2B3) and common (e.g., CABLES4, TMCC2, ARHGEF3, and SH2B3)
loci (p<2.07x10-7). Similarly, we replicate several known associations
between rare (e.g., TUBB1, KARLN, and IQGAP2) and common (e.g.,
GCSAML, WDR66, and JMJD1C) loci with MPV (p<2.20x10-7). In addi-
tion to recapitulating the association of many known loci, we also iden-
tify novel loci currently undergoing conditional analyses and replication
efforts. These include novel platelet associations of several genes as-
sociated with red and white blood cell (e.g. TMPRSS6, ST5, and HFE)
traits previously in the literature and in concurrent analyses in the Blood
Cell Consortium, which may reflect influences in common hematopoiet-
ic or clearance pathways. We also identify novel associations of genes
(PEAR1 and MRVI1) previously associated with platelet reactivity as well
as several lipids associated genes including APOH and LDLRAP1. In
addition to these novel associations of previously identified hemato-
logical or cardiovascular related genes, we find novel association with
ZMIZ2 (p=3.09x10-17), a known factor in androgen receptor mediated
transcription and mesodermal development. Our results demonstrate
the utility of exome chip data and increased sample size in genetic dis-
covery for quantitative blood cell traits. Future work will seek to confirm
the novel loci and examine the importance of novel coding variation and
genes on platelet biology using animal and cellular models.
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Simvastatin and RORo Ligands Increase AMP-Activated Protein Ki-
nase (AMPK) Level In vitro. N. Coban, C. Gulec, O. Yildirim, N. Ergi-
nel-Unaltuna. Genetics, Institute for Experimental Medicine, Istanbul
University, Istanbul, Turkey.

Aim: AMP-activated protein kinase (AMPK) is a trimeric enzyme com-
prising a catalytic a-subunit and regulatory B, vy subunits. AMPK was
first identified as an upstream kinase that phosphorylates and hence
inactivates 3-hydroxy-3-methylglutaryl coenzyme A reductase, the key
enzyme controlling cholesterol biosynthesis. Cholesterol is known to be
one of the natural ligands of nuclear receptor RORo., and RORo.-medi-
ated control of AMPK expression level was shown to play role in me-
tabolism in the mice. Since cholesterol looks like to act as a linker in
RORo-AMPK pathway, we aimed to test whether this cholesterol-based
pathway is effective in human macrophages which play crucial role in
atherosclerosis.Methods: To test the dependence of AMPK on choles-
terol level and RORo. aktivity in the macrophages, we measured the ex-
pression levels of AMPK and it’s downstream gene SREBF2 in THP-1
macrophages treated with simvastatin and/or synthetic RORo. ligands.
Results: We observed that simvastatin increased the expression of
AMPK, and that this increment was partially enhanced by ROR« ligands.
Simvastatin was also found to increase the expression of AMPK target
gene SREBF2. The latter increment, however, was partially reduced by
RORo. ligands. Conclusion: AMPK has emerged as a new target for the
treatment of cardiometabolic diseases. RORo. has also potential to be
used as a target in cardiometabolic diseases. Statins, on the other hand,
have been used in the treatment of cardiovascular diseases for decades.
In recent study, we aimed to test the interrelationship between AMPK
and RORa. in macrophages. Our results suggest that cholesterol might
play role in regulation of RORo-AMPK pathway in human macrophages,
and this regulation can be modulated by administration of simvastatin
and synthetic ROR«. ligands. These results offer RORo-AMPK pathway
as a potential therapeutic target not only for metabolic disorders, but
also for atherosclerosis.
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Better Characterization of Coronary Artery Disease Across Multiple
Tissues Achieved through Improvement of Bayesian Networks Us-
ing Causal Inference Testing. A. Cohain’, O. Franzen’, R. ErmeP, Y. Mo’,
H. Talukdar®, H. Foroughi®, J. Skogsberg®, K. Hao’, C. Betsholtz5, J. Ko-
vacic®, T. Michoel¢, A. Ruusalepp?’, E.E. Schadt'’?, J.L.M. Bjérkegren267.
1) Department of Genetics & Genomic Sciences, Institute of Genomics
and Multiscale Biology, Icahn School of Medicine at Mount Sinai, New
York, NY; 2) Department of Cardiac Surgery, Tartu University Hospital,
Tartu, Estonia; 3) Department of Medical Biochemistry and Biophysics,
Karolinska Institutet, Stockholm, Sweden; 4) Division of Genetics and
Genomics, The Roslin Institute, University of Edinburgh, Edinburgh, UK;
5) Deptartment of. Immunology, Genetics and Pathology, Uppsala Uni-
versity, Sweden; 6) Cardiovascular Institute, lcahn School of Medicine at
Mount Sinai, New York, NY; 7) Clincial Gene Networks AB, Stockholm,
Sweden.

Given the huge societal impact of Coronary Artery Disease (CAD)
around the world, extensive genome-wide association studies (GWAS)
have been pursued to elucidate the complexity of this highly heritable
disease, resulting in the identification of >150 loci that collectively ex-
plain <10% of the expected genetic variance. The genetic architecture
and downstream mechanisms of CAD required to translate genetic loci
into opportunities for diagnosis, therapy and prevention, have been
resolved for only a few of these disease-associated loci. To improve
our understanding of CAD in light of these genetic findings, the Stock-
holm-Tartu Atherosclerosis Reverse Network Engineering Team (STAR-
NET) sequenced RNA from 9 disease-relevant tissues, genotyped DNA,
and collected extensive phenotypic information from a total of 700 pa-
tients who either underwent coronary artery bypass graft surgery (“cas-
es”) or other forms of open heart surgery (“controls”).To move beyond
viewing the complexity of the human system and disease as a combi-
nation of isolated genetic loci and genes, we carried out a multi-tissue
systems approach to integrating the extensive STARNET dataset to bet-
ter define the molecular underpinnings of CAD. First, we detected causal
interactions among gene expression traits and between these traits and
clinical phenotypes by employing causal inference techniques that lever-
age DNA variation common to these traits as a perturbation source. Sys-
tematic application of this causal inference procedure among all gene
expression traits and clinical features across all CAD loci reveals the
complex architecture of both upstream and downstream effects of these
disease associated SNPs. Using the results of the causal relationships
predicted across all tissues in STARNET as structure priors, we con-
structed Bayesian networks that provide a highly integrated, directed,
multi-tissue view of disease that enables data-driven predictions relating
to the pathophysiology of CAD. We believe these disease networks are
the most comprehensive and informative representations of the regula-
tory and molecular landscape of CAD to date and as such should pro-
vide significant insights into novel therapeutic points of intervention and
novel therapies for CAD.
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From Death to Life/Back to the Future: Detailed premorbid clinical
and family history can save the lifes and adress the final diagnosis
in Sudden Unexplained Deaths with negative autopsy. S.G. Temel"?,
C.L Baydar®, B. Turkgenc*®, M. Ozen®, S. Usar Incirli’, C. Conkbayir®, M.C
Yakicier*®. 1) Near East University, Faculty of Medicine, Department of
Histology & Embryology, Nicosia, North Cyprus; 2) Uludag University,
Faculty of Medicine, Department of Medical Genetics, Bursa, Turkey; 3)
Near East University, Faculty of Medicine, Departmen of Forensic Med-
icine, Nicosia, North Cyprus; 4) Acibadem Genetic Diagnostic Center,
Istanbul, Turkey; 5) 2. Marmara University, Faculty of Medicine, Depart-
ment of Medical Biology and Genetic, Istanbul, Turkey; 6) Dr. Nalban-
toglu State Hospital, Department of Pathology, Nicosia, North Cyprus;
7) Dr. Nalbantoglu State Hospital, Department of Neurology, Nicosia,
North Cyprus; 8) Near East University, Faculty of Medicine, Department
of Cardiology, Nicosia, North Cyprus; 9) Acibadem University, Faculty of
Science, Department of Molecular Biology and Genetic, Istanbul, Turkey.
Sudden cardiac death is responsible for a large proportion of sudden
deaths in young individuals. In forensic medicine, many cases remain
unexplained after routine postmortem autopsy and conventional inves-
tigations. These cases are called sudden unexplained deaths (SUD).
nherited cardiac disorders such as Long Qt, Brugada syndrome and
cardiomyopaties comprise a substantial proportion of SUD cases. In this
study, two forensic SUD case and their family members are investigated
for inherited cardiac disorders. We report a 35 and 31 years old unrelated
asymptomatic forensic SUD males died suddenly during asleep. There
was another SUD individual in the first case’s family and second case
had a syncope history. Postmortem examinations excluded the extracar-
diac causes of sudden death as well as the absence of structural abnor-
malities. Because we had no available material for the first case, detailed
cardiologic examination was performed to the sibling of him. She was
positive for ajmaline test and diagnosed as Brugada syndrome; intracar-
diac defibrillator was planned and implanted. Targeted sequencing was
performed to the sibling of the first and the second forensic SUD case
on ion Personel Genome Machine using lon Ampliseq Panel comprising
68 genes known to be associated with cardiological arrhythmias. Torrent
Suite Software was used for data analysis. Three heterozygote missense
variations were identified in the sibling of the first SUD case; ¢.3611C>T
(p.Pro1204Leu) in TRPM4 gene, ¢.109G>A (p.Val37lle) in RANGRF gene,
paternally inherited and ¢.11229G>C (p.Met3743lle) in AKAP9 gene, ma-
ternally inherited. Molecular autopsy of the second SUD case was re-
vealed 3 missense variations; c.1889G>A (p.Arg630Gin) in KCND3 gene,
maternally inherited and ¢.5369T>G (p.Val1790Gly) in AKAP9 gene,
c.325G>A (p.Val109lle) in KCNE1 gene, paternally inherited. RANGRF
variation was novel, KCNE1 and TRPM4 variations were reported as
pathogenic allele and the remaining 2 were reported as “unknown” allele.
Carriers were identified in two families, also. For future directions func-
tional analysis of found variations are under estimated. Irrespective of
genetic testing; all SUD family required detailed clinical testing to identify
relatives who may be at risk. Molecular autopsy and detailed premorbid
clinical and family history can survive family members of SUD cases.Ac-
knowledgements: nherited arrhythmia panel is supported by grant from
SANTEZ Project (0253.STZ.2013-2), Turkey.
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Multivariate genome-wide association analysis of circulating cellu-
lar adhesion protein levels in the Multi-Ethnic Study of Atheroscle-
rosis. N.B. Larson’, PA. Decker’, C.L. Wassel?, J.S. Pankow?, W. Tang?,
N.Q. Hanson?, M.Y. Tsai*, S.J. Bielinski’. 1) Department of Health Scienc-
es Research, Mayo Clinic, Rochester, MN; 2) Department of Epidemiol-
ogy, University of Pittsburgh, Pittsburgh, PA; 3) Division of Epidemiology
and Community Health, University of Minnesota, Minneapolis, MN; 4)
Laboratory Medicine and Pathology, University of Minnesota, Minneap-
olis, MN.

The cellular adhesion pathway is critical in the pathophysiology of ath-
erosclerosis, and genetic factors contributing to regulation of circulating
levels of related proteins may be relevant to risk prediction of cardiovas-
cular disease. Moreover, the regulatory genetics and corresponding ef-
fects of the cellular adhesion pathway may be race/ethnicity-specific and
could contribute to disparities in disease incidence. In contrast to con-
ducting separate protein quantitative trait loci (pQTL) analyses of each
individual protein, joint genetic association analyses of multiple quantita-
tive traits can leverage cross-trait co-variation and identify simultaneous
regulatory effects on protein levels across the pathway. In this study, we
conducted a multi-pQTL analysis of 15 proteins related to cellular ad-
hesion assayed on n = 2313 from the Multi-Ethnic Study of Atheroscle-
rosis (MESA). Genetic data consisted of the Affymetrix Genome-Wide
Human SNP Array 6.0 supplemented by the lllumina Exome BeadChip,
Cardio-MetaboChip, and the iSelect ITMAT/Broad/CARe (IBC) Chip. We
applied the MQFAM multivariate association analysis method in PLINK
on normalized residuals derived from univariate linear regression, adjust-
ing for age, sex, genetic ancestry, BMI, and smoking status. Participants
were African (n = 519), Chinese (n = 594), non-Hispanic white (n = 613),
and Hispanic American (n = 587), and analyses were conducted strati-
fied by race/ethnicity. Analysis results were also combined across race/
ethnicity by meta-analysis using Stouffer’s combined Z-score approach.
Stratified analyses identified multiple significant (P<5e-08) loci associat-
ed with co-variation of protein levels, many of which were in proximity
to coding genes of the assayed proteins and varied in statistical signifi-
cance by strata. However, we additionally identified consistent SNP as-
sociations across race/ethnicity in genes ABO [MIM 110300] and FUT2
[MIM 182100], which respectively encode the protein defining the ABO
blood group system and a Golgi stack membrane protein involved in
the creation of H-antigen precursor.Supplementary analyses suggested
the ABO multi-pQTL SNP associations to be driven by ABO blood type.
These results indicate the biological relevance of blood group antigens
on regulation of circulating cellular adhesion pathway proteins while also
demonstrating race/ethnicity-specific genetic regulatory effects.
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Differential mMRNA and miRNA gene expression in hypertensive and
non-hypertensive women is influenced by race. D.F. Dluzen, N.N.
Hooten, Y. Zhang, K.D. Jacob, A.B. Zonderman, M.K. Evans. National
Institute on Aging, National Institutes of Health , Baltimore, MD.
Essential hypertension occurs more frequently among African Amer-
icans (AA) than any other population sub-group, has earlier onset, and
more frequently results in end-organ complications. In addition, AA
women have the highest incidence and hospitalization rates for hyper-
tension in the United States. Previous data suggests that gene expres-
sion patterns may increase individual susceptibility to selected chronic
diseases. Therefore, we hypothesized that differential gene expression
may influence the disproportionate incidence and prevalence of hyper-
tension among AAs. Transcriptional profiling of peripheral blood mono-
nuclear cells (PBMCs) from AA or White, normotensive or hypertensive
females identified thousands of mRNAs differentially expressed by race
and/or presence of hypertension. Since microRNAs (miRNAs) are well-
known post-transcriptional regulators of mRNA expression levels, and
recent data indicates that miRNAs play an important role in the etiolo-
gy of cardiovascular disease, we wanted to examine whether changes
in miRNA abundance influence mRNA changes in hypertension. To test
this, we profiled global miRNA expression in the same cohort. Analy-
sis of microarray expression changes using Ingenuity Pathway Analysis
identified mRNA-miRNA regulatory networks in hypertension-related
pathways, i.e. the renin-angiotensin system, nitric oxide signaling, and
actin-cytoskeletal signaling pathways, which differ by race and hyper-
tension status. mMRNA and miRNA gene expression changes were vali-
dated using RT-gPCR in an expanded cohort and gene functionality and
miRNA target validation was investigated in vitro using primary human
umbilical vein cells. We have identified several miRNAs, including miRs
20a-5p, 30c-5p, 4763-5p, 4709-3p and 4717-3p, which are significantly
(P<0.05) and differentially expressed by race and/or presence of hyper-
tension. Together, these findings identify several pathways and miRNA
gene candidates whose expression differ with race and may contribute
to hypertension-related health disparities.
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Discovery of gene networks in monocytes with evidence of medi-
ating the protective effects of HDL-cholesterol on monocytes func-
tion. R.A. Verdugo', FA. Medina’, K. Orostica’, T. Zeller?, P.S. Wild®4, T.
MunzeP, K. Lackner®, E. Ninio®, D.A. Tregouet®, F. Cambien®, S. Blanken-
berg? L. Tireté. 1) Programa de Genética Humana, Facultad de Medicina,
Universidad de Chile, Chile; 2) Department of General and Interventional
Cardiology, University Heart Center Hamburg; 3) Department of Medi-
cine ll, University Medical Center Mainz; 4) Center for Thrombosis and
Haemostasis, Clinical Epidemiology, University Medical Center Mainz;
5) Institute for Clinical Chemistry and Laboratory Medicine, University
Medical Center Mainz; 6) INSERM UMR_S 1166, Pierre and Marie Curie,
Paris, France.

Although high-density lipoprotein (HDL) cholesterol is a known pro-
tective factor against atherosclerosis, the molecular mechanisms medi-
ating its effects are not well understood. The objective of this study is to
identify gene networks whose expression may explain such protective
effect in humans. We tested graphical models of causality on 17,186
genes expressed in monocytes from 1,466 participants of the Gutenberg
Health Study. There were 3,596 genes whose expression was associated
with either HDL, 258 with number of atherosclerotic plaques, and 129
were associated to both (FDR < 0.1). Independent component analysis
(ICA) identified 163 components in 500 runs. Of these, 44 were selected
because high stability across runs, were not explained by outliers, and
were not correlated with technical variables. Nine independent patterns
of expression were significantly associated to HDL cholesterol level in
blood. The rows of matrix A from ICA were used as independent ex-
pression patterns called metagenes. The structure of causal associa-
tions among the expression of nine metagenes, HDL, sex, smoking, and
number of plaques were investigated by Bayesian Networks. Graphical
models were scored by the BIC score and the space of models was ex-
plored by the hill-climbing algorithm. The process was repeated in 1000
bootstraps and the causal structure was represented as the average net-
works across boot replicates using the bnlearn R-package. The average
causal model identified Meta31 (ADRB2 gene in the center) as a parent
of HDL in the network, and therefore it’s a causal candidate to modify
cholesterol uptake or efflux from monocytes. By contrast, Meta29 and
Meta119, with genes PACSIN1 and DEFA4 in their respective centers,
were the only children of HDL, suggesting that HDL directly regulates
the expression of these modules in the monocyte. Meta31 was the most
correlated metagene to HDL cholesterol (r2=0.045) and it had the highest
proportion of genes with expression correlated to this lipoprotein (50%)
and to number of atherosclerotic plaques (10%). The gene module as-
sociated to this pattern contained 340 genes that were enriched for the
“response to wounding” and “immune response” GO terms. Meta29
contained 258 genes that were enriched for the “response to endoplas-
mic reticulum stress” GO term and code mostly “integral to membrane”
proteins. We investigate gene-level models of causality that can be test-
ed experimentally.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



94 Posters Cardiovascular Genetics

603F

Extensive Transcriptional Changes in Hypertrophied Cardiomy-
ocytes Derived from Human iPSCs. W. Li’, P. Aggarwal’, A. Turner’,
A. Matter’, E. Storvick’, D. Arett?, S. Hunt®, B. Lewis? U. Broeckel'. 1)
Dept. of Pediatrics, Medical College of Wisconsin, Milwaukee, Wiscon-
sin, US; 2) Dept. of Epidemiology, University of Alabama at Birmingham,
Birmingham, Alabama, US; 3) Cardiovascular Genetics Division, School
of Medicine, University of Utah, Salt Lake City, Utah, US.

Rationale. Left ventricular hypertrophy (LVH) is a significant risk fac-
tor for cardiovascular disease. Cardiac hypertrophy is accompanied by
significant gene expression changes in cardiomyocytes (CMs). However,
our knowledge on gene expression patterns is largely focused on the
net transcript abundance level. So far, we have limited knowledge about
the level of alternative splicing (AS) and associated isoform expression
changes. To gain insight into the transcriptional changes associated with
cardiac hypertrophy, we perform RNA-sequencing on CMs with or with-
out hypertrophy stimulation. We identify splicing patterns and differential
isoform expression unique to CM hypertrophy. Methods. We developed
a model of human CM hypertrophy using induced, pluripotent stem cell
derived CMs (hiPSC-CMs). Four lines of CMs were included in our study.
Stimulating the hiPSC-CMs with Endothelin1 induced characteristic
changes consistent with the development of LVH, e.g., an increase in
cell surface area and elevated expression of well-established LVH mark-
ers. Transcripts were assembled using STAR and Bowtie2. Transcripts
abundance was quantified using Cufflinks2. Splice sites with at least 10
uniquely mapped reads were pursued for further analysis. Results. Upon
hypertrophic induction, 446 to 982 genes show differential expression
at isoform level. A significant portion of the differentially expressed iso-
forms (DES) is specific to each cell line. Distinct functional motifs are
found in these unique DESs. For each CM line, between 160 and 1131
genes exhibit altered splicing sites (SSs) specific to hypertrophic CMs.
11% to 25% of these SSs produce novel exons that are concentrated
in highly expressed genes. Compared to annotated exons, a dominant
portion (42%-72%) of the novel exons are created through alternative
5’ splicing. Interestingly, AS and differential isoform expression are en-
riched in genes involved in hypertrophic cardiomyopathy and cardiac
contraction. Conclusions. We reveal extensive transcriptional changes
upon hypertrophy induction in our cellular model of LVH. Compared to
normal CMs, hypertrophied CMs have a distinct profile of AS and isoform
expression patterns. Our study suggest that alterations at both splicing
and isoform-expression levels are an important regulatory component of
cardiac hypertrophy. Further, unique SSs and isoform expression may
serve as biomarker candidates for future investigations.
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Increased mutational burden is associated with more severe pre-
sentation in left ventricular noncompaction. M. Bainbridge’, K. Miszal-
ski-Jamka?, W. Mazur’, J. Jefferies?, S. Jhangiani', D. Muzny', R. Gibbs'.
1) Human Genome Sequencing Center, Baylor College Med, Houston,
TX; 2) Department of Cardiology, Congenital Heart Disease and Electro-
therapy, Silesian Center for Heart Disease, Zabrze, Poland; 3) Ohio Heart
and Vascular Center Cincinnati, OH; 4) The Heart Institute, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH.

Left ventricular non-compaction (LVNC) is traditionally understood to
be a dominant, monogenic disease that is typified by spongy, non-com-
pacted myocardium, and hypertrabeculation. LVNC has a prevalence of
~1/5000 and is believed to be a compensatory mechanism for impaired
myocardial function. We extensively phenotyped and whole exome se-
quenced 190 subjects with LVNC or hypertrabeculation and identified
possible contributory variants (CVs) in 113 subjects (59.4%), in 55 genes
that are known to cause LVNC, muscular dystrophy or non-LVNC car-
diomyopathy. The most commonly mutated gene was TTN with 17 trun-
cating variants followed by MYH7 with 10. Multiple variants were found
in genes not previously associated with LVNC including long-QT genes
KCNH2, KCNE1, KCNQ1, KCNJ2, myopathy gene FLNC and coronary
artery disease gene MEF2A. Of the 113 subjects with at least one CV,
37 (32.7%) had 2 or more, including a pair of siblings with 4 CVs. We
found increased mutational burden in these genes between our LVNC
cohort and an unselected control population. We also found strong cor-
relation between mutational burden in individual patients and measured
phenotypes of cardiac dysfunction, including left ventricular ejection
fraction (p<0.001) and non-compacted to compacted myocardium ra-
tio (p<0.001). These findings remained even when considering variants
with minor allele fractions that would normally be considered too high to
cause a rare, dominant, monogenic disease (0.1-1%). Our findings indi-
cate that LVNC may be caused by, and its phenotype exacerbated by,
multiple, uncommon variants that act epistatically. These findings have
a profound impact in LVNC genetic diagnosis and help to explain the
variable penetrance of LVNC seen in families.
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Dilated cardiomyopathy-associated long intergenic non-coding
RNAs in zebrafish cardiac transcriptome. L. Wang’, Y. Shih?, X. Xu?,
Y. Zhang'. 1) Division of Biostatistics and Bioinformatics, University of
Maryland Greenebaum Cancer Center, and Department of Epidemiology
and Public Health, University of Maryland School of Medicine, Baltimore,
MD; 2) Division of Cardiovascular Diseases, Department of Biochemistry
& Molecular Biology, Mayo Clinic, Rochester, MN.

The long intergenic non-coding RNAs (lincRNAs) have been found
to serve as key regulators of many cellular processes, such as genom-
ic imprinting, chromatin regulation, mMRNA regulation and nuclear or-
ganization. Because of temporospatial-specific expression property,
it is important to investigate lincRNAs in the context of various tissue
types. In this study, we aimed to identify heart-specific lincRNAs using
a genome-wide transcriptome analysis. Specifically, we focused on lin-
cRNAs that express in zebrafish heart at embryonic and adult stages, an
emerging vertebrate model to study cardiomyopathy and heart failure.
We identified 120 known lincRNAs from zebrafish heart, including 68 at
embryonic stage, 94 at adult stage, and 42 overlapping lincRNAs at both
stages. Among these lincRNAs, 55 lincRNAs are cardiac specific without
expression in zebrafish muscle. Furthermore, we identified 592 putative
novel lincRNAs using our computational bioinformatics pipeline. The
co-expression analysis indicated that certain lincRNAs were potentially
functionally associated with dilated cardiomyopathy genes in zebrafish.
Our studies suggest that lincRNAs play crucial biological roles during
heart development and may serve as potential key regulators in biologi-
cal processes that are closely related to heart disease.
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Heterozygous loss-of-function mutations in DLL4 cause Adams-OI-
iver Syndrome. J.A.N. Meester’, L. Southgate?, A. Stittrich®, H. Vense-
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Laer’, B. Loeys’, W. Wuyts'. 1) Centre of Medical Genetics, University
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United Kingdom; 3) Institute for Systems Biology, Seattle, Washington,
SA 98109, United States of America; 4) Centre of Molecular and Bio-
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Radboudumc, Nijmegen, 6525 GA, The Netherlands; 5) Department of
plastic and reconstructive surgery, VU Medical Center Amsterdam, Am-
sterdam, 1081 HZ, The Netherlands; 6) Department of Clinical Genetics,
Leiden University Medical Center, Leiden, 2333 ZA, The Netherlands; 7)
Department of Medical Genetics, University Medical Centre Groningen,
University of Groningen, Groningen, 9700 RB, The Netherlands; 8) De-
partment of Medical Genetics and Child and Family Research Institute,
University of British Columbia, Vancouver, BC, V6H 3N1, Canada; 9) De-
partment of Human Genetics and Donders Institute for Brain, Cognition
and Behaviour, Radboud University Medical Centre, Nijmegen, 6500
HB, The Netherlands; 10) University Hospital, Dermatology, Basel, 4031,
Switzerland; 11) Department of Clinical Genetics, Chapel Allerton Hos-
pital, Leeds, LS7 4SA, United Kingdom; 12) Department of Dermatology,
Chapel Allerton Hospital, Leeds, LS7 4SA, United Kingdom; 13) Institute
of Human Genetics, Otto-von-Guericke-Universitat Magdeburg, Univer-
sity Hospital Magdeburg, Magdeburg, 39106, Germany.

Adams-Oliver syndrome (AOS) is a rare developmental disorder char-
acterized by the presence of both aplasia cutis congenita (ACC) of the
scalp vertex and terminal limb reduction defects, such as brachydactyly,
oligodactyly, syndactyly, hypoplastic nails or transverse amputations.
Cardiovascular anomalies, comprising pulmonary hypertension, ven-
tricular septum defects, tetralogy of Fallot and anomalies of the great
arteries and their valves are also frequently observed. Mutations in five
genes have been identified as a cause for AOS prior to this report. Mu-
tations in EOGT and DOCK6 cause autosomal recessive AOS, where-
as mutations in ARHGAP31, RBPJ and NOTCH1 lead to the autosomal
dominant form of AOS. As RBPJ, NOTCH1 and EOGT are all involved
in the Notch signaling cascade, we hypothesized that mutations in
other genes involved in this pathway may also be implicated in AOS
pathogenesis. Using a candidate gene based approach, we prioritized
DLL4, a critical Notch ligand, due to its essential role in vascular devel-
opment and angiogenesis in the context of cardiovascular features in
AOS patients. Targeted resequencing of the DLL4 gene using a custom
enrichment panel was performed in 89 independent families, in which we
found seven mutations. In addition, a defect in DLL4 was also detected
in two pedigrees with whole exome/genome sequencing. In total, nine
heterozygous mutations in DLL4 were identified, including two nonsense
variants, which are predicted to lead to nonsense mediated decay, and
seven missense variants. These missense variants encompass four mu-
tations that replace or create cysteine residues, which are likely critical
for maintaining the structural integrity of the protein and three mutations
that affect conserved amino acids in two functional domains of the pro-
tein. These functional domains include the DSL domain and the MNNL
domain, which are both involved in binding of the ligand to the Notch
receptor. Affected individuals with DLL4 mutations present with variable
clinical expression and incomplete penetrance with no emerging geno-
type-phenotype correlations. Our findings demonstrate DLL4 mutations
as an additional cause of autosomal dominant AOS or isolated ACC and
provide yet further evidence for a key role of Notch signaling in the etiol-
ogy of this disorder.
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Recessive MYH6 mutations in hypoplastic left heart with reduced
ejection fraction. J. Theis, M. Zimmermann, J. Evans, B. Eckloff, E. Wie-
ben, M. Qureshi, P. O’Leary, T. Olson. Mayo Clinic, Rochester, MN.

The molecular underpinnings of hypoplastic left heart (HLH) are poorly
understood. Staged surgical palliation has dramatically improved sur-
vival, yet eventual failure of the systemic right ventricle necessitates
cardiac transplantation in a subset of patients. We sought to identify
genetic determinants of HLH with latent right ventricular dysfunction in
individuals with a Fontan circulation. Evaluation of cardiac structure and
function by echocardiography in patients with HLH and their first degree
relatives identified five individuals with right ventricular ejection fraction
<40% following Fontan operation. Whole genome sequencing (WGS)
was performed on DNA from 21 family members, filtering for genetic
variants with allele frequency <1% predicted to alter protein structure or
expression. Secondary family-based filtering for de novo and recessive
variants revealed rare inherited missense mutations on both paternal and
maternal alleles of MYH6, encoding myosin heavy chain 6, in two pa-
tients who developed right ventricular dysfunction >10 years postopera-
tively. Parents and siblings who were heterozygous carriers had normal
echocardiograms. Protein modeling of the four highly conserved ami-
no acid substitutions, residing in both head and tail domains, predicted
perturbation of protein structure and function. In contrast to dominant
MYH6 mutations with variable penetrance identified in other congenital
heart defects and dilated cardiomyopathy, this study reveals compound
heterozygosity for recessive MYH6 mutations in patients with HLH and
reduced systemic right ventricular ejection fraction. These findings impli-
cate a shared molecular basis for developmental arrest and latent myop-
athy of left and right ventricles, respectively.
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Novel FLNC truncation variants found in a large cohort of dilated
cardiomyopathy cases. R.L. Begay’, S.L. Graw’, D.B. Slavov’, F. Brun?,
K.L. Jones', K. Gowan', D. Miani?, G. Sinagra?, L. Mestroni’, M.R.G. Tay-
lor'. 1) Department of Medicine, University of Colorado - CU Cardiovas-
cular Institute, Aurora, CO; 2) University of Trieste Hospital, and S. Maria
della Misericordia Hospital, Udine, Italy.

Background -Dilated cardiomyopathy (DCM) is the most common
form of cardiomyopathy and frequently leads to heart failure. In cases
without an environmental etiology, variants in over 50 genes have been
linked to this DCM disease. However, genetic causes are only suspected
in about ~30-40% of DCM cases. Therefore, it is crucial to continue the
search for novel DCM disease-causing genes to understand this link be-
tween genetics and heart disease. One such potential gene is Filamin-C
(FLNC), which encodes for a structurally important actin-binding protein
located within the sarcomere of heart and skeletal muscle. Mutations in
this gene are known to cause skeletal myopathies, and more recently
has been associated with hypertrophic cardiomyopathy in the absence
of skeletal muscle pathology. In a previous study (manuscript in prepa-
ration), we used Whole Exome Sequencing to discover a FLNC splicing
mutation in two ltalian DCM families and suggested haploinsufficiency of
the resulting FLNC protein as the pathological mechanism. In this current
study, we decided to pursue these findings in a larger DCM population.
Methods and Results — To gain an understanding of the gene mutation
spectrum in patients with DCM, we identified and analyzed 187 DCM
affected individuals utilizing lllumina TruSight One Sequencing Panel,
which queries 4,813 genes associated with clinical phenotypes. Follow-
ing a bioinformatic filter, we detected six families with FLNC truncation
mutations (three stopgain and three splicing), for a frequency of ~3.2%.
These individuals tested presented with a DCM phenotype with lack of
skeletal muscle abnormalities. In addition, these mutations are absent
from the 1000 Genomes Project and NHLBI Exome Sequencing Proj-
ect, which suggests novelty.Conclusion — FLNC truncation mutations
have been inadequately understood with respect to cardiac muscle. This
study provides additional findings that FLNC truncation mutations can
lead to dilated cardiomyopathies without the presence of skeletal muscle
defects. Currently, studies are ongoing to recapitulate the DCM pheno-
type seen in humans caused by FLNC truncations in a zebrafish mod-
el. As a result of this model, we can better understand the pathological
mechanism of these truncation mutations.
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A unique case of multisystemic smooth muscle dysfunction syn-
drome with expanding genotype-phenotype correlations. G. Bhat’,
R. Ji2, W. Zou?, D. Penny?, F. Yuxin? P. Levy’. 1) Division of Medical Ge-
netics, Montefiore Medical center, Albert Einstein College of Medicine,
Bronx, NY; 2) John Welsh Cardiovascular Diagnostic Laboratory, Depart-
ment of Pediatrics, Texas Children’s Hospital, Baylor college of Medicine.
ACTAZ2 located at 10g23.31 is an actin isoform that encodes for vas-
cular smooth muscle alpha-actin (#OMIM 102620). ACTA2 mutations
were initially found to be associated with familial thoracic aortic aneu-
rysm, however in recent years the phenotypic spectrum has become
increasingly diverse. Multisystemic smooth muscle dysfunction (MSMD
[MIM 613834]) syndrome is on the severe end of the spectrum of ACTA2
mutations with earlier onset and higher penetrance. Characteristic pre-
sentation includes hypoperistalsis, hypotonic bladder, pulmonary hyper-
tension, congenital mydriasis, cerebrovascular abnormalities, stroke and
PDA. Mileciwz et al in 2010 identified R179H mutation as causative in
a cohort of 7 patients with MSMD syndrome. We report on a 27 year
old female with MSMD syndrome caused by a missense R179C mu-
tation in ACTA2 and expand the genotype-phenotype correlations.Our
proposita was born full term to a non-consanguineous couple of Puerto
Rican ancestry. She had a complicated newborn course due to recur-
rent pneumonia, intestinal malrotation requiring surgery and PDA repair
in infancy. Congenital mydriasis was noted at birth. She has persistent
transient ischemic attack-like episodes first noted at 7 years of age,
characterized by hand numbness and mutism. Her MRI of brain and
angiogram showed bilateral cortical infarcts, with bilateral supraclinoid
carotid artery occlusions, extensive collaterals, encephalomalacia, white
matter signal abnormalities and extensive volume loss. CT of the thorax
showed lucency of the left lung, emphysematous changes and areas of
bronchiectasis. Echocardiogram showed right ventricular dilatation and
pulmonary hypertension. The patient has a history of cholelithiasis and a
unique finding of small left kidney, not previously described with MSMD
syndrome. Sequence analysis identified a heterozygous missense muta-
tion ¢.535C>T in one copy of the ACTA2 gene. This nucleotide change
predicts an amino acid change from arginine to cysteine (p.R179C). The
only other patient with heterozygous p.R179C substitution in ACTA2
associated with a MSMD phenotype was reported by Meuwissen et al
in 2012. The patient had additional findings of malformations of corpus
callosum and died at 3 years of age due to complications from PDA
repair surgery. In conclusion, our case supports the hypothesis that the
p.R179C mutation in ACTA2 leads to a more extensive involvement with
multiple comorbidities as compared to the more common p.R179H mu-
tation.
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Genome-wide rare copy number variations contribute to genetic
risk for transposition of the great arteries. G. Costain’?, L. Ogura’,
C.R. MarshalPF, S.W. Scherer®4, C.K. Silversides®, A.S. Bassett’>6789, 1)
Clinical Genetics Research Program, CAMH, Toronto, Ontario, Canada;
2) Residency Training Program in Medical Genetics, University of Toron-
to, Toronto, Ontario, Canada; 3) The Centre for Applied Genomics and
Program in Genetics and Genome Biology, The Hospital for Sick Chil-
dren, Toronto, Ontario, Canada; 4) McLaughlin Centre and Department
of Molecular Genetics, University of Toronto, Toronto, Ontario, Canada;
5) Division of Cardiology, Department of Medicine, University Health Net-
work, Toronto, Ontario, Canada; 6) Department of Psychiatry, University
of Toronto, Toronto, Ontario, Canada; 7) Department of Psychiatry, and
Toronto General Research Institute, University Health Network, Toronto,
Ontario, Canada; 8) Campbell Family Mental Health Research Institute,
Centre for Addiction and Mental Health, Toronto, Ontario, Canada; 9) The
Dalglish Family Hearts and Minds Clinic for 22g11.2 Deletion Syndrome,
Toronto General Hospital, University Health Network, Toronto, Ontario,
Canada.

Background: Transposition of the great arteries (TGA) is an uncom-
mon but severe congenital heart malformation of unknown aetiology.
Rare copy number variations (CNVs) have been implicated in other, more
common conotruncal heart defects like tetralogy of Fallot (TOF), but there
are as yet no CNV studies dedicated to TGA. Methods: Using high-reso-
lution genome-wide microarrays and rigorous methods, we investigated
CNV in a group of prospectively recruited adults with TGA (n=102) from
a single centre. We compared rare CNV burden to well-matched cohorts
of controls and TOF cases, adjudicating rarity using 10,113 indepen-
dent population-based controls and excluding all subjects with 22g11.2
deletions. We identified candidate genes for TGA based on rare CNVs
that overlapped the same gene in unrelated individuals, and pre-existing
evidence suggesting a role in cardiac development.Results: The TGA
group was significantly enriched for large rare CNVs (2.3-fold increase,
p=0.04) relative to controls, to a degree comparable with the TOF group.
Extra-cardiac features were not reliable predictors of rare CNV burden.
Smaller rare CNVs helped to narrow critical regions for conotruncal de-
fects at chromosomes 10926 and 13q13. Established and novel can-
didate susceptibility genes identified included ACKR3, IFT57, ITGBS,
KL, NF1, RERE, SLC8A1, SOX18, and ULK1.Conclusions: These data
demonstrate a genome-wide role for rare CNVs in genetic risk for TGA.
The findings provide further support for a genetically-related spectrum of
congenital heart disease that includes TGA and TOF.
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Analysis of rare variants and CNVs in non-syndromic tetralogy of
Fallot. J. Goodship’, M. Miossec’, D. Brown’, I. Wilson’, L. Sutcliffe’, A.
Topf', K. Devriendt?, A. Rauch?® D. Winlaw?, F. Bu’Lock®, S. Bhattacharya®,
M. Lathrop?, B. Keavney?, M. Santibanez-Koref'. 1) Inst Genetic Medi-
cine, Univ Newcastle upon Tyne, Newcastle on Tyne, United Kingdom;
2) Paediatric Cardiology, University of Leuven, Leuven B-3000, Belgium;
3) Institute of Medical Genetics, University of Zurich, Zurich-Schwerzen-
bach CH-8603, Switzerland; 4) Heart Centre for Children, The Children’s
Hospital at Westmead, Sydney NSW 2145, Australia; 5) East Midlands
Congenital Heart Centre, Glenfield Hospital, Leicester LE3 9QP, UK; 6)
Department of Cardiovascular Medicine and Wellcome Trust Centre for
Human Genetics, University of Oxford, Oxford, OX3 7BN, UK; 7) McGiill
University and Génome Québec Innovation Centre, Montréal (Québec)
Canada H3A 0G1; 8) Institute of Cardiovascular Sciences, Manchester
University, Manchester M13 9NT, UK.

Tetralogy of Fallot (TOF) is the commonest cyanotic congenital heart
disease requiring surgery in infancy. The majority of cases do not occur
as part of a syndrome. We have investigated rare nucleotide variants and
copy number variants (CNVs) in over 800 non-syndromic TOF cases.
For nucleotide variants we filtered for variants with MAF <1% in 1000
genomes and EVS, not shared between cases and 500 UK10K individ-
uals, not present in more than 1% of individuals in a set and not falling
within a segmental duplication. Clustering of variants in transcripts and
in exons was ascertained using Poisson distribution. Correcting for the
difference in sample numbers in the two groups, the number of clusters
when considering synonymous variants was very similar in the TOF cas-
es and UK10K individuals. In contrast, there was an excess of clusters
in TOF cases when considering truncating, predicted deleterious and
non-synonymous variants. Clusters were found in genes previously as-
sociated with TOF and novel candidate genes. CNVs were called for the
same TOF cases on PCA corrected SNP array intensities (Cooper et al.
Hum. Mol. Genet 2014), which enabled the joint analysis of case and
control data while allowing for batch effects. Penncnv and quantiSNP
were used for CNV calling on the corrected data and the controls for
this work were as previously reported (Soemedi et al Am. J. Hum. Genet
2012). This enabled detection of additional smaller CNVs than reported
in our earlier work.
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Genetic Causes for Congenital Heart Disease with Neurodevelop-
mental and Other Deficits. J. Homsy'?, S. Zaidi®, Y. Shen?, J.S. Ware'55,
J.G. Seidman’, B.D. Gelb’, E. Goldmuntz®°, M. Brueckner®, R.P. Lifton>'°,
W.K. Chung'', C.E. Seidman’ 23, Pediatric Heart Network and the Pe-
diatric Cardiac Genomics Consortium. 1) Department of Genetics, Har-
vard Medical School, Boston, Massachusetts, USA; 2) Cardiovascular
Research Center, Massachusetts General Hospital, Boston, Massachu-
setts, USA; 3) Department of Genetics, Yale University School of Medi-
cine, New Haven, Connecticut, USA; 4) Departments of Systems Biology
and Biomedical Informatics, Columbia University Medical Center, New
York, New York, USA; 5) NIHR Cardiovascular Biomedical Research Unit
at Royal Brompton & Harefield NHS Foundation and Trust and Imperial
College, London, London, UK; 6) National Heart & Lung Institute, Im-
perial College London, London, UK; 7) Department of Pediatrics, Icahn
School of Medicine at Mount Sinai, New York, New York, USA; 8) De-
partment of Pediatrics, The Perelman School of Medicine, University of
Pennsylvania, Philadelphia, Pennsylvania, USA; 9) Division of Cardiolo-
gy, The Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania,
USA; 10) Howard Hughes Medical Institute, Yale University, New Haven,
Connecticut, USA; 11) Departments of Pediatrics and Medicine, Colum-
bia University Medical Center, New York, New York, USA; 12) Cardiovas-
cular Division, Brigham & Women’s Hospital, Harvard University, Boston,
Massachusetts, USA; 13) Howard Hughes Medical Institute, Harvard
University, Boston, Massachusetts, USA.

Congenital heart disease (CHD) is a severe birth defect that is often
associated with extra-cardiac manifestations such as neurodevelop-
mental disabilities (NDD) and congenital anomalies (CA). Known genetic
syndromes that cause CHD with extra-cardiac manifestations account
for less than 10% of cases. We used whole exome sequencing to identify
de novo mutations in 1,220 CHD case and 900 control parent-offspring
trios. Using an adapted statistical framework for the analysis of de novo
mutations, we found a marked excess of protein-damaging mutations
in CHD cases, especially in genes highly expressed in the developing
heart (enrichment 2.4x; p=1.6e-24) and brain (enrichment 2.2x; p5e-8).
Mutations were enriched in genes involved in morphogenesis, chromatin
modification, and transcriptional regulation, including RBFOX2, which
regulates mRNA splicing. We found a significant overlap between genes
mutated in our CHD cohort and in cohorts ascertained for NDD; more-
over, CHD patients with these mutations were enriched for NDD. De
novo mutations contributed to 19.5% of CHD with both NDD and CA but
only 2.5% of isolated CHD. These findings reveal shared genetic contri-
butions to CHD, NDD, and CA and suggest opportunities for improved
assessment of neurodevelopmental prognosis and early therapeutic in-
tervention in CHD patients.
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Utilization of Whole-Exome Sequencing to Identify Causative Muta-
tions in Familial Congenital Heart Disease. S. LaHaye’23, D. Corse-
meier?, J.L. Bowman?®, S. Fitzgerald-Butt'?5, G. Zender', K. Bosse’, K.L.
McBride'?%, P. White*®, V. Garg"?%°. 1) Center for Cardiovascular and
Pulmonary Research, Nationwide Children’s Hospital, Columbus, OH;
2) The Heart Center, Nationwide Children’s Hospital, Columbus, OH; 3)
Department of Molecular Genetics, The Ohio State University, Colum-
bus, OH; 4) Biomedical Genomics Core, Nationwide Children’s Hospital,
Columbus, OH; 5) Department of Pediatrics, The Ohio State University,
Columbus, OH.

Congenital heart disease (CHD) is the most common type of birth
defect, affecting ~8 out of every 1,000 live births, but there remains a
limited understanding of the etiology for the majority of cases of CHD.
Familial and population based studies have identified a strong genetic
component to CHD, and familial cases of almost every type of CHD have
been reported. The goal of this study was to identify pathogenic segre-
gating variants in multiplex CHD families by whole-exome sequencing
(WES). Target capture was performed using the Agilent SureSelectXT
Target Enrichment kit, followed by WES on an lllumina HiSeq2500, on
members from 9 families with Mendelian inherited CHD. Sequence align-
ment, post alignment processing, variant calling, and genotyping was
performed with the Churchill pipeline. Tertiary analysis and annotation
consisted of identifying rare (<1% mean allele frequency in the popu-
lation) segregating variants, prioritizing by matching to a CHD gene list,
and predicting pathogenicity via 12 different utilities. This strategy uti-
lized a list of 69 CHD genes selected under strict criteria and allowed for
prioritization of the variants. Predicted pathogenic mutations were iden-
tified in 3 of the 9 families. A splice donor site mutation was identified
in MYH11 (c.4599+1delC) in a family with autosomal dominant patent
ductus arteriosus that is predicted to cause a 71 amino acid deletion,
affecting functionality of the coiled-coil tail domain. A GATA4 mutation,
p.G115W, was identified in a family with autosomal dominant atrial sep-
tal defects (ASD) and is predicted to affect the transactivation ability of
GATA4. A p.1263V mutation in TLL7 was identified in a family with auto-
somal dominant ASD; as this mutation was located in the astacin-like
metalloprotease catalytic domain it is predicted to affect the enzymatic
efficacy of TLL1. In summary, our findings demonstrate the clinical util-
ity of WES to successfully identify causative mutations in familial CHD
and support the use of a CHD candidate gene list to allow for a more
streamlined approach that enables rapid prioritization and identification
of pathogenic variants from large WES data sets.

614T

Search for Novel Mutations Predisposing to Ventricular Fibrillation
Without Overt Cause. J.T. Leinonen’, H. Swan?, N. Junna’, A. Lahtinen®,
M. Viitasalo?, K. Kontula®, E. Widen’. 1) Institute for Molecular Medicine
Finland, FIMM, University of Helsinki, Helsinki, Finland; 2) Heart and
Lung Center, Helsinki University Hospital, Helsinki, Finland; 3) Depart-
ment of Medicine, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland.

Ventricular fibrillation (VF) is a major cause of sudden cardiac death.
In 5-10% of the cases the arrhythmia remains idiopathic, the patient
presenting spontaneous VF in the absence of known ischemic, electri-
cal, infectious or structural heart disease. While the pathology underly-
ing idiopathic VF is likely variable and complex, the condition seems to
have a heritable component. For example, a haplotype containing the
gene DPP6 associates with idiopathic VF in Dutch families, and a mis-
sense mutation in SEMA3A has been associated with idiopathic VF in
a Japanese study.In the current study, we sought to identify mutations
predisposing to idiopathic VF in Finland, by sequencing the exomes of
a nation-wide cohort of patients resuscitated from out-of-hospital VF
during 1999 - 2011. Standard clinical examinations in the primary hos-
pitals had failed to identify any cause for the VF. The study comprised
altogether 38 subjects (16 males and 22 females, age at diagnosis <55).
Exome sequencing was carried out using Nimblegen SeqCap v2 kit.We
restricted our analyses to 91 candidate genes previously associated with
cardiac channelopathies, or cardiomyopathy. We screened the genes
for rare (MAF < 0.0005 in the EXAC (http://exac.broadinstitute.org/) and
Sequencing Initiative Suomi (http://www.sisuproject.fi/) databases) and
likely damaging missense and nonsense variants. Based on these crite-
ria, we identified mutations in 5/38 patients. Two of the patients had nov-
el missense mutations in the CPVT-associated gene RYR2, whereas one
patient carried a de novo missense mutation in CACNA7C, a gene pre-
viously associated with long QT-syndrome. One of the patients carried
a rare nonsense mutation in the cardiomyopathy-associated limb-girdle
muscular dystrophy gene FKRP, whereas the fifth patient carried a trun-
cating mutation in the cardiomyopathy gene TTN. Interestingly, the sub-
ject with the FKRP mutation had family history of muscular dystrophy,
and the TTN mutation-carrier had two cousins previously diagnosed with
cardiomyopathy. Current work is underway to characterize the segrega-
tion of the identified mutations in the families, and to assess the current
cardiac status of the patients and their relatives.Our data suggest that
even if part of idiopathic VF patients may carry potentially pathogenic
mutations in genes associated both with channelopathies and cardiomy-
opathy, such mutations are unlikely to be a major cause of idiopathic VF
associated with sudden cardiac death.
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Whole exome sequencing identified known and novel genetic caus-
es for pulmonary arterial hypertension. L. Ma’, C. Gonzaga-Jauregui?,
A. Sawle®, Y. Shen?, A. King? EB. Rosenzweig®, JG. Reid? J. Overton?,
AR. Shuldiner?, F. Dewey?, WK. Chung’. 1) Molecular Genetics, Columbia
Univ, New York, NY; 2) Regeneron Genetics Center Regeneron Pharma-
ceuticals Tarrytown, New York, USA; 3) Herbert Irving Comprehensive
Cancer Center Columbia University Medical Center New York, New York,
USA; 4) Departments of Systems Biology and Biomedical Informatics
Columbia University Medical Center New York, New York, USA; 5) De-
partment of Pediatrics Columbia University Medical Center New York,
New York, USA.

Pulmonary arterial hypertension (PAH) is a rare disease characterized by
distinctive changes in pulmonary arterioles that lead to progressive ele-
vation of pulmonary artery pressure, pulmonary vascular resistance, right
sided heart failure, and a high mortality rate. Mutations in BMPR2 and
a few other genes have been implicated in families with PAH, however
~20% of cases remain unexplained. To identify additional genetic causes
of PAH, we performed whole exome sequencing in 60 PAH patients and
when possible both parents, including 48 pediatric PAH probands. The
study included 17 hereditary PAH, 43 idiopathic PAH, 8 congenital heart
disease (CHD)-PAH, 2 hereditary hemorrhagic telangiectasia (HHT)-PAH,
and 2 patients with syndromic PAH including either autism or a connec-
tive tissue disorder. We identified known and novel mutations in 18 of
48 (37.5%) patients with pediatric onset PAH. Seven of the 18 (38.9%)
were due to de novo mutations. The genes identified, number of patients
for each gene and their associated phenotypes are listed in Table 1. The
high yield of whole exome sequencing in pediatric-onset PAH and the
fact that novel genes were identified suggests that this is a useful strat-
egy for gene identification and genetic diagnosis in children with PAH.
Furthermore, the identification of novel genes for PAH provide insights
into pathophysiology and potential new drug targets for treatment and
prevention.Table 1. List of genes identified, number of patients for each
gene and their associated diseases.

Gene Nur-nber of Nur.nber of Disease Whether known/
Variants patients novel PAH gene

ABCCS 5 5 Pediatrio PAL | Novel

ACVRL1 1 1 HHT-PAH Known

BMPR1B 1 1 Pediatric PAH Known

BMPR2 2 2 Pediatric PAH Known

EIF2AK4 1 1 Adult PAH Known

ENG 1 1 Pediatric PAH Known

SMAD6 1 1 Pediatric PAH Known

TBX4 6 6 Pediaio P2 | Known

ZFPM2 2 1 Pediatric PAH Known
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Whole exome sequencing in 41 Czech families with inherited car-
diovascular disorders: initial data from a representative Central Eu-
ropean population. M. Macek’, N. Ptakova®, A. Krebsova?, L. Piherova®,
M. Kubanek?, V. Stranecky®, M. Macek Sr.?, J. Kautzner?, S. Kmoch’, V.
Melenovsky'. 1) Department of Biology and Medical Genetics, 2nd Fac-
ulty of Medicine and University Hospital Motol, Prague, Czech Republic;
2) Institute of Inherited Metabolic Disorders, 1st Faculty of Medicine and
VFN, Prague, Czech Republic; 3) Department of Cardiology, Institute of
Clinical and Experimental Medicine Prague, Czech Republic.

Whole exome sequencing (WES) fosters establishment of etiological
diagnostics in hereditary forms of rare cardiovascular disorders, en-
ables genetic stratification and may eventually facilitate introduction of
precision medicine-based therapies. Altogether 96 families with > 2 af-
fected individuals were characterized based on established center care
and using international clinical / laboratory standards. WES was carried
out in a total of 41/96 families (TruSight Exome, lllumina, USA): 23/41
families suffered from dilated cardiomyopathy (DCM), 1/41 - non-com-
paction cardiomyopathy (LVNC), 14/41 - hypertrophic cardiomyopathy
(HCM), 1/41 -arythmogenic cardiomyopathy (ACM) and 2/41 had un-
explained cardiac arrest (UCA). Detected variants were confirmed by
Sanger DNA sequencing and by segregation analysis. Pathogenic vari-
ants were revealed in 22/41 (64%) of studied families: 12/22 (54%) in
DCM, 1/1 LVNGC, 13/14 (92%) HCM, 1/1 ACM and in 1/2 familes with
UCA. The most frequently affected gene in DCM was TTN (23%) and in
HCM the MYH 7 (29%). In case of LVNC, the likely pathogenic variants
were identified in the OBSC, for ACM in PKP2 and in the family with UAC
in SCN5A genes, respectively. Although all disease genes were already
identified, most variants were novel, thereby substantiating a population
specific diagnostic strategy. In summary, obtained results are in accor-
dance with other European studies and validate the integrated clinical
care and genomic diagnostics in our country, whose genomic variation
is representative of other Central European populations. Supported by:
FNM 00064203, CZ.2.16/3.1.00/24022, NF-CZ11-PDP-3-003-2014,
LD14073, IGA NT13770.to M.M. and IKEM 00023001 to V.M.
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Investigating the role of somatic mutation in congenital heart dis-
ease. D.E. Miller 23, G. Twist’, N.A. Miller’, D.C. Bittel', E.G. Farrow’,
J.E. O’Brien’, G.S. Shirali', R.S. Hawley??, S.F. Kingsmore™ “. 1) Chil-
dren’s Mercy Hospital, Kansas City, MO; 2) Stowers Institute for Medi-
cal Research, Kansas City, MO; 3) University of Kansas Medical Center,
Kansas City, KS; 4) University of Missouri Kansas City, Kansas City, MO.
Mutations that arise during development (congenital somatic muta-
tions) are an understudied cause of human genetic disease. Although
it is well understood that germline mosaicism produces offspring with
new mutations not apparent in the parental somatic tissue, less is known
about the impact of mosaicism within a particular individual. The falling
cost of whole-genome and exome sequencing makes it feasible to se-
quence multiple tissues from a single individual in an effort to understand
the impact of somatic mutations on the incidence of congenital disease.
Hypoplastic left heart syndrome (HLHS) is a devastating condition in
which the left ventricle of the heart does not fully develop. Although
HLHS shows evidence of heritability, suggesting a genetic cause, very
few genes or loci have been implicated in its development. To under-
stand the role that somatic mosaicism may have in the development
of HLHS, we generated exome (average depth of coverage: 180x) and
whole-genome data (average depth of coverage: 50x) from both cardi-
ac tissue and blood, as well as transcriptome data (cardiac tissue only,
average depth of coverage: 350x) from four individuals with HLHS to
determine if there is a role of somatic mutation in the development of this
disorder. We do not find support for the hypothesis that a de novo vari-
ant present in cardiac tissue that is not found in blood may be causative
for HLHS. Alternatively, we do find several examples of alleles found at
low frequency in both blood and cardiac tissue that are suggestive of
mutations that occurred during early development. Our study is a proof-
of-concept pilot for the identification and analysis of de novo mutations
present in one or few tissues in a single individual and forms the foun-
dation of a larger analysis of the role of somatic mutation in congenital
heart disease.
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Exome Analysis in 36 Unrelated Patients with Pregnancy-Associat-
ed or Peripartum Cardiomyopathy Demonstrates a Rare Variant Ba-
sis. A. Morales’, D.D. Kinnamon', D. Wheeler', M. Bamshad?, D. Nicker-
son?, R.E. Hershberger®. 1) The Ohio State University, Columbus, US; 2)
University of Washington Center for Mendelian Genomics, Seattle, WA.
The underlying cause of peripartum cardiomyopathy (PPCM), a sub-
type of dilated cardiomyopathy (DCM), remains enigmatic with multiple
etiologies suggested. PPCM is defined as DCM of unknown cause oc-
curring in the last month of pregnancy or 5 months after delivery. Preg-
nancy associated cardiomyopathy (PACM) occurs earlier than the last
month of pregnancy. To test the hypothesis that PPCM/PACM may have
an underlying genetic etiology, we undertook exome sequencing of 37
PPCM/PACM DNA samples in our study (35 from unrelated cases and
2 from the same family). Exome sequencing was conducted at the Uni-
versity of Washington Center for Mendelian Genomics; 19 PPCM/PACM
cases had been previously Sanger sequenced for 1-14 candidate genes.
GATK (v.1.6) and GEMINI (v0.6.3.2) were used for sequence processing,
variant calling and variant prioritization. Missense variants and indels
were prioritized based on allele frequency <0.5% (1K Genomes or Ex-
ome Variant Server), GERP score >2 or conservation (Phastcons), and
segregation among affected relatives with DCM or PPCM. Using a DCM
variant adjudication scheme developed by our group, pathogenicity was
assigned following ClinVar terminology: pathogenic (P), likely pathogenic
(LP), or variant of uncertain significance (VUS). The analysis of variants
from 40 previously identified DCM genes is presented here. Of 36 un-
related cases (27 PPCM, 9 PACM), 20 had familial DCM (f-DCM), and
16 had non-familial DCM (nf-DCM). The median age of onset was 26.5
years; 27 presented with heart failure; the mean LVEDD Z-score was 4.9,
and the mean ejection fraction was 24%. A total of 43 unique variants
were identified in 28 unrelated cases (2 P, 9 LP, 32 VUS). Pathogenic
variants were identified in PSEN2 and SCN5A. Likely pathogenic variants
were identified in LMNA, MYBPC3, MYH7, TNNT2, and TTN. LP variants
were identified in 2 nf-DCM cases. P/LP variants were identified in 10
f-DCM cases. Multiple variants were identified in 6 nf-DCM cases and 4
f-DCM cases. In 6 previously reported PPCM/PACM cases assayed with
Sanger sequencing, no additional variants were found with stronger ev-
idence favoring pathogenicity. We conclude that a proportion of PPCM/
PACM, a subtype of DCM, has a rare variant genetic basis. Hence, a
genetic evaluation is indicated for women diagnosed with PPCM/PACM,
which includes genetic testing, as well as cardiovascular screening and
predictive testing of at-risk relatives.

619W

Connective tissue disorders presenting severe arterial tortuosity in
the perinatal period. H. Morisaki’, M. Horiuchi?, J. Yoshimatsu?, T. Yo-
koyama®, M. lwasa?, Y. Takahashi*, Y. Kawazu®, N. Okamoto®, T. Morisa-
ki'S. 1) Dept of Bioscience and Genetics, National Cerebral and Cardio-
vascular Ctr (NCVC), Osaka, Japan; 2) Div Perinatology and Gynecology,
NCVC, Osaka, Japan; 3) Dept Pediatrics, Japanese Red Cross Nagoya
Daini Hospital, Nagoya, Japan; 4) Dept Pediatrics, Chiba Univ. Grad Sch
Medicine, Chiba, Japan; 5) Osaka Medical Ctr and Research Inst for Ma-
ternal and Child Health, Osaka, Japan; 6) Dept Molecular Pathophysiol-
ogy, Osaka Univ Grad Sch Pharm Sci.

Arterial tortuosity (AT) is often accompanied with heritable connective
tissue disorders (CTD), including arterial tortuosity syndrome caused by
SLC2A10 mutations, autosomal recessive cutis laxa type 1B by FBLN4
mutations, and Loeys-Dietz syndrome (LDS) by TGFBR1/2 mutations.
Diagnosis of these conditions is not easy in early childhood, though it
is not difficult to diagnose them in adulthood. We experienced 5 cases
with severe AT during prenatal and early infantile period, showing heart
or respiratory failure as a main symptom. First case was a 2-year-old
boy with compound heterozygous SLC2A70 mutations, presenting dys-
pnea due to pulmonary emphysema after RSV infection. MRA showed
annulo-aortic ectasia (AAE) and severe AT and elongation of the aorta
and medium-sized arteries in both brain and abdomen. Second case
was a 3-month-old boy with compound heterozygous FBLN4 mutations,
developing severe aortic regurgitation, dilatation of ascending aorta
with isthmal narrowing and poststenotic dilatation, micro-thrombosis in
the brain arteries. He underwent a successful surgical replacement of
ascending aorta at age 2. Third case was a female fetus with FBLN4
mutations presenting hydrops fetalis due to dysplastic tricuspid valve
with an elongated aorta at 32 weeks gestation. The pregnancy ended in
intrauterine death at 33wk. Autopsy revealed severe AT of total aorta with
thickened wall and narrow lumen along with kinky aneurysm in subclavi-
an and iliac arteries. The fourth case was a newborn baby with TGFBR1
mutation, prenatally diagnosed as DORV and interrupted aortic arch with
severe pulmonary artery dilatation, highly tortuous aorta and cervical
arteries. He had emergency pulmonary banding followed by dilatation
of descending aorta but died on 21st day. Fifth case was a 4-month-
old girl with TGFBR2 mutation, diagnosed as LDS with cleft palate, club
foot and arachnodactyly. Ultrasound study showed severe AT, AAE and
ASD/PDA. Her bronchi were depressed by dilated pulmonary artery. She
subsequently died of respiratory failure due to cervical spine dislocation.
None of these 5 cases presented any typical CTD features like cutis laxa,
chest deformity or joint hypermobility during perinatal period, while AT
was a sole symptom towards proper diagnosis. Prognosis was generally
poor but early intervention was effective in some cases. It is important to
consider CTD in such very young patients with AT.
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Whole exome sequencing, blood lipids, and cardiovascular out-
comes in 31,000 participants in the Regeneron Genetics Center —
Geisinger Health System (DiscovEHR) human genetics collabora-
tion. C. O’Dushlaine’, J.B. Leader?, C. Van Hout', S. Mukherjee’, S.A.
Pendergrass?, D.R. Lavage?, L. Habegger', O. Gottesman’, A. Lopez’, C.
Gonzaga-Jauregui’, S. Hamon', A. Verma?, J. Wallace®, S. Dudek®, M.D.
Ricthie?, D.d. Carey? M.F. Murray? D.H. Ledbetter?, J.D. Overton’, J.G.
Reid’, A. Baras’, A.R. Shuldiner’, H.L. Kirchner?, FE. Dewey'. 1) Regen-
eron Genetics Center, Tarrytown, NY; 2) Geisinger Health System, Dan-
ville, PA; 3) The Center for Systems Genomics, The Pennsylvania State
University, State College, PA.

Low-density lipoprotein cholesterol, high-density lipoprotein choles-
terol, and triglyceride levels are heritable risk factors for cardiovascular
disease. Sequencing the protein coding regions of the genome (exome)
enables discovery of rare mutations that may exert large effects on lipid
traits and cardiovascular disease risk.We sequenced the exons of 18,951
protein-coding genes in 31,058 participants of predominantly European
ancestry in the Regeneron Genetics Center-Geisinger MyCode-Discov-
EHR collaboration. Tests of association were performed for ~350,000
individual variants with minor allele count > 20 and for non-synony-
mous and putative loss-of-function (LoF) variants aggregated by gene
with median lifetime lipid levels extracted from electronic health records
(EHR) of 22,400 individuals. Lipid-associated variants and genes were
tested for associations with coronary artery disease (CAD) in 8,496 cas-
es and 22,562 controls. Phenotypic associations were expanded with a
phenome-wide association study (PheWAS) of ~1,700 discrete disease
traits.Analysis of this sample as discovery (n=~12,400) and replication
(n=~10,000) strata for lipid levels identified 50 replicated coding variant
associations in 32 genes that were also associated with lipid levels in
joint analysis at P < 1.4x10-7, including multiple coding variants not pre-
viously associated with lipid levels. Gene-based association tests iden-
tified collections of rare non-synonymous and LoF variants in 8 genes
that were reproducibly associated with lipid levels in staged analysis and
also in joint analysis at P<1.3x10-6. In addition to known coding variant
associations, these results implicated novel protein-disrupting mutations
in 4 known lipid loci (ABCA1, LCAT, SCARB1, LIPC). Two novel lipid-as-
sociated variants were associated with CAD risk at P < 0.05. Multivariate
testing for lipid traits identified additional coding variants with evidence
for substantial effects on all multiple traits. PheWAS of these loci re-
vealed multiple additional known and previously undiscovered disease
associations.Using whole-exome sequencing in over 31,000 individuals
with EHR-derived clinical phenotypes, we confirmed previous coding
variant associations with lipid levels, and identified new associations be-
tween collections of rare, protein-disrupting mutations, lipid levels, and
coronary artery disease. These results implicate rare protein-disrupting
variation in the genetic architecture of lipid traits and CAD.

621F

Identification of Novel Risk Genes for Venous Thromboembolism
using Rare Coding Variant Burden Analysis in the GIFT and ELATE/
DODS Cohorts. A. Ozel', K. Desch?, M. Germain?®, C. Willer’, D. Sieme-
niak® D. Tregouet?, P. Reitsma®, D. Ginsburg'?, J. Li'. 1) Department of
Human Genetics, University of Michigan - Ann Arbor, Ann Arbor, Ml; 2)
Department of Pediatrics, University of Michigan - Ann Arbor, Ann Arbor,
MI; 3) HHMI, University of Michigan - Ann Arbor, Ann Arbor, MI; 4) IN-
SERM, Universita Pierre et Marie Curie, Paris, France; 5) Leiden Univer-
sity Medical Center, Leiden, Netherlands.

Venous thromboembolism (VTE) affects ~1 million individuals in the
United States and is the third most common cause of cardiovascular
death. It is a highly heritable disease with ~60% of the lifetime risk at-
tributable to genetic factors. While genome-wide association studies
(GWAS) validated the involvement of common variants in theFactor 5(F5)
andABOgenes, which account for 30% of the overall attributable risk
for VTE, they are not suited to discover rare causal variants. The unique
biology of VTE and the complex interactions between the hemostatic
and host defense systems lead us to hypothesize that a limited number
of rare, high-impact coding variants might help explain the remaining
portion of the inherited risk. In this study, we compared the per-gene
aggregate rare variant burden between 392 VTE patients from the GIFT,
ELATE/DODS cohorts and 342 non-VTE subjects of the same ances-
try (European). After joint calling of coding and splicing variants using
exome sequencing data of these samples, we conducted case/control
gene burden tests while accounting for the technical heterogeneity be-
tween the controls and cases by using the each gene’s synonymous
variant count as the background variant discovery rate. We used multi-
ple annotations to define deleterious variants: (1) PolyPhen2, (2) CADD
>= 10, (3) CADD >= 20, (4) CONDEL, (5) PhyloPNH, and performed the
burden analysis at several minor allele frequency (MAF) thresholds: 0.01,
0.05, 0.10, 0.15 and 0.50. We analyzed all genes as well as 95 candi-
date genes that were implicated in VTE according to prior literature. As
a positive control, we confirmed the known association of the Factor 5
Leiden (R506Q) mutation with VTE (p=8.7E-19, odds ratio=8.7; 95 % CI:
4.8 - 16.8). Among the 95 candidate genes, rare variants (MAF <= 5%)
in F5, SERPINAT1, GP1BA and HNF4Ahad significantly higher burden
(p<0.00053) in VTE cases with a majority of the deleterious variant defi-
nitions. Among all 20,000 genes, rare variant burden inF5, SELP, VWF
and GP1BA rank among the top 3% with at least two of the definitions.
Our results suggest the aggregate contribution of rare variants in both
known and unknown genes to the overall VTE risk. Additional analyses
are underway to use publicly available exome control data to replicate
these findings.
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Loss-of-function LOX mutations cause thoracic aortic aneurysms
and acute aortic dissections. E.S. Regalado’, D.-C. Guo’, L. Gong’,
X. Duan’, E.M. Hostetler’, R.L.P. Santos-Cortez?, G. Jondeau?®, C. Boi-
leau?, R. Moran®, M.J. Bamshad®, J. Shendure®, D.A. Nickerson®, S.M.
Leal?, D.M. Milewicz', University of Washington Center for Mendelian Ge-
nomics. 1) Department of Internal Medicine, University of Texas Health
Science Center at Houston, Houston, Texas, USA; 2) Department of
Molecular and Human Genetics, Baylor College of Medicine, Houston,
Texas, USA; 3) AP-HP, Hopital Bichat, Centre National de Référence pour
le syndrome de Marfan et apparentés, Paris, France; Universita Paris
7, Paris, France; AP-HP, Hopital Bichat, Service de Cardiologie, Paris,
France; INSERM, U1148, Paris, France; 4) AP-HP, Hopital Bichat, Centre
National de Référence pour le syndrome de Marfan et apparentés, Paris,
France; Universita Paris 7, Paris, France; AP-HP, Hopital Bichat, Labora-
toire de Génétique moléculaire, Boulogne, France; INSERM, U1148, Par-
is, France; 5) Genomic Medicine Institute, Cleveland Clinic, Cleveland,
Ohio, USA; 6) Department of Genome Sciences, University of Washing-
ton, Seattle, Washington, USA.

Aortic structural integrity is dependent on the activity of lysyl oxidases,
which are extracellular copper enzymes that catalyze crosslinking of
elastin and collagens. Mammals have five lysyl oxidase genes with highly
similar catalytic domains, including the prototypic LOX. Deletion of Lox
in mice leads to loss of 80% of lysyl oxidase activity in the aorta, and
the mice die shortly after birth of aortic rupture. Exome sequencing was
performed using DNA from two affected individuals from family TAA602
with autosomal dominant inheritance of thoracic aortic aneurysm and
dissection. Using previously described filtering strategies, the possible
causative variants were narrowed to 10 candidates. A variant in LOX was
the best candidate for causing disease in TAA602 because of the estab-
lished role of lysyl oxidase in aortic integrity. The variant, p.Ser280Arg,
disrupts a highly conserved residue within the catalytic domain of the
enzyme, is predicted to be damaging by 5 of 7 functional predictors,
and segregates with aortic disease in the family. Exome and Sanger se-
quencing of 395 unrelated probands with familial thoracic aortic disease
identified three additional rare LOX variants that were predicted to be
damaging (p.Gly202X, p.Thr248lle, p.Ser348Arg); one leads to haploin-
sufficiency and two are located in the catalytic domain and predicted to
be damaging. Notably, the ESP database had no LOX nonsense or indel
variants and only one rare variant in the catalytic domain in the European
Americans. To determine if these variants in the catalytic domain disrupt
enzymatic activity, expression plasmids of LOX wildtype (WT) and the
missense variants were constructed and transfected into Hela cells and
lysyl oxidase activity assayed. Based on equal protein amounts assayed,
Hela cells transfected with p.Ser280Arg, p.Ser348Arg, and p.Thr248lle
mutant LOX constructs showed increased lysyl oxidase activities that
were significantly lower compared to the WT LOX plasmid transfected
cells by 58% (p=.002), 33% (p=.003), and 10% (p=0.003), respectively.
The clinical disease in all families is characterized by fusiform aneurysms
involving the root and ascending aorta and ascending aortic dissections
and bicuspid aortic valves in 28% of mutation carriers. In conclusion,
loss-of-function LOX mutations are a rare cause of familial thoracic aortic
aneurysms.

623T

Clinically relevant variants identfied in thoracic aortic aneurysm pa-
tients by research exome sequencing. J.A. Schubert’?, B.J. Landis®,
A.R. Shikany?, R.B. Hinton?, S.M. Ware'2. 1) Indiana University School of
Medicine, Indianapolis, IN; 2) University of Cincinnati College of Med-
icine, Cincinnati, OH; 3) Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH.

Thoracic aortic aneurysm (TAA) is a genetically heterogeneous dis-
ease involving subclinical and progressive dilation of the thoracic aorta,
which can lead to life-threatening complications such as dissection or
rupture. Genetic testing is important for risk stratification and identifi-
cation of at risk family members, and clinically available genetic testing
panels have been expanding rapidly. However, when past testing results
are normal, there is little evidence to guide decision making about when
and in whom to pursue additional clinical genetic testing. Results from
research based genetic testing can help inform this process. Here we
present 10 TAA patients who have a family history of disease and who
enrolled in research-based exome testing. Nine of these ten patients had
previous clinical genetic testing, all of which was negative. We sought
to determine the number of rare variants in 23 known TAA associated
genes identified by research-based exome testing. In total, we found 13
rare variants in 7 patients, with no rare variants in these 23 genes in 3
patients. Likely pathogenic variants included one patient with a TGFB2
variant and another with a SMADS variant. These variants have been
reported previously in individuals with similar phenotypes. In addition,
novel variants in both MYLK and MFAP5 were identified in a third patient.
In total, clinically reportable rare variants were found in 5/10 (50%) pa-
tients, with at least 2/10 patients having likely pathogenic variants iden-
tified. These results highlight the importance of re-testing TAA patients
with previous negative or inconclusive testing on a broader scale, as the
field rapidly expands.
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Association of a single nucleotide polymorphism variant in the
SCUBET1 gene with Coronary Artery Calcium score in the ClinSeq®
Study. H. Sung’, B. Suktitipat’, K. Lewis?, D. Ng? SG. Gonsalves? JC.
Mullikin®4, LG. Biesecker?, AF. Wilson’, NISC Comparative Sequencing
Program. 1) Genometric Section, NIH/NHGRI/CSGB, Baltimore, MD; 2)
Medical Genomics and Metabolic Genetics Branch, National Human Ge-
nome Research Institute, NIH, Bethesda, MD; 3) Comparative Genomics
Analysis Unit, Cancer Genetics and Comparative Genomics Branch, Na-
tional Human Genome Research Institute, NIH, Bethesda, MD; 4) Na-
tional Institutes of Health Intramural Sequencing Center (NISC), National
Human Genome Research Branch, NIH, Bethesda, MD.

ClinSeg® is a large-scale medical sequencing study designed to in-
vestigate associations of rare sequence variants with traits related to
Coronary Artery Disease (CAD). The study currently includes more than
1000 non-smoking participants between the ages of 45 and 65 with
normal to severe coronary artery calcification scores. About 200 traits
related to CAD were measured at the NIH Clinical Research Center
in Bethesda, MD. Exome sequencing was performed with the Agilent
SureSelect 38Mb and 50Mb capture kits for 387 and 325 individuals,
respectively, at the NIH Intramural Sequencing Center. Single nucleotide
variants (SNVs) common to both capture regions having a call rate >
98% and minor allele frequency (MAF) > 1% were used to check for
cryptic relatedness and for population stratification by multidimensional
scaling analysis. After removing samples failing this screening, 635 un-
related European Americans (EAs) remained. For each capture kit with
EAs only, SNVs without at least one homozygote or a call rate less than
50% were excluded. Then samples sequenced with the two capture
kits were merged, leaving 439,807 shared SNVs. Of these SNVs, 74%
and 46% had MAFs < 0.01 and < 0.001, respectively. SNVs with MAF <
0.01 were collapsed into a single derived variant for each genomic re-
gion defined using hotspot boundaries. Collapsed variants were coded
as the proportion of minor alleles occurring within each region; common
variants were coded as the proportion of minor alleles (scaled from 0
to 1). Tests of association of each variant with Coronary Artery Calcium
(CAC) score (available in 550 samples, excluding samples with stents),
were performed on log-transformed CAC with simple linear regression,
adjusting for age, sex, BMI and cholesterol lowering medication use. The
derived collapsed variant incorporating rs73420094 (MAF=0.0056) in the
exon and rs193288922 (MAF=0.0018) in the intron of the SCUBET gene
was found to have a suggestive significant association at the level of
1e-05. All seven samples having a non-reference allele (A) of rs73420094
have a CAC score within the top 14% of the distribution. The next most
significant variant, rs3751058 in the SCUBE2 gene, was found to have
an association at the 1e-04 level. Inhibition of SCUBET was found by Wu
et al. to protect against thrombosis in mice and SCUBE2 is found by Ali
et al. to be involved in atherosclerotic plaque progression via Hedgehog
signal transduction.
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Arterial Tourtosity in two Turkish pediatric patient; with novel ho-
mozygous missence mutations in the SLC2A10 gene. F. Uysal’, S.G
Temel?®, O.M Bostan’, D. Proost?, L.V Laer*, B. Loeys?, E. Cil'. 1) Uludag
University, Faculty of Medicine, Department of Pediatric Cardiology, Bur-
sa, Turkey; 2) Near East University, Faculty of Medicine, Department of
Histology & Embryology, Nicosia, North Cyprus; 3) Uludag University,
Faculty of Medicine, Department of Histology & Embryology, Bursa, Tur-
key; 4) Center for Medical Genetics, Antwerp University Hospital and
University of Antwerp, Antwerp, Belgium.

Arterial tortuosity syndrome (ATS) is a rare autosomal recessive con-
nective tissue disorder, mainly characterized by tortuosity and elongation
of the large and medium-sized arteries with predisposition to stenosis
and aneurysm. ATS is caused by mutations in the SLC2A710 gene, en-
coding for the facilitative glucose transporter 10 (GLUT10) and is de-
scribed typically in pediatric patients. We report two unrelated boys (2
and 1 year old) with ATS who initially presented with a cardiac murmur
and respiratory distress, respectively. In the first proband echocardi-
ography at the age of one month demonstrated dilatation of the aor-
tic root (15mm, Z-score=) and tortousity in the descending aorta. The
main clinical findings included elongated face, saggy cheeks, microg-
nathia, malar hypoplasia, joint hypermobility and hyperextensible skin.
Follow-up echocardiography showed an increase of the diameter of the
aortic root to 32mm and 35 mm at the age of 8 months and 2 years old,
respectively. Angiography and computerized tomography angiography
showed fusiform aneurysmal dilatation of ascending aorta, marked tor-
tuosity of both pulmonary arteries and thoracic aorta, stenosis in vena
cava inferior. For the second proband, echocardiography at the age of
one week dilatation in ascending aorta and anomaly suspicion in pu-
monary artery (pumonary sling). He had an ileus and operated at the
age of one month. The main clinical findings included elongated face,
saggy cheeks, migrognathia, pectus excavatum and hyperextensible
skin. Anjography showed dilatation in ascending aorta, tortuosity of arch
branching arteries and ‘S’ like tortuosity in descending aorta and normal
pulmonary arteries. Sequencing of the SLC2A10 gene in the probands
revealed the presence of two novel pathogenic homozygous missense
variants (c.727C>A/c.395C>A). Heterozygous SLC2A10 mutations were
confirmed in both mothers and fathers. The pathogenic variants lead to
a p.GIn243Lys and p.Arg132GIn change in the seventh transmembrane
domain and endofacial loop of GLUT10, respectively. The first proband
underwent aortic root replacement surgery. ATS resembles Loeys-Dietz
and Marfan related disorders, so timely differential diagnosis is extremely
important for early diagnosis and intervention of aneurysms to prevent
serious vascular complications.
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Genetic testing practices in pediatric cardiomyopathy: identifying
opportunities to positively impact diagnosis and family-based risk
stratification. S.M. Ware’, S.E. Lipshultz?, S.D. Colan?®, L. Shi*, C.E. Can-
ter, D. Hsu®, D.A. Dodd’”, M.D. Everitté, P.F. Kantor®, L.A. Addonizio™, J.L.
Jefferies'!, J. Rossano’?, E. Pahl’®, P. Rusconi’, J. Schubert’®, T. Lee',
E. Miller'', M. Tariq’, J.D. Wilkinson?, J.A. Towbin'’. 1) Pediatrics, Indiana
University, Indianapolis, IN; 2) Pediatrics, Wayne State University, De-
troit, MI; 3) Pediatrics, Harvard Medical School, Boston, MA; 4) Biosta-
tistics, New England Research Institutes, Watertown, MA; 5) Pediatrics,
Washington University, St. Louis, MO; 6) Pediatrics, Children’s Hospital
at Montefiore, Bronx, NY; 7) Pediatrics, Vanderbilt Heart & Vascular In-
stitute, Nashville, TN; 8) Pediatrics, Denver Children’s Hospital, Denver,
CO; 9) Pediatrics, Stollery Children’s Hospital, Edmonton, AB, Canada;
10) Pediatrics, New York-Presbyterian Morgan Stanley Children’s Hospi-
tal, New York, NY; 11) Pediatrics, Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH; 12) Pediatrics, Children’s Hospital of Philadel-
phia, Philadelphia, PA; 13) Pediatrics, Northwestern University, Chicago,
IL; 14) Pediatrics, University of Miami Hospital, Miami, FL; 15) University
of Cincinnati College of Medicine, Cincinnati, OH; 16) Pediatrics, Co-
lumbia University, New York, NY; 17) Cardiology, Le Bonheur Children’s
Hospital, Memphis, TN.

Consensus guidelines recommend genetic testing in children and
adults for hypertrophic cardiomyopathy (HCM), and consideration of
testing for dilated or restrictive cardiomyopathy (DCM, RCM). Cardiac
surveillance is recommended in first degree relatives, and genetic testing
for a known familial mutation (KFM) is indicated. Despite these recom-
mendations, payer reimbursement rules, family choice, and practice bar-
riers to testing and screening exist, and uptake in the pediatric popula-
tion, where the disease is rare and causes are heterogeneous, is unclear.
We evaluated genetic testing practices for 154 consecutively enrolled
pediatric patients with cardiomyopathy at 11 sites as part of a large, pro-
spective NHLBI-funded study. Inclusion criteria included patients with
familial or idiopathic disease or unconfirmed myocarditis. Patients with
known genetic syndromes, inborn errors of metabolism, mitochondri-
al disease, or neuromuscular disease were excluded. A pedigree was
obtained, and clinical genetic testing reports were collected if applica-
ble. All patients provided blood samples for research-based exome se-
quencing. In this preliminary sample of the target cohort, 48% (n=74) had
previous clinical genetic testing, with 25% (n=41) of the cohort having a
likely pathogenic or pathogenic variant. At enroliment, 38% had a family
history of cardiomyopathy. The rate of clinical testing by phenotype was
72% for HCM, 36% for RCM, 45% for DCM, and 7% for LVNC/unknown.
All variants reported by clinical genetic testing were also identified by
research-based exome. Filtering exome results for 35 genes available on
clinical cardiomyopathy panels revealed 49 additional clinically action-
able results, 38 of which were in previously untested patients. Overall,
79/154 patients had positive findings (51%), including 75% with HCM,
71% with RCM, and 35% with DCM. Importantly, the 38 patients with
newly identified genetic disease had 148 first degree relatives for whom
KFM testing can now be offered, allowing risk stratification and further
cascade screening. This is the first multisite evaluation of clinical genetic
testing practices in the pediatric cardiomyopathy population. The results
demonstrate testing is currently underutilized, show a high diagnostic
yield across phenotypes, and indicate an opportunity to significantly im-
pact cascade screening and risk stratification for family members.
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Identification of Second-hit Mutations in Known CHDs Causative
genes in 22q11DS Patients with Conotruncal Heart Defects by
Whole-exome Sequencing. T. Guo’, JH. Chung’, D. McDonald-Mc-
Ginn?, WR. Kates?®, T. Wang*, B. Emanuel?®, B. Morrow’. 1) Department of
Genetics, Albert Einstein College of Medicine, Bronx, NY; 2) 2Division of
Human Genetics, Children’s Hospital of Philadelphia and Department of
Pediatrics, University of Pennsylvania School of Medicine, Philadelphia,
Pennsylvania; 3) 3Department of Psychiatry and Behavioral Sciences,
and Program in Neuroscience, SUNY Upstate Medical University, Syra-
cuse, New York; 4) Department of Epidemiology and Population Health,
Albert Einstein College of Medicine, Bronx, New York; 5) Department of
Pediatrics, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, Pennsylvania.

The 22q11.2 deletion syndrome (22911DS, velo-cardio-facial/Di-
George) is the most common microdeletion disorder, occurring in 1:4,000
births. Most of the patients have a similar deletion on chromosome
22q11.2, but approximately 60% have congenital heart defects (CHD),
mostly of the conotruncal type, while 40% have normal cardiac anato-
my. We hypothesize that 22q11DS patients with CHD have second-hit
mutations in known CHD genes reported in the literature. To test this,
whole exome sequencing was performed on DNA samples from 184,
22q11DS subjects including 89 cases with CHD and 95 controls without.
Rare variants (MAF < 0.001 in 1000 Genome and ESP6500 projects) that
are predicted to be damaging in any of the 5 specific predictions (SIFT,
Polyphen2 HVAR, MutationTaster, MutationAssessor, FATHMM and
scaled CADD) were retained for analysis. We compiled 66 pathogenic,
CHD-causing CNVs (copy-number variations) from the Copy Number
Variation in Disease database (PMID: 22826268). These 66 CHD-causing
CNVs encompass 782 genes which we tested for rare deleterious vari-
ants. A total of 259 genes had at least one deleterious mutation in either
a case or control with 22q11DS. Among the 259 genes, we identified 6
cases (5 with tetralogy of Fallot (TOF); 1 with aortic arch artery anomalies)
with deleterious heterozygous mutations in the FRY (FURRY) gene, but
none in controls (Fisher extract p value=0.01). FRY is located on chromo-
some 13g13.1-q13.2, which is the CHD critical region of the 13q deletion
syndrome (also called monosomy 13q syndrome). Among 35 reported
patients with chromosomal deletions of 13913.1-g13.2, 8/11 cases were
reported to have conotruncal heart defects (PMID: 20598760). Furry (Fry)
is an evolutionarily conserved protein of ~300 kDa that contains multi-
ple HEAT/Armadillo-like repeats in the N-terminal region. Mammalian Fry
plays crucial roles in chromosome alignment and bipolar spindle orga-
nization during mitosis, critical for asymmetric cell division, regulation of
cell shape and early embryonic development, implicating it as a strong
candidate gene within the region to explain the basis of CHD in patients
with chromosome 13q13.1-q13.2 deletions and as a modifier of this phe-
notype in 22q11DS.
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Sequence Data Processing and Analysis of the first 20,000 Human
Genomesin the NHLBI TopMed Program. G.R. Abecasis’, D. Apple-
baum-Bowden?, K. Barnes®, T. Blackwell’, J. Blangero?, E. Burchard®, A.
Correa®, P. Ellinor’, C. Fox?, S. Gabriel’, W. Gan?, C. Jaquish? H.M. Kang’,
S. Kathiresan’, C. Laurie®, S. McGarvey®, B. Mitchell®, D. Nickerson?®, J.
O’Connell’®, G. Papanicolau?, P. Qasba? R.S. Vasan'’, S. Redline’?, K.
Rice?, E. Silverman’®, J.D. Smith®, P. Srinivas® S. Weiss™, J. Wilson® for
the National Heart Lung and Blood Institute’s TopMed Program. 1) Uni-
versity of Michigan, Ann Arbor, Ml; 2) National Heart Lung and Blood
Institute, Bethesda, MD; 3) Johns Hopkins University, Baltimore, MD; 4)
University of Texas Rio Grande Valley, Rio Grande, TX; 5) University of
California San Francisco, San Francisco, CA; 6) University of Mississip-
pi Medical Center, Jackson, MS; 7) Broad Institute of Harvard and MIT,
Cambridge, MA; 8) University of Washington, Seattle, WA; 9) Brown Uni-
versity, Providence, RI; 10) University of Maryland, Baltimore, MD; 11)
Boston University School of Medicine, Framingham, MA; 12) Harvard
Medical School, Boston, MA; 13) Brigham and Women’s Hospital, Bos-
ton, MA; 14) Partners Health Care, Boston, MA.

The National Heart Lung and Blood Institute’s Trans-Omics for Pre-
cision Medicine (TopMed) initiative aims to stimulate discovery of the
fundamental mechanisms that underlie heart, lung, blood and sleep dis-
orders by integrating high quality phenotypes, whole genome sequence
data and other genomic information. The first phase of the effort will gen-
erate deep whole genome data for ~20,000 diverse samples (a majority
with non-European ancestries traditionally under-represented in genom-
ic research) and represents a collaboration between diverse groups of
scientists, 4 genome sequencing centers, a project data coordination
center, an informatics research center, staff at the National Institutes of
Health and the National Center for Biotechnology Information (NCBI).
Future phases of the program will include additional cohorts, genome se-
quencing and other omics data.Here, we describe efforts at the project’s
Informatics Research Center (IRC)to integrate sequence data across
participating studies and sequencing centers and their initial results. As
of abstract submission, >19,800 samples are prioritized for sequencing,
with data for >1,000 samples received at the IRC. Sequencing is expect-
ed to be complete by February 2016; sequence data for >5,000 samples
is expected by October 2015. To date, we have achieved an average
sequencing depth of 36.9 (after duplicate removal), resulting in >98% of
the genome covered at depth >10. We have evaluated alternatives for
transfer and storage of sequence data, including file formats, quantiza-
tion of base quality scores and others, to achieve reasonable costs for
data processing and to allow the project to scale to even more samples.
Deep sequencing, PCR-free sample preparation, and harmonized data
processing already allow us to achieve <0.2% difference in SNP callsets
when a sample is sequenced at different sites. Although more differenc-
es are observed for indels, these are concentrated in low complexity
regions of sequence, such as short tandem repeats.A primary goal of
the project is to allow investigators exploring diverse study designs and
phenotypes to benefit from access to high-quality sequence data and
analysis. There are also many opportunities from combined analysis of
the data being generated, including a diverse catalog of genetic varia-
tion, a resource of controls for association studies, and an imputation
reference panel. We discuss some of these opportunities and associated
logistical and technical challenges.

629T

Identifying low frequency and rare coding variation influencing
cardiometabolic traits through whole exome sequencing of 20,000
Finns: the FinMetSeq Study. A.E. Locke’, K. Meltz Steinberg? S. Ser-
vice®, V. Ramensky®, M. Pirinen*, H.M. Stringham’, A.U. Jackson’, M.
Kurki®, D.E. Larson? L.J. Scott’, R.S. Fulton? D.C. Koboldt?, J. Nelson?,
T.J. Nicholas? S. Ripatti*¢’, V. Salomaa®, A. Palotie*>’, M. Laakso®, N.
Freimer®, R.K. Wilson?, M. Boehnke’. 1) Center for Statistical Genetics
and Department of Biostatistics, University of Michigan, Ann Arbor, Ml;
2) McDonnell Genome Institute, Washington University School of Medi-
cine, St. Louis, MO; 3) Center for Neurobehavioral Genetics, Semel Insti-
tute for Neuroscience and Human Behavior, University of California Los
Angeles, Los Angeles, CA; 4) Institute for Molecular Medicine Finland
(FIMM), University of Helsinki, Helsinki, Finland; 5) Broad Institute of MIT
and Harvard, Cambridge, MA; 6) Department of Public Health, Hjelt In-
stitute, University of Helsinki, Helsinki, Finland; 7) Wellcome Trust Sanger
Institute, Hinxton, Cambridge, UK; 8) National Institute for Health and
Welfare, Helsinki, Finland; 9) Department of Medicine, Kuopio University
Hospital and University of Eastern Finland, Kuopio, Finland.

Due to recent population bottlenecks, low frequency, deleterious
variants are enriched in the Finnish population. The resulting increase
in power and the large population studies ongoing in Finland provide an
excellent resource for complex trait genetics.We are sequencing the ex-
omes of 20,000 individuals from two large population-based longitudinal
studies of metabolic and cardiovascular disease in Finland: METSIM and
FINRISK. Currently, we have completed sequencing for the first 10,628
individuals. Using an integrated variant discovery and genotyping ap-
proach across three sites -- McDonnell Genome Institute, University of
Michigan, and UCLA -- we identified more variable sites (>1.5M SNPs)
and achieved greater overall genotype accuracy than any single se-
quence analysis pipeline.We performed single-variant and gene-based
association tests using EMMAX for >30 cardiometabolic phenotypes,
identifying 46 apparently independent associations at exome-wide sig-
nificance (p<5x10-7) at 26 loci in 9 different traits. While most observed
associations, known and novel, were common, seven index SNPs had
a minor allele frequency (MAF) <5%, and four <1%. We replicated low
frequency non-synonymous variants in PCSK9 (rs11591147) associat-
ed with decreased levels of total and LDL cholesterol and ApoB lev-
els, in HNF4A (rs1800961) associated with lower HDL cholesterol, and a
non-synonymous variant in LPA (rs3798220) with MAF~1% associated
with total cholesterol. All of these variants are equally or more frequent
in our cohorts than in other European populations.Finally, we identified a
non-synonymous variant with MAF<0.5% in LCAT associated with sig-
nificantly lower HDL cholesterol, which is known to convert cholesterol
and phosphatidylcholines to cholesterol esters on HDL particles. Muta-
tions in LCAT are also known to cause Fish-eye and Norum diseases,
both of which are characterized by significantly altered lipid profiles and
corneal opacity. This particular variant has not been implicated in either
Fish-eye or Norum disease, so we plan to re-contact carriers to identify
vision problems and more fully examine their lipid profiles.The population
history of the Finnish people, the diverse array of phenotypes, and the
large-scale but focused nature of this exome sequencing study allow us
a unique opportunity to identify coding variation influencing cardiomet-
abolic traits, and we plan to follow up candidate variants by collecting
additional phenotypes.
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POSSIBLE PATHOLOGICAL EVENTS INVOLVED IN DILATED CAR-
DIOMYOPATHY. M.L. Satyanarayana', C. Narsimhan? N. Pratibha'. 1)
Department of Genetics, Osmania University, Hyderabad, Telangana
State, India; 2) CARE Hospitals, Hyderabad, Telangana State, India.
Dilated cardiomyopathy (DCM) is characterized by ventricular cham-
ber dilation and diminished cardiac contractility, the most common cause
of chronic heart failure (CHF) and cardiac transplantation. The underlying
etiology of DCM varies due to genetic factors, viral (myocarditis), mito-
chondrial, and metabolic disorders. To date, candidate gene screening
led to the identification of numerous heterozygous mutations in more
than 40 different genes. The present study is an attempt to elucidate
the interactions between the sarcomeric/cytoskeletal and the modifier
gene(s), by screening MYH7, MYBPC3, ANKRD1, EDN1, NOSS3, IL-1B,
TNF-A, HSP-70 gene variations, in order to understand the underlying
pathogenesis of DCM, accounting to the phenotypic and genetic het-
erogeneity.The MYH7 (G377R, E1258D) mutations were predicted to
disrupt actin-myosin binding and cross-bridge function, as localized to
the LMM region. MYBPC3 (V158M) mutations resulted in the disruption
of the sarcomeric assembly, posttranslational modifications which can
cause alterations in myosin crossbridge architecture leading to ‘defec-
tive force production’. The novel protein truncation (E583X) mutation of
MYBPCS3 produces a truncated protein lacking titin and myosin bind-
ing sites. MYH7 mutations (E1258D, A1379T and K1537N) disrupting
the sarcomere assembly with cytoskeletal protein network resulting in
reduction of force transmission. Further, ANKRD1 (D304H) mutation
resulted in the loss of one of the ankyrin repeats, hence altering the
sarcomere interaction with cytoskeletal proteins titin and myopalladin,
leading to reduced force transmission./njury to the myocardial cell may
results in the release of cytokines (IL-1, TNF-a), which can be detrimen-
tal to cardiac function, leading to overt congestive heart failure in a DCM
phenotype. Oxidative stress and heightened peripheral vasoconstriction
are other key features, wherein NOS3 and/or EDN1 gene variations can
cause abnormal and excessive remodeling of the peripheral vasculature
by imposing pressure on the ventricles. Apoptosis is believed to play an
important role in the continuous loss of myocardial cells during chronic
heart failure. Hence compensatory mechanisms like anti-apoptotic path-
way can also be triggered, wherein HSP70 plays a key role.Thus, sug-
gesting the implication of sarcomeric/cytoskeletal gene mutations with
epistatic interactions of modifier genes, accounting to complexity and
multifactorial mode of inheritance of DCM.
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Effects of rare coding variants at NOS71AP and other genes encoding
intercalated disc proteins on the electrocardiographic QT interval.
A. Kapoor', K. Bakshy', L. Xu', P. Nandakumar’, D. Lee’, E. Boerwinkle?,
M.L. Grove?, D.E. Arking’, A. Chakravarti'. 1) McKusick-Nathans Institute
of Genetic Medicine, Johns Hopkins University School of Medicine, Bal-
timore, Maryland, 21205, USA,; 2) Division of Epidemiology, Human Ge-
netics and Environmental Sciences, University of Texas Health Science
Center, Houston, Texas, 77030, USA.

We have previously shown that NOSTAP (MIM 605551), the ma-
jor genetic regulator of the QT interval (MIM 610141) explaining ~1%
of its variation, is localized to cardiomyocyte intercalated discs (ID) in
the human heart and that its overexpression in cardiomyocytes leads to
altered cellular electrophysiology. We also showed that noncoding se-
quence variants mapping in and around (x10kb) 175 genes encoding
ID proteins are enriched for associations greater than that observed for
genome-wide comparisons. Specifically, at false discovery rate (FDR) of
5% we identified 27 ID genes at which noncoding variants were signifi-
cantly associated with QT interval. Thus, we sought to assess whether
coding variants at these 28 ID genes, including NOS1AP, affect QT in-
terval variation. We used data on exome sequencing in 4,469 ARIC co-
hort individuals of European ancestry to focus on 2,393 rare (MAF <0.01)
missense, splice-site and stop-gain variants and tested their effect on
standardized QT interval residuals corrected for heart-rate, age, sex and
genotypes of 34 known common QT interval GWAS hits. Single variant
association tests performed using PLINK identified 6 missense variants
Bin TTN (MIM 188840) and 1 each in ANKRD30A (MIM 610856), LRFN2
(MIM 612808) and SIPATL1 (MIM 610484)) at FDR of 5%: all were ob-
served as singletons and thus need testing in larger sample sizes for rep-
lication. Gene-based burden tests performed using seqMeta identified
3 marginally significant genes: CAV2 (MIM 601048) (P=0.038), LRFN2
(P=0.046) and TLN1 (MIM 186745) (P=0.025). TTN encodes for titin that
is a large and abundant protein of striated muscle and plays a key role in
its assembly and functioning. Rare coding mutations in TTN are known
to be associated with cardiomyopathies. CAV2 encodes caveolin-2 that
is a caveolin family member and related to CAV7 and CAV3. Caveolin
proteins have been proposed to act as scaffolding proteins within ca-
veolar membranes and the 3 caveolins are known to interact in cardiac
tissue. Rare coding mutations in CAV3 are known to be associated with
long QT syndrome and cardiomyopathies. SIPATL1 encodes a Rap GT-
Pase activating protein that plays a role in non-canonical Wnt signaling
and development. Common variants at SIPA1L1 locus are known to be
associated with QRS interval duration. In summary, using a functionally
enriched gene set we have identified association of QT interval with 6
potential candidates that need to be replicated using larger sample sizes.
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Rare Exome Sequence Variants in CLCN6 Reduce Blood Pressure
Levels and Hypertension Risk. B. Yu’, S.L. Pulit?®, C. Newton-Cheh3*,
A.C. Morrison' on behalf of the CHARGE Blood Pressure Working Group
and NHLBI Exome Sequence Project. 1) Human Genetics Center, Uni-
versity of Texas Health Science Center at Houston, Houston, TX, USA;
2) Department of Medical Genetics, University Medical Centre Utrecht,
The Netherlands; 3) Broad Institute of Harvard and MIT, Cambridge, MA,
USA,; 4) Cardiovascular Research Center and Center for Human Genetic
Research, Massachusetts General Hospital, Boston, MA, USA.

Genetic effects of rare variants on blood pressure (BP) are not yet well
characterized. We performed whole exome sequencing on DNA samples
from 9,950 and 4,547 individuals of European and African ancestry to ex-
amine the impact of rare variants on hypertension and four BP traits: sys-
tolic and diastolic BP (SBP, DBP), pulse pressure (PP), and mean arterial
pressure (MAP). Single variant tests of common variants (minor allele
frequency, MAF, 21%, conducted in ~170,000 common variants, statis-
tical significance P < 2.9 x 10-7) and gene-based tests of rare variants
(MAF<1%, conducted in ~17,000 genes, statistical significance P < 2.9
x 10-6 ) were evaluated for each trait and ancestry separately, followed
by multiethnic meta-analyses. Rare coding variants (defined as splicing,
stop-gain, stop-loss, nonsynonymous variants, or indels) in CLCN6 were
associated with lower DBP (cumulative MAF = 1.3%, b = -3.20, P = 4.1
x 10-6), and the effect was consistent in both ancestries. These effects
persisted after conditioning on a nearby common variant (rs17367504),
known to be associated with BP. The variants in CLCN6 were also as-
sociated with lower SBP (b = -4.11, P = 2.8 x 10-4), MAP (b = -3.50, P
= 8.9 x 10-6), and reduced risk of hypertension (odds ratio = 0.72, P =
0.017). The association with DBP was corroborated by two independent
samples of European ancestry. By meta-analyzing the two-stage dis-
covery samples, CLCN6 was shown to be associated with lower DBP at
exome-wide significance (cumulative MAF = 1.1%, b = -3.30, P = 5.0 x
10-7). Our findings implicate the effect of rare coding variants in CLCN6
in BP variation, and by highlighting a single gene at a prior known locus
offer new insights into BP regulation.
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First evidence of association between MTHFR C677T polymorphism
and Rheumatic Mitral Value Disease. S. Justin Carlus’, Khalid. Al Har-
bi?, Ghadeer. Saleh Mossad AlHarbi®, Atiyeh. Abdallah®. 1) King Faisal
Specialist Hospital & Research Center, Jeddah, Saudi Arabia; 2) Pedi-
atric Cardiology, College of Medicine, Taibah University, Madina, Saudi
Arabia; 3) Centre for Genetics and Inherited Diseases (CGID), Taibah Uni-
versity, Madina, Saudi Arabia.

Background: Rheumatic heart disease (RHD) is a serious complica-
tion of rheumatic fever (RF). Plasma homocysteine (Hcy) levels are in-
creased in RHD patients. MTHFR catalyzes the irreversible conversion
of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate and plays
a vital role in Hcy metabolism.However, the role of MTHFR polymor-
phisms in RHD has not been evaluated to date.We therefore conducted
a case-control study to test the hypothesis that MTHFR C677T poly-
morphisms are associated with the risk of developing RHD.Methods:
Eighty-six patients with RHD and 130 matched controls without a history
of RHD were eligible for study. The diagnosis of RHD was made ac-
cording to modified Jones’ criteria and echocardiography. Using echo-
cardiography, RHD patients were further divided into mitral valve lesion
(MVL) and combined valve lesion (CVL) groups. MTHFR C677T polymor-
phisms were genotyped by DNA sequencing. The chi-squared test was
used to evaluate differences in genotypes.Results: Control genotypes
were in Hardy-Weinberg equilibrium. The C677T homozygous genotype
(OR=4.09; 95% Cls 1.16-14.44; P=0.020) and recessive model (TT vs.
CC+CT; OR=4.05; 95% Cls 1.17-14.04; P=0.019) were significantly as-
sociated with MVL RHD.Conclusions: This is the first study to inves-
tigate the association between the MTHFR C677T polymorphism and
risk of RHD. The MTHFRC677Tpolymorphism is associated with RHD in
patients with MVLs, perhaps via an Hcy-mediated cytokine effect.
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A phenome-wide scan to detect pleiotropic effects of the loss of
function R46L variant in PCSK9. M.S. Safarova’, E.E. Austin’, M. de
Andrade? B.J. Coombes? T.G. Lesnick?, M.S. Williams®, M.D. Ritchie?,
K.M. Borthwick®, S.J. Hebbring, E.B. Larson’, A. Scrol’, G.P. Jarvik®®,
J.C. Denny™, D.J. Schaid? I.J. Kullo', the electronic MEdical Records
and GEnomics (eMERGE) Network. 1) Division of Cardiovascular Dis-
eases, Mayo Clinic, Rochester, MN; 2) Department of Health Sciences
Research, Mayo Clinic, Rochester, MN; 3) Genomic Medicine Institute,
Geisinger Health System, Danville, PA; 4) Center for Systems Genomics,
Department of Biochemistry and Molecular Biology, Pennsylvania State
University, University Park, PA; 5) The Henry Hood Center for Health Re-
search, Geisinger Health System, Danville, PA; 6) Center for Human Ge-
netics, Marshfield Clinic Research Foundation, Marshfield, WI; 7) Group
Health Research Institute, Center for Health Studies, Seattle, WA; 8) Di-
vision of Medical Genetics, Department of Medicine, University of Wash-
ington, Seattle, WA; 9) Department of Genome Sciences, University of
Washington, Seattle, WA; 10) Department of Biomedical Informatics,
Vanderbilt University, Nashville, TN.

Objectives. Proprotein convertase subtilisin/kexin type 9 (PCSK9)
plays a key role in regulating plasma low-density lipoprotein cholester-
ol (LDL-C) levels. Since drugs targeting PCSK9 are expected to be in
clinical use in the near future, we undertook an agnostic scan of the
phenome to identify pleiotropic effects of a PCSK9 variant (R46L) known
to be associated with lower LDL-C levels.Methods. We performed a
phenome-wide association study (PheWAS) of the missense mutation
R46L (rs11591147) in PCSK9 with 1802 binary clinical phenotypes in
45,654 individuals (44.5% males) from the electronic MEdical Records
and GEnomics (eMERGE) Network. A comprehensive range of pheno-
types available in the electronic health record (EHR) was mapped using a
hierarchical ICD-9 code-based PheWAS software (R statistical package
PheWAS). A control set for each phenotype was constructed by select-
ing all patients that did not have the phenotype or closely related phe-
notypes. After standard quality control steps, R46L was imputed using
IMPUTEZ2. Logistic regression with adjustment for age, sex, and race
was used to test for associations between R46L and individual phe-
notypes. Bonferroni correction was applied to account for the testing
of multiple phenotypes.Results. The study cohort included European
Americans (34,960; 76.6%), African Americans (7731; 16.9%), Asian/Pa-
cific Islanders (252; 0.6 %), and individuals with unknown ethnicity (2711,
5.9%). The imputation accuracy score (INFO) for R46L was 0.73 and
the overall frequency of this variant was 0.64%. In PheWAS analyses,
we replicated the association of this variant with hypercholesterolemia
(odds ratio (OR) 0.56; p=8.6x10-6). Additionally R46L was associated
with osteoporosis (OR 1.78; p=1.3x10-5) and acute bronchitis/bronchiol-
itis (OR 2.63; p=1.2x10-5).Conclusion. In an EHR-based study, Phe WAS
analysis found evidence of pleiotropy for the PCSK9 R46L variant. In
addition to replicating the known association with lipid traits, we dis-
covered novel associations of R46L with skeletal and pulmonary traits.
Further validation of these findings as well as PCSK9-wide level analyses
are underway.
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Leveraging the uniqueness of family studies in the search for cod-
ing variants for Blood pressure: An exome array study in African
American cohorts. X. Zhu', H. Wang', P. Nandakumar?, F. Tekola-Ayele?®,
B. Tayo?, E. Ware®, C. Gu®, M. Fornage’, S. Kardia®, C. Rotimi®, R. Coo-
per‘, D. Rao®, A. Morrison®, G. Ehret?, A. Chakravarti?. 1) Epidemiology
& Biostatistics, Case Western Reserve Univ, Cleveland, OH; 2) Johns
Hopkins University School of Medicine, McKusick - Nathans Institute of
Genetic Medicine, Baltimore, MD; 3) Center for Research on Genomics
and Global Health, National Human Genome Research Institute, Nation-
al Institutes of Health, Bethesda, MD; 4) Public Health Science, Stritch
School of Medicine, Loyola University Chicago, Maywood, IL; 5) School
of Publish Health, University of Michigan, Ann Arbor, MI; 6) Division of
Biostatistics, Washington University School of Medicine, St. Louis, Mis-
souri; 7) Institute of Molecular Medicine and Human Genetics Center,
University of Texas Health Science Center, Houston, TX; 8) Department
of Epidemiology, University of Michigan, Ann Arbor, MI; 9) Human Ge-
netics Center, University of Texas Health Science Center, Houston, TX.
High blood pressure (BP) is more prevalent, and is a major risk factor
for cardiovascular disease (CVD), in African Americans than in any other
US population. Although many large genome-wide association studies
(GWAS) of BP have been conducted in individuals of European ances-
try, studies of African Americans have lagged behind. Moreover, Family
based linkage studies have been long ignored as GWASs became in-
creasingly popular. However, family-based studies have greater power
when rare variants underlie complex traits. Consequently, we performed
genome-wide linkage analysis of blood pressure traits using the Afri-
can-American families genotyped on the lllumina HumanExome Bead-
Chip v1.1, for 242,901 variants in the Family Blood Pressure Program.
We identified a genomic region on chromosome 1qg with MLOD score 3.8
for pulse pressure, a region already implicated in prior studies of Euro-
pean ancestry families. Additional analyses using combined linkage and
association studies identified 96 variants potentially accounting for the
observed linkage evidence. Replication analysis in three independent Af-
rican ancestral cohorts confirms the association evidence of these vari-
ants with all three BP traits (systolic, diastolic and pulse BP, P < 0.039).
Single variant analysis and sliding window-based analysis both suggest
the enrichment of BP variants in replication cohorts, with the most sig-
nificant evidence observed in a window consisting of five variants with
systolic BP (P=0.00044). Our study suggests that the chromosome 1q
region harbors multiple genes contributing to BP variation and that fam-
ily-based studies can be powerful in the search for rare functional vari-
ants within specific coding genes.
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Somatic/mosaic mutations are an important cause of sporadic vas-
cular anomalies. M. Vikkula’?2, P. Brouillard’, A. Mendola’, J. Soblet’,
M. Schlégel’, M. Amyere’, N. Limaye’, L.M. Boon'2. 1) Human Molecular
Genetics, de Duve Institute, Universita catholique de Louvain, Brussels,
Belgium; 2) Center for Vascular Anomalies, Division of Plastic Surgery,
Cliniques universitaires Saint Luc, Brussels, Belgium; 3) WELBIO (Wal-
loon Excellence in Lifesciences and Biotechnology), de Duve Institute,
Universita catholique de Louvain, Brussels, Belgium.

Purpose: Vascular anomalies are localized defects of the lymphatic or
vascular system. They are most commonly observed on the skin, but can
affect any body part. They are divided according to affected vessel type
into arterial, capillary, venous, lymphatic and combined malformations.
The etiology has remained unknown.Based on observed rare familial
inheritance of some malformations, we have been able to identify un-
derlying germline changes in several genes, including TIE2 for mucocu-
taneous venous malformations (VMCM), glomulin for glomuvenous mal-
formations (GVM), and RASA1 for capillary malformation-arteriovenous
malformation (CM-AVM). These familial cases are commonly character-
ized by multifocality of lesions that, in general, are small in size. Often,
additional, small lesions develop with time. We have explained this by
Knudson’s double-hit theory, and demonstrated somatic second-hits in
all three entities. These can be intragenic point mutations or deletions,
or chromosomal anomalies, including deletions and acquired uniparental
isodisomy.Methods: The frequent discovery of somatic 2nd hits made
us study sporadic patients for eventual somatic changes. We screened
frozen tissues from >100 venous malformations (VM), 30 capillary mal-
formations (CM) and 20 lymphatic malformations (LM) for mutations in
functional candidate genes. We used lon Torrent PGM as technique to
allow us to reach high vertical coverage (>1000x).Results: In the majority
of the lesions, we have pinpointed a somatic mutation: 50% of the VMs
have an activating TIE2 mutation, 50% of the CMs have an activating
GNAQ mutation, and 80% of the LMs have an activating PIK3CA mu-
tation. Syndromic forms, such as the CLOVES syndrome, is also char-
acterized by a somatic PIKBCA mutation. Interestingly, some sporadic
patients with multifocal lesions are mosaic in blood for an underlying
mutation that seems to need a somatic second-hit. Moreover, in BRBN,
also characterized by multifocal lesions, the somatic mutations in dis-
tant lesions are shared, even if the patient’s blood is not mosaic for the
underlying mutation.Conclusion: We conclude that somatic mutations
are a common pathophysiologic cause of sporadic vascular anomalies,
whether isolated or syndromic. In sporadic patients with multifocal le-
sions, mosaicism may play a role, yet in other, progenitor cell migration
may underlie sharing of somatic mutations in distant sites.
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Large-scale analysis of population titin truncations reveals these
variants are rarer than previously estimated. O. Akinrinade’, J.
Koskenvuo?3, T. Alastalo’?. 1) Children’s Hospital, Institute of Clinical
Medicine, University of Helsinki and Helsinki University Central Hospital
Finland; 2) Blueprint Genetics, Helsinki, Finland; 3) Department of Clin-
ical Physiology and Nuclear Medicine, HUS Medical Imaging Center,
Helsinki University Central Hospital and University of Helsinki, Finland.
Background - Truncating titin (TTN) mutations account for 25% and
18% of familial and sporadic cases of dilated cardiomyopathy (DCM) re-
spectively. However, distinguishing true pathogenic TTN truncating vari-
ants (TTNtv) from benign variants in clinical diagnostics and in research
setting is challenging, as these variants are also present in control pop-
ulations. We carried out systematic analyses of TTNtv in publicly avail-
able control populations, including, for the first time, data from Exome
Aggregation Consortium (ExAC), in a bid to establish a more accurate
estimate of prevalence of different TTNtv and to foster better clinical in-
terpretation of these findings.Methods and Results — Using data from
1000 Genomes Project, Exome Sequencing Project (ESP) and EXAC, we
estimated the prevalence of TTNtv in the population. Interestingly, 52-
54% of population TTNtv were located either in exons with low expres-
sion in the left ventricle (LV) or exons present in few isoforms of the gene.
The frequency of truncations affecting all transcripts in EXAC was 0.36%
and 0.19% for those affecting the A-band. In the A-band region, the
prevalences of frameshift, nonsense and consensus splice site variants
were 0.057%, 0.090%, and 0.047% respectively. Cga/Tga (arginine/non-
sense — R/*) transitional change at CpG mutation hotspots was the most
frequent type of TTN nonsense mutation accounting for 91.3% (21/23) of
arginine residue nonsense mutation (R/*) at TTN A-band region. Non-es-
sential splice-site variants had significantly lower proportion of private
variants and higher proportion of low-frequency variants compared to
essential splice-site variants (respectively).Conclusion — Considering
the rarity of A-band titin splice-site, nonsense and frameshift mutations
in the population, we conclude that TTNtv are major causes of dilat-
ed cardiomyopathy. Our findings highlight the importance of the use of
appropriate control population such as ExAC in filtering low frequency
benign variants. Existing data supports classification of TTN truncations
especially in A-band region likely pathogenic, and any individual tested
positive should be considered to have elevated risk for dilated cardio-
myopathy.
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Association of variation in 82 pharmacogenes with low-density li-
poprotein cholesterol levels in the eMERGE-PGx project. I.J. Kullo’,
E.E. Austin’, M.S. Safarova’, D.S. Kim?3, A.S. Gordon?, P.D. Robertson®,
D.S. Hanna® D.S. Carrell*, A. Scrol’, M. de Andrade®, S.J. Bielinski, K.F.
Doheny’, PK. Crane®, R. Li°, S. Stallings’, S.S. Verma'', J. Wallace'",
M.D. Ritchie’’, M.O. Dorschner®, E.B. Larson®, D.A. Nickerson® J.G.
Linneman™, C. McCarty'>'¥, D. Berg', G.P. Jarvik*®, D.J. Schaid®, D.R.
Crosslin?®, the electronic MEdical Records and GEnomics (eMERGE)
Network. 1) Division of Cardiovascular Diseases, Mayo Clinic, Rochester,
MN; 2) Division of Medical Genetics, Department of Medicine, University
of Washington, Seattle, WA; 3) Department of Genome Sciences, Uni-
versity of Washington, Seattle, WA; 4) Group Health Research Institute,
Group Health Cooperative, Seattle, WA; 5) Group Health Research In-
stitute, Center for Health Studies, Seattle, WA; 6) Department of Health
Sciences Research, Mayo Clinic, Rochester, MN; 7) Center for Inherited
Disease Research, Johns Hopkins University School of Medicine, Balti-
more, MD; 8) Division of General Internal Medicine, University of Wash-
ington, Seattle, WA; 9) Division of Genomic Medicine, National Human
Genome Research Institute, National Institutes of Health, Bethesda, MD;
10) Department of Biomedical Informatics, Vanderbilt University, Nash-
ville, TN; 11) Center for Systems Genomics, Department of Biochemistry
and Molecular Biology, Pennsylvania State University, Pennsylvania, PA;
12) Biomedical Informatics Research Center, Marshfield Clinic Research
Foundation, Marshfield, WI; 13) Essentia Institute of Rural Health, Duluth,
MN; 14) Center for Human Genetics, Marshfield Clinic Research Foun-
dation, Marshfield, WI.

Background and hypothesis. In the electronic MEdical Records
and GEnomics (eMERGE)-PharmacoGenomics (PGx) study, ~9000 par-
ticipants have been sequenced with the targeted Pharmacogenomics
Research Network sequence platform (PGRNseq). This platform was
designed to sequence the coding regions, UTRs, 2kb upstream, and
1kb downstream for 84 pharmacogenes. Common variants in five genes
(LDLR, HMGCR, NAT2, ABCA1, and APOAT) on this platform are as-
sociated with low-density lipoprotein cholesterol (LDL-C) levels in ge-
nome wide association studies.Aim. We investigated whether any of the
82 Pharmacogenes (in particular the five candidate genes listed above)
were associated with LDL-C levels in the eMERGE PGx study.Methods.
We ascertained the median LDL-C level in the electronic health records
(EHRs) for 3256 participants with lipid panel and targeted sequencing
data. Population stratification factors were generated from a pruned set
of all sequenced variants (minor allele frequency > 0.05; linkage disequi-
librium r2 <0.50). Covariate adjustments were made for age, sex, sta-
tin use, and population stratification. Gene level statistical significance
was quantified with the adaptive sum of powered score (aSPU) test. This
global test identifies significant associations of both rare and common
variants in the presence of numerous non-associated rare variants. The
adaptive feature of the test allows it to maintain high power across vary-
ing genetic architectures.Results. The median LDL-C level was avail-
able for 3256 participants across five eMERGE sites (Marshfield Clinic
Research Foundation, Mayo Clinic, Northwestern University, University
of Washington/Group Health, and Vanderbilt University). The mean (SD)
age of participants was 56.5 (9.8) years, 48.6% were male. The mean
(SD) LDL-C was 114.3 (29.3) mg/dL. The top five genes (aSPU P-value)
ranked by statistical significance were HMGCR (0.001), LDLR (0.005),
TCL1A (0.017), NR3C1 (0.017), and CRHR1 (0.019). Twelve of the 82
genes were found to be significant at a 0.05 level. Variation in NAT2,
ABCAT1, and APOAT was not significantly associated with LDL-C levels
(@SPU P-values 0.612, 0.519, and 0.729, respectively)Conclusion. We
replicated the association of HMGCR and LDLR with LDL-C levels and
identified additional novel associations. Further studies are underway to
include the larger anticipated sample size of ~9,000 individuals for gene
and variant level analyses.
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Defining the Genetic Landscape of Pulmonary Arterial Hypertension
Using Whole-Genome Sequencing. S. Grédf'?, M. Bleda’, M. Haimel’,
C. Hadinnapola’, N. Morrell' on behalf of the PAH National Cohort and
the NIHR BRIDGE-PAH Consortium. 1) Department of Medicine, Uni-
versity of Cambridge, Cambridge, Cambridgeshire, United Kingdom;
2) Department of Haematology, University of Cambridge, Cambridge,
Cambridgeshire, United Kingdom.

Pulmonary arterial hypertension (PAH) is a devastating rare disease
with an estimated incidence of 2-3 per million of the adult population
per year. Elevated blood pressure in the lung manifests from increased
narrowing and stiffening of small pulmonary arteries. Individuals tend to
present with symptoms late in the disease progression and die on aver-
age only 3-5 years after diagnosis from right heart failure. About 75%
of familial cases and approximately 20% of sporadic cases without a
known family history can be attributed to deleterious mutations in the
bone morphogenetic receptor type 2 gene. Although several additional
disease genes have been identified recently using candidate gene ap-
proaches or whole-exome sequencing, a genetic cause for the majority
of cases remains to be identified.We have established an international
consortium comprising PAH specialist centres in the UK and abroad with
the aim of sequencing the whole genomes of more than 1,000 unrelat-
ed adults and children diagnosed with PAH as part of the NIHR BioRe-
source-Rare Diseases (BRIDGE) 10,000 genomes project. When the
patients are recruited to the study extensive phenotype data is recorded
from the time of diagnosis. Participants are then followed up every 6
months for 5 years to monitor disease progression. In the case of familial
PAH we are also recruiting family members to the longitudinal study to
assess genetic penetrance and to determine additional environmental or
genetic factors involved in this disease. Here we present the first account
derived from the comparison of more than 400 sequenced PAH cases
with more than 3,000 sequenced BRIDGE control samples.

640W

Testing causality in the association of plasma cortisol with risk
of coronary heart disease: a Mendelian randomisation study. A.A.
Crawford" 2, N.J. Timpson?, G. Davey Smith? B.R. Walker'. 1) University/
BHF Centre for Cardiovascular Science, University of Edinburgh, Edin-
burgh, UK; 2) MRC Integrative Epidemiology Unit, University of Bristol,
Bristol, UK.

Coronary heart disease (CHD) is one of the leading causes of death
in the developed world. Elevated morning plasma cortisol is associated
with multiple cardiovascular risk factors in metabolic syndrome. Epidemi-
ological studies have also reported a positive association between plas-
ma cortisol and coronary heart disease (CHD), although not all estimates
are statistically significant (OR 1.10 (95% CI 0.97 to 1.25)) (Davey Smith
et al. Circulation 2005). Importantly, observational studies are unable to
infer causality and results may be confounded. A two-sample Mendelian
randomisation approach was used to estimate the causal effect of plas-
ma cortisol on risk of CHD. Our genetic instrument for plasma cortisol
comprised of three SNPs which were associated with plasma cortisol in
the recent Cortisol Network (CORNET) genome wide association me-
ta-analysis (GWAMA) (n=12,597) (Bolton et al. PLoS Genetics 2014). We
investigated the association between our genetic instrument for plasma
cortisol and risk of CHD in up to 22,223 cases/64,762 controls from the
publicly available CARDIOGRAM consortium. Each standard deviation
change in genetically elevated plasma cortisol was associated with an
odds ratio of 1.27 (95% CI: 1.01 to 1.60) for CHD. The inconsistent re-
sults from observational studies may be explained by: the inverse as-
sociation between cortisol and obesity, which confounded the positive
association of cortisol with other cardiovascular risk factors; and the use
of single ‘snapshot’ plasma cortisol measurement rather than cumula-
tive measure of cortisol exposure provided by genetic prediction. A bi-
directional Mendelian randomisation analysis between plasma cortisol
and BMI may yield greater clarity. To improve the strength of our genetic
instrument an expanded CORNET GWAMA is currently underway with
the aim of recruiting 30,000 individuals. However, initial results suggest
that measurements of cortisol may add value to predictions of CHD risk.
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Possibly Pathogenic Copy Number Variations Identified in Patients
with Hemorrhagic Stroke. A. Donatti’, R. Secolin’, F.R. Torres’, L.E.
Ferreira®?, PH.C. Franga? V. Nagel’, N.L. Cabral?, I. Lopes-Cendes’. 1)
University of Campinas, Campinas, SP, Brazil; 2) University of Joinville
Region, Joinville, SC, Brazil.

Background: Stroke is the third most common cause of death or
disability worldwide. Hemorrhagic stroke (HS) occurs in 15%-20% of
patients and it features the disruption of cerebral blood vessels as main
clinical characteristic. There are only a few genetic studies related to
HS, due to its low population frequency and high mortality rate. To our
knowledge no previous study examined the possible role of copy hum-
ber variations (CNVs) in HS.Objective: To determine if CNVs could be
involved in the etiology of HS.Methods: We obtained DNA sample from
peripheral blood of 46 patients with HS and 41 age matched individuals
without HS. All samples were obtained from the Joinville Stroke Biobank,
as part of a population-based epidemiologic study. We detected CNVs
using the Genome-Wide Human SNP 6.0 DNA chips (Affymetrix Inc.). We
evaluated the presence of population stratification in the sample by prin-
cipal component analysis (PCA) using ‘affy’ and ‘limma’ packages in R
software. We analyzed CNVs data using Bayesian Robust Linear Model
using Mahalanobis (BRLMM) and Canary algorithms by Genotype Con-
sole®Software (Affymetrix Inc.). Furthermore, we built gene networks
using METACORE TM software to analyzed possible interaction among
genes found within CNVs.Results: PCA analysis showed that the total
sample did not present population stratification, which allows unbiased
comparison between patients and controls. Using the matched controls
as reference, we identified 378 CNVs present only in patients, including
139 losses and 239 gains. The CNVs encompassed 105 genes located
within duplicated regions and 57 genes within deletions. According to
gene network analysis, we found CNVs in several genes with functions
related to blood pressure regulation, such as DEFB103B, DEFB4Band
PRODH. We also found CNVs in genes related to vascular processes,
coagulation and hypertension, and lipids metabolism (ANXA8, HGSNAT
and NOMO1).Conclusion: We describe here patients with HS and CNVs
in genes related to vascular process, coagulation, hypertension and
lipid metabolisms. Furthermore, these CNVs were not detected in age-
matched control individuals.Supported by CNPg and BRAINN-CEPID/
FAPESP, BRAZIL.
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Concordance in classification of hypertrophic cardiomyopathy vari-
ants is markedly higher among expert centers than among clini-
cal labs. A. Furqan’, P. Arscott?, F. Girolami®, A. Cirino*, M. Michels®,
S. Day?, I. Olivotto®, C. Ho? E. Ashley”?, C. Caleshu”®, SHaRe Consor-
tium. 1) California State University, Stanislaus, Turlock, CA; 2) University
of Michigan Cardiology, Ann Arbor, Ml, USA; 3) Genetics Unit, Careggi
University Hospital Florence, Italy; 4) Cardiovascular Division, Brigham
and Women’s Hospital, Boston, MA, USA; 5) Department of Cardiology,
Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands; 6)
Referral Center for Myocardial Diseases, Azienda Ospedaliera Universi-
taria Careggi, Florence, Italy; 7) Stanford Center for Inherited Cardiovas-
cular Disease, Stanford, CA, USA; 8) Division of Cardiovascular Medi-
cine, Stanford Medical Center, Stanford, CA, USA; 9) Division of Medical
Genetics, Stanford Medical Center, Stanford, CA, USA.

Background: It has become increasingly clear that there are often
marked differences in how variants in Mendelian disease genes are clas-
sified by different laboratories. Efforts to improve variant classification
strategies will be aided by a thorough understanding of why differences
in classifications exist.Aim: To gain such insights, we examined discor-
dance in sarcomere variant classifications in SHaRe, a consortium of
multiple international centers with expertise in cardiomyopathy genetics.
Methods and results: We evaluated the frequency of disagreement in
variant classifications between centers submitting to SHaRe and com-
pared it to the frequency of disagreement in classifications among clin-
ical laboratories submitting to ClinVar. Of the 536 sarcomere variants in
SHaRe, 120 were submitted by >1 center and 17 (14%) of those were
classified differently by >2 centers. The frequency of discordance in CI-
inVar was three times higher; there were 2355 sarcomere variants, 680
had classifications by >1 clinical lab and 307 (45%) were discordant. We
then assessed the severity of discordance as severe (i.e. (likely) benign
vs. (likely) pathogenic), moderate (i.e. VUS vs. pathogenic or benign), or
modest (i.e. VUS vs. likely benign or likely pathogenic). The majority of
discordant classifications in SHaRe were modest (10/17), with 1/17 se-
vere and 6/17 moderate. In contrast, discordant classifications in ClinVar
were more severe; about half were moderate (155/307), 145/307 were
modest and 7/307 were severe. To identify the sources of discordance
in SHaRe, we compared the data and rationale that each center used
in making their classifications. The frequent cause of discordance was
differences in privately held data, either at the testing lab (12/17) or the
clinical center (11/17). Additional causes of discordance included differ-
ences in published data used (8/17), in interpretations of the same pub-
lished data (2/17), and in classification criteria (5/17).Conclusions: Taken
together, these data suggest that variant classification can be improved
by evaluation at specialized centers. The lower and less severe discor-
dance among cardiomyopathy genetics centers may be due to classifi-
cation of variants by experts or to more thorough follow-up of genetic
findings including segregation analysis. Our findings also underscore the
importance of sharing of privately held data as this was a frequent cause
of discordance.
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Detection of eQTLs in Human Left Atrium and their association
with Atrial Fibrillation Using Hidden Expression Factor Analysis. V.
Heydarpour, M.1. Sigurdsson, L. Saddic, TW. Chang, S.K. Shernan, J.D.
Muehlischlegel, S.C. Body, Center for Perioperative Genomics. Anesthe-
siology, Brigham and Women’s Hospital, Boston, MA.

Introduction: Risk alleles for atrial fibrillation (AF) have been identified
by genome wide association study in ambulatory and surgical popula-
tions, notably found in or near the PITX2, KCNN3 and ZFHX3 genes.
However, these associations have, to date, failed to be supported by
biological mechanisms. We hypothesized that these variants may alter
human left atrial gene expression as a mechanism in the genesis of AF.
Methods: In 62 Caucasian patients in sinus rhythm, left atrial (LA) tissue
samples were excised prior to mitral valve surgery and analyzed using
mRNASeq. Quality control of gene expression data was performed by
MatrixeQTL (Shabalin, 2012). Patients were genotyped using the Hu-
manOmni2.5 array. Twenty one patients (34%) had AF postoperatively,
and were generally older with a higher frequency of hypertension. We
performed gene-expression differential analysis between 21 AF patients
and 41 no-AF to detect genes with significant differences. Whole ge-
nome eQTL analysis was executed for 17,925 genes and 1,243,383 ge-
netic-markers. A hidden expression factor analysis (HEFT) method (Gao
et al. 2014) was used for detecting eQTLs while accounting for age, gen-
der, BMI, and cardiopulmonary bypass time. Hidden factors selected by
assessing the eigen spectrum of the overall gene expression covariance
(>5% of total variance). Results: We identified 407 genes which signifi-
cantly differential expressed [log2(expr-AF/expr-noAF) >0.5] between
patient with AF and no-AF. 5,628 cis-eQTLs and 21,406 trans-eQTLs
significant (P<1.0E-8) were identified through whole genome eQTL
analysis. After integrated these results with 407 genes, we recognized
192 cis-eQTLs in 15 genes were overlapped. The most significant cis-
eQTLs were identified for ERAP2 (5q15), MYOZ1 (10g22.1), HLA-DQB1
(6p21.3), and HLA-DQAT (6p21.3). SNPs in each region were in high link-
age disequilibrium (LD). We did not detect any significant eQTL for genes
previously associated with AF such as PITX2, KCNN3 and ZFHX3. The
SCN10A gene previously associated with AF in ambulatory populations
and PR interval was also significant (P=1.0E-10) in this study.Conclu-
sion: We present a comprehensive eQTL analysis of gene expression in
the human left atrium. These observations may help establish mecha-
nisms for how common genetic variation predisposes to AF. The method
that we used (HEFT) is able to reveal significant cis-eQTLs that are not
detectable by linear regression, while providing strict false positive con-
trol.
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Co-Aggregation of Depression and Cardiovascular Diseases. S.
Knight'2, H.T. May', H. Coon?3, B.D. Horne2. 1) Intermountain Heart In-
stitution, Intermountain Medical Center, Murray, UT; 2) Division of Genet-
ic Epidemiology, University of Utah, Salt Lake City, UT; 3) Department of
Psychiatry, University of Utah, Salt Lake City, UT.

Introduction: Studies have found greater risk of coronary artery disease
(CAD) in individuals with depression, and greater risk of suicides in indi-
viduals who had a myocardial infarction (MI). These findings, and the fact
that depression, CAD, and MI have strong genetic components, suggest
possible co-aggregation of these diseases. The purpose of this project was
to test for significant co-aggregation of depression with CAD and MI using
a large genealogy registry, the Intermountain Genealogy Registry.Methods:
The Intermountain Genealogy Registry (IGR) is a database of genealogical
information from over 23 million individuals who lived or whose blood rel-
atives lived in the Western Intermountain region of the United States. The
IGR is linked to clinical records of over 650,000 (20%) patients in the In-
termountain Healthcare system, an integrated healthcare delivery system
which provides the majority (60%) of healthcare services in Utah. Two-way
Genealogy Indices of Familiality (GIF) were generated for depression and
CAD, and for depression and MI. One-way GlIFs were also computed for de-
pression, CAD, and Ml individually. The GIF statistic is a measure of average
relatedness (10,000x average kinship coefficient for all pairs) of individuals
with a specified diagnosis in a population or a set of diagnoses. Significance
was determine empirically using GlIFs for age and sexed matched control
sets (n=1000) of Intermountain patients in the IGR. Patients linked to the
registry without ancestors were excluded, as these would not provide in-
formation for the GIF. The average GIF of the controls sets are reported.
Results: There were 11,712 patients in IGR who had depression, 70,631
with CAD, and 16,113 with MI. After excluding founders, the sample sizes
decreased to 7,780, 45,312, and 10,361, respectively. The one-way GIFs
for each disease were 0.061 (control GIF=0.056; p=0.015) for depression,
0.085 (control GIF=0.048; p<0.001) for CAD, and 0.075 (control GIF=0.069;
p<0.001) for MI. The two-way GIF for depression and CAD was 0.065 (con-
trol GIF=0.051; p<0.005), and for depression and Ml it was 0.069 (control
GIF=0.060; p<0.001).Conclusions: Significant co-aggregation of depression
with both CAD and MI was found in a large clinical population genealogy.
This supports previous evidence that these diseases may have a shared
genetic cause and suggests further joint study of their genetic basis.
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Gene Frequencies of the GSTT1 and GSTM1 genes in Ramgarhia
Sikh population of Amritsar district and association with Coronary
Artery Disease. N. Mahajan, G. Gandhi. Human Genetics, Guru Nanak
Dev University, Amritsar, Punjab, India.

Introduction: Cardiovascular diseases (CVDs), the diseases of the heart
and blood vessels, are predominant causes of morbidity and mortality and it
has been estimated that by 2030 there will be >50% deaths due to cardio-
vascular diseases among non-communicable diseases. The types of CVD
include heart beat irregularities, cardiac failure, coronary artery disease and
sudden cardiac death. In coronary artery disease, damage of the coronary
arteries lead to atherosclerosis/arteriosclerosis and so the disease is known
as atherosclerotic heart disease or coronary artery disease (CAD) or cor-
onary heart disease. Detoxification of metabolites produced by oxidative
stress within the cell is carried out by genetic variants of xenobiotic-me-
tabolizing enzymes, such as Glutathione S-transferases (GSTs) which
protects the cells against injury and may be associated with the risk of
coronary artery disease (CAD). For the present study the contribution
of polymorphism in the GSTT1 and GSTM1 genes in the development of
coronary artery disease in Ramgarhia Sikh population of Amritsar district
has been investigated.Methodology: DNA samples from CAD patients
(n=200) and age-, sex- matched healthy controls (n=200) were genotyped
for GSTT1 and GSTM1 polymorphism using multiplex polymerase chain re-
action (PCR). Genotypic frequency of CAD patients were compared with
genotypic frequency of controls using chi-square test.Results: Results of
the present study showed significant (p<0.05) difference for genotypic fre-
quencies of GSTT1 and GSTM1 genotype in cases as compared to con-
trols. GSTT1 null genotype was 2.3-folds higher in controls as compared to
CAD patients, whereas GSTM1 null genotype was 1.7-folds higher in CAD
patients as compared to controls. CONCLUSION: GSTT7 null genotype
showed protection against CAD whereas GSTM1 null showed susceptibility
to CAD in Ramgarhia Sikh population of Amritsar.
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Differential genetic expression in ECG characterized normokinetic
and akinetic/dyskinetic myocardium zones in humans. O.A. Make-
evas, V.E. Babokin?*, E.\. Kulish’, V.M. Shipulin?, V.P. Puzyrev'. 1) Re-
search Institute of Medical Genetics, Tomsk, Russia; 2) Research Insti-
tute of Cardiology, Tomsk, Russia; 3) Research Institute for Complex
Issues of Cardiovascular Diseases, Kemerovo, Russia; 4) Moscow Re-
gional Research and Clinical Institute (MONIKI), Moscow, Russia.

The aim of the study was to investigate expression profiles in differ-
ent zones of human left ventricular myocardium characterized by echo-
cardiography (ECG) as (1)akinetic, (2)dyskinetic, (3)hypokinetic, and (4)
normokinetic in patients who survived myocardial infarction.Methods:
Myocardial biopsy was taken with diagnostic purpose during cardiosur-
gery for aneurism resection and left ventricular reconstruction. Total of
24 biopsy samples were investigated and divided into groups accord-
ing to ECG characteristics.Total RNA was extracted using RNAeasy kit
(Qiagen,Germany). Quality of RNA samples was evaluated using Agilent
Total RNA 6000 chip (Agilent Technologies). 400 ng of total RNA were
amplified with lllumina TotalPrep™ RNA Amplification Kit (Ambion).
Whole genome expression analysis was conducted using Illlumina HT-
12v4 BeadChip. Data collection and analysis was performed using lllu-
mina GenomeStudio, Gene Expression Module.Results: Samples from
different zones of myocardium were compared in respect to differential
expression. Samples from normokinetic zones differed from dyskinetic
in expression of FAM43B, FAP, GRB14,and SERPINEF1. Normokinetic
samples differed from akinetic in expression of the GRB74 only. When
akinetic and dyskinetic samples were combined in one group and com-
pared to normokinetic, 3 genes with differential expression were de-
tected: CNN1, DIO2 and GRB14.Discussion: ECG characteristics well
correspond to functional status of myocardium. Normokinetic zones
present preserved wall thickness and normal contractility; hypokinetic
zones correspond to reduced wall thickening and/or reduced longitudi-
nal shortening in systole. Akinetic/dyskinetic segments are suggestive
of myocardial scar due to old infarction.Normal myocardium had higher
expression of GRB14. GRB14 encodes a growth factor receptor-binding
protein that interacts with insulin receptors and insulin-like growth-factor
receptors. GRB14 plays a role in signaling pathways that regulate growth
and metabolism. Increased GRB14 expression was previously described
in adipose tissues of model animals and obese humans. GRB14 asso-
ciated with HDL-cholesterol, triglycerides, and fasting insulin gene ex-
pression levels in human tissues.Reviled differences in gene expression
can lead developing new drugs to help post-infarction treatment and
rehabilitation. Investigations are needed to explore whether the stimu-
lation of GRB14 expression in post-infarction myocardium can improve
patients outcome.
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Heritability of age of onset of cardiovascular disease using large-
scale Finnish health registry and genome-wide data. C. Benner’, M.
Pirinen’, V. Salomaa®, J. Palmgren’?, S. Ripatti’“. 1) Institute of Molecular
Medicine Finland, Helsinki, Finland; 2) Karolinska Institutet, Stockholm,
Sweden; 3) National Institute for Health and Welfare, Helsinki, Finland; 4)
Wellcome Trust Sanger Institute, Hinxton, Cambridge, UK.

Whole genome sequencing is currently being performed on thousands of
Finns as part of the Sequencing Initiative Suomi project (SISu). Combining
genomic profiles of tens of thousands of Finns with health registry data
provides a unique resource in the world to accomplish breakthroughs in
modern human genomics with possibly important implications on pub-
lic health. In particular, the information can be utilized to determine to
what extent phenotypic variation in age of diseaseonsetis attributable to
genetic effects. Recent methodological development has enabled herita-
bility estimation for quantitative traits in population cohorts by estimating
the proportion of genetic sharing among pairs of individuals from ge-
nome-wide marker data. The possibility to use population cohorts rather
than family structures to assess heritability opens up a multitude of new
avenues for genetic research of age of disease onset. However, con-
necting age of onset to big genomics data form large-scale population
cohorts has so far not been feasible with hitherto existing methods.

We introduce a novel method that deals with prospective follow-up
information from health registry data and permits heritability estimation
and association testing based on millions of genetic markers and health
registry events in tens of thousands of individuals with more than 20
years of follow-up time. Our approach implements a very flexible piece-
wise constant hazard model that contains an individual-specific Gauss-
ian random effect with an arbitrary covariance structure. Computational-
ly, we analyze the model in a Bayesian context by using a Markov Chain
Monte Carlo algorithm. We compared our method on simulated data to
a mixed effects Cox model, as implemented in the R package ‘coxme’.
Compared to the mixed effects Cox model, our method produced lower
mean squared error of variance and regression parameters under vary-
ing proportion of variance explained in the genotype, different number
of simulated causal variants and sample size as well as high censor-
ing rates. Using over 10000 unrelated Finns from the National FINRISK
study, we also estimated that the heritability of cardiovascular disease
(defined as coronary heart disease and ischaemic stroke) in terms of
relative risk of disease due to genetic effects is 27% (95% Cl: 6-51%).

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Genetic polymorphism of P2RX7 can be a predictive biomarker for
responsibility to long-term effect of infliximab against Crohn’s dis-
ease. M. Yoshimura', D. Mukai’, Y. Fukumitsu’, T. Inamine’, S. Kondo’, S.
Urabe? K. Matsushima?, H. Isomoto? T. Ishida®, R. Uehara? T. Honda?
H. Minami?, H. Machida? Y. Akazawa? C.C. Chen? N. Yamaguchi?, K.
Ohnita?, F. Takeshima?, K. Nakao?, K. Tsukamoto’. 1) Dept Pharmacother-
apeutics, Nagasaki Univ Grad Sch Biomed Sci, Nagasaki, Japan; 2) Dept
Gastroenterology and Hepatology, Nagasaki Univ Grad Sch Biomed Sci,
Nagasaki, Japan; 3) Oita Red Cross Hospital, Oita, Japan.

Purpose: Infliximab (IFX) is a chimeric anti-tumor necrosis factor-a
monoclonal antibody exerting the therapeutic effect against Crohn’s dis-
ease (CD). However, some CD patients, who treated with IFX, showed
the secondary loss of response to IFX at long-term treatment of 1 year
although they have achieved remission at short-term treatment of 10
weeks. Therefore, in order to identify any biomarkers to predict the thera-
peutic effect of IFX, we investigated a candidate gene-based association
study between single nucleotide polymorphisms (SNPs) in a cell surface
ATP receptor, P2X7 receptor (P2RX7, encoded by P2RX7) and response
to IFX at the 1-year treatment period in Japanese CD patients.Methods:
A total of 116 CD patients, who showed response to IFX at the 10-week
treatment period in Oita Red Cross Hospital or Nagasaki University Hos-
pital, were divided into two groups, responders and non-responders,
based on the presence of IFX effect at the long-term period of 1 year
after IFX administration. Eleven tag SNPs in P2RX7 were analyzed by
PCR-restriction fragment length polymorphism or -high resolution melt-
ing curve analysis. The frequencies of alleles and genotypes of each SNP
between responders and non-responders at the 1-year treatment period
were compared in three different inheritance models using chi-squared
or Fisher’'s exact test.Results: The genetic analyses indicated that the
frequency of a minor allele homozygous G/G genotype of rs3751143 in
P2RX7 in the minor allele recessive model was significantly decreased
in responders in comparison to that in non-responders (P = 0.001, odds
ratio = 0.143), implicating ~7.0-fold secondary loss of response to IFX.
Conversely, a T/T or T/G genotype of rs3751143 indicated 7.0-fold re-
sponse to IFX.Conclusions: Our results suggest that the G/G genotype
of rs3751143 in P2RX7 may affect the gain-of-function of P2RX7, thus
leading to the activation of the signals in the Ras signaling pathway in
the intestines of CD patients. The activation of Ras signals can lead to
the perpetuation of the chronic intestinal inflammatory process, thereby
resulting in the secondary loss of response to IFX at the 1-year treatment
period. Thus, P2RX7 appear to be a genetic determinant for response to
IFX at the 1-year treatment period against Japanese CD patients, and to
be a target molecule for new therapeutic drugs overcoming the second-
ary loss of response to IFX treatment.
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Association between KCNJ6 (GIRK2) gene polymorphism rs2835859
and postoperative analgesia, pain sensitivity, and nicotine depen-
dence. D. Nishizawa', K. Fukuda? S. Kasai’, Y. Ogai’, J. Hasegawa’, N.
Sato®4, H. Yamada®, F. Tanioka®, H. Sugimura®, M. Hayashida®, K. lkeda'.
1) Psychiatry and Behavioral Science (Addictive Substance Project), To-
kyo Metropolitan Institute of Medical Science, Tokyo, Japan; 2) Depart-
ment of Dental Anesthesiology, Tokyo Dental College, Tokyo, Japan; 3)
Department of Clinical Nursing, Hamamatsu University School of Medi-
cine, Hamamatsu, Japan; 4) Department of Tumor Pathology, Hamamat-
su University School of Medicine, Hamamatsu, Japan; 5) Department
of Pathology, lwata City Hospital, lwata, Japan; 6) Department of An-
esthesiology & Pain Medicine, Juntendo University School of Medicine,
Tokyo, Japan.

Background: G-protein-activated inwardly rectifying potassium
(GIRK) channels are expressed in many tissues and activated by several
Gi/o protein-coupled receptors, such as opioid and dopamine receptors,
and thus are known to be involved in the modulation of opioid-induced
analgesia, pain, and reward. Methods: We focused on a GIRK channel
subunit that plays a pivotal role in the brain, GIRK2, and investigated the
contribution of genetic variations of the GIRK2 (KCNJ6) gene to individ-
ual differences in the sensitivity to opioid analgesia using a two-stage
analysis in 355 healthy patients who were scheduled to undergo cosmet-
ic orthognathic surgery for mandibular prognathism at Tokyo Dental Col-
lege Suidoubashi Hospital and provided informed, written consent for
the genetics studies, followed by additional association analyses using
other samples. Results: In our initial linkage disequilibrium (LD) analysis,
a total of 27 single-nucleotide polymorphisms (SNPs) were selected in
the whole exon and intron region as well as 5’- and 3’- flanking regions
(~10kbp) of the KCNJ6 gene. Among them, the rs2835859 SNP was se-
lected in the exploratory study as a potent candidate SNP for the further
confirmatory association study. The association with opioid analgesic
sensitivity was confirmed for this SNP, in which the carriers of the C allele
of this SNP required less analgesics compared with non-carriers after
painful cosmetic surgery. We also found that the carriers of the C allele of
this SNP were less sensitive to both cold and mechanical pain in healthy
volunteers. Moreover, we found that homozygous carriers of the C al-
lele of this SNP showed higher score in Tobacco Dependence Screener
(TDS), an index of nicotine dependence, and required a greater number
of trials until attaining successful smoking cessation. Conclusions: The
rs2835859 SNP could serve as a marker that predicts sensitivity to anal-
gesic and pain and severity of nicotine dependence.
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Genetic polymorphisms in the neuroplasticity-related genes con-
tribute to the therapeutic effect of antidepressants for major de-
pression. Y. Kawafuchi’, T. Kurokawa’, Y. Arata’, K. Keya’, T. Araki’, S.
ljichi’, T. Inamine’, S. Kondo', N. Kurotaki?, K. Nishiwaki®, K. Tsukamoto'.
1) Dept Pharmacotherapeutics, Nagasaki Univ Grad Sch Biomed Sci,
Nagasaki, Japan; 2) Dept Neuropsychiatry, Nagasaki Univ Grad Sch
Biomed Sci, Nagasaki, Japan; 3) Nishiwaki Hospital, Nagasaki, Japan.
Purpose: Major depression (MD) is a common psychiatric disorder
in substantial proportion of the worldwide. As MD is a multifactorial
disease, a variety of genetic and environmental factors contribute to its
etiology and development. Neuroplasticity and neuroinflammation con-
tribute to the pathogenesis of MD as well as responsibility to antide-
pressants. We investigated a candidate gene-based association study
between single nucleotide polymorphisms (SNPs) in neuroplasticity-re-
lated genes (GRIN1, MAPK1, ARC, FGFR1, FRS2, FRS3, BDNF) and re-
sponse to antidepressant(s) at the short-term treatment of 8 weeks in
Japanese MD patients.Methods: A total of 105 MD patients were treated
with antidepressants including serotonin reuptake inhibitors (SSRIs) and
serotonin noradrenaline reuptake inhibitors (SNRIs) in Nishiwaki Hospi-
tal, and were divided into two groups, responders and non-responders,
based on the presence of SSRI or SNRI effect at the 8-week treatment
period. Thirty-four tag SNPs among 7 candidate genes were analyzed by
PCR-restriction fragment length polymorphism, -direct DNA sequenc-
ing, or -high resolution melting curve analysis. The frequencies of alleles
and genotypes of each SNP between responders and non-responders
to SSRIs or SNRIs were compared in three different inheritance mod-
els using chi-squared or Fisher’s exact test.Results: The frequency of a
heterozygous C/T or a minor homozygous T/T genotype of rs6474354 in
FGFR1 in the minor allele dominant model was significantly increased in
responders to SSRIs in comparison to that in non-responders (P = 0.044,
odds ratio (OR) = 6.61), showing ~6.6-fold response to SSRIs. Converse-
ly, the frequency of a minor homozygous T/T genotype of rs3804281 in
FRS3 in the minor allele recessive model was significantly decreased in
the responders to SSRIs as compared with that in non-responders (P
= 0.007, OR = 0.08), indicating ~12.5-fold loss of response to SSRls.
Conclusions: Our results suggest that the activation of the signals in the
FGF signaling pathway due to these polymorphisms of FGFR1 and FRS3
may accelerate synaptic plasticity and neurogenesis induced by SSRls,
thereby resulting in good response to SSRIs. Thus, FGFR1 and FRS3
appear to be genetic determinants of responsibility to SSRIs in Japanese
MD patients. Moreover, these molecules in the FGF signaling pathway
may become targets for novel drug discovery for MD patients.
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Genetic risk factors for -lactam antibiotic-induced cutaneous ad-
verse drug reactions in Japanese population. T. Ozeki’, T. Mushiroda’,
A. Takahashi?, M. Kubo®. 1) Laboratory for Pharmacogenomics, RIKEN
Cen. Integr. Med. Sci., Yokohama, Kanagawa, Japan; 2) Laboratory for
Stastical Analysis, RIKEN Cen. Integr. Med. Sci., Yokohama, Kanagawa,
Japan; 3) Laboratory for Genotyping Development, RIKEN Cen. Integr.
Med. Sci., Yokohama, Kanagawa, Japan.

B-lactam antibiotics, e.g. penicillin and cephem, are known to show
incidences of cutaneous adverse drug reactions (CADRs) including Ste-
vens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN) and
drug-induced hypersensitivity syndrome (DIHS). To identify a gene(s)
susceptible to B-lactam antibiotic-induced cADRs, we conducted a ge-
nome-wide association study (GWAS) and subsequent HLA typing in 92
cases of B-lactam antibiotic-induced cADRs and 879 subjects of a gen-
eral population in Japanese. Among the SNPs analyzed in the GWAS,
suggestive SNPs were located in the HLA loci. Thus, we genotyped the
individual HLA-A, -B, -C and -DRB1 alleles and found that HLA-B*44:03
and HLA-DRB1*13:02 was present in 31.5% (29/92) and 25.6% (23/90)
of the cADR cases, but in 12.1% (106/879) and 10.5% (92/879) of the
general population controls, respectively (odds ratio (OR) = 3.4 and 2.9,
95% confidence interval (Cl) = 2.1-5.4 and 1.7-4.9, P = 3.91 x 10-6 and
1.24 x 10-4, respectively ).
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PCSKO variants are associated with LDL-C response to statin thera-
py in African-Americans. Q. Feng’, WQ. Wei?, CP. Chung?®, R. Levinson®,
L. Bastarache? JC. Denny? CM. Stein’. 1) Division of Clinical Pharma-
cology, Department of Medicine, Vanderbilt University, Nashville, TN; 2)
Department of Biomedical Informatics, Vanderbilt University, Nashville,
TN; 3) Division of Rheumatology, Department of Medicine, Vanderbilt
University, Nashville, TN; 4) Vanderbilt Genetic Institute, Vanderbilt Uni-
versity, Nashville, TN; 5) Department of Pharmacology, Vanderbilt Uni-
versity, Nashville, TN.

Background Statins (HMG-CoA reductase inhibitors) lower low-den-
sity lipoprotein cholesterol (LDL-C) and prevent cardiovascular disease
(CVD). Despite the overall benefits of statins, there is wide individual vari-
ation in LDL-C response. Drugs targeting proprotein convertase subtilin/
kexin type 9 (PCSK9) lower LDL-C and are likely to be used with statins.
PCSKO plays a critical role in the degradation of LDL receptors; statins
up-regulate both LDL receptors and PCSK9. Therefore, individuals with
loss-of-function (LOF) PCSK9 variants would be expected to have an
increased LCL-C response to statins because LDL receptor degrada-
tion would be reduced.The gene encoding PCSK9 is highly polymor-
phic and several LOF and gain-of-function (GOF) variants have been
identified. However, the relationship between PCSK9 variants and statin
response remains unclear. We examined the hypothesis that functional
PCSK9 variants affect statin response. Methods We studied 669 Afri-
can Americans (AAs) treated with a statin in clinical practice. The LDL-C
response to statin treatment (difference between natural log of baseline
and on-treatment LDL-C) was extracted from the electronic health re-
cord. Genotypes for 11 PCSK9 variants known to be functional were
obtained using the MetaboChip. Association analysis was performed
with adjustment for age, sex, baseline LDL-C, principal components of
ancestry, statin type and dose with a Bonferroni-adjusted significance
threshold of p< 0.0045. We also analyzed the collective effect of 11
known PCSK9 functional variants using a burden test.Results One LOF
variant, rs11591147 (p.R46L) was significantly associated with LDL-C
response to statin (p=0.00236). In the 3 patients with the minor allele
of the variant there was a 55.6% greater LDL-C reduction compared
to non-carriers. This SNP has previously been associated with LDL-C
response to rosuvastatin in 6989 Caucasians (JUPITER) with locus-wide
significance. Another functional variant, rs298362261(p.N425S), which
has been associated with baseline LDL-C in a large AA cohort, was as-
sociated with statin response with a borderline p-value (p=0.0064). The
collective effect of the 11 known PCSK9 functional variants was also
of borderline significance (P=0.06).Conclusion Some functional PCSK9
variants are associated with the LDL-C response to statin therapy. Fur-
ther analysis in larger populations of African Americans will be important
for a more thorough evaluation of the effect size of these SNPs.
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Identification of genetic and environmental factors that influence
time to achieve target INR and time in therapeutic range with warfa-
rin. M.R. Botton’, P.P. Viola', M.R. Meireles', P. Zuchinal?, E. Bandinelli’,
L.E. Rohde? TL.L. Leiria®, J.Y.Y. Salamoni?, A.P. Garbin? M.H. Hutz'. 1)
Departamento de Genética, UFRGS, Porto Alegre, Rio Grande do Sul,
Brazil; 2) Servigco de Cardiologia, Hospital de Clinicas de Porto Alegre,
Porto Alegre, Rio Grande do Sul, Brasil; 3) Instituto de Cardiologia -
Fundagao Universitaria de Cardiologia, Porto Alegre, Rio Grande do Sul,
Brasil.

Warfarin is an oral anticoagulant widely prescribed to prevent and treat
thromboembolic disorders. It has a narrow therapeutic window and must
have its effect controlled. Prothrombin test, expressed as INR values, is
used for follow up. Time to reach target INR and time in therapeutic range
(TTR) are important outcomes and several factors might influence them.
The aim of this study was to identify genetic and environmental factors
that can potentially influence time to reach target INR and TTR. A total of
422 patients using warfarin were investigated. Genotypes for VKORC1
-1639G>A, CYP2C9*2 and CYP2C9*3 were detected by TagMan assays
by real-time PCR. Furosemide co-medication and presence of chronic
renal failure were associated with more time to reach target INR whereas
VKORC1 -1639GA and -1639AA genotypes were associated with less
time to reach INR. Regarding TTR, glibenclamide co-medication, male
gender and presence of CYP2C9*2 allele were associated with more
percentage of TTR, while amiodarone and enalapril co-medication were
associated with less percentage of TTR. Our results suggest that TTR
is not influenced by the same factors that alter time to reach INR. Other
studies must be developed to confirm these results.

654W
SNP-based HLA tagging, imputation, and association in adverse
drug reaction of epilepsy patients from Hong Kong. S.S. Cherny’?23,
H. Gui?, M. Kwok?, P.C. Sham'?23, L. Baum’, P. Kwan*®. 1) Department of
Psychiatry, The University of Hong Kong; 2) Centre for Genomic Scienc-
es, The University of Hong Kong; 3) The State Key Laboratory of Brain
and Cognitive Sciences, The University of Hong Kong; 4) Department of
Medicine & Therapeutics, The Chinese University of Hong Kong; 5) De-
partment of Neurology, Royal Melbourne Hospital, Melbourne, Australia.
Human leukocyte antigen (HLA) genes control the regulation of the hu-
man immune system and are involved in infection and autoimmune-relat-
ed complex diseases. Some HLA alleles (B*15:02, A*31:01 and B*57:01)
have been associated with increased risk of cutaneous adverse drug
reaction (cADR) in epilepsy patients taking antiepileptic drugs like car-
bamazepine and abacavir. However, traditional serotyping or Sanger
sequencing for HLA genotyping may not be cost-effective for clinical
application. A more efficient way may be to look for single nucleotide
polymorphisms (SNP) that can tag HLA risk alleles with high sensitivi-
ty and specificity. Since haplotype structure is population-specific due
to different linkage disequilibrium patterns, an investigation on pairwise
SNP-HLA relationships was conducted in the Hong Kong population.
This analysis arose from our program of research on epilepsy genetics
and pharmacogenomics, for which we have built an in-house database
including classical HLA serotyping, genome-wide SNP arrays, exome
sequencing, and whole-genome sequencing. The discovery panel em-
ployed included 144 patients with both genome-wide SNP-array data
and HLA*B or HLA*A serotypes, which enable a greedy search of highly
correlated pairs of HLA risk alleles and SNPs through use of pairwise LD
statistics. Common variants rs9265348, rs2532923, and rs114025781
were found to tag HLA risk alleles B*15:02, B*58:01, and B*13:01, re-
spectively, with 100% sensitivity and >95% specificity. No HLA-A risk
allele was found to be tagged by any single SNP. The results are being
replicated in an independent sample, for which both HLA and SNP gen-
otypes can be called directly from exome or whole genome sequenc-
ing. In addition, SNP2HLA was used to construct a Hong Kong popu-
lation-specific reference dataset for HLA imputation. Using the GWAS
sample, complete HLA-A and HLA-B allele information was inferred for a
total of 408 epilepsy patients whose cADR status upon taking aromatic
antiepileptic drugs was recorded. To determine how HLA genes affect
cADR individually and jointly, this data will be combined with Caucasian
populations from the International League Against Epilepsy Consortium
on Complex Epilepsies for an overall trans-ethic meta-analysis.
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Differential allele and haplotype frequencies in the ADME genes
ABCB1 and NAT2 in Mexican population. A.V. Contreras, V. Boni-
faz-Pefia, J.C. Fernandez-Lopez, M.E. Tejero. National Institute of Ge-
nomic Medicine, Mexico City, Mexico.

Genetic polymorphisms in genes related to drug absorption, distri-
bution, metabolism and excretion (ADME genes) influence how humans
respond to commonly used drugs. However, the effect of the polymor-
phisms to drug response can differ in magnitude or can be absent de-
pending on the ethnic origin of the population being studied. Most of
the Mexican population results from an admixture of any of 65 Native
American groups with European ancestry individuals, and to a lesser ex-
tent, Africans. To characterize the distribution of relevant genetic mark-
ers for pharmacogenomics in ABCB17 and NAT2 in Mexican population,
we genotyped eight SNPs and inferred haplotypes from individual geno-
types. The sample included 250 self-identified Mestizo individuals (MES)
from 5 states located in geographically distant regions in Mexico and 45
Native American Zapotecos (ZAP). We evaluated the extent of genetic
differentiation (measured as Fst values) of the genetic markers geno-
typed between Mexican and parental populations. We observed alleles
showing large frequency differences in both genes studied. The ABCB1
2677G>A/T (rs2032582) TT and the ABCB1 3435C>T (rs1045642) TT
genotypes was enriched in ZAP (frequency: 46.7 and 53.3%, respective-
ly) compared to MES (frequency: 14.3 and 20.2%, respectively). More-
over, comparative analysis with parental populations evidenced different
allele frequencies, including the ABCB1 1236C>T (rs1128503) TT geno-
type (frequency: 11.86% in CEU, 48.88% in ZAP, and 22.32% in MES).
In MES and ZAP, the NAT2*4 (rapid phenotype) was highly prevalent
(frequency: 39.2 and 51.5%, respectively), and the frequency showed
regional variations related to ancestry. Haplotype distribution for NAT2
alleles associated with slow phenotype, such as NAT2*5B, NAT2*6A and
NAT2*7B, also showed differences between distant regions in Mexico
and parental populations. Our results indicate differences in the distri-
bution of allele and haplotype frequencies by the admixture history of
Mexican population. Thus, these analyses may be of relevance to bet-
ter design pharmacogenomic studies leading to a more rational use of
drugs in the Mexican population.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.



Posters Pharmacogenetics 117

656W

Molecular Markers of Blood Pressure Response to Thiazide Diuret-
ics Identified Through Whole Transcriptome RNA-Seq Analysis. A.
Costa Sa" 2, A. Webb?®, Y. Gong’, C.W. McDonough’, T.Y. Langaee’, S.T.
Turner?, A.L. Beitelshees®, A.B. Chapman®, E. Boerwinkle’, J.G. Gums?,
S. Scherer®, R.M. Cooper-DeHoff" °, W. Sadee®, J.A. Johnson™ 2 9, 1)
Center for Pharmacogenomics and Department of Pharmacotherapy
and Translational Research, College of Pharmacy, University of Florida,
Gainesville, FL; 2) Graduate Program in Genetics and Genomics, Genet-
ics Institute, University of Florida, Gainesville, FL; 3) Department of Phar-
macology, College of Medicine, Ohio State University, Columbus, OH; 4)
Division of Nephrology and Hypertension, Mayo Clinic, Rochester, MN;
5) Division of Endocrinology, Diabetes and Nutrition, University of Mary-
land, Baltimore, MD; 6) The Renal Division, Department of Medicine,
Emory University, Atlanta, GA; 7) Division of Epidemiology, University of
Texas at Houston, Houston, TX; 8) Department of Community Health and
Family Medicine, University of Florida College of Medicine, Gainesville,
FL; 9) Human Genome Sequencing Center, Baylor College of Medicine,
Houston, TX; 10) Division of Cardiovascular Medicine, Department of
Medicine, University of Florida, Gainesville, FL.

Hypertension (HTN) is the most significant risk factor for cardiovas-
cular disease, affecting about 1 billion individuals worldwide. Thiazide
diuretics are among the most commonly prescribed first line anti-HTN
medications, however less than 50% of treated patients achieve BP con-
trol. Therefore, the purpose of this study is to identify novel molecular de-
terminants of thiazide diuretics BP response by exploring transcriptome
profiling in hypertensive participants treated with hydrochlorothiazide
(HCTZ) and chlorthalidone from PEAR (Pharmacogenomics Evaluation
of Antihypertensives Response) and PEAR-2 studies, respectively. This
study assessed whole genome expression levels in whole blood samples
from 150 participants with extremes of BP response (responders and
non-responders) to thiazide diuretics (50 whites from PEAR; 50 whites
and 50 blacks from PEAR-2). RNA-Seq generated reads (100 bp) were
aligned to the human reference genome (Hg19) with TopHat2. Abundance
comparisons between responders and nonresponders were carried out
using Cufflinks and reported as fragments per kilobase per million reads
(FPKM). A t-test was performed to evaluate significance of the differ-
ence in FPKM (responders/non-responders). In addition, genome-wide
genotyping was determined in 228 white participants, from PEAR and
417 participants from PEAR-2 via lllumina Human Omni 1M-Quad Chip
and 2.5M-8 BeadChip, respectively. At FDR adjusted p-value <0.05, we
identified 14, 20 and 55 genes that were differentially expressed in rela-
tion to HCTZ BP response in whites, and chlorthalidone BP response in
whites and blacks, respectively. For each differentially expressed gene
in PEAR or in PEAR-2 whites and blacks, we attempted replication in
the other race and drug groups. CEBPD and TSC22D3 were differen-
tially expressed in all 3 cohorts, while SERINC5, PPP2R5C, TFCP2 and
FOS identified in the PEAR-2 whites participants’ cohort, replicated only
in PEAR-2 blacks. Of note, rs1004249 was the top significant genetic
variant in SERINC5 where variant allele carriers had poor chlorthalidone
BP response vs non-carriers (P=1.8x10-4; b=-3.1 mmHg). Additional-
ly, rs1203488 in PPP2R5C was also associated with chlorthalidone BP
response in whites (P=3.7x10-4; b=-4.0 mmHg). Further evaluation of
these genes may provide new insights into molecular mechanisms un-
derlying BP response to thiazide diuretics.
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Distribution of allele frequencies for clinically relevant pharmaco-
genes in Mexican population. J.C. Fernandez-LopeZz', V. Bonifaz-Pefia’,
A.V. Contreras? A. Hidalgo-Miranda®. 1) Computational Genomics Con-
sortium, Instituto Nacional de Medicina Gendmica, Mexico City; 2) Nutri-
genetics and Nutrigenomics Laboratory, Instituto Nacional de Medicina
Gendmica, Mexico City; 3) Oncogenomics Consortium, Instituto Nacion-
al de Medicina Genémica, Mexico City.

Pharmacogenomics markers can differ in magnitude or be complete-
ly absent depending on the population being assessed. Recently, the
frequency distribution of relevant polymorphisms in Absorption, Distri-
bution, Metabolism, and Elimination genes have been described in Mex-
ican mestizo using pharmacogenomic microarray technology (Affymetix
DMET array). In this work, we explore allele frequencies and genetic
differentiation (FST statistic) of 25 polymorphisms (SNPs) in 8 genes:
CYP2C19, CYP2C9, CYP2D6, CYP3A5, DPYD, SLCO1B1, TPMT and
VKORC 1. According to the pharmacogenomics knowledge resource
(PharmGKB) these genes have been reported to have the highest clinical
level of evidence for pharmacogenetics implementation (Clinical Anno-
tation Level 1A). We analyzed these 25 SNPs on three data sets: 320
unrelated Mexican mestizo with mainly Native American and European
ancestry (57.4% and 39.1%, respectively); HapMap samples of 60 Eu-
ropeans, 208 Africans individuals; and 45 Native Americans Zapotecas
from Oaxaca, Mexico. Our results showed that allele frequencies and
FST values for most of SNPs analyzed were similar for Europeans and
Mexican mestizo. However, some SNPs showed high allele frequency
differences, CYP3A5 rs776746 with 6% in Europeans and 21% in Mex-
ican mestizos, and FST value of 0.05 (p=1.99x10-05). As a matter of
fact, this farmacogenomic marker has been reported to have the high-
est FST value between European and African populations (FST=0.64).
Other genetic variants with important allele frequency differences were
CYP2C19 rs12248560, 22% in Europeans and 9% in Mexican mesti-
zos, and FST=0.03 (1.94x10-4); the CYP2C9 rs1799853, 5% in Mexi-
can mestizos and 15% in Europeans, and FST=0.026 (p=4.4x10-4);
CYP2D6 rs3892097 24% in Europeans and 11% in Mexican mestizos,
and FST=0.026 (p=3.3x10-3). In summary, the allele frequencies for drug
related pharmacogenes studied here are in many cases two or four-fold
higher between Europeans and Mexican mestizos. This information
may help clinicians decide on dosages for populations with large Native
American ancestry, as Mexico and other Latin-American countries.
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Influence of genetic variability on platelet aggregation in clopido-
grel-treated patients of the International Clopidogrel Pharmacog-
enomics Consortium (ICPC). J. Lewis"? on behalf on the International
Clopidogrel Pharmacogenomics Consortium. 1) Endocrinology, Diabetes
& Nutrition, University of Maryland, Baltimore, Baltimore, MD; 2) Program
for Personalized and Genomic Medicine, University of Maryland, Balti-
more, Baltimore, MD.

Dual antiplatelet therapy (DAPT) is critical in preventing recurrent
cardiovascular events in patients with coronary artery disease (CAD)
and other related disorders. While inhibition of platelet aggregation is
most commonly achieved with aspirin and clopidogrel, other agents are
available (i.e. ticagrelor and prasugrel) and allow for the possibility of
more effective and personalized patient care. To better understand the
genetic determinants of clopidogrel efficacy, we evaluated the impact
of 32 previously reported single nucleotide polymorphisms (SNPs) on
ADP-stimulated platelet aggregation in 4175 CAD patients of the Inter-
national Clopidogrel Pharmacogenomics Consortium (ICPC). Consistent
with prior investigations, we observed strong association between the
loss-of-function CYP2C19*2 [rs4244285] variant and increased on-clopi-
dogrel ADP-induced platelet aggregation (P = 1.97 x 10-52, b = 0.46). In
contrast, on-clopidogrel ADP-stimulated platelet aggregation was sub-
stantially lower in carriers of the loss-of-function CES71 G143E variant
(rs71647871; P = 4.27 x 10-17, b = -0.72) as well as the CEST intron-
ic variant rs2244613 (P = 7.84 x 10-4, b = -0.09). While CAD patients
who carried the well-described gain-of-function CYP2C19*17 variant
(rs12248560) initially appeared to have better clopidogrel response (P =
7.04 x 10-9, b = -0.17), this association did not remain statistically signif-
icant after adjustment for CYP2C19*2 (P = 0.02, b = -0.07), suggesting
that linkage disequilibrium between these SNPs was driving the associa-
tion with CYP2C19*17 (D’ = 1.0, r2 = 0.05). Genetic variants in other can-
didate genes (e.g. PON1 [Q192R (rs662) and L55M (rs854560)], ABCB1
C3435T [rs1045642] and C1236T [rs1128503)), ITGB3 [rs5918]), and oth-
er CYP enzymes including CYP2B6, CYP2C9, and CYP1A2 were not as-
sociated with ADP-stimulated platelet aggregation in clopidogrel-treated
patients after correction for multiple testing. Taken together, in addition
to CYP2C19*2, our data suggest that genetic variants in CES1, encoding
the primary enzyme responsible for degrading clopidogrel into biologi-
cally inactive carboxylic acid metabolites, significantly influence platelet
aggregation in patients on clopidogrel therapy.
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Investigating Genetic Variants of IL-1p, IL-2, IL-6, TSPO, and BDNF
in Association with Treatment Response to Duloxetine and Place-
bo Treatment in Patients with Major Depression. V.S. Marshe’?, M.
Maciukiewicz', A.K. Tiwari’, N. Freeman', S. Rotzinger®, J.A. Foster®, J.L.
Kennedy'25, S.H. Kennedy?®°, D.J. Miller?°. 1) Pharmacogenetics Re-
search Clinic, Centre for Addiction and Mental Health, Toronto, Ontario,
Canada; 2) Institute of Medical Science, Faculty of Medicine, Universi-
ty of Toronto, Ontario, Canada; 3) Department of Psychiatry, University
Health Network, Toronto, Ontario, Canada; 4) Department of Psychiatry
and Behavioral Neurosciences, McMaster University, Hamilton, Ontar-
io, Canada; 5) Department of Psychiatry, University of Toronto, Toronto,
Ontario, Canada.

Major depressive disorder (MDD) is a prevalent psychiatric disorder
treated with antidepressant medication such as duloxetine. In addition,
placebo treatments have been shown to improve depressive symptoms
in a subgroup of patients. This study examined the role of genetic vari-
ation of inflammatory markers (IL-1b, IL-2, IL-6, and TSPO ) including
brain-derived-neurotrophic factor (BDNF) in response to duloxetine and
placebo. Twenty single nucleotide polymorphisms (SNPs) across IL-1b,
IL-2, IL-6, TSPO and BDNF were genotyped in 215 patients receiving
duloxetine and 235 patients receiving placebo for 8 weeks. Samples
were obtained through a partnership between the Canadian Biomarker
Integration Network for Depression (CAN-BIND) and Lundbeck. Interleu-
kin SNPs (r2 = 0.8, MAF > 0.05) covered ~100% of the common genet-
ic variation. For ANCOVAs, we used quantitative and binary response
variables. Quantitative response was defined as percentage change in
MADRS score from baseline to endpoint. Binary response versus non-re-
sponse was defined by at least 50% of reduction of MADRS scores from
baseline. Two SNPs, rs2066992 (p=0.047) and rs10242595 (p=0.028), in
the IL-6 gene were associated with response to duloxetine after 6 weeks
of treatment. IL-6 variant rs2066992 was also significantly associated
with response to placebo after 6 weeks (p=0.026). When dichotomizing
response into response vs. non-response, IL-6 variant rs10242595 was
also found to be associated with response to duloxetine (p=0.003), but
not placebo. Therefore, SNPs across /L-6 may play a role in response to
duloxetine and placebo.
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Spindle and Kinetochore Associated Complex Subunit 2 (SKA2) May
Play a Role in Response to Citalopram. A.J. Lisoway’, C.C. Zai"?, A.K.
Tiwari', D.J. Mdller’23, Z.A. Kaminsky*, J.L. Kennedy'?%. 1) Neurogenet-
ics Section, Campbell Family Research Institute, Centre for Addiction
and Mental Health, Toronto, Canada; 2) Institute of Medical Science,
University of Toronto, Toronto, Canada; 3) Department of Psychiatry and
Behavioral Sciences, Johns Hopkins University, Baltimore, MD; 4) De-
partment of Psychiatry, University of Toronto, Toronto, ON.
Background: Major Depressive Disorder (MDD) has a strong genetic
component and is characterized by a number of physiological impair-
ments, including diminished ability of the HPA axis to mediate stress
response. The current process used to determine pharmacological treat-
ments is markedly inefficient, with more than 50% of antidepressant
treated patients failing to reach remission. Genetic and epigenetic vari-
ation in SKA2 (Spindle And Kinetochore Associated Complex Subunit
2) is implicated in mediating HPA axis function, and has recently been
associated with suicidal behaviour. We hypothesized that genetic vari-
ation in SKA2 may play a role in predicting response to antidepressant
medication.Methods: 492 Caucasian MDD patients were selected from
the STAR*D sample. Change in HAMD-17 score was used to measure
response to citalopram. Linear regression analysis was used to model
the relationship between seven single-nucleotide polymorphisms (SNPs)
in SKA2 and antidepressant response.Results: Marker rs7208505 was
not significantly associated with antidepressant response (p=0.573) or
baseline score on the HAMD-17 suicidality item (p=0.409). rs9892425,
located in the 5’ region of SKA2, was nominally associated with anti-
depressant response (p=0.017, pcorr=0.051). This finding was signif-
icant for males (p=0.003, pcorr=0.009), but not for females (p=0.396,
pcorr=1.000). A trend was observed using a three marker haplotype
window encompassing rs9892425 (p=0.068).Conclusions: The results
provide some evidence that SKA2 genetic variation may be a predictor of
therapeutic response to antidepressant medication, particularly in male
patients with MDD. Further work incorporating epigenetic information is
warranted in larger samples.

661T
Genetic Risk, Smoking Cessation, and the Clinical Benefits of Phar-
macotherapy. L. Chen’, T. Baker?, L. Bierut'. 1) Psychiatry, Washington
University School of Medicine, St. Louis, MO; 2) Tobacco Research and
Intervention, University of Wisconsin, School of Medicine, Madison, WI.
Background: Multiple genetic variants have been associated with the
risk of nicotine dependence and heavy smoking with genome wide sig-
nificance. In this study, we tested whether or not these variants could
predict the probability of smoking abstinence in a treatment trial and
identify those individuals who derive greater clinical benefit from ces-
sation pharmacotherapy.Methods: Using a randomized controlled trial
of smoking cessation (N = 1282) we studied the association of a genet-
ic risk score based on 7 genetic variants with smoking abstinence at
end of treatment, adjusting for traditional clinical risk factors. We then
investigated the genetic prediction of smoking abstinence stratified by
treatment condition.Findings: In smokers receiving placebo, the genetic
variants significantly improved the prediction of the smoking abstinence
at end of treatment. The area under curve (AUC) was 0.56 with clinical
predictors (age, sex, cigarettes smoked per day), and increased signifi-
cantly to 0.71 (p=0.018) when genetic variants were added to the clin-
ical predictors. In contrast, these genetic variants do not improve the
prediction of cessation. Smokers with the highest genetic risk derive
the greatest benefit from the cessation pharmacotherapies tested.Inter-
pretation: A genetic risk score identified individuals at increased risk for
failed smoking cessation amongst those given placebo. People with the
highest burden of genetic risk derived the largest relative and absolute
clinical benefit from cessation pharmacotherapy.

662W
A common missense variant of LILRBS is associated with statin in-
tolerance: A GoDARTS study. M.K. Siddiqui, A. Veluchamy, R. Taven-
dale, F. Carr, C. Maroteau, E.R. Pearson, H.M. Colhoun, A.D. Morris, E.
Dow, J. George, A. Doney, C.N.A. Palmer. Division of Cardiovascular &
Diabetes Medicine, University of Dundee, Dundee, United Kingdom.
There are approximately 12 million statin users in the United Kingdom.
Approximately 9% of users present with intolerance to statins, manifest-
ing as muscle ache, fatigue or more seriously, muscle breakdown leading
to myopathy. Creatine phosphokinase (CK) levels are used as a biomark-
er of statin-induced muscle damage. Variants in LILRB5 and CKM were
shown to be associated with CK levels irrespective of statin usage. This
study aims to analyse the association of these variants with statin intol-
erance.Genotype information was gathered for two missense variants,
rs12975366 (LILRB5: Asp247Gly) and rs11559024 (CKM: Glu83Gly) in
the GoDARTS study cohort of Scottish Caucasian individuals in the Tay-
side and Fife areas. We found both variants were associated with CK
levels in statin users and non-users, but that only Asp247Gly was as-
sociated with our definition of statin intolerance (raised CK and accom-
panying prescribing changes) : OR 0.48, p value 7.7 x 10 -5 and 95%
Cl (0.28, 0.65).This demonstrates that the LILRB5 locus is associated
with statin intolerance-related raised CK levels, whereas CKM is purely a
marker of constitutional serum CK levels. This study also highlights the
probability that statin intolerant individuals may not have raised CK levels
for genetic reasons.This study presents a novel genetic factor associat-
ed with statin intolerance and raises considerations for the usage of CK
as a biomarker. It encourages further investigation into the physiology
of statin-induced muscle damage, inter-individual variability in CK levels
and response to muscle damage.
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Fucosyltransferase 2 polymorphism (FUT2, rs492602) associates
with vitamin B12 deficiency, but may be independent with proton
pump inhibitor or metformin usages, diabetes mellitus, and thyroid
diseases. H. Mo’, L. Bastarache', J.A. Pacheco? Y. Xu'?, J. Pathak?,
W.K. Thompson®, J.C. Denny'®. 1) Biomedical Informatics, Vander-
bilt University, Nashville, TN; 2) Center for Genetic Medicine, Feinberg
School of Medicine, Northwestern University, Chicago, IL; 3) Department
of Biostatistics, Center for Quantitative Sciences, Vanderbilt University
School of Medicine, Nashville, TN; 4) Department of Health Sciences Re-
search and Center for the Science of Health Care Delivery, Mayo Clinic,
Rochester, MN; 5) Center for Biomedical Research Informatics, North-
Shore University HealthSystem, Chicago, IL; 6) Department of Medicine,
Vanderbilt University, Nashville, TN.

GWAS have suggested plasma vitamin B12 concentration is asso-
ciated with SNP rs492602-C in fucosyltransferase 2 (FUT2)(Nat Genet
2008;40:1160). Medical conditions (e.g., diabetes mellitus [DM], thyroid
diseases, and use of proton pump inhibitors [PPI], and metformin) are
also found to associate with B12 deficiency. However, it has not been es-
tablished if this SNP associates with B12 deficiency as a disease state,
nor is it known if the effect on B12 is a result of interactions between
medications or other diseases, rather than representing an independent
effect. Thus, we performed an association analysis between rs492602
and B12 deficiency, and also did an interaction analyses between the
SNP and related medical conditions. Methods: We used rs490602 data
from 29,929 European-ancestry individuals genotyped on the lllumina
Exome array with traits defined by VUMC electronic health records. We
ascertained B12 deficiency cases and matched them with controls (as
described in Lam 2013,JAMA,310:2435), and their related comorbid
status (DM, thyroid diseases) and medication usages (PPls, metformin).
Associations between B12 deficiency and the SNP or medical condi-
tions were computed using logistic regression, and each interaction
was tested as a gene-environment interaction term (GxE). Results: In
our genotyped population, we identified 524 B12 deficiency cases, and
3509 controls. SNP rs492602-T associates with higher risk of B12 defi-
ciency (OR=1.40, p=5.1e-7), and with abnormally low plasma B12 levels
(OR=1.35, p=3.1e-7). We found associations between 3 of the 4 medical
conditions and B12 deficiency, and we did not find an interaction with
rs492602-C and any of the medical conditions.

Associations between B12 deficiency and medical conditions

OR | p GxE OR GxE p
DM 1.64 | 1.4e-6 | 1.05 0.73
Thyroid diseases 1.29 | 0.012 0.98 0.86
PPl use 1.32 | 0.07 1.07 0.76
Metformin use(in DM patients) 1.83 | 0.0028 | 0.86 0.60

We also tested B12 deficiency and these medical conditions adjust-
ed with rs492602, but none of the new ORs or p-values dramatically
changed. Conclusion: We found rs492602-T associates with clinically
significant B12 deficiency, and replicated known associations between
B12 and 2 diseases and 1 medication. We did not find any evidence
of rs492602 either confounding or potentiating the association between
B12 deficiency and DM, thyroid diseases, PPl use, or metformin use.
Thus, we suggest FUT2 polymorphism is an independent factor of vita-
min B12 deficiency.

664W

Applying genetics in inflammatory disease drug discovery. L. Folk-
ersen’, S. Biswas? K.S. Frederiksen?®, P. Keller®, B. Fox?, J. Fleckner®. 1)
Department of Systems Biology, Copenhagen, Denmark; 2) Department
of Molecular Immunology, Novo Nordisk, Seattle, WA, USA; 3) Depart-
ment of PharmacoGenetics, Novo Nordisk, Novo Nordisk Park, Malgv,
Denmark.

Recent groundbreaking work in genetics has identified thousands of
small-effect genetic variants throughout the genome that are associated
with almost all major diseases. These genome-wide association studies
(GWAS) are often proposed as a source of future medical breakthroughs.
However, with several notable exceptions, the journey from a small-ef-
fect genetic variant to a functional drug has proven arduous, and few ex-
amples of actual contributions to drug discovery exist. Here, we discuss
novel approaches of overcoming this hurdle by using instead public ge-
netics resources as a pragmatic guide alongside existing drug discovery
methods. Our aim is to evaluate human genetic confidence as a rationale
for drug target selection.
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Novel genetic loci for Resistant Hypertension discovered through
a Genome-wide Association approach (GWAS) in the INternation-
al VErapamil SR-Trandolapril STudy (INVEST) and the Secondary
Prevention of Subcortical Strokes (SPS3) Study. N. E/ Rouby’, CW.
McDonough’, Y. Gong’, LA. McClure?, BD. Mitchell*#, RB. Horenstein®®,
RL. Talbert’, A. Takahashi®, T. Tanaka®, M. Kubo?, CJ. Pepine®, RM. Coo-
per-DeHoff"®, OR. Benavente®, AR. Shuldiner®*%, JA. Johnson'®. 1) De-
partment of Pharmacotherapy and Translational Research and Center for
Pharmacogenomics, University of Florida, Gainesville, FL; 2) Department
of Biostatistics, School of Public Health, University of Alabama, Birming-
ham, AL; 3) Division of Endocrinology, Diabetes and Nutrition, University
of Maryland School of Medicine, Baltimore, MD; 4) Geriatric Research
and Education Clinical Center, Veterans Administration Medical Center,
Baltimore, MD; 5) Program for Personalized and Genomic Medicine, Uni-
versity of Maryland School of Medicine, Baltimore, MD; 6) Department of
Neurology, University of British Columbia, Vancouver, British Columbia,
Canada; 7) College of Pharmacy, University of Texas at Austin, Austin,
Texas; 8) RIKEN Center for Integrative Medical Sciences, Yokohama, Ja-
pan; 9) Division of Cardiovascular Medicine, Department of Medicine,
University of Florida, Gainesville, FL, USA.

Resistant hypertension (RHTN) is a clinically important pharmacog-
enomic phenotype defined as a blood pressure (BP) >140/90 mm Hg
despite use of > 3 antihypertensive medications or BP <140/90 mm Hg
using > 4 drugs. RHTN is associated with increased risk for adverse car-
diovascular outcomes. We sought to identify novel genetic variants of
RHTN through a genome wide association study (GWAS). A discovery
cohort of hypertensive participants (N=657 whites) from INVEST-GENES
were included as RHTN cases (defined above) or controls defined as
BP<140/90 using <3 drugs. Participants were randomized to a 3-blocker
strategy (BB) or a calcium channel blocker strategy (CCB) and had gen-
otype data from the lllumina OmniExpressExome chip. Multiple logistic
regression was conducted using an additive genetic model, adjusting
for clinical predictors of RHTN, principle components for ancestry and
BP treatment arms. Suggestive signals (p < 1x10-5) were tested for rep-
lication in 263 whites from SPS3-GENES. Three SNPs in the discovery
phase met the suggestive p, and two were tested for replication (third
SNP absent in SPS3 dataset). The Bonferroni-adjusted p was set at
0.025 to account for multiple comparisons. A combined meta-analysis
was also performed between INVEST-GENES and SPS3-GENES for rep-
licated SNPs or SNPs that had consistent association in the two data-
sets with nominal significance. An intronic SNP in the AQP4-antisense
RNA 1 (AQP4-AS1) was identified in INVEST-GENES and met the criteria
for replication. The A allele of rs630495 was associated with reduced risk
for RHTN (OR=0.55, p=1.9 x10-6 in INVEST-GENES; OR=0.6, p=0.023 in
SPS3-GENES; meta-p= 3.3 x10-7). rs630495 is an eQTL for the aqua-
porin-4 (AQP4) gene in brain tissue according to the GTex Portal data-
base. AQP4 is a member of the aquaporin family and functions at the
basolateral side of the renal collecting tubule. AQP4 is highly expressed
in the brain and is thought to play an important role in edema production
in cerebrovascular diseases. The other SNP near UPK2 gene (rs647769)
was associated with increased risk of RHTN in INVEST-GENES (OR= 2.0,
p= 1.6 x 10-7) and was directionally consistent though not significant in
SPS3-GENES (OR=1.4, p=0.069). The meta-analysis OR was 1.8 and
p= 1.5 x 10-7. In conclusion, we identified AQP4-AS1 as a novel gene
region associated with RHTN, and UPK2 as a suggestive gene region.
These associations, if further validated, may help identify those patients
at risk for RHTN.

666W

A Genome-wide Association and Admixture Mapping Study of Bron-
chodilator Response in African Americans with Asthma. M.L. Spear”
45 M. Pino-Yanes? 3, C. Eng* S. Huntsman‘, D.G. Torgerson’, E.G.
Burchard*® on behalf of the SAGE and GALA Il Investigators. 1) Biomed-
ical Sciences Graduate Program, University of California, San Francisco,
San Francisco, CA 94158, USA; 2) Research Unit, Hospital Universitario
N.S. de Candelaria, Tenerife, Spain; 3) CIBER de Enfermedades Respi-
ratorias, Instituto de Salud Carlos lll, Madrid, Spain; 4) Department of
Medicine, University of California, San Francisco, San Francisco, CA; 5)
Department of Bioengineering and Therapeutic Sciences, University of
California, San Francisco, San Francisco, CA.

Short-acting b2-adrenergic receptor agonists (SABAs) are the most
commonly prescribed asthma medications. Response to SABAs is mea-
sured as bronchodilator response (BDR), which varies among racial/
ethnic groups in the US. Common variants have been associated with
BDR through genome-wide association studies (GWAS), with studies
performed in European Americans and Latinos. However, knowledge of
genetic variation that contributes to BDR has never been studied in Afri-
can Americans with asthma. We performed a GWAS in African American
children from the Study of African Americans, Asthma, Genes & Environ-
ments (SAGE). We included 757 individuals with asthma, genotyped with
the Axiom LAT1 array (World Array 4, Affymetrix, Santa Clara, CA) fol-
lowed by imputation using 1000 Genomes phase 3 data. We performed
linear regression adjusting by age, sex, BMI and genetic ancestry to
test for an association between BDR and genotype at single nucleotide
polymorphisms (SNPs). To complement this analysis, we performed ge-
nome-wide admixture mapping to identify regions whereby local African
or European genetic ancestry is associated with BDR. We identified a
region of candidate SNPs on chromosome 3 as being associated with
BDR. For variants with minor allele frequency (MAF)>5%, the minimum
p-value was 10-6; including low frequency variants (1%<MAF<5%) we
identified SNPs with p < 5x10-8 as being associated with differences in
BDR. This region is located proximal to KCNH8, a member of a family of
genes whose functions include regulating smooth muscle cell contrac-
tion. Candidate SNPs in SPATS2L that previously associated with BDR in
Caucasians showed a similar trend of association in African Americans.
From our admixture mapping analysis, we identified a peak on chromo-
some 2 (p=0.0003) where African ancestry was associated with lower
BDR. We replicated this effect in Latinos from the Genes-environments
and Admixture in Latino Americans (GALA ll)study (p=0.005). Overall, our
GWAS for BDR in African Americans with asthma identified regions con-
taining common and low frequency variants as being associated with
differences in BDR for follow-up study.
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Pharmacogenetics of Acute Coronary Syndrome. P. Yin', A. Jor-
gensen', A. Morris', R. Turner?, R. Fitzgerald? R. Stables®, A. Hanson?,
M. Pirmohamed?. 1) Department of Biostatistics, INSTITUTE OF TRANS-
LATIONAL MEDICINE, Liverpool, United Kingdom; 2) Department of
Molecular and Clinical Pharmacology, INSTITUTE OF TRANSLATIONAL
MEDICINE, Liverpool, United Kingdom; 3) Liverpool Heart and Chest
Hospital, Liverpool, United Kingdom.

Coronary heart disease (CHD) is a major global public health bur-
den. It is a recurrent disease that is treated by multiple drugs, including
aspirin, clopidogrel, statins, beta-blockers, and ACE inhibitors. There
is significant inter-patient variability in the response to cardiovascular
drugs, which may have a heritable basis. We have therefore undertak-
en a genome-wide association study (GWAS) to identify loci associat-
ed with response to cardiovascular drugs in 1470 patients recruited to
a UK prospective pharmacogenetic study of acute coronary syndrome
(PHACS).Index hospital admission was defined non-ST elevation acute
coronary syndrome. Patients were treated with a range of cardiovascular
drugs, including statins (93%) and clopidogrel (83%), and followed up
prospectively for up to 48 months. Approximately 8% of the patients
had another cardiovascular event including myocardial infarction (Ml) or
stroke, in some cases resulting in death. We defined a binary outcome
corresponding to the occurrence of any of these events in one year af-
ter hospital discharge. We began by considering clinical risk factors for
drug response. Several risk factors were related: age (p=3.2x10-7), pri-
or Ml (p=0.0048), diabetes (p=0.032), ACE inhibitor use pre-admission
(p=0.0072), aspirin use at discharge (p=0.0066) and gender (p=0.12).Pa-
tients were genotyped using the lllumina OmniExpress array. After quality
control, the genotype scaffold was imputed up to the 1000 Genomes
Phase | reference panel (all ancestries, March 2012 release). We tested
for association of SNPs with outcome under an additive dosage model
in a logistic regression framework after adjusting for the clinical factors
identified above and principal components to account for population
structure. Variants mapping to the LRPPRC gene demonstrated strong
evidence of association: lead SNP rs65544733, minor allele frequency
0.37, odds ratio (95% CI) 1.96 (1.49-2.63), p=2.9x10-7. When stratify-
ing the analysis by drug, the association with this variant was strongest
in patients treated with statins (p=6.5 x10-8). LRPPRC encodes a leu-
cine-rich protein with, as yet, unknown role. Mutations in the gene have
previously been associated with Leigh syndrome, which causes lowered
levels of cytochrome C oxidase, a key enzyme in aerobic metabolism.
Our study highlights that variants mapping to LRPPRC are associated
with response to cardiovascular drugs in CHD patients, in particular
those treated with statins.

668W
Using polygenic risk scores to guide antipsychotic dosage in a geri-
atric schizophrenia population. N. Hettige?, C. Cole’, V. De Luca'.
1) Centre for Addiction and Mental Health, Toronto, Ontario, Canada;
2) Institute of Medical Science, University of Toronto, Toronto, Ontario,
Canada.

Antipsychotic medications are commonly used to treat elderly pa-
tients with delirium, agitation and psychosis due to Alzheimer’s disease,
and schizophrenia. Schizophrenia is a debilitating mental healh disorder
that once diagnosed, remains throughout the lifetime. The first line of
treatment for individuals with schizophrenia is to administer antipsychot-
ic medication which aims to reduce the severity of psychotic symptoms,
such as hallucinations and paranoia. As individuals with schizophrenia
may be required to take antipsychotic medication for the duration of their
life, antipsychotic dosage must be adjusted accordingly due to age-re-
lated neurobiological changes or symptom severity. The purpose of our
study was to calculate the polygenic risk scores for the risk alleles that
reached genome-wide significance from the recent genome-wide asso-
ciation study by the Psychiatric GWAS Consortium for Schizophrenia.
We hypothesized that individuals with a high risk score would potentially
represent increased symptom severity and therefore require higher an-
tipsychotic dosage. Polygenic risk scores were used to predict whether
individuals with a higher score also require higher antipsychotic dosage.
In our preliminary sample of 83 European Caucasian individuals, we
found that the risk score was not significantly predictive of antipsychotic
dosage. Incorporating the polygenic score in our model, however, better
explained the variance in dosage compared to age and sex alone. The
polygenic risk score may be a useful way of translating the knowledge
aquired from GWA studies to predict clinical outcomes and related en-
dophenotypes.
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Partitioning the polygenic inheritance of paclitaxel-induced periph-
eral neuropathy. E.A. Khramtsova', H.E. Wheeler', D.L. Kroetz?, K. Ow-
zar®, H.L. McLeod* N.J. Cox% M.E. Dolan’, B.E. Stranger’, L.K. Davis’.
1) Department of Medicine, The University of Chicago, Chicago, IL; 2)
Department of Bioengineering and Therapeutic Sciences, University of
California San Francisco, San Francisco, CA; 3) Department of Biosta-
tistics and Bioinformatics, Duke University, Durham, NC; 4) Personalized
Medicine Institute, Moffitt Cancer Center, Tampa, FL; 5) Division of Ge-
netic Medicine, Vanderbilt University School of Medicine, Nashville, TN.
Peripheral neuropathy is one of the most common side effects of pa-
clitaxel treatment affecting 20-40% patients receiving the chemotherapy.
Previous studies have identified several single nucleotide polymorphisms
(SNPs) and genes associated with increased susceptibility to peripheral
neuropathy development, but individual SNP replication is lacking, so we
sought to look for polygenic traits. Whole genome estimates of heritabil-
ity have been challenging due to small sample size, although a previous
study has shown that if gene sets are analyzed separately, the axonogen-
esis GO Term set had significant estimates of heritability close to 20%.
We performed an analysis of paclitaxel-induced neuropathy heritability
in the CALGB40101 (Alliance) trial, but in contrast to previous analysis of
these datasets, we performed a more stringent population stratification
analysis and included the X chromosome in the analysis. Principal com-
ponent analysis of genetic data revealed a small group of closely-related
individuals which formed a separate cluster from all of the individuals of
European ancestry. These 10 individuals in the CALGB40101 cohort were
excluded from further analysis. Thus, our study sample consisted of 204
cases with neuropathy grade 2 and 3, and 640 controls. Using GCTA, we
estimated the whole genome heritability of paclitaxel-induced peripheral
neuropathy in this cohort to be 0.49 (se=0.42, P=0.114). Partitioning her-
itability by allele frequency revealed that the minor allele frequency group
of >0.4-0.5, which comprises 18.7% of total SNPs, contributes the most
to heritability (h2=0.45, se=0.25, P=0.038). Partitioning heritability by
chromosome showed that chromosomes 2 (h2=0.22, se=0.12, P=0.037)
and 10 (h2=0.19, se=0.10, P=0.032) contribute the most to heritability.
We did not find any contribution to heritability from the X chromosome.
Genome-wide association analysis of neuropathy cases versus controls
did not reveal any genome-wide significant SNP-trait associations. How-
ever, the strongest signals (P<10-6.5) were for SNPs in the ESPNL and
UBE2F-SCLY genes. While chromosomes 2 and 10 explained the great-
est proportion of phenotypic variance, there were no SNPs with P<10-8
on those chromosomes, suggesting that individual effect sizes are small
but cumulatively important. Taken together, our findings are consistent
with a polygenic model for chemotherapy-induced neuropathy.
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A Variant in UGT2A1/2 is Associated with Sex-Specific Clopidogrel
Response. A.S. Fisch, J.P. Lewis, L.M. Yerges-Armstrong, A. Parihar,
H. Xu, J.R. O’Connell, K.A. Ryan, R.B. Horenstein, B.D. Mitchell, A.R.
Shuldiner. Program for Personalized and Genomic Medicine, Division of
Endocrinology, Diabetes, and Nutrition, University of Maryland School of
Medicine, Baltimore, MD.

Coronary artery disease (CAD) is the leading cause of death in the Unit-
ed States, with reported event rate disparities across sexes. Clopidogrel
is an antiplatelet agent for high-risk CAD treatment. Clopidogrel response
variability is established, and previous investigations show a genetic
component to the variability, including the well-described CYP2C19*2
variant. However, CYP2C19*2 accounts for 12% of the ~70% heritability
of clopidogrel response, suggesting undiscovered genetic determinants
of the trait. To identify these variants, we genotyped 647 individuals from
the Pharmacogenomics of Anti-Platelet Intervention (PAPI) Study using
the Affymetrix Drug Metabolizing Enzymes and Transporter (DMET) chip.
We then examined the effect of 643 polymorphic SNPs with MAF > 0.01
(multiple testing-corrected significance threshold of P=7.43x10-5) on
clopidogrel response, defined as maximal platelet aggregation change
between pre- and post-clopidogrel treatment for one week (300 mg
loading dose, 75 mg maintenance dose). Associations were analyzed
with a multivariable linear regression model adjusting for age, sex, and
relatedness. We observed significant associations between clopidogrel
response and CYP2C19*2 (rs4244285; P=5.34x10-13) as well as the nov-
el intronic variant rs11249454 in UDP glucuronosyltransferase 2A1 and
2A2 (UGT2A1/2), with the minor allele associated with a 24% decrease in
clopidogrel response (b=-10.3+2.4; P=2.92x10-5). Based on the roles of
UGT2A1/2 in androgen and estrogen metabolism, a sex stratified associ-
ation analysis was performed, showing significance in 325 PAPI women
(P=8.40x10-6) and no association in 322 men (P=0.21). The results of a
SNP x sex interaction analysis were significant (P = 0.049). Sex-specific
differences remained after CYP2C19*2 adjustment (Pwomen=8.12x10-5;
Pmen=0.14). This study suggests that genetic variation in UGT2A1/2 af-
fects clopidogrel response in a sex-dependent manner. These findings
are consistent with other groups’ data regarding sex-specific effects of
sex hormone metabolizing UGTs, and may connect to prior reports of
altered UGT2A1/2 expression by substrate level and biological sex. In
light of previous findings regarding sex hormone effects on platelet ag-
gregation, UGT2A1/2 may be a key regulator of sex-specific clopidogrel
response. Continued studies are needed to replicate our findings and
understand mechanisms by which rs11249454 affects UGT2A1/2 func-
tion and, ultimately, clopidogrel response.

671T

Prevalence of CYP2D6*4 allele in a Northern Mexican Mestizo popu-
lation for the assessment of tamoxifen metabolism. J.E. Gaytan-Aro-
cha’, K.L. Valdés-Morales’, R.D. Arellano-PérezVertti', D. Delgadillo-Guz-
man’, R.l. de la Cruz-Granados’, J.R. Argiello’?, F.F. Gonzalez-Galarza'.
1) Faculty of Medicine, Autonomous University of Coahuila, Torreon, Co-
ahuila, Mexico; 2) Institute of Science for Genomics Medicine, Torreon,
Coahuila, Mexico.

In recent years, the use of different technologies such as microarrays
has allowed scientists to perform cost-effective association studies in
different fields, including pharmacogenomics. Tamoxifen has been a
widely studied drug that is used in breast cancer therapy which needs
the CYP2D6 enzyme to be metabolized into its active form. From the
155 alleles that have been identified in the CYP2D6 gene at present, CY-
P2D6*4 is the most common allele with inactive enzyme activity. Thus, in
this study, we analyzed one-hundred randomly-selected individuals from
the North Area of Mexico that were SNP genotyped using the lllumina ar-
ray technology with more than 600,000 SNPs. To evaluate the allele cov-
erage of the DNA chip, we used an in-house software tool to perform the
sequence alignment. We also calculated genotype and allele frequencies
and evaluate the CYP2D6 gene diversity in Mexicans compared to other
populations. Interestingly, the allele CYP2D6*4 was present in 12.9% of
the individuals. We believe that the use of these findings may provide
a useful resource for scientists and assist physicians when deciding to
prescribe tamoxifen.
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A longitudinal genome-wide association study of anti-tumor necro-
sis factor response among Japanese patients with rheumatoid ar-
thritis. D. Jawaheer’, I. Hallgrimsdottir?, K. Honne®, C. Wu*®, R. Sebro®,
N. Jewell’, T. Sakurai®, M. Iwamoto?®, S. Minota®. 1) Children’s Hospital
Oakland Research Institute, Oakland, CA, USA; 2) Integrative Biology,
UC Berkeley, CA 94720, USA; 3) Rheumatology and Clinical Immunol-
ogy, Jichi Medical University, Shimotsuke, Tochigi, Japan; 4) Institute of
Clinical Research, University of Southern Denmark, Odense, Denmark; 5)
Dept of Obstertics & Gynecology, Odense University Hospital, Odense,
Denmark; 6) Radiology Dept, University of Pennsylvania, Philadelphia,
PA 19104, USA; 7) School of Public Health, UC Berkeley, CA 94720,
USA,; 8) Inoue Hospital, Takasaki, Gunma, Japan.

Introduction: Studies of patients with rheumatoid arthritis (RA) to iden-
tify genetic biomarkers of anti-tumor necrosis factor (TNF) response have
used response at a single follow up time point as the phenotype with
which single nucleotide polymorphisms (SNP) associations have been
tested. There has been little overlap in findings across studies, most of
which have been conducted in Caucasian populations. We report here
the first genome-wide association study (GWAS) to identify genetic bio-
markers of anti-TNF response among Japanese RA patients, using an-
ti-TNF response at 2 time-points for a more reliable clinical outcome over
time.Methods: Disease Activity Scores based on 28 joint counts and
C-reactive protein (DAS28CRP3) were assessed at baseline (before initial
therapy), and after 3 and 6 months in 487 Japanese RA patients starting
anti-TNF therapy for the first time or switching to a new anti-TNF agent.
A genome-wide panel of single nucleotide polymorphisms (SNPs) was
genotyped and additional SNPs were imputed. Using change in DAS28
scores from baseline (ADAS28) at both 3 and 6 months as the response
phenotype, a longitudinal genome-wide association (GWA) analysis was
conducted using Generalized Estimating Equations (GEE) models to ac-
commodate the repeated measures of the outcome, adjusting for base-
line DAS28, time since initiation of therapy, type of anti-TNF agent and
concomitant methotrexate.Results: A total of 4,253,138 autosomal SNPs
passed quality thresholds for association analysis. Suggestive evidence
of association (p<1x10-6) with ADAS28 was observed at 3 chromosom-
al regions (6g15: rs284515, p=6.6x10-7; 6g27: rs75908454, p=6.3x10-7
and 10g25.3: rs1679568, p=8.1x10-7), extending to numerous SNPs
in linkage disequilibrium (LD) across each region. Potential candidate
genes in these regions include MAP3K?7 (6q15) a key player in TNFo-me-
diated inflammatory pathway signaling, GFRA1 (10g25.3) which was as-
sociated with anti-TNF response in an independent study, and WDR27
(6g27).Conclusion: In this first GWAS of anti-TNF response among Jap-
anese RA patients using a longitudinal analysis approach, three genomic
regions demonstrated suggestive association with response to anti-TNF
therapy. Using more than one assessment of response enhanced the
power to detect these associations.

673T
Meta-analysis of the genome wide association studies (GWAS) on
the intolerance of angiotensin converting enzyme inhibitors (ACEls).
C.N.A Palmer’, S.H Mahmoudpour?, M.K. Siddiqui’, A. Veluchamy', F.W.
Asselbergs?, P.C. Souverein? C.E. de Keyser?, A. Hofman?, B.H. Stricker?,
A. de Boer?, A.H. Maitland-van der Zee?, PREDICTION-ADR. 1) Medical
Research Institute, University of Dundee, Dundee, United Kingdom; 2)
1Div. of Pharmacoepidemiology & Clinical Pharmacology, UIPS, Utrecht
University, Utrecht, the Netherlands; 3) Div. of Heart & Lungs, Dept. of
Cardiology, UMC Utrecht, Utrecht, The Netherlands; 4) Dept. of Epide-
miology, Erasmus MC, Rotterdam, The Netherlands;.
BackgroundACEls are frequently used to treat hypertension and
heart failure. Cough and angioedema are the two main adverse drug
reactions (ADRs) associated with ACEI use that occur in up to 20% of
the patients and are the main reason of therapy discontinuation1.AimsTo
identify single nucleotide polymorphisms (SNPs) associated with switch-
ing of an ACEI to an angiotensin receptor blocker (ARB) as a marker for
ADRs.MethodsA cohort of patients starting ACEls was identified with-
in the Rotterdam Study in the Netherlands and the GoDARTS study in
Scotland. Cases were subjects that switched from an ACEI to an ARB
while controls were subjects who used ACEls for at least 2 years and
did not switch. The validity of using switching as a marker for ACEI-in-
duced adverse drug reaction (ADR) was investigated in a subset of users
that had the primary care records available. A GWAS using an additive
model was performed and results were meta-analyzed using METAL2.
Results/Conclusions In total 5109 ACEI starters were included in the
study of which 959 were cases. The validation of switch as marker for
ACEIl-induced ADRs showed the positive predictive value of 90.5% for
at least possible ADRs within a subset of 1132 patients. Ten SNPs with-
in four genes reached the GWAS significance level in the meta-analy-
sis. The strongest associated SNP was located on chromosome 17925
(MAF=0.16, OR=1.52 [95%Cl: 1.32-1.76], p=6.2x10-9). These results
indicate a substantial contribution of genetic variation in determining the
risk of ACEl-induced ADRs, and warrant further studies in larger pop-
ulations.References:Morimoto T, Gandhi TK, Fiskio JM, Seger AC, So
JW, Cook EF, et al. An evaluation of risk factors for adverse drug events
associated with angiotensin-converting enzyme inhibitors. J Eval Clin
Pract 2004; 10: 499-509.Willer CJ, Li Y, Abecasis GR. METAL.: fast and
efficient meta-analysis of genomewide association scans. Bioinformat-
ics. 2010;26(17):2190-2191.
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Identifying a Novel Hypertension Genetic Signature Influencing
the Blood Pressure Response to Hydrochlorothiazide Treated Pa-
tients. M.H. Shahin’, A.C. Sa’, A. Webb? Y. Gong’, T. Langaee’, C.W.
McDonough’, A.L. Beitelshees®, A.B. Chapman?, J.G. Gums’, S.T. Turn-
er’, R.F. Frye', S.E. Scherer’, W. Sadee? R.M. Cooper-DeHoff!, J.A.
Johnson'. 1) Pharmacotherapy and Translational Research, University of
Florida, Gainesville, Florida; 2) Program in Pharmacogenomics, Depart-
ment of Pharmacology, The Ohio State University, Columbus, Ohio; 3)
Department of Medicine, University of Maryland, Baltimore, Maryland; 4)
Department of Medicine, Emory University, Atlanta, Georgia; 5) College
of Medicine, Mayo Clinic, Rochester, Minnesota; 6) Human Genome Se-
quencing Center, Baylor College of Medicine, Houston, Texas.
Hypertension is a global public health burden and a significant con-
tributor to heart attack, stroke, and kidney failure, making its control
of critical importance. Hydrochlorothiazide (HCTZ) is among the most
commonly prescribed first line antihypertensives in the US, yet, less
than 50% of HCTZ treated patients achieve blood pressure (BP) con-
trol. A recent meta-analysis, including gene expression profiles of ~7000
individuals, revealed 34 genes explaining ~9% of the inter-individual
variability in BP (PMID:25785607). We hypothesized that those genes
might also influence the BP response to HCTZ and give us more in-
sight in the BP lowering mechanism underlying this therapy. The primary
analysis included clinical data and biological samples from 228 white
hypertensives recruited as part of the Pharmacogenomic Evaluation of
Antihypertensive Response (PEAR) trial, with BP determined at baseline
and after 9 weeks of HCTZ treatment. A total of 216 Single nucleotide
polymorphisms (SNPs), within the candidate regions (transcript + 2kb)
of the 34 BP susceptible genes, were extracted from the lllumina Omni
1M-Quad Chip. A Bonferroni threshold of 2.3x10-4 (0.05/216) was used
to account for multiple comparisons of the SNP association analysis.
lllumina®© HiSeq 2000 was used to conduct RNA-Seq on PEAR white
baseline blood samples of extreme HCTZ BP response (25 responders
and 25 non-responders). RNA-sequencing reads were aligned to the ref-
erence genome (homo sapiens Hg19) with TopHat2, and gene expres-
sion levels were calculated using cufflinks/cuffdiff. We adjusted for age,
gender, and baseline BP in all analyses. First, out of the 216 tested SNPs,
we identified rs6750487 SNP within the ARHGAP15 (Rho GTPase acti-
vating protein 15) gene as a significant predictor of HCTZ BP response
where A allele carriers had a better BP response than non-carriers (DSB-
P/ADBP:-19.8/ -11.4 vs -7.5/-4.1 mmHg, respectively, DSBP p=8x10-
6 and ADBP p=1x10-4). Additionally, ARHGAP15 baseline expression
levels were significantly correlated with HCTZ BP response (DSBP r=-
0.37 p=9x10-3, ADBP r=-0.36 p=1x10-2). This study aligns with recent
studies showing the importance of ARHGAP15 in hypertension and BP
regulation. Additionally, our results suggest that ARHGAP15 might be an
important determinant of HCTZ BP response.

675T

Robust Heritability Estimation of Anti-TNF Treatment Response
Phenotypes in Rheumatoid Arthritis. K.A. Standish’?, C.C. Huang?*, M.
Curran®, N.J. Schork’23. 1) Human Biology, J. Craig Venter Institute, La
Jolla, CA; 2) University of California, San Diego; 3) The Translational Ge-
nomics Institute, Phoenix, AZ; 4) Janssen R&D, LLC.

Several classes of drug have been approved to treat rheumatoid
arthritis (RA); however, there is heterogeneity in patients’ response to
different treatments, including anti-TNF agents. Identifying an effective
treatment early can slow disease progression and result in better overall
outcomes for patients. Pharmacogenetics studies aim to identify genetic
predictors of treatment response in order to better understand the un-
derlying mechanisms of response variability and to inform more efficient
treatment decisions. Previous studies attempting to estimate the her-
itability of anti-TNF treatment response have certain limitations. While
patients can be stratified into “responder” and “non-responder” groups,
continuous response phenotypes (e.g., disease activity state, swollen or
tender joint counts) provide a more robust alternative; however, many
genetic association methods make assumptions about the distributions
of the phenotype variables. In particular, these parametric approach-
es assume that the data are normally distributed and heteroscedastic.
In reality, the response phenotypes often do not conform to these as-
sumptions. Furthermore, previous studies relied on a single pre-treat-
ment measurement and a single follow-up measurement to determine
the degree of response, failing to account for variability among repeated
measurements. Here, we address these limitations as we make use of a
longitudinal clinical data set and whole-genome sequencing in a cohort
of rheumatoid arthritis patients treated with an anti-TNF drug. First, we
find that transforming data to better conform to the basic assumptions
of parametric association methods increased the heritability estimates
for several metrics and resulted in greater levels of significance. Next,
we show the variability between single measurements and confirm an
increase in power when making use of repeated measurements before
and/or after treatment. We find consistently higher heritability estimates
when making use of averaged response metrics. Additionally, we demon-
strate that the use of more subjective measurements, such as swollen
and tender joint counts, can be confounded by placebo response. Final-
ly, we validate our findings using permutation testing to calculate p-val-
ues relating to each heritability estimate. Overall, our work provides an
example of the importance of robust estimation of phenotype heritability
to pharmacogenetics studies.
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CYP2D6 Gene Variants and Effectiveness of Adjuvant Tamoxifen
in Breast Cancer: A Population-Based Case-Control Study. C.S.
Richards’, K.E. Richert-Boe?, K.A.B. Goddard? C. Chen? S. Punj’, D.
Schwarzkopf?, M. Kalter?, S. Weinmann?. 1) Department of Molecular
and Medical Genetics, Knight Diagnostic Laboratories, Oregon Health &
Science University, Portland, OR; 2) Center for Health Research, Kaiser
Permanente Northwest, Portland, OR.

Tamoxifen, a cornerstone of adjuvant therapy for hormone-recep-
tor-positive breast cancer, is metabolized to the active metabolite en-
doxifen through enzymatic activity of cytochrome P450 2D6. CYP2D6
has numerous alleles that affect metabolizing phenotype. Among wom-
en who take tamoxifen, those homozygous for inactive alleles (poor
metabolizers) have lower levels of serum endoxifen than those with
two functional alleles (extensive metabolizers). We conducted a pop-
ulation-based case-control study in the Kaiser Permanente Northwest
integrated health plan to evaluate the hypothesis that, after adjuvant
tamoxifen treatment for breast cancer, women with CYP2D6 genotypes
associated with poor metabolism of tamoxifen have an elevated risk of
breast cancer recurrence compared to women with CYP2D6 genotypes
associated with extensive metabolism of tamoxifen. Study subjects
were diagnosed between 1980 and 2011 with hormone-receptor posi-
tive breast cancer who received at least 180 days of adjuvant tamoxifen
treatment and for whom stored formalin-fixed paraffin-embedded (FFPE)
normal tissue was available for laboratory analysis. The Oregon Health
& Science University Molecular Genetics Laboratory extracted genomic
DNA from stored FFPE tissue blocks and performed allelic discrimination
assays and pyrosequencing to accurately determine CYP2D6 variant
status for the alleles, *3, *4, *5, *10, *17, and *41. We also collected data
from medical records and from pharmacy, laboratory, tumor registry, and
membership health plan databases. Statistical analysis will include mul-
tivariable logistic regression analysis to assess CYP2D6 functional status
and activity score in relation to breast cancer recurrence. We identified
358 cases with breast cancer recurrence. Randomly selected controls
(833), without breast cancer recurrence, were matched to cases on tu-
mor stage, diagnosis year, diagnosis age, race/ethnicity, and patterns
of health plan membership. All assays have been completed and study
subjects have been categorized according to CYP2D6 metabolizer phe-
notype (poor, intermediate, extensive) and activity score (0-2). Based on
the ethnicities in our study population, the CYP2D6 allele frequencies
are in Hardy-Weinberg equilibrium, and the frequencies of the predicted
metabolizer phenotypes also fall within the expected range. Preliminary
logistic regression results will be presented.

677T

Assessment of Knowledge and Comfort of Healthcare Providers in
the Development of a User-Friendly Pharmacogenomics Report.
C.A. Campbell', A.E. Kwitek’, M. Kimble', D.L. Kolbe', C. Nishimura’,
M.A. Mansilla’, S.O. Mason’, T. Bair', K.L. Knudtson’, O. Shchelochkov’,
D.J. Murry?, M. Sorenson®, M.J. Brownlee®, R.J.H. Smith’. 1) lowa Insti-
tute of Human Genetics, University of lowa, lowa City, IA; 2) University of
lowa College of Pharmacy, lowa City, IA; 3) University of lowa Hospitals
and Clinics Pharmacy Department, lowa City, IA.

As genetic tests are ordered more frequently by non-geneticists, it
is imperative the results are understandable and useful. The lowa Insti-
tute of Human Genetics (IIHG) offers a clinical pharmacogenetics (PGx)
test, so our goal was to create a result report that is an informative ed-
ucational tool to aid providers in the use of PGx in the management of
their patients. The purpose of this study was to ask healthcare providers
about PGx test reports to see whether the medical and genetic termi-
nology used in the reports is understandable to the average healthcare
provider. The original report contained a brief summary of results and
recommendations. Clinical recommendations are based on the Clinical
Pharmacogenetics Implementation Consortiumguidelines and written
in collaboration with pharmacists at the University of lowa. The report
also contained appendices of result and methodology details, and edu-
cational materials. A genetic counselor conducted brief interviews with
eight surgeons who had previously used the PGx test on 53 patients. Re-
sponses were transcribed and analyzed. Questions covered understand-
ing of results, content preferences, points of confusion, PGx implemen-
tation challenges, and comfort explaining results. Providers were also
shown results reports from other clinical testing labs for comparison.
The report was modified, and additional interviews are being conducted
with pharmacists, residents, and internists. Results of the interviews in-
dicated all of the providers understood the report. In general, providers;
1) liked the report’s brief summary and clinical recommendations; 2) ap-
preciated education information in the appendices; and 3) were comfort-
able explaining results to patients. One interviewee stated, the report has
“to speak to both the clinician and layperson. The clinician is going to
read this like a layperson, but needs to understand what it means for the
medicine so he can appropriately treat his patient.” Providers expressed
frustration with; 1) non-intuitive pharmacogenetics nomenclature; and
2) lack of insurance reimbursement. In summary, stakeholder interviews
aided in the development a user-friendly PGx report that can serve as an
educational resource for non-genetics providers. Feedback on return of
genetic test results, and utilization of clinical pharmacogenetics testing
from non-geneticists providers is critical if pharmacogenetics testing is
to be implemented as part of a precision medicine program.
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Development and comparison of warfarin dosing algorithms in
stroke patients. S. Cho', K. Lee? J. Choi®, K. Lee’. 1) Departments
of Laboratory Medicine, Gangnam Severance hospital, Yonsei Univer-
sity College of Medicine, Seoul, Korea; 2) Departments of Neurology,
Gangnam Severance hospital, Yonsei University College of Medicine,
Seoul, Korea; 3) Departments of Laboratory Medicine, Severance hospi-
tal, Yonsei University College of Medicine, Seoul, Korea.

Purpose: The genes for cytochrome P450 2C9 (CYP2C9) and vitamin
k epoxide reductase complex subunit 1 (VKORC17) have been identified
as important genetic determinants of warfarin dosing and have been
studied. We developed warfarin algorithm for Korean patient with stroke
and compared the accuracy of warfarin dose prediction algorithms
based on the pharmacogenetics.Material and Methods: A total of 101
patients on stable maintenance dose of warfarin were enrolled. Warfarin
dosing algorithm was developed using multiple linear regression analy-
sis. The performance of all the algorithms was characterized with coeffi-
cient of determination, determined by linear regression, and the mean of
percent deviation predicted doses from the actual dose. In addition, we
compared the performance of the algorithms using percentage of pre-
dicted dose falling within +£20% of clinically observed doses and dividing
the patients into a low-dose group (£3mg/day), an intermediate-dose
group (3-7mg/day), and high-dose group (>7mg/day).Results: A newly
developed algorithms including the variables of age, body weight, and
CYP2C9 and VKORC1 enotype. Our algorithm accounted for 51% of
variation in the warfarin stable dose. The predicted doses using algo-
rithms derived from Anderson and this study showed the best correlation
with actual warfarin doses. Our algorithm performed best in predicting
dose within 20% of actual dose and intermediate-dose.Conclusion: Our
warfarin dosing algorithm may be useful for Korean patients with stroke.
Further studies to elucidate clinical utility of genotype-guided dosing and
find the additional genetic association is necessary.

679T
The identification of hematologic adverse drug events using the
electronic health record in the eMERGE PGx cohort, in relation to
pharmacogenetic variation. D. Crosslin?, A. Gordon', D. CarrelF, P.
Robertson?, A. ScroP, J. Ralston®, A. Hartzler’, K. Leppig®, M. de An-
drade?, J. Grafton®, D. Kim'2, A. Burt', K. Doheny®, P. Crane®, S. Stall-
ings’, M. Dorschner®, D. Nickerson?, E. Larson?, J. Denny’, M. Ritchie®, M.
Williams'®, M. Palmer™’, I. Kullo™, T. Manolio™, G. Jarvik'?, The electronic
Medical Records and Genomics (eMERGE) Network. 1) Department of
Medicine, Division of Medical Genetics, University of Washington, Seat-
tle, WA; 2) Department of Genome Sciences, University of Washington,
Seattle, WA; 3) Group Health Research Institute, Center for Health Stud-
ies, Seattle, WA; 4) Division of Biomedical Statistics and Informatics,
Mayo Clinic, Rochester, MN; 5) Center for Inherited Disease Research,
Johns Hopkins University, Baltimore, MD; 6) Division of General Inter-
nal Medicine, University of Washington, Seattle, WA; 7) Department of
Biomedical Informatics, Vanderbilt University, Nashville, TN; 8) Depart-
ment of Pathology, University of Washington, Seattle, WA; 9) Center for
Systems Genomics, Department of Biochemistry and Molecular Biology,
Pennsylvania State University, University Park, PA; 10) Genomic Medi-
cine Institute, Geisinger Health System, Danville, PA; 11) Department of
Urology, University of Washington, Seattle, WA; 12) Division of Cardio-
vascular Diseases, Mayo Clinic, Rochester, MN; 13) Division of Genomic
Medicine, National Human Genome Research Institute, Bethesda, MD.
Using the electronic health record (EHR), we are attempting to algo-
rithmically identify adverse drug events (ADEs) in ~9000 eMERGE partic-
ipants that have been sequenced with the targeted Pharmacogenomics
Research Network sequence platform (PGRNseq). This platform was
designed with the coding regions, UTRs, 2kb upstream, and 1kb down-
stream for 82 pharmacogenes. The goals are to assess a trend in ADEs
in this cohort overall and stratified by ancestry/sex, and to assess the
possible association with pharmacogene(s). Network-wide recruitment
is ongoing (~6000), and we are developing the algorithm on a pilot set
of ~900 mixed-ancestry participants from the Group Health, Seattle.
The algorithm harnesses information from demographic, laboratory, and
prescription data derived from the outpatient EHR. Using laboratory
data, we assess patterns of change in hematological counts that could
suggest an ADE, and assess patterns of change in platelets to identify
thrombocytopenia due to multiple mechanisms. These events, coupled
with prescription data patterns, could further support the identification
of ADEs. Once these patterns are identified, we will assess the associa-
tion of these events with genetic variation identified by PGRNseq, overall
and stratified by ancestry/sex. As proof of concept, we assessed 900
persons for platelet count < 2 standard deviations of the median for that
participant. We evaluated all prescriptions from the prior 7-28 days. The
most frequent drug identified was Acetaminophen/Hydrocodone with 11
events for 5 participants. Using guidelines from PharmGKB, we focused
on variation in ABCG2, CYP2D6, G6PD, HLA-B, and UGT1A1. A total
of 8 variants were identified (7 missense, 1 splice-acceptor) and found
in ABCG2 (n=2), CYP2D6 (n=5), and UGT1A1 (n=1). Notably, ABCG2 is
involved in metabolism and transport of acetaminophen in the liver. Next
steps are to refine the EHR algorithm with a sliding window for patterns
of hematologic changes, and a custom prior prescription window per
blood cell index. We also will expand to the entire eMERGE PGx cohort
as enroliment approaches ~9000. Identification of AEs using the EHR
and the pattern of enrichment of these events with pharmacogenes in
the eMERGE cohort could inform on drug selection and dosing guidance
overall, and by ancestry.
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Automated CYP2D6 diplotype assignment using whole genome se-
quences. A. Gaedigk®%, G.P. Twist?, N. Miller?, E.G. Farrow? L.K. Wil-
lig?3, D.L. Dinwiddie®?, J.E. Petrikin®>, S. Herd? M. Gibson?, J. Cakici?,
A.K. Riffel’, J.S. Leeder"?%% D. Dinakarpandian®, S.F. Kingsmore®34. 1)
Clinical Pharmacology, Toxicology & Therapeutic Innovation, Children’s
Mercy Kansas City, Kansas City, MO, USA; 2) Center for Pediatric Ge-
nomic Medicine, Children’s Mercy Kansas City, Kansas City, MO, USA;
3) Department of Pediatrics, Children’s Mercy Kansas City, Kansas City,
MO, USA; 4) Department of Pathology, Children’s Mercy Kansas City,
Kansas City, MO, USA; 5) School of Medicine, University of Missou-
ri-Kansas City, Kansas City, MO, USA; 6) Department of Pediatrics, Uni-
versity of New Mexico Health Science Center, Albuquerque, NM, USA;
7) Clinical Translational Science Center, University of New Mexico, Al-
buqguerque, NM, USA; 8) Division of Computer Science and Electrical
Engineering, School of Computing and Engineering, University of Mis-
souri-Kansas City, Kansas City, MO, USA.

Background: Whole genome sequencing (WGS) has the potential
to inform drug choice and dosing after identifying genetic variation in
pharmacogenes in a patient’'s genome. The highly polymorphic CY-
P2D6 gene encodes one of the most important and highly polymorphic
drug metabolizing enzymes. Due to the complexity of the gene locus,
genotype analysis is challenging and often only includes common vari-
ants. Here we describe Constellation, a probabilistic scoring algorithm,
which enables automated ascertainment of CYP2D6 phenotype from
WGS data. Methods: The Study was approved by the Institutional Re-
view Board of Children’s Mercy-Kansas City and included 61 subjects
(7 HapMap; 54 patients/parents). Constellation uses a probabilistic
scoring system to determine the most likely diplotype of a WGS sam-
ple for each locus. Data inputs included (vcf) files, a gene directory with
chromosomal position, and allele definition files (allele definitions ac-
cording to CYP2D6 nomenclature at cypalleles.ki.se/. Constellation was
implemented in Java. WGS was performed on HiSeq 2500 instruments
(depth ~120GB; 2x100nt reads; TruSeq DNA PCR-Free kits). Variants
were called with GSNAP 2012-'7-12 and GATK 1.6. All samples were
genotyped using long-range (XL) PCR, TagMan assays and a quanti-
tative CNV assay. A subset of 34 subjects were Sanger sequenced to
confirm or resolve differences between genotyping and Constellation
calls.Results: When compared with genotyping (consisting of SNV, CNV
and XL-PCR analysis) and Sanger sequencing, Constellation correctly
called CYP2D6 diplotypes for 56 of 61 subjects. Phenotype prediction
between genotype, Sanger and WGS/Constellation were consistent for
57 subjects. Constellation also accurately identified 5 samples carrying
a gene deletion and 2 subjects with a gene duplication. When combined
with rapid WGS methods, Constellation can provide provisional CYP2D6
phenotype prediction within 30 hours.Discussion: Although this study
focused on CYP2D6, Constellation is generally extensible to other AD-
MER genes, and can be performed at marginal incremental cost in the
setting of diagnostic WGS. Constellation depends on the quality of data
input, i.e. sequence data and haplotype definition sets. Advancing NGS
technology and refining allele/haplotype definitions will further improve
the accuracy of Constellation-based phenotype prediction. Prospective
studies of the clinical and cost effectiveness of WGS-clinical pharma-
cogenomics are, however, warranted.

681T

Comprehensive study of NAT2 acetylation status in the Greenlan-
dic population. £ Geller’, B. Soborg’, A. Koch', E. Birch’, K. Bjorn-
Mortensen’, M. Blaszkewicz?, K. Golka? J. Hengstler?, S.W. Michelsen’,
L. Carstensen’, A.C. Nordholm’, M.M.B. Johansen’, M.L. Borresen’, B.
Feenstra’, M. Melbye’>4. 1) Epidemiology Research, Statens Serum In-
stitut, Copenhagen, Denmark; 2) Leibniz Research Centre for Working
Environment and Human Factors, Dortmund, Germany; 3) Department
of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark;
4) Department of Medicine, Stanford School of Medicine, Stanford, CA,
USA.

N-acetyltransferase 2 (NAT2) is a well-studied phase Il xenobiotic me-
tabolizing enzyme relevant in isoniazid drug metabolism. Greenland has
a high incidence of tuberculosis and isoniazid is widely used both in
prevention and treatment of tuberculosis. Polymorphisms in the coding
region of NAT2 explain 88 % of the variability in isoniazid clearance.
Individual enzyme activity is divided into three main categories as slow,
intermediate and rapid and the distribution of NAT2 acetylation status
is highly variable across the world.A recent clinical trial investigated a
NAT2 genotype guided treatment of tuberculosis, suggesting that a
personalized dosage of isoniazid can improve both the safety and the
efficacy of treatment. Therefore, we decided to study NAT2 acetylation
status in 1,556 individuals from Greenland.As a first step, we determined
NAT2 status based on four established SNP panels and the tagging SNP
rs1495741. There was good concordance between the NAT2 status in-
ferred by the different SNP combinations. Overall, the observed fraction
of slow acetylators of 17.5% was one of the lowest in the world. The
Greenlandic population is admixed with two major components: an Inuit
part reaching back to the first migration waves from North America and a
Northern European part that was introduced over the last 300 years. We
split the study group in three parts according to the percentage of Inuit
ancestry and observed a frequency of 12.2 % slow acetylators among
individuals with a high percentage (>70%) of Inuit ancestry, which is sub-
stantially lower than the 25.6 % observed in individuals with low (< 50%)
Inuit ancestry.Additional rare variants associated with slow acetylation
are known, and we cannot rule out that these variants and maybe even
Inuit-specific variants are present in Greenland. Thus, we currently in-
vestigate the agreement between the inferred NAT2 acetylation status
and actual enzyme activity by measuring caffeine metabolites in urine.
If prediction of NAT2 status by the applied genotype panel is good, our
findings could lead to a practicable pharmacogenetics-based tuberculo-
sis therapy in Greenland.
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Rapid implementation of a system-wide, high-throughput, EHR-in-
tegrated pharmacogenetics clinical service through cloud-based
software automation. M. Landsverk’, M. Italia?, M. Cornwell’, L. Fricke’,
A. Rajendra?, D. Schoolmeester!, C. Larson’, M. Mellacheruvu’, V. Wil-
liams', C. Chan’, A. Heid? A. Hsu? J. Hirsch? 1) Sanford Health, Sioux
Falls, SD; 2) Syapse Inc, Palo Alto, CA.

Adoption of precision medicine has the potential to improve quality of
care while reducing toxicity, unnecessary treatments, and cost. In partic-
ular, availability of pharmacogenetics (PGx) data about a patient before
a drug is ordered can improve patient safety. Sanford Health is one of
the largest health systems in the nation with 43 hospitals and nearly 250
clinics in 9 states and 3 countries. In 2014, we initiated a program to
integrate genomic medicine into adult primary care. A top priority was
to implement a system-wide PGx clinical service with 3 components: 1)
Fast-turnaround in-house analysis of a panel of drug metabolism genes,
2) delivery of clinically actionable results to Sanford Health’s electronic
health record (EHR) system, and 3) integration of PGx results into clinical
workflow via real-time EHR alerts at the time of drug ordering. To ensure
accurate decision support based on clinically valid gene-drug relation-
ships, the panel run by Sanford Health'’s clinical molecular genetics labo-
ratory only contains genes with clear clinical dosing guidelines published
by the Clinical Pharmacogenetics Implementation Consortium (CPIC),
including CYP2C19, CYP2D6, CYP2C9, CYP3A5, VKORC1, TPMT, and
DPYD. Syapse Precision Medicine Platform (PMP) software was used to
automate receipt of test orders from the EHR, convert nucleotide-based
genotyping results to corresponding star (*) alleles, and convert star al-
leles to enzyme metabolizer status. These results were then automatical-
ly delivered back to the EHR. To determine the efficacy of Syapse PMP
for clinical PGx services, we compared manual entry, data review, and
result reporting of 60 samples submitted to our laboratory for PGx panel
testing to automated processing by Syapse PMP. The manual process
had a 5% error rate and took over 20 person-hours. One sample had an
incorrectly spelled last name, one had the incorrect gender, and another
was reported as wild-type for CYP2C19 instead of *1/*2 and thus would
have been misreported as an extensive metabolizer instead of intermedi-
ate. Using Syapse PMP, no manual sample entry was required, eliminat-
ing the need for paper requisition forms. Data review and reporting were
reduced to 2 hours, with no processing errors. Automation with Syapse
PMP enabled Sanford Health to implement a clinical PGx service in less
than 5 months and trigger best-practice alerts with patient-specific de-
cision support content to fire upon ordering of a corresponding drug in
the EHR.

683T

Exome sequencing outperforms chip-based testing for clinically
useful pharmacogenetic variant interrogation: Implications for pre-
emptive pharmacogenetic evaluation. D. Ng’, L.N. Singh’, C.S. Hong’,
J.J. Johnston’, J.C. Mullikin?3, L.G. Biesecker’?, NISC Comparative Se-
quencing Program. 1) Medical Genomics & Metabolic Genetics Branch,
MGMGB, NHGRI, NIH, Bethesda, MD; 2) NIH Intramural Sequencing
Program, NHGRI, NIH, Bethesda, MD; 3) Comparative Genomics and
Cancer Genetics Branch, NHGRI, NIH, Bethesda, MD.

One of the great challenges of pharmacogenetics is that the testing
delays treatment decisions. The gold standard for testing is chip-based
analysis of specific variants associated with these traits. While pharma-
cogenetic testing is not commonly performed, exome sequencing is in-
creasingly used in research and clinical care for a variety of indications.
Our objective was to pilot a future scenario where exome or genome
sequencing is routine and could be used for pre-emptive pharmacoge-
netic screening. We set out to assess the utility of exome and genome
sequencing for pre-emptive pharmacogenetic screening by comparing
exome and genome sequence accuracy and coverage of 203 clinical-
ly-relevant pharmacogenetic variant positions selected from the Phar-
macogenomics Knowledgebase and Clinical Pharmacogenetics Imple-
mentation Consortium and identify copy number variants in cytochrome
P450 2D6 (CYP2D6) that affect the metabolizer phenotype. We recruited
participants from the Washington DC metropolitan region to study the
clinical application of next gen sequencing for precision medicine. We
performed exome sequencing and baseline clinical testing on 973 vol-
unteers. We also performed genome sequencing and genotyping with a
pharmacogenetic chip assay on five of these 973. As expected genome
sequencing had the highest sensitivity (1,003/1,015) for the interrogat-
ed variants. Surprisingly, exomes had very good sensitivity (875/1,015)
and outperformed chip-based testing (260/1,015). Exomes had high
genotype concordance (99%) with chip-based genotyping. CYP2D6
copy number variants were identified in 57/973 exomes using XHMM
and were validated by gPCR in 19/21 high confidence calls. Exomes
outperformed chip-based genotyping in capturing more important phar-
macogenetic variant positions and CYP2D6 copy number variants for
preemptive pharmacogenetic screening. The agnostic design of exomes
enables it to capture a large proportion of pharmacogenetic variants,
outperforming the current standard chip-based assay. These data sug-
gest that pre-emptive next-gen sequencing will allow pharmacogenetic
evaluation to become routine, as this sequencing is more widely de-
ployed in clinical care.

684W

PGRN-seq v.2: A second-generation capture-sequencing reagent
for prospective targeted sequencing of clinically relevant pharma-
cogenetic loci. S. Scherer’, X. Qin’, A. Gordon?, R. Fulton®, E. Wieben?,
E. Mardis?, D. Nickerson®, R. Gibbs’, the PGRN. 1) HGSC/Mol & Human
Gen, Baylor Col Med, Houston, TX; 2) Institute for Personalized Medi-
cine, Mt. Sinai School of Medicine, New York, NY; 3) McDonnell Genome
Institute, Washington University, St. Louis, MO; 4) Dept. of Biochemistry,
Mayo Clinic, Rochester, MN; 5) Genome Sciences, University of Wash-
ington, Seattle, WA.

Using feedback garnered from users of the first version of this re-
agent, the Pharmacogenomics Research Network’s Deep Sequencing
Resource (PGRN-DSR) worked together with PGRN network members,
pharmacogenomic community experts and NimbleGen to design a sec-
ond generation capture-sequencing probe set that builds on success-
es realized with PGRN-seq v.1. Primary modifications to the target list
reflect advances in the field of pharmacogenomics, address loci left
unaddressed in the original and emphasizes clinical relevance. To this
end, targets now include all of the current Clinical Pharmacogenetics Im-
plementation Consortium (CPIC) drug-gene pairs with published clinical
guidelines as well as genes with high CPIC priority and PharmGKB clini-
cal annotation scores. The new 76 gene panel targets the entire CYP2D6
locus, critical HLA tag SNPs and once again includes probes aimed at
all of the ADME and DMET microarray sites while maintaining the original
design’s low cost thus enabling both common and rare variant reporting.
Initial data produced from a broad panel of Coriell trios exhibits out-
standing performance. We will present further studies outlining perfor-
mance and validation metrics for this new addition to the pharmacog-
enomic translation toolkit.
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Pharmacogenetics of antipsychotic dosing. V. De Luca, A. Perreira
Silva, G.H. Franca de Moraes, N. Hettige. Dept Neurogenetics, Univ To-
ronto, Toronto, ON, Canada.

In the present contribution, we expand the work that we have done
in the past using the CPZ dose equivalent standardization. The primary
mode of treatment for schizophrenia is through the administration of an-
tipsychotic (AP) medications. A major concern for physicians aiming to
treat patients is to improve treatment outcome and reduce side effects as-
sociated with AP medication. Many studies have investigated the genet-
ic polymorphisms of AP drug metabolizing enzymes, focusing mostly on
drug response while few have investigated a genetic influence on AP dos-
age. For this study, we selected a panel of candidate genes, focusing on
AP receptors and genes implicated in the neurobiology of schizophrenia
to increase the gene coverage from Hettige et al (2014). We recruited 266
patients from the Centre for Addiction and Mental Health (CAMH) between
the ages of 18 and 75. Participants’ current AP and dosage were collected
at the time of the interview and standardized according to Chlorproma-
zine equivalents (CPZe) as seen in Gardner et al (2010). We selected 185
SNP markers from 38 candidate genes involved in the neurobiology and
pharmacological treatment of schizophrenia. The 185 SNP panel was gen-
otyped using a customized lllumina Bead Chip. We corrected for ethnicity
using the Principal Component Analysis to include only those of European
ancestry. The top SNP was the rs13182501 in the HTR4 gene (p=0.003).
While we demonstrate potential significant targets, after multiple testing
correction none of the SNPs were associated with CPZe standardization.
This suggests that different candidate genes involved in AP mechanism(s)
should be investigated for this phenotype. Nevertheless, AP dosage is a
valuable phenotype in psychiatric pharmacogenetics because it is clinical-
ly relevant and can be normalized using standard criteria.

686W

A Missense Mutation in SVEP1 Influences On-Clopidogrel Platelet
Aggregation in a Sex-Specific Manner. J. Backman, R. Horenstein, B.
Mitchell, J. O’Connell, A. Shuldiner, L. Yerges-Armstrong, J. Lewis. Di-
vision of Endocrinology, Diabetes & Nutrition, University of Maryland at
Baltimore, Baltimore, MD.

Clopidogrel therapy, often with aspirin, is standard of care for reduc-
tion of recurrent cardiovascular events in patients with acute coronary
syndromes. Previous investigations have found genetic variation to be
a significant determinant of on-clopidogrel platelet reactivity and inci-
dence of clinical outcomes. Furthermore, while sex-specific differences
in on-treatment platelet reactivity have been documented, identification
of polymorphisms that contribute to gender-specific differences in clopi-
dogrel efficacy has been limited.We perform sex-stratified analyses of
exome chip (lllumina Inc.) data in 545 participants of the Pharmacog-
enomics of Anti-Platelet Intervention (PAPI) study to identify novel genet-
ic variants that influence on-clopidogrel ex vivo platelet aggregation in a
sex-specific manner. Extensive phenotype data was collected in all par-
ticipants pre- and post-clopidogrel exposure (300 mg loading dose + 75
mg/d for 7 days). Platelet function was assessed in platelet-rich plasma
by optical aggregometry using a PAP8E aggregometer (Bio/Data Corp.)
after stimulation with adenosine diphosphate (20 pM). Association analy-
ses were performed under a variance component framework that models
the effect of genotype as an additive effect on the quantitative trait, while
simultaneously adjusting for the effects of age, BMI, baseline platelet
aggregation, and participant relatedness.Exome-wide analysis identified
a variant in the Sushi, Von Willebrand Factor Type A, EGF, and Pentraxin
Domains-Containing 1 (SVEP1) gene to be significantly associated with
increased ADP-stimulated platelet aggregation post-clopidogrel expo-
sure in females (rs10980419, P = 2.04 x 10-8, N=278), resulting in an ap-
proximate doubling of platelet aggregation between homozygote groups
(maximal platelet aggregation = 33.3 for CC homozygotes, 44.1 for CT
heterozygotes, and 68.0 for TT homozygotes). In contrast, no significant
association was observed between rs10980419 and platelet aggrega-
tion in men (P = 0.23, N=267). A significant SNP x gender interaction
was observed (P = 0.008).In this investigation, we identified a genetic
variant in SVEP1 that influences on-clopidogrel platelet aggregation in
a sex-specific manner. SVEP1 expression is known to be regulated by
17b-estradiol, strengthening our confidence in these results. Additional
studies are required to replicate our finding as well as to determine the
effects of this variant on recurrent cardiovascular events in women.

687T

Effect of SLCO2B1 Gene Polymorphism on the Lipid Lowering Effect
of Rosuvastatin in Hypercholesterolemic Patients. T.-E. Kim"?, D.-S.
Shin?3, N. Gu?4, J. Chof®, B. Jung®, K.-S. Yu? I.-J. Jang? J.-Y. Cho?. 1)
Department of Clinical Pharmacology, Konkuk University Medical Cen-
ter, Seoul, South Korea; 2) Department of Clinical Pharmacology and
Therapeutics, Seoul National University College of Medicine and Hos-
pital, Seoul, Republic of Korea; 3) Clinical trials center, Gil hospital,
Incheon, Republic of Korea; 4) Department of Clinical Pharmacology and
Therapeutics, Dongguk University College of Medicine and llsan Hospi-
tal, Goyang, Gyeonggi-do, Republic of Korea; 5) Molecular Recognition
Research Center, Korea Institute of Science and Technology, Seoul, Re-
public of Korea.

Rosuvastatin is an HMG-CoA reductase inhibitor widely used for the
treatment of hypercholesterolemia. It is well known that the polymor-
phism of solute carrier organic anion (SLCO) 1B1 gene may affect the
pharmacokinetics and pharmacodynamics of HMG-CoA reductase in-
hibitors. However, the effect of genetic polymorphism of SLCO2B1 has
not been reported. The aim of this study was to investigate the effect of
SLCO2B1 polymorphism on the lipid lowering effect of rosuvastatin in
hypercholesterolemic patients.A total of 21 patients whose low densi-
ty lipoprotein (LDL) level was over 130 mg/dL were participated in this
study. For the subjects, three single nucleotide polymorphisms (SNPs)
of SLCO2B1, ¢.935G>A, ¢.1457C>T and c.601G>A were evaluated. For
8 weeks subjects were administered 20 mg of rosuvastatin once a day.
Lipid lowering effect of rosuvastatin was evaluated by the measurements
of total cholesterol, LDL, high density lipoprotein (HDL), triglyceride (TG),
apoprotein B (apo B) and apoprotein A1 (apo A1). Blood samples were
taken before dosing and after finishing dosing of 8 weeks. The com-
parisons between genotypes were performed by Mann-Whitney U test.
The genotyping were performed in 19 subjects. Among 19 subjects,
14 were CC and 5 were CT for c.1457C>T. As for c.935G>A, GG, GA
and AA types were 7, 9 and 3, respectively. In the case of c.601C>T, all
the subjects showed wild-type except one subjects of GA type. There
was no significant difference in lipid lowering effect between genotypes
with ¢.1457C>T and ¢.601G>A polymorphisms. However, in the case of
c.935G>A, there were statistically significant difference between wild-
type and variant-type in the lowering effect of LDL and ApoB. The LDL
was decreased after the 8-week dosing by 62.8 + 6.8% (mean + SD) in
wild-type (c.935GG) and 50.3 + 11.5% in variant-type (c.935GA or AA)
(p=0.035). The ApoB was decreased by 52.1 + 7.1% in wild-type and
42.8 + 9.1% in variant-type (p=0.039).In this study, it was demonstrat-
ed that SLCO2B1 polymorphism of c.935G>A can influence on the lipid
lowering effect of rosuvastatin in hypercholesterolemic patients.
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Genotyping of New ADME Variants in a Phase 2 Axitinib Trial to Un-
derstand Exposure Variations. J.C.M. Marshall', Y.P. Pithavala’, B.J.S.
Smith?, L.W. Wood', S.L. Li', A.W. Williams?, P.E. English’. 1) Pfizer, Gro-
ton, CT; 2) Gilead, San Mateo, CA; 3) Genentech, San Francisco, CA.
Axitinib is a selective 2nd generation inhibitor of vascular endothelial
growth factor receptors (VEGFR) 1, 2, and 3 that is approved for the 2nd
line treatment of patients with advanced renal cell carcinoma. This study
undertook a retrospective analysis of a clinical trial set with AUC and CL
data to understand if newly described genotypes could be used to pre-
dict variability in axitinib plasma exposure. Data from a Phase 2, random-
ized, double-blind study (n= 213 patients) with axitinib in treatment-naive
renal cell carcinoma (RCC) were used for this analysis. Patients (n=112)
who were eligible for dose titration, based on pre-specified criteria were
randomly assigned (1:1) to receive in combination with 5-mg BID either
masked titration with axitinib or placebo. Patients who did not meet the
criteria continued at 5 mg BID axitinib. The study met its primary end-
point of statistically significant higher objective response rate with active
axitinib titration (54% ORR) versus placebo titration (34% ORR). A previ-
ously described population pharmacokinetic model was used to obtain
post hoc oral clearance (CL/F) and steady-state AUC24 in each patient
at the 5 mg BID starting dose. DNA from 172 patients was extracted
from blood samples taken at enrollment. Genotyping for CYP3A4*22,
CYP3A5*3,6,*7 and POR*28 was carried out using TagMan assays run
on a QuantStudio 12K Flex system. The following genotyping frequen-
cies were recorded for each gene of interest: CYP3A5 predicted poor
metabolizer (PM) 77.9%, intermediate metabolizer (IM) 19.8%, extensive
metabolizer (EM) 2.3%; CYP3A4 IM 7%, EM 93%, no individuals were
PM (*22/*22). For POR*28, 51% patients were wild type (C/C), 41% were
heterozygote (C/T) and 8% were homozygote variant (T/T). Multivariate
statistical analysis was carried out to assess genetic effect for each gene
polymorphism on AUC and CL after adjusting for important baseline
characteristics.AUC analysis for POR*28 approached statistical signif-
icance (p = 0.0747 for higher AUC in TT vs. CC) no genotype was sta-
tistically significant for AUC or CL. While POR*28 shows potential, there
is insufficient evidence from genotyping evaluated in this population to
completely explain patient to patient differences in axitinib plasma expo-
sure. Analysis of this population therefore indicated that genotype-based
dose adjustment is not warranted for RCC patients receiving axitinib.

689T

Profiling of miRNA expression in Immune thrombocytopenia pa-
tients before and after Qishunbaolier (QSBLE) treatment. B. Borji-
gin', E. Eerdunduleng’, W. Huo', C. Gong’, H. Gaowa’, L. Long Mei', M.
Li', X. Zhang', S. Wang', Y. Liu?, H. Bai'®. 1) Affiliated Hospital of Inner
Mongolia University for the Nationalities, tongliao, China; 2) Department
of Developmental Biology, Washington University in St. Louis School
of Medicine, St. Louis, MO 63110, USA; 3) School of Life Science, In-
ner Mongolia University for the Nationalities, Tongliao, Inner Mongolia
028000, China.

Immune thrombocytopenia (ITP), also known as idiopathic thrombocy-
topenic purpura, is an autoimmune disease characterized by low platelet
count and increased bleeding tendency. Currently, glucocorticoid and
splenectomy are the main therapies for ITP but with obvious side effects
including tendency of relapse and risk of internal bleeding. Searching for
a safer alternative treatment from traditional medicine represents an ac-
tive research direction. Mongolian medicine Qishunbaolier (QSBLE) (also
called Xuebaowan or Shengxuekang) has been successfully developed
for treatment of ITP, Aplastic Anemia, Allergic Purpura, myelodysplastic
syndromes, and other bleeding disorders since the 1960s. QSBLE is a
compound preparation made of gardenia, bezoar, Cornu Bubali, bear
gall, saffron, Lithospermum, and Rubia. We followed closely 32 cases
of ITP patients administrating QSBLE and found that QSBLE can not
only significantly increase the number, quality, and life span of platelets,
but also improve the immunity and hematopoietic function of ITP pa-
tients. We did not observe any side effect that normally associated with
glucorticoids treatment including nausea, vomiting, increased heart rate
et al.To better understand the ITP pathogenesis and therapeutic basis
of QSBLE, we profiled miRNA expression in the blood sample of ITP
patients and identified 44 miRNAs that are differentially expressed in TP
patients before and after QSBLE treatment. Interestingly, 25 of them are
expressed in control subjects and are downregulated in ITP patients,
whereas treatment with QSBLE restores their expressions to the level of
control subjects. This result suggests that abnormal expression of these
25 miRNAs might be connected to the pathogenesis of ITP. Furthermore,
14 of those 44 miRNAs are predicted to target at least once on 31 ITP
associated genes, indicating the possible mechanism of QSBLE on ITP
therapy. This work is supported by the grants for the Key Project in the
Chinese National Science & Technology Pillar Program during the Twelfth
Five-year Plan Period (2012BAI27B02).
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Rare variants in ALOX5 may be associated with the risk of hypersen-
sitivity reaction to penicillin . R. Pellegrino, B. Aimoguera, L. Vazquez,
D. Abrams, T. Watanabe, L. Tiang, J. Garifallou, F. Mafra, J. Conolly, F.
Mentch, P. Sleiman, H. Hakonarson. CAG, Childrens Hospital of Phila-
delph, Philadelphia, PA.

Penicillin allergy is the most commonly reported medication allergy
and it limits these antibiotics’ use. There is evidence that genetic factors
play a significant role in the risk of penicillin allergy and several efforts
have been applied to identify genetic candidate genes such as IL4, IL6,
IL70 or TNF. However, results to date have not been replicated and ge-
netic risk factors remain largely unknown. Here we investigate the role of
rare variation in 82 genes related to the disposition of a variety of drug
compounds in the risk of penicillin allergy. Cases with penicillin allergy
were defined by specific ICD9 codes V14.0, E930.0, and 995.27, as
documented in their electronic health records and allergic symptoms be-
ing consistent with hypersensitivity reaction, such as anaphylaxis, hives,
angioedema, or respiratory symptoms. Control population was defined
as subjects exposed to penicillins and no documentation of allergic
symptoms. Sequencing of the complete coding and nearby regulato-
ry regions of the 82 genes was performed using a custom-sequencing
panel developed by the Pharmacogenomics Research Network (PGRN).
For rare variant gene-level association analysis, we used three comple-
mentary algorithms: the Sequence Kernel Association Test, the Variant
Threshold test and the Combined Multivariate and Collapsing test. Sin-
gle variant analysis was also conducted using a Logistic Score Test. 125
subjects with penicillin allergy and 58 controls of European ancestry were
identified for the study. We found ALOX5, a gene located in chromosome
10 approaching statistical significance (p=6.50E-04). The ALOX5 gene is
a member of the lipoxygenase gene family with a role in the synthesis
of leukotrienes from arachidonic acid, which are important mediators of
inflammatory and allergic conditions. These results show great promise
in the identification of the genetic underpinnings of penicillin allergy and
we are currently undergoing replication in an additional cohort.

691T
Next generation sequencing technologies improve pharmacogenet-
ic-guided drug dosing. I. Cohn’ ¢, T. Paton®, C.R. Marshall?:°7, R. Bas-
ran*’, PN Ray?46.7, N. Monfared? P. Sinajon®’, R.D. Cohn?:4:5.6, S, [to’
%8, 1) Division of Clinical Pharmacology and Toxicology, The Hospital for
Sick Children, Department of Pediatrics, University of Toronto, Toronto,
Ontario, Canada; 2) Center for Genetic Medicine,The Hospital for Sick
Children, Toronto, Ontario, Canada; 3) Division of Clinical and Metabolic
Genetics, The Hospital for Sick Children, Department of Pediatrics, Uni-
versity of Toronto, Toronto, Ontario, Canada; 4) Department of Molecular
Genetics, University of Toronto, Ontario, Canada; 5) Department of Pe-
diatrics, The Hospital for Sick Children, University of Toronto, Toronto,
Ontario, Canada; 6) The Center for Applied Genomics, The Hospital for
Sick Children, Toronto, Ontario, Canada; 7) Department of Pediatric Lab-
oratory Medicine, The Hospital for Sick Children, University of Toronto,
Toronto, Ontario, Canada; 8) Program in Physiology and Experimental
Medicine, The Hospital for Sick Children, Toronto, Ontario, Canada.
Pharmacogenetics provides opportunities to optimize drug treatment
and prevent adverse drug events. Currently, targeted genotyping strate-
gies are used clinically to screen markers in genes with well-characterized
drug-gene interactions. Next generation sequencing (NGS) technologies
carry the promise to identify known and novel pharmacogenetic variants
that are not covered by existing clinical panels. Here, we determined
the accuracy of variant calls from NGS platforms and investigated addi-
tional variants of potential pharmacotherapeutic benefit. We performed
a systematic comparison of 74 pharmacogenetic variant loci from whole
genome sequencing (WGS, Complete Genomics) and mass spectrom-
etry (Agena Biosciences) for 98 pediatric patients of varying ethnicities.
Additionally, 11 patient samples of this cohort underwent whole-exome
sequencing (WES, lllumina HiSeqg2500).The 74 loci were sequenced to
an average read depth of 20X or greater across the 98 samples that un-
derwent WGS. However, there was considerable variability in coverage
between cases, with 32 loci exhibiting low read depth (5X or less) or
poor variant-quality reads, mostly within the CYP2D6 gene. However,
these variant loci were not always required for metabolizer status as-
signment, as they are used to further subtype functional classifications.
In contrast, WES exhibited superior coverage in the majority of the 74
loci (3 loci are in non-coding regions). Surprisingly, discordant genotypes
were identified for 7 variants in the WGS data but only 1 variant in the
WES data when compared to the mass spectrometry platform. At pres-
ent, detection of copy number variants in the CYP2D6 gene cannot be
easily interpreted from NGS and require separate testing by gPCR. In the
WGS data, we identified 3 coding variants with potential clinical impli-
cations that change the metabolizer status or dosage recommendation
in CYP2C9, CYP2D6 and DPYD.As WGS/WES becomes more routine
for identification of primary diagnoses there is opportunity to gain rele-
vant information about pharmacogenetic markers. Our data demonstrate
that clinically important pharmacogenetic variants covered by targeted
genotyping are accurately called by NGS platforms. Additionally, func-
tional variants of potential clinical pharmacogenetic significance could
be missed by using targeted genotyping panels, indicating that NGS
technologies need to be considered for a more genome-wide approach
to pharmacogenetic testing of individual patients.
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Comprehensive exploration of the high-risk rare variants for the
cold medicine-related Stevens-Johnson syndrome/ toxic epider-
mal necrolysis (CM-SJS/TEN) with severe ocular complications. Y.
Hitomi', S. Khor', M. Ueta?®, H. Sawai', K. Zawlatt’, C. Sotozono?®, S.
Kinoshita?, K. Tokunaga'. 1) Department of Human Genetics, Graduate
School of Medicine, The University of Tokyo, Tokyo, Japan; 2) Depart-
ment of Frontier Medical Science and Technology for Ophthalmology,
Kyoto Prefectural University of Medicine, Kyoto, Japan; 3) Department of
Ophthalmology, Kyoto Prefectural University of Medicine, Kyoto, Japan.
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN) are acute inflammatory vesiculobullous reactions of the skin and
mucous membranes, and these reactions are reported to be caused by
inciting drugs, viral infections, or malignant tumor. Although the occur-
rence of SUS/TEN is rare at about 1-6 cases per million, mortality rates
are higher than other drug rush (SJS: 3%, TEN: 27%). In addition, Qual-
ity-of-life of the most survivors is often low, as severe ocular surface
complications are often developed as the aftereffect. HLA-A and IKZF1
have been recently reported as susceptible genes for Cold Medicine—
Related SJS/TEN (CM-SJS/TEN) in Asian populations by genome-wide
association study (GWAS). However, other genetic factors of CM-SJS/
TEN including rare variants and structural variants remains to be dis-
covered.In order to identify the functional variants for CM-SJS/TEN with
severe ocular complications, whole-exome sequencing was performed
in 128 Japanese CM-SJS/TEN patients with severe ocular complications
using next generation sequencer (NGS) - ion Proton (Thermo-Fisher Sci-
entific). After data cleaning, the following average scores per individual
were acquired: 7.23+1.09 billion bases; 42.5+6.0 million reads; 169+7.59
of read length; 94.8+0.8 % of on target reads; 89.6+3.0 % of uniformi-
ty; x115.5+17.7 of coverage. Finally, 50,722+736 variants were called
by Torrent suite software with appropriate parameters using NCBI hg19
as the reference.In order to evaluate the accuracy of variant calling, we
compared the genotypes of approximately 5,000 variants which were
overlapped on the Axiom chip (Affymetrix) from our previous GWAS us-
ing same CM-SJS/TEN sample set (Ueta M et al., J Allergy Clin Immunol
2015). The concordance rate of genotypes between GWAS and exome
sequencing was over 99%.The identification of high-risk rare variants
which have extreme effect on the pathogenesis of CM-SJS/TEN are car-
ried out by comparing variants identified with approximately 1,000 Jap-
anese individuals whole-genome sequencing database (Tohoku-Medical
Megabank). In addition, pathway analysis will be carried out by SNP-set
Kernel Association Test (SKAT) software. In this presentation, we will re-
port the preliminary result of the identification of high-risk rare variants.
This study may illustrates novel diagnostic and therapeutic methods for
CM-SJS/TEN.(Equally contributed: Hitomi Y, Khor SS, Ueta M).
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Investigation of the role of rare variation in eighty-two pharmaco-
genes in the risk of vincristine-induced peripheral neuropathy in
children. B. Almoguera, L. Vazquez, D. Abrams, T. Watanabe, L. Tiang,
R. Pellegrino, J. Garifallou, F. Mafra, J. Connolly, F. Mentch, P. Sleiman,
H. Hakonarson. Center for Applied Genomics, Children’s Hospital of Phil-
adelphia, Philadelphia, PA.

The dose-limiting toxic effect of vincristine, a drug prescribed to over
50% of children with cancer, is peripheral neuropathy, characterized by
neuropathic pain and sensory and motor dysfunction. There is evidence
that genetic factors play a significant role in the risk of neuropathy, how-
ever the precise risk factors remain elusive. In this study we investigated
the role of 82 genes related to the disposition of a variety of drugs in
the risk of developing vincristine-induced neuropathy in children. Phe-
notyping was performed by direct mining of the electronic health re-
cords (prescription of vincristine + ICD9 code for neuropathy, 355x) and
identified 96 individuals with vincristine neuropathy and 52 controls that
were exposed and confirmed negative by chart review. Sequencing of
the complete coding and nearby regulatory regions of the 82 genes was
performed using a custom-sequencing panel developed by the Phar-
macogenomics Research Network (PGRN). For rare variant gene-lev-
el association analysis, we used three complementary algorithms: the
Sequence Kernel Association Test, the Variant Threshold test and the
Combined Multivariate and Collapsing test. Single variant analysis was
also conducted using a Logistic Score Test. Neuropathy was classified
and analyzed as autonomous, sensory, and motor symptoms, and also
as a continuous trait. Preliminary results on 43 cases and 23 controls
evidenced that CYP3A4, which is directly involved in vincristine metab-
olism, was nominally significantly associated with the risk of neuropa-
thy (p=1.10e-03). Also, SLC6AB6, a taurine transporter, was associated
with the risk of sensory neuropathy (p=7.91e-04) Absence of SLC6A6 in
mice has been demonstrated to lead to several neurologic deficits and
sensory losses. These results show great promise in the identification
of the genetic underpinnings of vincristine-induced neuropathy and are
currently undergoing replication in an additional cohort of 53 cases and
29 controls.
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Deep Sequencing of Genes Associated with Glucocorticoid Re-
sponse in Asthma. Q.L. Duan’, M.H. Cho’, J.A. Su’, K.G. Tantisira’?, S.T.
Weiss3. 1) Channing Division of Network Medicine, Brigham & Women’s
Hospital and Harvard Medical School, Boston, MA; 2) Pulmonary Divi-
sion, Brigham & Women’s Hospital, Boston, MA; 3) Partners Center for
Personalized Genetic Medicine, Partners Health Care, Boston, MA.
Glucocorticoids (GCs) have potent, anti-inflammatory effects, and
are commonly used for treatment of diseases including asthma, which
occurs in over 300 million individuals worldwide. However, there is sub-
stantial inter-individual variability in GC response, with 25% of patients
non-responsive. Multiple genetic loci have been associated with GC re-
sponse but account for only part of the variability. We hypothesize that
deep sequencing of loci from genome-wide association studies (GWAS)
will identify novel genetic variations that could constitute part of the
missing heritability of GC response. To test this hypothesis, we identi-
fied top associated genes from a meta-GWAS of four asthma clinical
trials (N=723) and whole exome sequencing (WES) in an asthma cohort
of extreme GC responders (N=188). In the meta-GWAS, linear regres-
sion was performed in PLINK using an additive model, with covariate
adjustments (height, age and gender) and GC response measured as
a percent change in lung function (baseline pre-bronchodilator forced
expiratory volume in one second) following 4-8 weeks of therapy. WES
data used the NimbleGen SeqCap EZ human exome v2.0 capture array
and sequenced on the lllumina Hi-Seq 2000. Sequence alignment used
BWA, and variants were called with Samtools. Our primary analysis in-
cluded 75,655 coding (non-synonymous, splice, or stop) variants based
on annotations from SnpEff, and used a per-gene burden test in SKAT,
adjusted for covariates (gender, age, and height, and baseline FEV1).
In total, we identified 46 genes from the meta-GWAS (P < 0.001), that
were nominally associated (P < 0.05) with extreme GC response in our
gene-based test. Our results include KCNQ5, which encodes a potassi-
um channel in airway smooth muscle cells from human bronchioles and
regulate airway constriction as well as members of a multidrug transport-
er family (ABCA4 and ABCC1). Targeted sequencing of 30 such genes,
prioritized by P values and biological plausibility, is underway in three
asthma clinical trials (N=984) for validation analysis. In summary, we
identified potentially deleterious variants from WES within loci previously
associated with GC response in GWAS of asthmatics.Please address all
inquiries to gingling.duan@channing.harvard.edu.

695T
Influence of common and rare genetic variation on warfarin dose
among African Americans and European Americans using the ex-
ome-array. N. Liu', A. Patki’, M. Irvin‘, D. Zhi', T. Brown?®, C. HilFF, M.
Beasley’, D. Nickerson®, N. Limdi?. 1) Dept Biostatistics, Univ Alabama at
Birmingham, Birmingham, AL; 2) Department of Neurology, University of
Alabama at Birmingham, AL; 3) Division of Cardiovascular Diseases, Uni-
versity of Alabama at Birmingham, AL; 4) Department of Epidemiology,
University of Alabama at Birmingham, AL; 5) Department of Pathology
and Laboratory Medicine, Emory University, Atlanta, GA; 6) Department
of Genome Sciences, University of Washington, Seattle, WA.
Personalized management of warfarin, the most widely used oral an-
ticoagulant, is challenging. The large inter-patient variability in warfarin
dose requirements and narrow therapeutic index make warfarin a “top of-
fender” accounting for 33.3% of all adverse-drug-related hospitalizations
in the US, with hemorrhage representing 63.3% of admissions. Achiev-
ing therapeutic anticoagulation rapidly and predictably is critical for safe
and effective therapy. To this end multiple investigations have identified
the influence of clinical, demographic and genetic factors on warfarin
dose. To date, candidate gene and genome-wide associations studies
(GWAS) have confirmed that the majority of the genetic influence is ac-
counted by single nucleotide polymorphisms (SNPs) in two genes: CYP-
2C9and VKORC1. Cytochrome P450 4F2 (CYP4F2) was recently shown
to account for a small but significant proportion of variability in warfarin
dose among European Americans.We hypothesize that novel coding
SNPs (common and rare) may harbor additional clues that can explain
variaiblity in warfarin dose. Toward this end, we assessed 247,870 SNPs
using the lllumina Exome Array in 1,240 warfarin users (701 European
Americans, 539 African Americans).Results show VKORC1 (rs9923231)
was the single most important genetic influence on warfarin dose in both
European-Americans (p<9.28E-45) and African-Americans (p<1.80E-8).
This association explains 22.8 % of the variance in dose among Europe-
an-Americans 6.5% in African-Americans.Among European-Americans
the single most important CYP2C9 SNP was rs4086116 (p= 1.24E-19) as
reported previously, CYP2C9*3 (exm844046; p=1.01E-13) demonstrated
significant influence on warfarin dose as did CYP2C9*2 (exm-rs1799853;
p=2.34E-7). Although significant (p=0.03), inclusion of rs4086116 ex-
plains little additional (0.6%) variance in warfarin dose, similar to that
explained by CYP4F2 (0.6%; p=0.004).Among African-Americans no
CYP2C9 SNP demonstrated statistically significant association with
dose. The SNP rs12777823 identified in the GWAS of African-American
was marginally significantly associated with dose (p=1.93E-5 with FDR
adjusted g-value = 0.184) explaining an additional 4% of the variance
in warfarin dose. CYP4F2 did not demonstrate significant influence on
dose.In addition, we identified novel significant association of single
markers. We are validating our findings in an independent cohort.
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Rescuing the un- sequenceable: using Exome Sequencing and HRM
to reliably and cost-effectively genotype non-trivial loci. M.D. Napi-
er', R.P. Loewe?. 1) Agilent Technologies, Santa Clara, CA; 2) Genewake
GmbH, Neuried, Bavaria, Germany.

To move beyond the modest drug responses seen in oncology and im-
munology today, cutting edge researchers must generate better answers
by changing the mode of questioning in clinical research. We should shift
gears away from genomic biomarker associations with drug response,
toward haplotype associations with drug response phenotypes. To tack-
le this challenge we must overcome two research obstacles: (1) obtain
the proper tools to scan the exome comprehensively and (2) enrich can-
cer exome studies with targeted qPCR for fine loci mapping. Special
emphasis in our study was given to: the tyrosine kinase family especially
to EGFR and ERBB2 and the cytochrome p450 family for their phar-
macogenomics utility. Together these two techniques will rescue loci
that were previously unavailable or under-represented to the genetic
researcher. The methods utilized include: Sure Select Human All Exon
v6for exome capture followed by Next Generation Sequencing(NGS),
gPCR as well as high resolution melting (HRM). Our study’s objective
was to find improved patient stratification methods for research. Our
combined methodology gives a viable and easy option for a standard
laboratory to venture deeper into the cancer and immunology genome.
This workflow enables fine mapping of loci using NGS complemented
with gPCR for accelerating clinical research beyond the event horizon of
what is currently known.

697T
Novel genotyping algorithms for multiallelic and copy number
ADME variants. J.P. Schmidt, J. Gollub, D. Oliver, R. Varma, J. Brodsky,
C. Bruckner, B. Eynon, S. Malakshah, M. Mittmann, A.H. Roter, B. Wong,
M.H. Shapero, T. Webster. Informatics, Affymetrix, Santa Clara, CA.
There are many well-known and well-characterized, clinically relevant
mutations in genes associated with drug absorption, distribution, me-
tabolism, and elimination (ADME). Most of these variants are biallelic sin-
gle nucleotide polymorphisms (SNPs) or short insertion/deletion (indel)
variants, and thus amenable to standard genotyping assays and calling
algorithms. However, copy number variations (CNVs) in critical genes, as
well as multiallelic SNPs or indels, can be more challenging to genotype.
We have developed novel probe design methods and calling algorithms
to address these variants with Axiom® Genotyping Solution.Genotyping
multiallelic variants requires the design of a set of probes, each specific to
a single allele. This is straightforward for SNPs, but more complex when
indel alleles may be present. Under the assumption of diploidy, genotype
calling proceeds in three steps, using the signals from those probes: 1)
background estimation for each allele; 2) all-by-all biallelic clustering of
appropriate samples for initial genotype assignment; 3) final assignment
to a genotype “cluster” using an N-dimensional Gaussian mixture mod-
el with posterior distributions informed by the initial assignments in (2)
and conjugate priors that may be either generic or trained on previous
data. Using this unique approach we are able to address the underlying
variations for important alleles such as CYP2C8*7 and *8, or CYP2D6*8
and *14.CNV calling in the ADME context presents challenges that are
in some ways both easier and more difficult than those in exploratory
analysis. There are only a small number of defined regions of interest,
so probe design and analysis parameters can be optimized for them,
and precise determination of breakpoints is not essential. However, the
regions are smaller than normal for CNV calling, and in some cases the
presence of highly homologous pseudogenes or extremes of GC content
reduce specificity. We have developed new methods for the design and
selection of maximally informative probes, correction of signals using a
variety of covariate factors, and signal summarization and thresholds for
calling copy number states from zero (homozygous deletion) to three or
more (amplification) in five genes of great relevance to ADME: CYP2A6,
CYP2D6, GSTM1, GSTT1, and UGT2B17.
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Variable read-through by small molecule drugs in Leber Congeni-
tal Amaurosis (LCA16) suggests need for personalized approach to
read-through strategies. D.M. Pillers’ 2, P. Shahi" 2, V. Bakhutashvili®,
S. Brar’?, R. Gatti*%, B.R. Pattnaik™ 2 6. 1) Pediatrics, University of Wis-
consin-Madison, Madison, WI; 2) McPherson Eye Research Institute,
University of Wisconsin-Madison, Madison, WI; 3) School of Medicine
and Public Health, University of Wisconsin-Madison, Madison, WI; 4)
Pathology & Laboratory Medicine, UCLA, Los Angeles, CA; 5) Human
Genetics, UCLA, Los Angeles, CA; 6) Ophthalmology and Vision Scienc-
es, University of Wisconsin-Madison, Madison, WI.

Introduction: Leber congenital amaurosis (LCA [MIM 204000)) is ase-
vere vision disorder that presents in infancy with progression to blind-
ness. We studied LCA16 [MIM614186] which is due to defects in the
Kir7.1 ion channel encoded by KCNJ13 [MIM 603208].We sought to de-
termine the response to small molecule read-through drugs by measur-
ing their physiologic response as a marker for improvement in function.
Methods: Chinese Hamster Ovary (CHO-K1) cells were transfected with
N-terminal GFP-fused wild-typeor W53X (c.158 G>A)or R166X (c.496C
> T) mutant plasmids. The cells were treated with 5 uM and 10 uM of
the read-through compounds Gentamicin, PTC-124, RTC-13,or RTC-14
after eight hours of transfection, and the cells were incubated with these
drugs for 36 hours. Whole-cell patch clamp electrophysiology was per-
formed on the transfected cells. Function of the Kir7.1 channel was mea-
sured in the presence of Cs+ to block function, or the highly permeant
Rb+ to enhance current. The students T-test was used and significance
was determined at the P<0.05 level.Results: Both W53X and R166X
transfection resulted in non-measurable Kir7.1 current as compared to
the wild-type Kir7.1 channel, and the cells were depolarized. Upon treat-
ment with Gentamicin, PTC-124 and RTC-13,we detected no measur-
able difference in either the current amplitude or the resting membrane
potential (Vm). In contrast, RTC-14 showed partial rescue of both the
Kir7.1 current amplitude and Vm. R166X expressing cells responded to
RTC-14 treatment by a 15 mV hyperpolarizing shift in Vm (-25.92 + 2.7
to -40.16 = 4.05 mV; P<0.02) and an increase in current amplitude mea-
sured at -150 mV from -98.5 + 24.7 t0 -122.8 + 28.15 pA, P = 0.52. W53X,
however, showed a 33 mV hyperpolarization shift in Vm (-29.37 + 3.55 to
-61.94 + 2.9 mV; P<0.001). We also noticed a four-fold augmentation in
both inward (-80.4 + 11.2 to -316.16 + 60.8 pA at -150 mV; P<0.01) and
outward (-7.4 + 2.4 10 33.3 = 11 pA at -40 mV; P<0.02) current amplitude.
Conclusions: We have shown that a measurable outcome such as the
electrophysiology of the Kir7.1 ion channel at the cellular level can serve
as a useful marker in the visual system to detect a response to transla-
tional read-through drugs. We have also shown that different mutations
within the same gene may have very different responses to the same
read-through drugs. This suggests that small molecule read-through
therapies should beexplored using a personalized approach.
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in silico analyses of complex systems for the development of novel
therapeutics in rare and orphan diseases. K. Nguyen'#, D. Li’, L. Tian',
R. Pellegrino da Silva’, C. Kao', R. Pandey’, M. Bakay', P. Sleiman’23,
H. Hakonarson'?%, 1) Center for Applied Genomics, The Children’s Hos-
pital of Philadelphia, Philadelphia, PA; 2) Division of Human Genetics,
The Children’s Hospital of Philadelphia, Philadelphia, PA; 3) Department
of Pediatrics, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA; 4) Center for Dynamic Data Analytics, Rutgers Univer-
sity, Piscataway, NJ.

We introduce a structural approach that incorporates modeling, sim-
ulation, and drug design to our translational, precision, and network
medicine pipeline for the purpose of discovering novel therapeutics in
rare and orphan diseases. The importance of an accurate model, wheth-
er acquired through experimental or computational methods, is vital to
this approach. Once validated, the structure, dynamics, and energetics
are calculated to determine if the overall conformation has converged
enough using molecular simulation and high performance and parallel
computing. It has been reportedthat modeling alone is not accurate
enough and does not adequately represent the conformational space of
the system in question — especially when it is the prerequisite for virtual
screening and structure-activity relationships. Once the simulated struc-
ture has been validated through established metrics, determining targets
for ligands/drugs for therapeutic purposes, elucidating ligand-receptor
interactions, and linking those results to function are the final steps be-
fore analytical and instrumental validation. Of course, these steps may
take several iterations, but are necessary to determine a successful set
of candidates. Here, we present an overview of two systems using the
resources described in our pipeline — ephrin type-B receptor 4 (EPHB4)
and C-X-C chemokine receptor type 1 (CXCR1, also known as interleu-
kin 8 receptor — alpha, IL8RA) - both of which represent novel disease
associations with supporting functional data.

700W

Variation in transcriptional response to Vitamin D and LPS in mono-
cytes. S.N. Kariuki, J.D. Blischak, D. Witonsky, A. DiRienzo. Human Ge-
netics, University of Chicago, Chicago, IL.

Vitamin D plays an important immunomodulatory role, regulating genes
in the monocyte microbicidal pathway involving toll-like receptors (TLRs).
Activation of TLRs by bacterial ligands such as lipopolysaccharide (LPS)
results in production of 1,25-dihydroxyvitamin D3 (1,25D), which induces
transcription of genes. Studies have shown correlations between low vita-
min D levels and risk of various diseases, but the mechanisms underlying
these observations are poorly understood. We aim to characterize inter-in-
dividual and inter-ethnic variation in monocyte transcriptome-wide re-
sponse to 1,25D and LPSin vitro.Primary monocytes obtained from 10 Af-
rican-American (AA) and 10 European-American (EA) healthy donors were
treated with 1,25D, LPS, and ethanol for 24 hours. Transcript levels of RNA
were measured on the lllumina HumanHT12 microarray. Genome-wide dif-
ferential expression (DE) was analyzed using linear mixed-effect models
and a joint Bayesian analysis to identify patterns of shared and differen-
tial response across treatments.At a false discovery rate (FDR) < 0.01, we
identified 2888 and 4461 genes that were significantly DE in response to
1,25D and LPS respectively, while4720 genes were significantly DE in re-
sponse t01,25D plus LPS. The joint Bayesian analysis identified four broad
patterns: non-DE genes, and DE genes responsive to 1,25D, LPS, and
1,25D plus LPS. Gene ontology analysis of these patterns showed enrich-
ment of metabolic processes and immune response pathways among the
1,25D responsive genes, while cell proliferation and fatty acid oxidation
pathways were enriched in LPS responsive genes. We identified 12 genes
with differences in response to 1,25D plus LPSacross the two ethnic
groups at an FDR < 0.10, includingPPAP2B, which encodes a member of
the phosphatidic acid phosphatase (PAP) family, andAKNAwhich encodes
a transcription factor that activates expression of the CD40 receptor and
ligand.In summary, we identified genes that were significantly DE in re-
sponse to 1,25D and LPS, and were significantly enriched for immune re-
sponse and metabolic functions. Treatment of monocytes with both 1,25D
and LPS resulted in greater transcriptional response, increasing our power
to detect genes with significant inter-ethnic DE within our small sample
set. We speculate that the inter-ethnic differences in response to vitamin
D in the presence of LPS could contribute to inter-ethnic disparities in
immune-related diseases.
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Association of gene polymorphism in detoxification enzymes and
urinary 8-OHdG levels in traffic policemen exposed to vehicular
exhaust in Telangana State. PReddy Penagaluru’, B. Siva Prasad’,
C. Prashanth’, P. Vidyullatha?, T. Gudimella Vani?, P. Rekha V. Devi®, P.
Usha Rani?, M. Hema Prasad?® 1) Genetics, Bhagwan Mahavir Medical
Research Centre, Hyderabad, Telangana State, India; 2) Institute of Ge-
netics and Hospital for Genetic Diseases, Osmania University, Begum-
pet, Hyderabad; 3) Toxicology Unit, Biology Division, Indian Institute of
Chemical Technology, Tarnaka, Habsiguda, Hyderabad.

Abstract Context: With rapid economic growth and massive develop-
ment of transportation, the number of automobiles has greatly increased.
Traffic police are the one of the vulnerable groups predominantly exposed
to vehicular exhaust during traffic control. Objective The present study is
aimed to study the relation between occupational exposure to vehicular
exhaust and oxidative stress (OS) in traffic police. We investigated the
levels of 8- hydroxydeoxyguanosine (8-OHdG), one of the most sensi-
tive biomarkers for measuring OS and the association between poly-
morphisms in Cytochrome P450 (CYP) and Gilutathione S-Transferase
(GST) genes that are known to play a significant role in the activation and
detoxification of xenobiotics. Materials and methods: 148 non smoking
male traffic policemen and 135 control subjects were selected for this
study. The 8-OHdG levels were analyzed by liquid chromatography with
electrochemical detection method. Gene polymorphism was detected
by multiplex PCR and RFLP method. Results: 8-OHdG levels were found
to be increased in traffic police with increase in the years of service
in traffic control (p = 0.02) when compare to the controls. The results
showed a significant increase in urinary 8-OHdG levels in mutated CY-
P1A1m1 (p < 0.007) and null GSTM1 (p < 0.01) genotypes. However the
genotype frequencies of CYP1A1 m2 and GSTT1 genes did not vary in
both exposed and control groups. Conclusion: Our study suggests that
exposure to vehicular exhaust over a period of time increases oxidative
stress and subsequently induces oxidative DNA damage in traffic police-
men. Preventive and therapeutic strategies may be considered for traffic
policemen to minimize the adverse effects due to vehicular exposure.
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Molecular Modelling and Docking Analysis of katG and rpoB Genes
in Clinical Isolates of Multi Drug Resistant Tuberculosis Patients
from Sahariya Tribe of North Central India. R. Prakash’, R. GUPTA',
V.M. KATOCH?3, PK. TIWARI'. 1) CENTRE FOR GENOMICS, MOLECU-
LAR & HUMAN GENETICS, JIWAJI UNIVERSITY, GWALIOR, MADHYA
PRADESH, India; 2) DEPARTMENT OF HEALTH RESEARCH, MINISTRY
OF HEALTH AND FAMILY WELFARE, GOVT. OF INDIA, NEW DELHI; 3)
INDIAN COUNCIL OF MEDICAL RESEARCH, NEW DELHI INDIA.
Tuberculosis caused by Mycobacterium tuberculosis, requires a multi-
drug therapy approach. Isoniazid and Rifampicin are two potent first line
drugs. Alteration in drug binding due to mutation in katG and rpoB genes
is an important factor for resistance to isoniazid and rifampicin. To inves-
tigate the drug-drug target interactions for these two clinically important
drugs, mutations in katG and rpoB genes, of MDR-TB patients from Sa-
hariya tribe were identified and molecular models were prepared. Multi-
ple sequence analysis revealed three mutations (Arg463Leu, Asp529Thr
and Asp529His) for katG gene and one most common mutation (Ser-
531Leu) in rpoB gene. The docking analysis showed that isoniazid binds
to wild type katG protein at one of its active site residue HIS108 with one
hydrogen bond formation, whereas, the drug binds to different positions
for two of its mutant forms, i.e., Arg463Leu and Arg463Leu & Asp529Thr,
with formation of one hydrogen bond at different residues, LYS274 and
HIS270, respectively. The drug binds to third mutant (Arg463Leu & As-
p529His, a semi conservative substitution) at TYR229 and VAL230 resi-
dues forming 2 hydrogen bonds. Interaction of rifampicin with wild type
rpoB protein revealed formation of 1 hydrogen bond at LYS799 residue
along with the formation of 1 oxygen bond at THR829 residue, a hy-
pothesized active site for rifampicin binding, since no crystal structure is
available for rpoB protein till date. Whereas, its interaction with mutant
protein (one of the most common mutation in 81bp RRDR) resulted for-
mation of 1 hydrogen bond at ILE522 residue with bond distance of 2.23
A, smaller than bond distance at THR829 residue 2.46 A. Functioning of
drug mainly depends on its binding on active site or residues. In mutant
models, the inhibition of drug function may be due to change in binding
residues or difference in formation of hydrogen bonds, which needs fur-
ther investigations. Thus, the knowledge of structural mechanism of drug
resistance could pave the way for design of new drug targets to tackle
the situation of multi-drug resistant tuberculosis.
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Preliminary analysis of polymorphisms in the ABCB1 and ABCC1
genes associated to virological failure to antiretrovirals in a Mexi-
can Mestizo population. F.F. Gonzalez-Galarza, I.J. Varela-Marrufo, D.
Delgadillo-Guzman, R.D. Arellano-Pérez Vertti, F.C. Lopez-Marquez, J.R.
Arglello. Center for Biomedical Research, Autonomous University of
Coahuila, Torreon, Coahuila, Mexico.

In recent years, there has been a significant increase in the number
of studies that are being performed to understand the pharmacog-
enomics of highly active antiretroviral therapy (HAART). This treatment
is commonly used in HIV infections by promoting the suppression of
virus replication. The antiretroviral effect has been shown to vary among
individuals of different ethnicities in which the existing polymorphism in
the ABCB1 and ABCC1 genes has been suggested to provide evidence
for the heterogeneity of the response. At present, many of these stud-
ies have been primarily carried out in individuals of Caucasian ancestry.
Thus, there is a lack of analysis carried out in populations from other eth-
nic groups such as in the Mexican Mestizo population. In this study, we
analyzed the prevalence of two SNPs (rs1045642 and rs212091) asso-
ciated to virological failure to HAART in one hundred randomly-selected
individuals from the Comarca Lagunera region that were SNP genotyped
using the commercially-available lllumina HumanOmniExpress Bead-
Chip. We found that the genotype frequencies for the rs1045642 were:
AA-31%, GG-31% and AG-38%. In the case of the rs212091 the CT
genotype was present in 20% and TT in 80% of the individuals whereas
the CC genotype was absent. Additionally, 150 HIV patients have been
included to evaluate the prevalence of these SNPs which may help re-
searchers and clinicians in the personalized treatment of HIV infected
patients in Mexico.
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X-linked genes with novel rare variants identified by WGS in ASD
patients are involved in Neurodevelopment. V. Chini’, K. Shalaby’,
Y. Al-Sarraj', R. Taha', M. Kambouris?®, H. El-Shanti’#. 1) Medical Ge-
netics Center, Qatar Biomedical Research Institute, Doha, Qatar; 2) Pa-
thology-Genetics, Sidra Medical and Research Center, Doha, Qatar; 3)
Genetics, Yale University School of Medicine, New Haven, CT, USA; 4)
Pediatrics, University of lowa, lowa City, IA, USA.

Two boys with Autism Spectrum Disorder (ASD) from two unrelated
consanguineous families of Arabic origin were studied by Whole Ge-
nome Sequencing (WGS) together with their parents. The WGS data
of the X chromosome were analyzed to identify possible predisposing
X-linked variants. Comparative analysis of the WGS data for X-linked re-
cessive inheritance identified the following three strong candidate gene
variations, in order of priority; Family 1: IL1RAPL2 c.206G>C/p.S69T;
Family 2: SHROOM4 ¢.3370C>G/p.Q1124E, and SYTL5 c.1370G>A/p.
R457Q. All variations validated by Sanger Sequencing, co-segregate
with the disease phenotype within each family and are absent in known
polymorphism databases, as well as in 1800 ethnically matched con-
trol chromosomes, genotyped by TagMan assays and Real-Time PCR.In
Family 1: IL1RAPL2 is associated with non-syndromic X-linked ID and/
or ASD and the protein is detected at low levels in fetal and adult brain
(particularly in the frontal lobe, temporal lobe and cerebellum). In Family
2: SHROOM4 plays a role in cytoskeletal architecture and it is consid-
ered an XLMR gene, as mutations have been linked to Stocco dos San-
tos Syndrome. Deleterious mutations might affect the morphology of the
neural cells and eventually the neural development. The SYTL5 encoded
protein belongs to the synaptogamin-like protein family and seems to
play a role in protein transportation in specific tissues, as it is expression
is restricted to placenta and liver. Maybe during embryonic development
its expression is required for downstream gene control that plays a role
in neural development.Genes function and suggested mechanisms, as
well as the absence of the mutations from the ethnically matched control
population and publically available databases, indicate that these novel
rare variants identified are strong candidates for predisposition to the
development of ASD. Future studies on transcriptome analysis and gene
expression will enable to confirm the indications and the mechanisms
might justify their involvement to ASD.
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Inherited missense variation in Pfam protein domains contributes to
autism risk. S. Fu'?, M. Fromer?3, A. Goldberg"??, J. Buxbaum?23456, 1)
Seaver Autism Center for Research and Treatment, Icahn School of Med-
icine at Mount Sinai, New York, New York, USA; 2) Department of Psy-
chiatry, Icahn School of Medicine at Mount Sinai, New York, New York,
USA; 3) Department of Genetics and Genomic Sciences, lcahn School
of Medicine at Mount Sinai, New York, New York, USA; 4) Department
of Neuroscience, Icahn School of Medicine at Mount Sinai, New York,
New York, USA; 5) Friedman Brain Institute, lcahn School of Medicine at
Mount Sinai, New York, New York, USA; 6) The Mindich Child Health and
Development Institute, lcahn School of Medicine at Mount Sinai, New
York, New York, USA.

Autism spectrum disorder (ASD) is a neurodevelopmental disorder
affecting 1% of the population, with a large fraction of risk conveyed
by genetic variation. The genetic architecture of ASD involves the inter-
play of common and rare variation affecting hundreds of genes. Gene
function is defined by the structure of the resulting protein, with protein
domains defining key functional and structural elements of the protein.
Previous studies by the Autism Sequencing Consortium (ASC) and oth-
ers have demonstrated that (1) de novo and (2) inherited loss of function
(LoF) mutations and (3) de novo probably damaging missense (mis3) mu-
tations all play a role in ASD risk. Here we hypothesized that inherited
missense mutations could also contribute to autism risk by disrupting
specific protein domains. Published rare variants identified with whole
exome sequencing (WES) by the ASC and in the Simon Simplex Collec-
tion (SSC) in more than 17,000 individuals from seventeen sample sourc-
es were annotated with Pfam, which is a database of conserved protein
domain families that is widely used to annotate and classify proteins.
We analyzed both case-control and family data, incorporating the latter
by using cases and pseudo-controls. De novo variants were analyzed
separately.We grouped missense mutations into three categories based
on polyphen2 annotation: mis1 (benign), 2 (possibly damaging), and 3
(probably damaging). Case-control burden was estimated using odds
ratios from corresponding 2x2 tables, and significance was assessed
using permutation that controls for population structure. We found that,
when considering case-control and case-pseudo-control data, mis3
variation as a whole did not show excess burden (P=0.31;0R=0.96). In
contrast, mis3 variation disrupting Pfam domains show excess burden
in cases (P=0.02;0R=1.02). No corresponding signal was observed in
mis1 and mis2 variation (P>0.3). For de novo variation, strong burden
was found in mis3 (P=0.015). However subsetting down to the mis3 vari-
ants overlapping pfam did not show a strong signal.We next assessed
whether specific Pfam domains could be implicated in these analyses.
Although nothing survived correction for multiple testing across 4178
unique Pfam domains, the top hit was the nucleosome assembly pro-
tein family, consistent with previous findings of alterations in chromatin
remodeling in risk factor for ASD. Further studies will group domains
functionally and will incorporate additional ASD whole exome datasets.
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Whole genome sequencing of pedigrees with a high burden of au-
toimmune disease. P. Bronson', J. Sitrin’, T. Bhangale', L. Criswell?, P.
Gregersen®, R. Graham', T. Behrens'. 1) Human Genetics, Genentech,
Inc., South San Francisco, CA; 2) Dept. of Rheumatology, Univ. of Cal-
ifornia, San Francisco, CA; 3) Boas Center for Genomics & Human Ge-
netics, Feinstein Institute for Human Genetics, Manhasset, NY.
Collectively, autoimmune diseases affect >23M Americans, and can
be severely debilitating. Though the etiology of autoimmunity remains
largely unknown, evidence supports a substantial genetic component,
particularly with HLA. To date, ~400 genetic loci have been reported.
However, common risk alleles account for only a fraction of heritability,
and the role of rare causal variants is unknown. We undertook a com-
bined sequencing and linkage screen to identify potential rare variants.
We selected 75 pedigrees with a high burden of autoimmune disease
(>2 cases with rheumatoid arthritis (RA), inflammatory bowel disease
(IBD), type 1 diabetes (T1D), multiple sclerosis (MS) or systemic lupus
erythematosus (SLE)) out of 265 multiplex autoimmune disease pedi-
grees collected by the Multiple Autoimmune Disease Genetics Consor-
tium (MADGC). We sequenced one or two cases from each pedigree
(73 WGS, 50 exome, total N = 123). Individuals in the 75 pedigrees with
available DNA were genotyped on the lllumina 660K or 1M SNP chip (N
= 669). After calling reads with GATK, we removed variants that were
present in WGS data (mean 30x coverage) available for 583 European
Americans, the 1000 Genomes Project, or the NHLBI Exome Sequencing
Project. For families with two cases sequenced, variants that were only
present in one case were removed. To prioritize rare variants, we first
restricted our search to ~400 known autoimmune loci. We also under-
took a nonparametric genome-wide linkage scan (N = 5,132 common
SNPs) to identify regions of the genome that segregate with disease
within families. We identified 850 linkage intervals, and are using these
family-specific linkage intervals to prioritize variants for follow-up geno-
typing. A private exonic missense (R>K) mutation in the SH2B adaptor
protein 3 (SH2B3, chr12:111,882,571*A) was identified in both affecteds
from a single pedigree. SH2B3 is important for hematopoiesis and T cell
receptor signaling. SH2B3 is pleiotropic for autoimmunity, and is a sig-
nificant GWAS locus for T1D, RA, Celiac disease, ankylosing spondylitis,
primary biliary cirrhosis, juvenile idiopathic arthritis, vitiligo and primary
sclerosing cholangitis. Further work is being conducted to genotype this
variant in additional affected and unaffected members of this pedigree,
and to identify additional rare variants.

707W

The exome sequencing identified the YARS2 mutation as a nuclear
modifier for the phenotypic manifestation of Leber’s hereditary op-
tic neuropathy-associated mitochondrial DNA mutation. M. Guan’, P.
Jiang’, X. Jin', Y. Peng’, M. Wang’, X. Liu?, X. Zhou? J. Qu? T. Huang®.
1) Genetics, Zhejiang University, Hangzhou, Zhejiang, China; 2) Ophthal-
mology, Wenzhou Medical University, Wenzhou, Zhejiang, China; 3) Hu-
man Genetics, Cincinnati Children’s Hospital Medical Center, Cincinnati,
Ohio, USA.

Leber’s hereditary optic neuropathy (LHON) is one of the most com-
mon inherited optic neuropathies, with maternal inheritance. The MT-
ND4 m.11778G>A mutation is the most prevalent LHON-associated mi-
tochondrial DNA mutation. The m.11778G>A mutation is a primary factor
underlying the development of blindness but insufficient to produce a
blindness phenotype. Nuclear modifier genes were proposed to modu-
late the phenotypic manifestation of the m.11778G>A mutation. Howev-
er, none of modifier gene(s) has been identified. An exome sequencing
of four members in a Chinese family carrying m.11778G>A mutation
identified a missense mutation (highly conserved 191 glycine to valine)
(p-191Gly>Val) at the catalytic domain of mitochondrial tyrosyl-tRNA syn-
thetase, encoded by YARS2. The Sanger sequence analysis of YARS2
in 307 symptomatic matrilineal relatives and 271 asymptomatic matrilin-
eal relatives of 167 Chinese families carrying the m.11778G>A mutation
showed that all matrilineal relatives carrying both homozygous YARS2
p.191Gly>Val and m.11778G>A mutations exhibited optic neuropathy.
It was proposed that the YARS2 p.191Gly>Val mutation alters its struc-
ture and function. Functional analysis showed that homozygous YARS2
p.191Gly>Val mutation altered the aminoacylation and steady-state lev-
els of tRNATyr. The failure in tRNATyr metabolism impaired mitochondri-
al translation, especially for polypeptides with high content of tyrosine
codon such as MT-ND4, MT-ND5, MT-ND6 and MT-COX2. The primary
defect of m.11778G>A mutation was the reduced activity of complex I.
However, the YARS2 p.191Gly>Val mutation worsened the respiratory
phenotypes associated with m.11778G>A, especially reducing activities
of complex | and IV. The respiratory deficiency then caused the reducing
efficiency of the mitochondrial ATP synthesis and increasing the produc-
tion of reactive oxygen species. Thus, biochemical defects caused by
the YARS2 p.191Gly>Val mutation aggravate the mitochondrial dysfunc-
tion associated with the m.11778G>A mutation, exceeding the threshold
for expressing the blindness phenotype. These findings indicate that the
mutated YARS2, acting as a nuclear modifier, modulates the phenotypic
manifestation of the LHON-associated mtDNA mutations.
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Exome analysis of rare and common variants within the NOD recep-
tor pathway. G. Andreoletti’, E.G. Seaby’, T. Coelho'? N.A. Afzal, A.
Batra? R. Haggarty®, R.M. Beattie? S. Ennis’. 1) University of Southamp-
ton, Southampton, Hampshire, United Kingdom; 2) Southampton Chil-
dren’s Hospital, University Hospital Southampton NHS Foundation Trust,
Southampton General Hospital, Tremona Road, Southampton, SO16
6YD, UK; 3) NIHR Nutrition Biomedical Research Centre, Southampton
Centre for Biomedical Research, University Hospital Southampton NHS
Foundation Trust (Mailpoint 218), Southampton General Hospital, South-
ampton, SO16 6YD, UK.

Objective: This study looks at the burden of coding mutation in PIBD
patients within the genes comprising the NOD2 pathway using data de-
rived from exome sequencing.Methods: 143 cases and 96 controls were
recruited through tertiary referral clinics at University Hospital Southamp-
ton for whole-exome sequencing. For all exomed patients, genomic DNA
was extracted using the salting out method. Data were aligned and test-
ed for quality control using an in-house pipeline and customized scripts.
Burden of mutation testing was conducted across all genes in the NOD2
pathway using the SKAT-O test.Results: We observed mutations in 39 of
40 genes comprising the NOD2 pathway. Despite the small sample size,
SKAT-O test identified five genes as significantly associated with disease
status (NFKB1 p= 0.008; BIRC3 p=0.016; /L6 p=0.022; BIRC2 p=0.030,
and NOD2 p=0.033). The evidence contributing to the association signal
for these genes is primarily driven by rare variants that would not have
been assessed in previous GWA studies.Conclusion: Within a modest
cohort of children with IBD we successfully applied burden of mutation
testing that includes common and rare variants. Three of the implicat-
ed genes (NFKB1, NOD2 and IL6) had been previously identified using
only common variant association but two previously unreported genes
(BIRC2 and BIRC3) were also detected. BIRC2 and BIRC3 are members
of the inhibitor of apoptosis familywhich plays an important role in IBD
pathogenesis.

709F

Identification of novel disease-causing genes expands molecu-
lar genetic diagnosis of Osteogenesis Imperfecta. S. Fahiminiya’,
F. Rauch? J. Majewski’. 1) Department of Human Genetics, Faculty of
Medicine, McGill University and Genome Quebec Innovation Center,
Montreal, Quebec, Canada; 2) Shriners Hospital for Children and McGill
University, Montreal, Quebec, Canada.

Background: Sequencing of protein coding regions of human genome
(Whole Exome Sequencing; WES) has been successfully used to unravel
the mystery behind several inherited human genetic diseases, in the past
few years. We applied this approach to uncover novel genetic cause of
Osteogenesis Imperfecta (Ol). Ol is a group of genetically heterogeneous
disorders characterized mainly by variable degree of bone fragility and
most often is caused by mutations in COL1A1 or COL1A2, the genes
that code for collagen type | alpha 1 and alpha 2 chains. Other clinical
manifestations include tooth abnormalities (dentinogenesis imperfecta),
hearing loss and blue or gray sclera. Here, we present the results of our
WES studies that led to the identification of several novel disease-caus-
ing genes in Ol patients. We also show that analyzing only rare variants in
coding regions is not always conclusive and the involvement of non-cod-
ing variants and copy number variations (CNV) should not be ignored
during bioinformatics analysis of WES. Method: WES was performed on
69 patients diagnosed with different types of Ol in our center at the Shri-
ners Hospital for Children in Montreal, for whom the result of initial mo-
lecular screening of known or potential candidate genes was negative.
Results: We successfully identified novel disease-causing mutations in
coding regions of SPARC and WNT1 in patients with clinical diagnosis of
Ol type IV. Additionally, we showed that variants in non-coding regions
and CNV carry important information and should be considered during
bioinformatics analysis of WES data. For instance, we identified patho-
genic variants in 5’UTR of IFITM5 (Ol type V) resulting in the production
of longer protein or in 3’'UTR of BMP1, affecting the polyadenylation sig-
nal and impaired procollagen type | C-propeptide cleavage. In a patient
with Ol type VII, CNV in CRTAP was identified as the main cause of the
diseases. In addition to new gene discovery, we also identified mutations
in Known Ol genes (COL1A1, COL1A2, FKBP10 and SERPINF1), which
highlight the importance of using WES as an efficient and sensitive diag-
nosis tools in Ol patients. Finally, promising candidate genes were found
in a few other patients, however validation in unrelated patients is need-
ed. Conclusion: Our study highlights that WES is a powerful molecular
approach for discovery pathogenic and novel gene(s) and will help to
establish more specific diagnostic panel and improve clinical diagnosis
of Ol patients.
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Utility of VAAST in targeted case-control sequencing of candidate
genes in childhood onset Crohn disease. J. Chen’, Y. Yu', S. Watkins?,
H. Hu', L. Denson®, S. Kugathasan®, C. Huff', S. Guthery?®. 1) Epidemiolo-
gy, MD Anderson Cancer Center, Houston, TX; 2) Department of Human
Genetics, Eccles Institute of Human Genetics, University of Utah, Salt
Lake City, UT; 3) Gastroenterology, Hepatology, and Nutrition, Cincinnati
Children’s Hospital Medical Center, and The University of Cincinnati Col-
lege of Medicine, Cincinnati, Ohio; 4) Department of Pediatrics, Emory
University School of Medicine and Children’s Health Care of Atlanta, At-
lanta, Georgia; 5) Department of Pediatrics, University of Utah School of
Medicine, Salt Lake City, UT.

Crohn disease is a heritable disease characterized by chronic inflam-
mation of the gastrointestinal tract. Although over 100 common sus-
ceptibility variants have been identified from genome-wide association
studies (GWAS), the role of rare genetic variation in Crohn disease sus-
ceptibility is less clear. To search for rare variation contributing to Crohn
disease risk, we sequenced 205 childhood onset parent-offspring tri-
os and 194 unaffected controls in nine genes previously implicated in
GWAS: NOD2, IL23R, ATG16L1, IRGM, CARD9, STAT1, IRF1, IL5, and
SLC22A4. Our single marker analysis replicated two common missense
susceptibility variants, in ATG76L1 (T300A, rs2241880, p = 0.0006 ) and
NOD2 (P268S, rs2066842, p = 0.0019). The risk allele effect sizes were
consistent with effect sizes reported in adult onset populations, with per
allele odd ratios [OR] of 1.63 (95% confidence interval [Cl] = 1.2 — 2.2)
and 1.60 (95% CIl = 1.2 - 2.2) for rs2241880 and rs2066842, respec-
tively. To evaluate evidence for rare variant association, we performed
gene-based tests using VAAST 2.1 for variants with population minor
allele frequencies (MAF) lower than 0.05. VAAST identified a statistical-
ly significant association for rare nonsynonymous variants in NOD2 (p
= 2.1 x 10-5). The association signal at NOD2 was driven primarily by
three variants: G908R (rs2066845, MAF = 0.01, OR = 4.7, 95% CI 1.6
to 13.9), R702W (rs2066844, MAF = 0.05, OR = 2.0, 95% CI 1.2 to 3.4),
and A1006fs (rs2066847, MAF = 0.025 OR =3.86 95% Cl 1.9 to 7.7).
Our results replicate the association of rare nonsynonymous variation
in NOD2, affirm the utility of the probabilistic approach implemented in
VAAST in complex genetic traits, and provide a framework for assessing
rare variation in other genes implicated in Crohn disease.

71T

LONP1 is A Novel Gene for Congenital Diaphragmatic Hernia. L. Yu’,
L. Shang’, J. Wynn', AD. Sawle? M. Tarnopolsky®, M. Geraghty?, A. Lar-
son®, A. Safdar®, A. Nazli®, GB. Mychaliska?, B. Warner®, AJ. Wagners,
RA. Cusick’, FY. Lim® D. Potoka®, K. Azarow, T. Crombleholme’’, D.
Chung'?, B. O’Roak’, Y. Shen', WK. Chung'. 1) Division of Molecular
Genetics, Department of Pediatrics, Columbia University Medical Center,
New York, NY 10032 USA; 2) The Herbert Irving Comprehensive Cancer
Center, Columbia University Medical Center, New York NY 10032 USA;
3) Department of Pediatrics, McMaster University Medical Center, Ham-
ilton, Ontario, CA; 4) Section of Pediatric Surgery, Fetal Diagnosis and
Treatment Center, University of Michigan Health System, Ann Arbor, MI,
USA,; 5) Division of Pediatric Surgery, Washington University School of
Medicine, St. Louis, MO, USA; 6) Division of Pediatric Surgery, Children’s
Hospital of Wisconsin, Medical College of Wisconsin, Milwaukee, WI,
USA; 7) Division of Pediatric Surgery, University of Nebraska Medical
Center College of Medicine, Omaha, NE, USA; 8) Division of Pediatric
General, Thoracic, and Fetal Surgery, Center for Molecular Fetal Thera-
py, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA;
9) Department of Instruction and Learning - Early Intervention Program,
University of Pittsburgh, Pittsburgh, PA, USA; 10) Pediatric Surgery Divi-
sion, Department of Surgery, Oregon Health & Science University, Port-
land, OR 97239, USA; 11) Colorado Fetal Care Center, Division of Pedi-
atric General, Thoracic, and Fetal Surgery, Children’s Hospital Colorado
and the University of Colorado School of Medicine, Denver, CO, USA; 12)
Department of Pediatric Surgery, Monroe Carell Jr. Children’s Hospital
at Vanderbilt, Nashville, TN, USA; 13) University of Oregon, USA; 14)
Departments of System Biology and Biomedical Informatics, Columbia
University Medical Center, New York, NY 10032, USA.

Congenital diaphragmatic hernia (CDH) is a life-threatening birth de-
fect characterized by the incomplete formation of diaphragm. The inci-
dence of CDH is approximately 1 in 3,000 births. CDH can occur as an
isolated defect or in the presence of one or more anomalies including
congenital heart, brain, renal, and genitourinary malformations in 40%
of CDH. Chromosomal anomalies and mutations in several genes have
been implicated in the etiology of CDH. We identified a de novo vari-
ant (p.T638M) in LONP1 in a sporadic CDH patient using parental-child
whole exome sequencing (WES). We then studied an additional 424 CDH
patients using targeted next generation sequencing and Sanger confir-
mation to identify an additional 3 rare variants in LONP1 that were either
de novo or dominantly inherited. The p.T638M variant was found recur-
rently, once de novo and once inherited in a familial case and segregated
with CDH and eventration of the right hemidiaphragm. An additional de
novo missense variant p.R358W was identified in a sporadic CDH pa-
tient. Variant p.S866F segregated with disease in a pedigree with incom-
plete penetrance with CDH and mild eventration of the diaphragm. We
also identified a splice variant ¢.639-1G>T in a familial case that was de
novo in the proband’s paternal grandmother. Analysis of mRNA shows
that the splice variant results in aberrant splicing that produces a prema-
ture termination. Functional studies in fibroblasts from patients revealed
defects in cytochrome c oxidase (COX) enzyme activity and COX subunit
2 protein aggregates with immunohisotchemistry. Our results provide the
first genetic evidence for the role of LONP7 in diaphragm development
and suggest a novel mechanism for the development of CDH. Our re-
sults also suggest that there are subtle defects in diaphragm develop-
ment that are not clinically apparent that can be associated with genetic
causes of CDH.
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A Patient with Beaulieu-Boycott-Innes Syndrome, lllustrating the
Utility of Whole Exome Sequencing. J. Amos’, S. Tang? K. Helbig?, W.
Alcaraz?, R.R. Lebel'. 1) SUNY Upstate Medical University, Syracuse ,
NY; 2) Ambry Genetics Corporation, Aliso Viejo, CA.

A 19-year-old female, initially identified with developmental delays and
anatomic abnormalities at infancy, presented for re-consideration. Her
features include cleft palate, corpus callosum dysplasia, developmen-
tal delays, bilateral hearing deficit, hypothelorism, lordosis, retrognath-
ia, and ventriculomegaly; this constellation of features was considered
“non-syndromic,” not fitting any currently identified syndromes. Previ-
ously, routine karyotype and subtelomere FISH had revealed a normal
variant 2q deletion. Comparative genomic hybridization later revealed a
163 kb deletion at 10g921.3, which was shown to be of maternal origin
but has uncertain clinical significance. A literature search had been per-
formed (using London Dysmorphology Database) to identify candidate
syndromes, without success. DNA was extracted from lymphocytes and
subjected to whole exome sequencing in search of diagnostic insights;
five mutations were found. Two significant novel mutations were found
in the THOC6 gene. One was a missense mutation causing a protein
change T250P and the other was a nonsense mutation of R87 (stop
codon). Other notable mutations were in the genes ATR, FANCD2 and
NIPBL; while they might have clinical importance, they are not thought
to have any significance to the patient’s phenotype since each is hetero-
zygous and the conditions with which they are associated are autoso-
mal recessive. Mutations of THOC6 have been associated with Beau-
lieu-Boycott-Innes Syndrome (BBIS), an autosomal recessive condition
(OMIM #613680); all four previously published cases were homozygous
for Q46R inherited in an extended pedigree characterized by consan-
guinity. Comparing our patient’s phenotype with previously reported pa-
tients, we note some overlap in features including intellectual disability,
microcephaly, and retrognathia. Other features in our patient, such as
brain anomalies found by MRI, submucous cleft palate, short stature,
hypothyroidism, bilateral hearing deficit, strabismus and low-set ears,
were not observed in previously reported patients. Mutations found in
this patient are novel and likely causative of her adverse phenotype. Her
divergence from previously observed phenotypes may be due to the
differential effects of the specific mutations. We are in the process of
obtaining follow-up information about the previously reported patients,
seeking insight for this patient’s optimum management.

713W

Searching for rare variants involved in fulminant hepatitis B virus
infection using exome sequencing. N. Chaturvedi'? S. Asgari?, P.
Scepanovic'?, J. Fellay’?. 1) Ecole Polytechnique Fédérale de Lausanne
(EPFL), Lausanne, Switzerland; 2) Swiss Institute of Bioinformatics, Lau-
sanne, Switzerland.

Background: Hepatitis B virus (HBV) infection is a global health prob-
lem causing around 1 million deaths every year. A rare and dramatic
clinical presentation, observed in less than 1% of patients with acute
HBYV infection, is fulminant hepatic failure. We used exome sequencing
in carefully selected patients to test the hypothesis that rare human ge-
netic variants play a role in driving the course of HBV disease towards
fulminant hepatic failure.Methods: A total of 21 liver transplant recipients
who developed liver failure due to fulminant HBV infection were recruited
in the Transplantation Units of Swiss and Australian University Hospitals.
Exome capture and sequencing were performed using Agilent SureSe-
lect technology and lllumina HiSeq2000 sequencer. We used BWA to
align the short sequencing reads to the human reference genome, and
GATK for variant calling and quality control. We used two sets of exomes
as controls: an in-house set of 172 samples from patients co-infected
with HIV and HBV (without any history of severe HBV infection), and the
large collection of ~30,000 non-Finnish European exomes gathered by
the Exome Aggregation Consortium (EXAC). We used principal compo-
nent analysis to identify and exclude population outliers. Then, we ran a
case-control association analysis of loss-of-function (LoF) and missense
variants, collapsed by gene, using one-tailed and two-tailed Fisher’s ex-
act tests. We applied the mid-P correction to the two-tailed Fisher’s ex-
act test, and Bonferroni correction to control for multiple testing.Results
and discussion: After quality control, we observed a total of 228,077 vari-
ants in the 21 cases, including 2,611 LoF and 60,822 missense variants.
We compared the allele count of LoF variants, per gene, in fulminant HBV
cases and in in-house and ExAC controls. While no significant difference
was found in the comparison with in-house controls, we identified a total
of 100 genes that were enriched in LoF variants in the HBV cases in
comparison to the EXAC controls. Using this set of genes, we performed
protein interaction analysis, disease pathway analysis and functional
annotation clustering using DAVID, but did not observe any significant
enrichment. We also obtained RNA-seq data from blood samples of the
same set of fulminant HBV patients, and we are performing integrated
genomic analysis to study the associational patterns between DNA vari-
ants and RNA expression levels.
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Sharing of sequence variants in multiple genes within and across
multiplex nonsyndromic cleft lip/palate families supports a multi-
factorial model. S.H. Blanton’?, P. Dillingham?, S. Slifer?, R.E. Plant®,
M.E. Serna®, B.T. Chiquet?, E.C. SwindelF, J.T. Hecht®. 1) Dept of Human
Genetics, Univ Miami, Miami, FL; 2) Hussman Institute for Human Ge-
nomics, Univ Miami, Miami, FL; 3) Dept of Pediatrics, UTHSC, Houston,
TX; 4) Dept of Pediatric Dentistry, UTHSC, Houston, TX.

Nonsyndromic cleft lip/palate (NSCLP) is a common birth defect,
with a birth prevalence of approximately 1/1000. While there is strong
evidence for genetic underpinnings based on family and twin studies
and GWAS in large samples, only a few specific genetic changes have
been identified. Association studies have identified several candidate
pathways involving HOX and WNT genes. We previously identified as-
sociation to a novel gene, CRISPLD2, and have shown that it plays a
role in orofacial development in zebrafish. To further explore its role, we
knocked down CRISPLD2 in zebrafish and used RNA-seq to identify
up and down regulated genes. In order to better capture the variants/
genes involved in the etiology of NSCLP, we subjected a subset of 36
families from our large collection of multiplex NSCLP families to whole
exome sequencing with the Agilent 50Mb Exome v5 + UTRs kit. After
initial QC, there were thirty-four families with at least 2 affected indi-
viduals sequenced (range 2-6). We compiled a candidate gene list of
62 genes identified from association studies and our RNA-seq analysis.
As an initial screen, we filtered variants by presence in our candidate
genes, presence in all affected individuals within a family, and having
a GERP score>4, or location in a predicted transcription factor binding
site (TFBS), or a possibly or probably damaging functional prediction by
Polyphen2. A total of 247 variants in 50 genes met these criteria. Multiple
families had variants in the same gene(s). Individual families had variants
in multiple genes, ranging from 15 to 34 genes; the number of segregat-
ing variants was not correlated with the number of affected individuals.
207 variants were exonic, 168 were rare or novel, 156 were TFBS, and
27 were possibly or probably damaging. Of the 57 nonsynonymous vari-
ants, 1 was in the 5’UTR, 53 were missense, 2 were splice donors and 1
was a gain of a stop codon. Variants in multiple genes are segregating in
individual families as well as across families. This is consistent with the
multifactorial trait threshold model proposed for NSCLP. We are currently
developing multigenic haplotypes in our families.

715F

Whole genome sequencing in families to find new Alzheimer Dis-
ease genes: The analysis and current results from the Family Anal-
ysis Working Group of the Alzheimer’s Disease Sequencing Project.
E. Blue'* B. Kunkle**, B. Vardarajan3*, J. Jaworski?, Family Analysis
Working Group of the Alzheimer’s Disease Sequencing Project. 1) Div
Med Gen, Univ. of Washington, Seattle, WA; 2) Inst Hum Gen, Univ. of
Miami, Miami, FL; 3) Neurology, Columbia Univ., New York, NY; 4) co-first
author.

The Alzheimer’s Disease Sequencing Project (ADSP) is a Presidential
Initiative on Alzheimer’s Disease (AD) with the goals of 1) identifying new
genetic variants that influence risk for developing AD, 2) determining why
some individuals with known risk factors for AD escape from develop-
ing the disease, and ultimately 3) identifying new pathways for the pre-
vention of AD. Toward this goal, the Family-based Analysis work group
of the ADSP is analyzing whole genome sequences generated as part
of this initiative on 583 subjects from 111 families that contain multiple
affected relatives with late-onset AD, and pre-existing SNP array data.
These families were ascertained from multiple sites, and include 67 Ca-
ribbean Hispanic and 44 European-American and Dutch families. These
data are publicly available through dbGaP.Families with multiple affected
relatives can provide powerful information regarding the genetic under-
pinnings of AD. In particular, co-segregation of variants with the pheno-
type provides sharp focus to narrow the vast quantity of variation within
whole genomes. Our previous linkage analyses of these families identi-
fied several regions of interest (ROI) with HLOD>4, including: 14g32.2
in European-Americans, 7p14.3 in Hispanics, and 11q12-14, a region
previously associated with LOAD, in both ethnicities. Additionally, signif-
icant evidence for linkage was observed at 3922 in European-American,
Dutch, and Hispanic families. These results define our initial target ROIs
for examination using the ADSP sequence results.Several complemen-
tary analyses of the sequencing data to find variants segregating with
disease in these ROlIs are underway, including: 1) linkage analyses using
the full pedigree structures with and without accounting for local ad-
mixture, 2) prioritizing rare variants that co-segregate using IBD/linkage
regions and functional annotation, 3) combined linkage and association
analysis, 4) analyses of variants in known AD and dementia genes, and 5)
gene-based analyses. Products of these analyses will be shared with the
research community. These include 1) estimates of regional and glob-
al ancestry proportions in the Hispanic families, 2) inheritance vectors
for identity-by-descent-based analyses computed from the complete
pedigrees, and 3) variant imputation throughout the pedigrees. This pre-
sentation is meant to inform the research community of the resources
available, and highlight our preliminary findings.
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Common and Rare Exonic Variants Associated with Type 2 Diabe-
tes in Han Chinese. G. Chen’, Z. Zhang? A. Adeyemo’, Y. Zhou?, A.
Doumatey’, G. Liu?, J. Zhou', D. Shriner’, F. Tekola-Ayele’, C. Wang?, A.
Bentley’, C. Jiang? C. Rotimi’. 1) NHGRI/NIH, National InGuanjie Chen-
stitutes of Health, Bethesda, MD; 2) Suizhou Central Hospital, Suizhou,
Hubei, China.

Type 2 diabetes (T2D) is a common health condition with a prevalence
of over 10% in China and about a million new cases of T2D are projected
to occur each year in the 21st century. Genome wide association studies
(GWAS) performed in East Asians have identified several common vari-
ants associated with T2D. Although these findings have provided valu-
able insight into the pathogenesis of T2D, much of the heritability for this
trait remains unexplained. It has been postulated that rare variants may
explain some of this missing heritability. Here, we investigate the contri-
bution of rare and common variants to susceptibility to T2D by analyzing
exome array data in 1908 Han Chinese (917 cases) genotyped with Affy-
metrix Axiom® Exome Genotyping Arrays. A total of 57,704 autosomal
SNPs within 18,455 genes passed quality control filters and were ana-
lyzed. Based on the joint common and rare variants analysis implement-
ed in the Sequence Kernel Association Tests (SKAT), we identified sig-
nificant associations between T2D and variants in MUC5B (p-value 1.01
x 10-14, 9 rare and 16 common variants). MUC5B encodes a member
of the mucin family of proteins, which are highly glycosylated macromo-
lecular components of mucus secretions. Emerging evidence indicates
that diabetes is an independent risk factor for pulmonary dysfunction
and that diabetes pulmonary fibrosis is a potential diabetic complica-
tion. Also, we replicated 8 (NCNQ1, PEPD, ACHE, IGF2BP2, GPSM1,
PCNXL2, ZPLD1, PSMDS6) of 46 genes previously associated with T2D
in East Asian ancestry populations (GWAS catalog) using both rare and
common variants with p value < 0.05. These findings provide potential
insight into the role of rare and common variants in the pathogenesis of
T2D in Chinese and provide an important evidence for understanding the
mechanisms underlying diabetic pulmonary fibrosis.
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Genetics of normal cognitive and neurosensory variation in humans.
E.T. Cirulli’, A.J. Bartholomew', D.B. Goldstein®. 1) Center for Applied
Genomics and Precision Medicine, Duke Univ, Durham, NC; 2) Institute
for Genomic Medicine, Columbia Univ, New York, NY.

While extensive efforts continue to be made to understand the ge-
netics of human diseases, there has been much less serious effort ded-
icated to understanding the genetic bases of traits comprising everyday
differences among healthy individuals, many of which are of great inter-
est biologically and have the potential to further our understanding of
diseases. We have administered a standard cognitive battery to more
than 2,400 healthy volunteers and assessed more than 800 participants
for their night visual acuity, face recognition ability, time perception, con-
tagious yawn susceptibility, and auditory pitch discrimination; these are
all traits that are relevant to disease, fairly easy to measure and involve
neuronal processes. In addition to GWAS and exome chip genotyping,
we have now sequenced the complete exomes of >100 of our partici-
pants. Our work provides a novel viewpoint into the biology underlying
human diseases and the genetic architecture of human traits.
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Rare variation association testing in inflammatory bowel disease,
using low coverage whole genome sequences. K.M. de Lange, Y. Luo,
C.A. Anderson, J.C. Barrett, UK IBD Genetics Consortium. Wellcome
Trust Sanger Institute, Cambridge, United Kingdom.

The contribution of rare variants (MAF<1%) to complex disease has
been difficult to study as they are poorly tagged by GWAS. Next gener-
ation sequencing studies can address this, but sample sizes have been
modest, and mostly focused on the exome. Here we investigate the use
of low coverage whole genome sequences to study rare variation in in-
flammatory bowel disease (IBD), an exemplar complex trait.Low cover-
age sequencing allows greater sample sizes (and increased power) for a
fixed-cost, but yields less accurate individual genomes. Variation in read
depth exists even in samples sequenced together and is exacerbated
when combining existing datasets. Our IBD study has 3 groups with dif-
ferent mean depths: 1767 ulcerative colitis cases (UC; 2x), 2513 Crohn’s
disease cases (CD; 4x) and 3652 controls (6x).As read depth increases,
sensitivity and specificity improves. If depth is correlated with pheno-
type two countervailing sources of error affect association tests: false
positive calls (favors lower depth) and false negative calls (favors higher
depth). When aggregating rare variants over a test region even tiny bi-
ases produce inflated test statistics. For common variation this bias can
be reduced by joint-calling across large samples, and by using impu-
tation improvement to borrow information from across individuals and
correlated sites. However, our investigation suggests that for MAF<3%
bias from read depth differences is not removed by joint-calling, as there
is insufficient population-level information. Furthermore we discover that
the bias in this range is worse after imputation improvement, which per-
forms excessive smoothing on signals from sites with scarce informa-
tion, making individual genotype probabilities poorly calibrated.We apply
an approach based on Derkach et al’s score test (2014), using expected
genotypes given the data, and evaluating significance by bootstrapped
permutation testing. Burden analyses are performed on rare variants in
gene-coding regions and a signal is observed in the CD risk gene NOD2
without inflation in other genes. The method is extended to non-coding
regions (e.g active gene enhancers in immune-related cell types), where
we find that the number of variants that may be included is limited by the
corresponding increase in the aggregated bias. Analyses are ongoing,
but it is clear that higher coverage sequencing of much larger sample
sizes will be required to fully understand the role of rare variation in com-
plex disease risk.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Genetic epidemiology of ocular health and disease in the Jirel ethnic
group of eastern Nepal: the Jiri Eye Study (JES). M.P. Johnson’, S.S.
Thapa?, K.L. Anderson®, S. Laston’, M.K. Shrestha? B. Towne?, J. Sub-
edp®, J. Blangero’, S. Williams-Blangero’. 1) South Texas Diabetes and
Obesity Institute, School of Medicine, University of Texas Rio Grande
Valley, Brownsville, TX; 2) Tilganga Institute of Ophthalmology, Kathman-
du, Nepal; 3) Department of Ophthalmology, School of Medicine, Univer-
sity of Texas Health Science Center at San Antonio, TX; 4) Department of
Community Health, Boonshoft School of Medicine, Wright State Univer-
sity, Kettering, OH; 5) Department of Sociology and Gerontology, College
of Arts and Science, Miami University, Oxford, OH.

Approximately 90% (n=660 million) of the world’s visually impaired re-
side in developing countries. Combating ocular-related health problems
in these countries is critical if we are to reduce the global burden asso-
ciated with visual impairment (VI). The primary objective of a new study
established in eastern Nepal and focused on the Jirel ethnic group is to
identify rare functional variants that influence VI. Nepal is a developing
country where the prevalence of VI across regions ranges from 7% to
42%. Our family-based study design will recruit 2,000 members of the
Jirel population to undergo an eye examination to document, in part, the
prevalence of ocular diseases known to influence VI (e.g., cataract). We
will use SOLAR to determine the underlying genetic architecture (herita-
bility, pleiotropy) of all measured ocular-related traits and disease end-
points. An existing high-density SNP framework will be used to localize
QTLs harboring ocular positional candidate genes. An exome sequenc-
ing strategy will be employed to objectively prioritize rare functional vari-
ants influencing ocular QTLs. An independent, population-based cohort
(n=2,200) from the Bhaktapur District of Nepal will be used to replicate
findings. The Jirels belong to a single extended pedigree containing
>62,000 pair-wise relationships that are informative for genetic analysis.
The Jirel pedigree has 80% power to detect an additive genetic herita-
bility as low as 6.5%, a genetic correlation between two traits as low
as 4.4%, and a genetic association explaining as little as 2.4% of the
variation observed in a tested trait. The 316 founders of the Jirel pedigree
could maximally transmit 10 to 112 copies of a private variant. The aver-
age probability that one of the Jirel founders disseminates 5 extra copies
of a private variant ranges from 0.20 to 0.92. To date, 229 Jirel members
have been recruited to the study. The mean (range) age, SBP and DBP
are 45.7 (13-85) years, 129.9 (90-200) mmHg, and 81.2 (52-110) mmHg,
respectively. Preliminary field diagnoses are: presbyopia, 28.8%; cata-
ract, 18.3%; glaucoma, 7.9%; and hypertensive retinopathy, 5.7%. The
Jirel population is ideal for identifying functional rare variants due to its
genetic isolation and deep genealogical relationships. Results from our
well-powered study design will explicitly implicate genes in causal bio-
logical pathways influencing VI trait variance and therefore, encourage
testing of these genes in other global populations.
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GRHL3 mutation screening identifies truncating mutations in pa-
tients with apparently nonsyndromic cleft palate. E. Mangold', A.C.
Béhmer'?, P. Glltepe'?, H. Schuenke'?, J. Klamt"?, M.M. Néthen'?, M.
Knapp?®, K.U. Ludwig"? 1) Institute of Human Genetics, University of
Bonn, Bonn, Germany; 2) Department of Genomics; University of Bonn,
Bonn, Germany; 3) Institute of Medical Biometry and Informatics and
Epidemiology; University of Bonn, Bonn, Germany.

Van der Woude syndrome (VWS) is a common syndromic form of cleft
lip and palate. Mutations in the interferon regulatory factor 6 (IRF6) gene
account for ~70% of cases. Recently, grainy head-like 3 (GRHL3) was
identified as a novel VWS gene. Individuals with a GRHL3 mutation are
more likely to have cleft palate and less likely cleft lip or lip pits than indi-
viduals with an /RF6 mutation.Of note, VWS patients have lip pits as sole
symptom in addition to clefting. These can be subtle and difficult to rec-
ognize. Thus VWS might sometimes appear as nonsyndromic clefting.
We therefore evaluated apparently nonsyndromic cleft patients for mu-
tations in GRHL3. We sequenced the complete coding region of GRHL3
in 576 patients with nonsyndromic cleft lip with or without cleft palate
(nsCL/P) and 96 patients with nonsyndromic cleft palate only (nsCPO).
Observed rare variants were investigated with respect to de novo occur-
rence. Nineteen rare single-base variants were found, four of them can
be regarded as pathogenic: 1 frameshift mutation (present in an affected
mother and her child), 3 splice site mutations (two of them de novo in
the affected families, one inherited from an unaffected mother to her two
affected children). All seven mutation carriers had an apparently nonsyn-
dromic cleft palate only (hsCPO). We re-contacted/re-visited them, and
again they denied any VWS typical lip pits.Notably, common variants in
the regulatory region of IRF6 have been shown to confer risk for nsCL/P,
which has a genetically complex background. We therefore investigat-
ed whether also common variants in the GRHL3 region are associated
with nsCL/P. Based on genome-wide imputed data from our previously
published meta-analyses of GWAS data we tested ~1300 SNPs in the
GRHL3 coding region +/- 200kb for an association in patients. None of
the association P-values in that region withstood correction for multi-
ple testing (lowest P-value observed: rs10903069, P=0.013), suggesting
that single common variants at the GRHL3 locus do not contribute to
nsCL/P. To identify whether common variants within the GRHL3 gene
region (coding region, introns, UTR) show evidence for association in ag-
gregate, we performed a gene-based analysis for nsCL/P using VEGAS.
No evidence for gene-based association was identified.In summary, we
did not find evidence for common GRHL3 variants being causative for
nsCL/P. However, we demonstrated that rare mutations in the coding
region of GRHL3 can mimic nsCPO. .

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Quality Control (QC) and Multi-Pipeline Genotype Consensus Calling
Strategies for 578 whole genomes and 10,692 whole exomes in the
Alzheimer’s Disease Sequencing Project (ADSP). A.C. Naj’, H. Lin?
B.N. Vardarajan®, J. Dupuis?, M. Schmidt®, F. Sun?, Y. Ma® A. Partch’,
W.J. Salerno®, N. Gupta®, S.H. Choi*, D. Lancour®, J.C. Bis’’, E.R. Mar-
tin®, A.L. DeStefano?, Alzheimer’s Disease Sequencing Project (ADSP).
1) Department of Biostatistics & Epidemiology, University of Pennsyl-
vania Perelman School of Medicine, Philadelphia, PA; 2) Department
of Medicine, Boston University School of Medicine, Boston, MA; 3) De-
partment of Neurology, Columbia University Medical Center, New York,
NY; 4) Department of Biostatistics, Boston University School of Public
Health, Boston, MA; 5) John P. Hussman Institute for Human Genetics,
University of Miami Miller School of Medicine, Miami, FL; 6) Department
of Biomedical Genetics, Boston University School of Medicine, Boston,
MA; 7) Department of Pathology, University of Pennsylvania Perelman
School of Medicine, Philadelphia, PA; 8) Human Genome Sequencing
Center, Baylor College of Medicine, Houston, TX; 9) Medical and Popula-
tion Genetics Program, Broad Institute, Cambridge, MA; 10) Department
of Medicine, University of Washington, Seattle, WA.

To identify AD risk and protective variants the ADSP has sequenced
whole genomes (WGS) of 578 samples from 111 multiplex families and
whole exomes (WES) of 10,692 case/control samples at Baylor Col-
lege of Medicine, Washington University-St. Louis, and the Broad In-
stitute. WGS and WES from the 3 centers were centrally called using
GATK-HaplotypeCaller at Broad and Atlas V2 at Baylor. The ADSP QC
Working Group applied a QC protocol to WGS VCFs from each pipeline
and developed a novel consensus protocol to combine calls from both
pipelines into a single high-quality genotype set.After initial sequenc-
ing-center-recommended filtering (variant-level filtering for GATK; geno-
type- and variant-level filtering for Atlas), additional variant-level metrics
(e.g., call rate, average read depth) were computed across all subjects
for each autosomal bi-allelic single nucleotide variant (SNV), and a pri-
ori filters were applied to exclude low-quality SNVs. Sample-level QC
examined within-subject distributions of metrics (e.g., average read
depth, Ti/Tv ratio), and outliers (by center or ethnic group) were not-
ed, including correcting miscoded ethnicity for 5 pedigree members.
The resulting QCed calls from each pipeline were then combined via
a consensus protocol to integrate (a) genotypes concordant between
pipelines and (b) high quality genotypes unique to one caller. For the
consensus protocol, quality metrics from SNVs involved in Mendelian
inconsistencies (MI) among parent-child pairs (n=67) were used to es-
tablish additional genotype-specific filters for GATK calls.Variant-level
QC applied to WGS SNVs excluded ~12.0% and 14.5% of SNVs called
by GATK and Atlas, respectively. After QC, ~91% of genotypes were
concordant between pipelines, 4.23% of genotypes were exclusive to
Atlas, 4.56% of genotypes were exclusive to GATK, and ~0.01% of
genotypes were discordant between pipelines. Discordant genotypes
were excluded. GATK-unique genotypes were kept if the genotype qual-
ity (GQ) score met specified thresholds. Atlas-unique genotypes were
uniformly kept. Re-evaluation of Ml in the final consensus set showed
improvement in genotype consistency. The final WGS consensus data
contains 27,896,774 bi-allelic autosomal SNVs. QC is ongoing for indels
and WES.This protocol resulted in a single set of high-quality genotypes
from 3 sequencing centers and 2 calling pipelines providing a robust
pipeline applicable to other multi-center large-scale sequencing studies.
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Genome-wide analysis of stuttering susceptability. L.E. Petty’, S.J.
Kraft?, S. Shankaracharya?, Y. Yu®, J.M. Beilby*, D.M. Munzy®, S.N. Jhang-
iani®, M.L. Grove', J.R. Lupski®, R.A. Gibbs®, E. Boerwinkle', C.D. Huff,
J.E. Below’. 1) Human Genetics Center, University of Texas Health Sci-
ence Center at Houston, Houston, TX; 2) Communication Sciences and
Disorders, Wayne State University, Detroit, Ml; 3) Department of Epide-
miology, MD Anderson Cancer Center, Houston, TX; 4) School of Psy-
chology and Speech Pathology, Curtin University, Bentley, WA, Austra-
lia; 5) Human Genome Sequencing Center, Baylor College of Medicine,
Houston, TX; 6) Department of Molecular and Human Genetics, Baylor
College of Medicine, Houston, TX.

Stuttering is a speech and language disorder that is common in chil-
dren and has a high estimated heritability, between 0.66 and 0.81. Preva-
lence in children is 5%, with higher regional reports, e.g. estimated prev-
alence in Australia is 11%. Existing research on the genetics of stuttering
has been limited in both the number of studies and the size and context
of those studies. To date, genes identified through candidate gene stud-
ies and linkage analyses have not replicated in the literature, suggest-
ing the genetic architecture of stuttering remains largely undiscovered.
We sampled 174 individuals comprising 95 families highly enriched for
stuttering from Western Australia. From these families, all samples were
chip genotyped on the lllumina HumanCore BeadChip, and two affect-
ed individuals from each of 25 families were whole exome sequenced
in the Baylor Human Genome Sequencing Center through the Baylor
Hopkins Center for Mendelian Genomics. Same chip data for additional
population-based race-matched controls were drawn from the Child-
hood Autism Risks from Genetics and the Environment study, including
genotypes for 48 HapMap CEU.Preliminary gene-based test analyses
were performed using Pedigree-based Variant Annotation, Analysis, and
Search Tool. Top results of chip and sequencing data include CC2D2A (p
= 3.5 x 10-4), a gene related to formation of cilia, DFFA (p = 3.7 x 10-4),
which has been linked to problems in apoptosis, CYC17 (p = 2.4 x 10-3),
which is involved in the mitochondrial respiratory chain, DEFB128 (p =
4.1 x 10-4), and ZNF467 (p = 3.5 x 10-3).To date, no GWAS have been
published for stuttering susceptibility. Preliminary results of single vari-
ant GWAS controlled for relatedness identified a top signal, rs2516399
(p = 1 x 10-7), which was previously associated with eosinophil count
and is intergenic between immune response genes MICB and MCCD1.
Suggestive SNPs include rs10817858 (p = 2.4 x 10-5), rs3737787 (p =
5.9 x 10-5) located in the 3’ untranslated region of USF7, which has
prior associations with familial hyperlipidemia and Alzheimer disease,
and rs948962 (p = 8.5 x 10-5) which is non-synonymous and exonic
to MYOT7A, a gene in which homozygous mutation causes Usher syn-
drome (deafness and diminished inner ear function).These top variants
lend support to the idea that stuttering is associated with a pathway that
causes structural brain changes. They also indicate new avenues of in-
quiry, including damage to hearing and the vestibular system.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Genome-wide rare variant association study of extreme phenotypes
of emphysema. J.E. Radder, Y. Zhang, F.C. Sciurba, S.D. Shapiro. Di-
vision of Pulmonary, Allergy, and Critical Care Medicine, Department of
Medicine, University of Pittsburgh, Pittsburgh, PA.

Chronic obstructive pulmonary disease (COPD) is characterized by
irreversible airflow limitation due to repeated exposures to noxious
inhalants, most commonly cigarette smoke. To date, loci identified in
genome-wide association studies (GWAS) have only explained a frac-
tion of the heritability of this disease. We hypothesized that a portion
of the unexplained heritability of COPD is attributable to rare variants
and that we could detect some of this variation using extreme pheno-
types of a well-defined subtype of COPD. To test this, we conducted
a whole genome sequencing study of extreme traits of emphysema as
measured by density histogram quantitative computed tomography and
tested for association of rare variants with this phenotype.We selected
70 subjects with severe emphysema and obstruction (f-950 = 0.00455
+ 0.00006, FEV1%predicted = 97.9% =+ 2.6%) and 70 subjects with no
indication of emphysema or obstruction (f-950 = 0.27600 + 0.03080, FE-
V1%predicted = 25.4% =+ 1.6%) of similar age (years, emphy = 61.1 +
1.4, controls = 63.7 + 1.2) and with similar smoking histories (pack years,
emphy= 53.5 + 7.4, controls=48.6 + 5.9) from the SCCOR cohort at the
University of Pittsburgh. These 140 subjects underwent whole genome
sequencing and 137 were analyzed following quality control. Alignment
was performed using bwa and variant calling according to GATK’s best
practices. Genome-wide depth of coverage averaged 27.6X across
these samples. We identified 15,819,411 SNPs and indels, 3,532,222
of which were novel (compared to dbSNP138). We filtered all SNPs with
minor allele frequency (MAF) > 0.01 in 1000 Genomes and 6500 exomes
European American populations. Any SNP with no MAF recorded in one
of these databases was excluded with an empirical MAF > 0.01, leaving
5,423,566 rare SNPs (2,221,186 not in doSNP138). We performed princi-
pal component analysis to adjust for ancestry on a pruned set of linkage
independent SNPs using EIGENSOFT. We tested for association using
SKAT-0 in 30kb regions across the genome with age, sex, pack years,
and the first two principal components of the ancestry analysis as covari-
ates.The top genomic region associated with emphysema in our study
was chr3:81840000-81869999 (P = 2.5x10-6). We are further validating
this finding and investigating the genomic elements in this region for their
potential functional effects on emphysema. .
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Comparing genetic, proteomic and clinical profiles of discordant
monozygotic twins. N. Vadgama'’?, M. Simpson®, N. Niranjanan’, D.
Gaze’, K. Pearce®, M. Kristiansen®, P. De Rijk®, E. Rees®, G. Kirov®, A.
Pittman’, S. Morgan’, D. Lamont?, J. Hardy’, J. Nasir?. 1) Instituite of Neu-
rology, University College London, London, United Kingdom; 2) Division
of Biomedical Sciences, St. George’s University of London, London, UK;
3) Instituite of Child Health, University College London, London, UK; 4)
College of Life Sciences, University of Dundee, Dundee, UK; 5) Institute
of Psychological Medicine and Clinical Neurosciences, Cardiff University
School of Medicine, Cardiff, UK; 6) Department of Genetics and Molec-
ular Medicine, King’s College London, London, UK; 7) St. George’s Hos-
pital and Medical School, London, UK; 8) Applied Molecular Genomics
Group, University of Antwerp, Antwerp, Belgium.

Discordant monozygotic (MZ) twins provide a unique opportunity to
study the genetics of complex disorders. We carried out whole-exome
sequencing, copy number variation (CNV) and proteomic analysis on
13 pairs of MZ twins discordant for a range of complex disorders, in-
cluding dystonia, inclusion body myositis, and lactose non-persistence.
Sequence reads that passed the quality control threshold were filtered
for repetitive DNA and screened against a variety of databases, includ-
ing our in-house database with over 1000 exome sequences. We next
manually screened all SNPs that were either different or showed >15%
mosaicism.One twin pair discordant for amyotrophic lateral sclerosis
(ALS) was screened against a panel of 25 ALS-linked genes. The panel
was designed using lllumina TruSeq Custom Amplicon and implemented
on an lllumina MiSeq platform. A mutation in SOD7 (c.65A>G; p.E22G)
was identified in both the patients, suggesting epigenetic and/or envi-
ronmental involvement in familial ALS.Data from lllumina HumanCore
BeadChip was analysed using lllumina Genomestudio and PennCNV
software, involving an assessment of calls in each of the twin pairs in
order to identify unique CNVs in either the affected and unaffected twin.
Novel CNV differences were identified within MZ twin pairs discordant
for attention deficit hyperactivity disorder, Tourette’s syndrome, schizo-
phrenia, and inclusion body myositis.Proteomic profiling of serum sam-
ples obtained from an MZ twin pair discordant for ischemic stroke was
analysed through a label-free pipeline using the Progenesis application.
Potential quantitative and qualitative biomarkers were identified, includ-
ing afamin and desmoglein-1. We performed pathway analysis using
Cytoscape and PANTHER on those proteins, which showed statistically
significant differences between the twin pairWe have identified clear-
cut quantitative and qualitative differences at the genetic and proteom-
ic levels between MZ twins. This adds to our recently published study
on a comparison of blood chemistries of the MZ twins discordant for
stroke, showing marked elevation of y-glutamyltransferase (GGT) and
erythrocyte sedimentation rate (ESR) levels in the affected twin.These
novel findings support our original hypothesis of postzygotic de novo
mutations during development to explain discordance in MZ twins. Our
study also presents a theoretical framework for mosaicism detection and
indicates potential weaknesses of existing variant detection tools.
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Sequencing Analysis of Interferon Lambda loci In Individuals with
Spontaneous Hepatitis C Virus Clearance and Persistence. C. Ver-
gara', C. Thio’, M. Taub? R. Latanich’, G. Kirk’, S. Mehta', A. Cox’, D.
Thomas', P. Duggal?. 1) Johns Hopkins University, School of Medicine,
Baltimore, Maryland, USA; 2) Johns Hopkins University, Bloomberg
School of Public Health, Baltimore, Maryland, USA.

Hepatitis C virus (HCV) infections affect ~170 million people and is one
of the leading causes of cirrhosis and liver cancer. The infection either
spontaneously is cleared or persists; persistence is more common in
persons of African descent. Polymorphisms near the genes for interferon
lambda (IFNL) are significantly associated with HCV persistence and en-
riched in persons of African descent but the causal DNA sequence and
biological mechanisms are unknown. We aimed to determine the dis-
tribution of functionally annotated variants (SNVs, insertions, deletions)
in and around the IFNL genes in African Americans (AA) and European
Americans (EA) with HCV clearance and persistence. Whole genome se-
quencing was performed in 19 AA (11 clearance) and 18 EA (7 clearance)
at 30X coverage using the lllumina HiSeq platform. Variants were anno-
tated and predicted using Snpeff. We interrogated a 1Mb region on chro-
mosome 19 (chr19:39002893-40006156) that includes the IFNL genes
and tabulated the distribution of annotated variants between clearance
and persistence groups.142 variants in 31 genes were observed in AA
and 122 variants in EA (Table 1). Only missense variants were annotated
in the IFNL genes. The total number of variants was higher in the per-
sistence group compared with the clearance group for EA (71 vs 51) and
AA (74 vs 68). In EA, the Non-synonymous coding variants were more
frequent in the persistence group compared with the clearance group
(70 vs. 40) although this was not distinct in the AA (69 vs. 67) Most of
these variants were predicted to have moderate impact. Two high impact
variants were observed in the EA clearance group compared to 1 in the
EA persistence group. In AA, 1 variant of high impact was identified in the
clearance group, and 4 variants in the persistence group. A higher num-
ber of annotated variants (mainly non synonymous coding) were present
in individuals with HCV persistence independent of ethnic group. Overall,
we observed a diversity of variants with functional impact in individuals
with both HCV clearance and persistence. Further analysis will help to
elucidate the role of these variants in the resolution of HCV infection.

Table 1. Annotated variants in IFNL with HCV clearance and persistence.

Annotation European Americans African Americans

Clearance | Persistence | Total Clearance | Persistence | Total
ggzifg”"”ymous 49 70 19 |67 69 136
Stop Gained 0 1 1 0 0 0
Splice Site Donor |1 0 1 1 3 4
Codon Deletion |0 0 0 0 1 1
Start Lost 1 0 1 0 1 1
Total 51 71 122 68 74 142
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Systematic screening of known associated genes confirms Con-
genital Hypogonadotropic Hypogonadism is characterized by oligo-
genicity. D. Cassatella’?, J. Liang? J.S. Acierno®, C. Xu®, S. Santini®, A.
Dwyers, C. Chambion?®, G. Sykiotis®, M. Hauschild®, F. Phan-Hug?® J.G.
Xhang?®, B.J. Stevenson?, N. Pitteloud®. 1) Faculty of Biology and Med-
icine, University of Lausanne, Lausanne, Switzerland; 2) BGI-Shenzen,
Shenzen, PRC; 3) Centre Hospitalier Universitaire Vaudois, Lausanne,
Switzerland; 4) Swiss Institute of Bioinformatics, Lausanne, Switzerland.
Congenital Hypogonadotropic Hypogonadism (CHH [MIM 308700]) is
characterized by incomplete puberty and infertility due to absent GnRH
secretion. In 50% of cases, CHH is accompanied by absent sense of
smell (anosmia) and termed Kallmann syndrome (KS); otherwise, it is re-
ferred to as normosmic CHH (nCHH). CHH is a rare, genetically hetero-
geneous disorder, with 26 genes known to underlie the phenotype, either
alone or in combination.CHH shows incomplete penetrance and variable
expressivity, both within and between families. Previous studies by our
group and others have demonstrated oligogenicity (>2 genes mutated) in
CHH, however smaller subsets of genes were evaluated. This study aims
to comprehensively evaluate oligogenicity in a larger set of genes, using
whole exome sequencing in a cohort of CHH probands.We evaluated
22 known CHH genes in 106 CHH probands and 416 controls from the
Colaus cohort to identify rare, pathogenic non-synonymous and splice
acceptor/donor variants. Overall, 45.3% of CHH probands harbored at
least one rare pathogenic variant—a frequency higher than reported in
previous studies (22-35%).The frequency of digenicty (including bi-al-
lelic changes in one or two genes) in CHH probands (8.5%) was statis-
tically higher relative to controls (0%), which only harbored monoallelic
rare variants (RVs) in known CHH genes (p=4.4x10-7); previous stud-
ies demonstrated digenicity in the range of 2.8-4.6%.Finally, 4.7% of
CHH probands exhibited oligogenicity (RVs in >2 CHH genes), which
was absent in controls (p=3.2x10-4). Oligogenicity in previous studies
was markedly less, at approximate 1% on average.On a single-gene lev-
el, we found two genes with higher mutational rates in our cohort than
previously reported; FGFR1 RVs are present in the 15.1% of our CHH
population, while its incidence has been previously reported at 6-10%,
and CHD7 had an incidence of 10.4%, higher than shown in previous
studies (5-8%).In summary, as more genes are evaluated in CHH pa-
tients, the more striking the frequency of oligogenicity becomes. The
complete oligogenic profile for CHH patients is critical for understanding
the pathogenicity of this disease and for improving genetic counseling,
and next-generation sequencing provides a cost-effective means to ac-
complish this task.
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Exome sequencing identifies SLC36A4 and SLC4A8 as novel genes
influencing the distribution of HDL-cholesterol in West Africans and
African Americans. A.R. Bentley', D. Shriner', F. Tekola Ayele’, A.P.
Doumatey’, J.C. Mullikin?, . NISC Comparative Sequencing Pg? C. Ade-
bamowa?®, J. Oli4, O. Fasanmade®, T. Johnson®, A. Amoah®, K. Agyenim-
Boateng’, B.A. Eghan Jr.”, A.A. Adeyemo’, C.N. Rotimi'. 1) Center for
Research on Genomics and Global Health, NHGRI/NIH, Bethesda, MD;
2) NIH Intramural Sequencing Center, Bethesda, MD; 3) Department of
Epidemiology and Public Health, School of Medicine, University of Mary-
land, Baltimore, MD; 4) Department of Medicine, University of Nigeria
Teaching Hospital, Enugu, Nigeria; 5) Department of Medicine, University
of Lagos, Lagos, Nigeria; 6) Department of Medicine and Therapeutics,
University of Ghana Medical School, Accra, Ghana; 7) Department of
Medicine, University of Science and Technology, Kumasi, Ghana.

Much of the genetic epidemiology of high-density lipoprotein choles-
terol (HDLC) in individuals of African ancestry has focused on replicat-
ing findings identified in those of European ancestry, an approach which
may miss African ancestry-specific variation. Also, HDLC is influenced
by both genetic and non-genetic factors, motivating study of individu-
als with similar ancestry living in different environments, such as West
Africans (WA) and African Americans (AA). We conducted whole exome
sequencing on individuals at the extremes (5th and 95th percentiles) of
the HDLC distribution of samples of WA (n=98 [low], n=100 [high]) and
AA (n=57 [low], n=60 [high]). Consistent with previous observations, the
mean HDLC was lower in WA than AA (low: 19 vs. 27 mg/dl; high: 75 vs.
96 mg/dl). Common variants (MAF > 0.05) were analyzed in regression
models of risk of being in the low group after adjustment for age, sex,
and the first principal component. No variants reached statistical signif-
icance in the analysis of either WA or AA. We conducted gene-based
analysis using SKAT with covariates as described above and statisti-
cal significance set at p=2.3 x 10-6 (0=0.05/21,711 genes). Among the
WA, SLC36A4 was associated with HDLC (p=1.6 x 10-7). Variants in this
gene were not associated with HDLC among AA, but variants in a differ-
ent solute carrier, SLC4A8, were (p=3.9 x 10-7). Adjusting for body mass
index reduced the statistical significance of the SLC4A8 association in
AA (p=1.0 x 10-3), but had virtually no effect on the SLC36A4 associa-
tion in WA. To our knowledge, this is the first report of the contribution of
either SLC4A8 or SLC36A4 to HDLC distribution. The different findings
among WA and AA despite ~80% genome-wide shared ancestry are of
interest. A potential explanation is that the variants interrogated were not
identical in the two groups (e.g., only 77% of the SLC36A4 and 52% of
the SLC4A8 variants were observed in both WA and AA samples). Alter-
natively, the differences may result from the European admixture in AA
or genetic effects that manifest differently depending on the environment
(e.g. the obesogenic environment of AA). This work highlights the impor-
tance of studying the genetic determinants of HDLC in African ancestry
populations, as it may reveal novel mechanisms that contribute to the
distribution of this trait.
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Intraocular pressure and exome sequencing variation in the Bea-
ver Dam Eye Study. F. Chen’, AP. KLEIN"?%, KE. LEE*, R. KLEIN*, BEK.
KLEIN4, P. DUGGAL’. 1) Department of Epidemiology, Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD; 2) Department of
Oncology, Sidney Kimmel Comprehensive Cancer Center at Johns Hop-
kins, Baltimore, MD; 3) Department of Pathology, Johns Hopkins School
of Medicine, Baltimore, MD; 4) Department of Ophthalmology and Visual
Sciences, University of Wisconsin School of Medicine and Public Health,
Madison, WI.

Intraocular pressure (IOP) is an important clinical parameter in the
evaluation of ocular health. Elevated IOP is a major risk factor for primary
open-angle glaucoma (POAG). This study aimed to identify novel gene
candidates influencing IOP. A cohort of 139 individuals of European de-
scent with extreme baseline IOP or refractive error measurements from
the Beaver Dam Eye Study (BDES) underwent whole exome sequencing.
Variants were called simultaneously across all samples by GATK Uni-
fied Genotyper and were filtered based on a number of quality control
metrics, resulting in a total of 228,413 single nucleotide variants (SNVs)
with a mean transition transversion ratio (Ti/Tv) of 2.62 and 11,500 small
insertions/deletions (INDELs). In our preliminary analysis for IOP, we clas-
sified 15 unrelated individuals as “high IOP” with an IOP > 22 mmHg in at
least one eye at baseline. We filtered all variants compared to the normal
or low IOP individuals, and identified 3,467 SNVs and 48 small INDELs in
exons that are unique to these high IOP individuals. We generated a list
of genes with multiple exonic variants that were seen in more than one
individual with elevated IOP excluding known false positive genes. The
top two genes were ADGRV1 (adhesion G protein-coupled receptor V1)
on chromosome 5g13 (4 nonsynonymous and 2 synonymous SNVs) and
ZFHX3 (zinc finger homeobox 3) on chromosome 16g22.3 (2 non-synon-
ymous and 4 synonymous SNVs). All identified SNVs of these two genes
were singletons and 10 of 15 individuals with high IOP carried at least
one SNV including four with glaucoma diagnoses. SNVs of these two
genes in our study cohort each have a minor allele frequency (MAF) con-
sistent with or higher than those in Europeans from the 1000 Genomes
Project. The functional role of these two genes in the eye are unknown,
however mutations in human ADGRV1 are linked to Usher Syndrome
type 2, and its homologous gene is associated with abnormal vision in
mice. And ZFHX3 is highly expressed in the retina. We will extend our
analysis to other gene regions having multiple variants for low and high
IOP as well as the known susceptibility loci for IOP and glaucoma from
both GWAS and linkage studies.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Whole-exome sequencing identifies mutations in SQSTM1 and VCP
genes in a series of 205 inclusion body myositis cases. Q. Gang'?, C.
Bettencourt’, PM. Machado'?, S. Brady?*, J.L. Holton?, A.M. Pittman’?,
D. Hughes’, E. Healy?, M. Parton?, D. Hilton-Jones?, P.B. Shieh®, M. Need-
ham$, C. Liang’, E. Zanoteli®, L. Valente de Camargo®, B. De Paepe?, J.
De Bleecker®, A. Shaibani', M. Ripolone'’, R. Violano'', M. Moggio', R.J.
Barohn?, M.M. Dimachkie, M. Mora™, R. Mantegazza', S. Zanotti',
A.B. Singleton', M.G. Hanna'?, H. Houlden'?, The Muscle Study Group
and The International IBM Genetics Consortium. 1) Department of Mo-
lecular Neuroscience, Institute of Neurology, University College London,
London, United Kingdom; 2) MRC Centre for Neuromuscular Diseases,
Institute of Neurology, University College London. London, United King-
dom; 3) Reta Lila Weston Institute, Institute of Neurology, University Col-
lege London. London, United Kingdom; 4) Nuffield Department of Clini-
cal Neurosciences, John Radcliffe Hospital, Oxford, United Kingdom; 5)
Department of Neurology, University of California Los Angeles, United
States; 6) Western Australian Neurosciences Research Institute (WANRI),
University of Western Australia and Murdoch University, Fiona Stanley
Hospital, Perth, Australia; 7) Royal North Shore Hospital, New South
Wales, Australia; 8) Department of Neurology, Medical School of the
University of Sdo Paulo (FMUSP), Séo Paulo, Brazil; 9) Ghent University
Hospital, Department of Neurology & Neuromuscular Reference Centre,
Ghent, Belgium; 10) Nerve and Muscle Center of Texas, Houston, Texas,
United States; 11) Neuromuscular Unit, IRCCS Foundation Ca’ Granda
Ospedale Maggiore Policlinico, Dino Ferrari Centre, University of Milan,
Milan, Italy; 12) The University of Kansas Medical Centre, Kansas City
KS, United States; 13) Neuromuscular Diseases and Neuroimmunology
Unit, Fondazione IRCCS Isitituto Neurologico C. Besta, Milano, Italy; 14)
Laboratory of Neurogenetics, National Institute on Aging, National Insti-
tute of Health, Bethesda, Maryland, United States.

Objective: Sporadic inclusion body myositis (sIBM [MIM 147421]) is
the most common myopathy in individuals aged over 45 years. The etiol-
ogy of sIBM is unknown, but clinico-pathologically overlapping inherited
disorders indicate that genetic factors might be involved.Methods: We
used whole-exome sequencing in a large group of 205 IBM patients.
Muscle tissue was pathologically evaluated and whole-transcriptome
expression profiles generated.Results: We identified eight rare missense
mutations in the SQSTM1 (MIM 601530) and VCP (MIM 601023) genes
in 10 IBM patients (5%). Five of the mutations have been previously re-
ported in patients with other degenerative diseases, typically associated
with denervation, as in amyotrophic lateral sclerosis (ALS [MIM 105400])
and frontotemporal dementia (FTD [MIM 600274]) with Paget’s disease
of bone (PDB [MIM 602080]). These patients exhibited increased p62
immunohistochemical staining in muscle tissue. MHC-I markers were
up-regulated in the muscle of patients as compared to controls, both at
the protein and mRNA level.Conclusion: In the past the occurrence of
denervation found on muscle electromyography (EMG) and the depo-
sition of neurodegeneration associated proteins in sIBM patients was
always considered an unexpected finding. The occurrence of mutations
in SQSTM1 and VCP in IBM, ALS, FTD and PDB reinforces the link be-
tween these disorders, pinpointing converging pathogenic pathways
resulting in impaired autophagy-lysosome processing, causing dysreg-
ulation of protein homeostasis. The MHC expression could indicate the
differentiating factor that directs the clinical phenotype towards IBM as
opposed to the other neurodegenerative conditions. We suggest that
SQSTM1 and VCP need further investigation in IBM and collaborative
efforts will undoubtedly lead to a greater understanding of the pathogen-
esis of this disorder.

730F
Identification of novel candidate genes in Primary Congenital Glau-
coma by Whole Exome Sequencing. M. Kabra', AK. Mandal?, S. Sent-
hiP, I. Kaur', S. Chakrabarti’. 1) Brien Holden Eye Research Centre, L.V.
Prasad Eye Institute, Hyderabad, India; 2) Jasti V Ramanamma Chil-
dren’s Eye Care Centre, L.V. Prasad Eye Institute, Hyderabad, India.
PurposePrimary congenital glaucoma (PCG) is an autosomal re-
cessive disorder of the eye characterized by abnormal development
of the trabecular meshwork and anterior chamber angle. Mutations in
the CYP1B1 gene have been implicated in 20-100% of all PCG cases
worldwide. In the present Southern Indian cohort, CYP1B1 accounted
for 40.47% cases exhibiting 27.47% homozygous and 13.00% heterozy-
gous mutations. Thus, a large majority of PCG cases were either partially
or completely unlinked to CYP1B1 suggesting the involvement of other
candidate genes in the disease pathogenesis. The present study was
designed to identify the other novel genes by whole exome sequenc-
ing (WES) in cases devoid of mutations in the known candidate genes
(CYP1B1, LTBP2, MYOC and FOXC1).MethodsTen trios consisting of
affected children born out of consanguineous marriages and their un-
affected parents underwent WES on an lon Proton platform (Life Tech,
CA). The preparation of DNA libraries, enrichment and sequencing
(mean depth of 100x) was done as per the manufacturer’s guidelines
along with the standard quality control measures and the filtered reads
were aligned to hg19 reference genome. An algorithm was designed to
delineate the homozygous variants followed by filtering the dbSNP and
1000 genomes variants. Non-synonymous deleterious variants assessed
by SIFT, PolyPhen and Grantham were finally analyzed for disease seg-
regation in the trios.ResultsWES data revealed 50,000-90,000 variants
in each trio of which on1y 1500-6000 variants were homozygous in the
probands. Subsequent analysis indicated 396 novel variants that were
not available in the public database and only 28 variants in 27 genes
were found pathogenic. These variants were not reported in the HapMap
database. Further prioritization of these genes was based on their inter-
actions (STRING software) and published literature.ConclusionsAmong
the novel candidate genes, four harbored the known glaucomatous loci
(GLC1l, GLC1L, GLC1N and 14g21-qg22). Five developmental genes in-
cluded two transcription factors, one of which was earlier implicated in
anterior segment anomalies in animal model and the other was involved
in the development of the neural crest by interacting with PAX6. One
gene variant was common across two trios, which is known to induce
autophagy in RGCs following IOP elevation leading to neuro-degener-
ation. Further functional validation of these genes understanding their
precise role in PCG is in progress.
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Understanding genetics of glucose and insulin dynamics in Mexican
American individuals from Starr County, Texas. M. Karhade', G. Jun’,
L.E. Petty’, G. Bell?, J.E. Below’, C.L. Hanis'. 1) Human Genetics Center,
The University of Texas Health Sciences Center, Houston, TX; 2) Depart-
ment of Human Genetics and Department of Medicine, The University of
Chicago, IL.

Oral glucose tolerance test (OGTT) is a procedure for diagnosis of
impaired glucose tolerance (IGT) and type 2 diabetes (T2D). Genetic as-
sociation studies typically assess fasting and 2-hour post-load glucose
and insulin levels from OGTT, often ignoring in-between time points. To
understand genetic components affecting glucose and insulin respons-
es, we analyzed glucose, insulin, and C-peptide levels measured at 7
time points (0, 10, 20, 30, 60, 90 and 120 minutes) after oral glucose
intake on 331 previously undiagnosed Mexican-American individuals
from Starr County, Texas. For genetic analysis, we collected both whole
exome sequencing data (Agilent Truseq capture reagents on lllumina
HiSeg2000) and GWAS array data (Genome-Wide Human SNP Array 6.0
Affymetrix) for all 331 samples. In our preliminary analysis, we analyzed
glucose, insulin, and C-peptide levels at baseline, and then extended
our analysis to the differences in measurement levels between adjacent
time points. In exome-wide single-variant association tests (MAC>5), no
SNP reached genome-wide significance level of 5x10-8. Interestingly,
top signals for glucose at rs17053612 (DOCK5p-value 4.6x10-7) and in-
sulin at rs8178822 (APOHp-value 1.89x10-6) traits were both for chang-
es between 10 and 20 minutes, which corresponds the to the effects
of the first phase of insulin release. APOH&DOCKS5have been previous-
ly implicated in T2D and in severe obesity respectively. The top signal
rs112475035 (ANKRD13Cp-value 2.28x10-7) for C-peptide was for the
change between 90-120 minutes. To assess contributions of rare vari-
ants, we performed gene-based tests using SKAT-O for variants with
MAF<0.05. Given a gene-wise significance threshold of 2.5x10-6, one
gene, SPTBN5was significantly associated with insulin changes between
0 and 10 minutes withp-value of 2.24x10-6.SPTBN5has been previously
implicated in ischemic stroke. Glucose at baseline was found to be asso-
ciated with the geneOBSCNwithp-value 5.52x10-6. These intermediate
time points provide novel insight into the biology of glucose tolerance.
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Whole-exome sequencing identifies novel candidate genes for ear-
ly-onset Alzheimer disease. B.W. Kunkle', B. Vardarajan? P.L. White-
head'’, S. Rolati', E.R. Martin’, J.R. Gilbert', R.P. Mayeux', J.L. Haines?®,
M.A. Pericak-Vance', G.W. Beecham'. 1) Hussman Institute for Human
Genomics, University of Miami, Miami, FL; 2) Taub Institute of Research
on Alzheimer’s Disease, Columbia University, New York, NY, USA; 3)
Institute for Computational Biology, Case Western Reserve University,
Cleveland, OH, USA.

BACKGROUND. Mutations inAPP,PSEN71andPSENZ2lead to early-on-
set Alzheimer disease (EOAD). These mutations account for ~11% of
EOAD overall, leaving the majority of genetic risk for the most severe
form of Alzheimer disease unexplained. METHODS. To search for rare
variants contributing to risk for EOAD we performed Whole-Exome Se-
quencing (WES) in 50 Caucasian EOAD cases screened negative forAP-
P,PSEN1, andPSENZ2. Variant filtering for functional, damaging rare vari-
ants (MAF<0.1%) was performed. Damage prediction was performed
using a Combined Annotation Dependent Depletion (CADD) score. Rare,
damaging variants shared by multiple cases (+2) were then selected for
follow-up protein-protein interaction analysis with known EOAD genes
(APP, PSEN1, PSEN2, GRN,MAPT) using the program STRINGdb. Addi-
tionally, we performed a separate text-mining screen of this set of vari-
ants using Phenolyzer and the terms ‘Alzheimer disease’, ‘dementia’,
and ‘neurodegeneration’. RESULTS. We identified 51 rare, damaging
variants in 46 genes in two or more EOAD cases. Gene network analysis
of these 46 genes with known EOAD genes identified three candidate
genes: HSPG2 (interacts with GRN and APP), CLSTN1 (interacts with
PSEN1 and APP), and DOCKS3 (interacts with PSEN1 and PSEN2). Five
cases have a variant in HSPG2, a gene in a LOAD susceptibility region
and potentially involved in amyloidogenesis and tau aggregation in AD.
Four cases have a variant in DOCKS3, a gene shown to regulate amy-
loid- secretion, and associated with neurofibrillary tangles in AD brains.
Several other cases have shared variants in CLSTN1. Disruption of cal-
syntenin-1-associated axonal transport of APP by mutations in CLSTN1,
a known APP interactor, have been identified as a potential pathogenic
mechanism of Alzheimer’s. Moreover, CLSTN1’s potential as a regulator
of synapse formation and neuronal development suggests other mech-
anisms through which it could be involved in development of demen-
tia. Top scoring genes for the Phenolyzer analysis included the genes
HSPG2, STAT1, a BACE1 interactor, and CNTNAP2, whose expression
is down-regulated in AD patients. CONCLUSIONS. WES of EOAD cases
identified several genes with potential roles in AD pathogenesis.

Copyright © 2015 The American Society of Human Genetics. All rights reserved.
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Exome sequencing for identification of potential causal variants
for diffuse cutaneous systemic sclerosis. A.C.Y. Mak’, L.F. Tang? C.
Cleveland®®, M.K. Connolly?, T. Katsumoto3°, P. Wolters®, PY. Kwok"?4,
L.A. CriswelP. 1) Cardiovascular Research Institute, University of Califor-
nia, San Francisco, San Francisco, CA,; 2) Institute for Human Genetics,
University of California, San Francisco, San Francisco, CA; 3) Rosalind
Russell Medical Research Center for Arthritis, University of California,
San Francisco, San Francisco, CA; 4) Department of Dermatology, Uni-
versity of California, San Francisco, San Francisco, CA; 5) Department
of Medicine, University of California, San Francisco, San Francisco, CA.
Scleroderma is a genetically complex autoimmune disease with sub-
stantial phenotypic heterogeneity. Previous genome-wide association
studies (GWAS) have identified a large number of gene regions associ-
ated with disease risk. However, GWAS directly capture only common
genetic variants that are presumably in linkage disequilibrium with causal
variants, some of which may be rare variants more frequently found in
the disease population. Our goal was to identify potentially causal vari-
ants by comparing whole exome sequencing data between cases and
controls. We focused on patients with severe disease, and specifically
those with diffuse cutaneous systemic sclerosis (dcSSc), to limit dis-
ease heterogeneity.We produced whole exome sequencing data from 32
dcSSc patients on the lllumina HiSeq2500 platform with the Nimblegen
SeqCap EZ v3.0 exome enrichment protocol. Paired-end 2 X 100 bp
sequencing reads were generated with a mean coverage of 51X on the
64Mb of targeted exome regions. Control data came from 17 healthy
control subjects whose data were produced using comparable methods,
and from the 1000 Genomes and the NHLBI-ESP6500 Projects. Exome
sequencing reads were processed according to the GATK Best Practices
for DNAseq variant analysis. Variants were annotated and filtered with
ANNOVAR and Variant Tools. We applied a gene mutation burden test
to identify genes that were enriched with deleterious variants in dcSSc
patients compared to controls.We identified 96 genes that were enriched
with deleterious variants in the dcSSc patients. Among the 96 genes,
10 genes (NOTCH4, BANK1, BLK, GRB10, IRF8, KCNA5, NMNAT2 and
TNFSF4) are in previously identified scleroderma susceptibility loci or
pathways implicated in scleroderma pathogenesis. In addition, we iden-
tified novel genes and 3 new pathways associated with scleroderma, in-
cluding pathways related to ABC-family proteins mediated transport, ex-
tracellular matrix organization and the CD320-dependent methylmalonic
aciduria.Using exome sequencing and gene mutation burden analysis,
we identified 96 genes that contain functionally deleterious variants that
may contribute to the development of dcSSc. This study demonstrates
the potential value of whole exome sequencing for the identification of
causal variants that contribute to scleroderma risk and/or severity. The
candidate genes we discovered are potential targets for in-depth func-
tional study or therapeutics development.
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Whole exome sequencing of probands from 158 idiopathic pulmo-
nary fibrosis families identifies a telomere related gene network
carrying potentially damaging mutations. R. Mitra’, Q. Wang’, J.D.
Cogan?, J.A. Kropski®, D.B. Mitchell’, H. Yu', J.E. Loyd®, Z. Zhao', J.A.
Phillips III74, T.S. Blackwell>>57. 1) Department of Biomedical Informatics;
2) Division of Medical Genetics and Genomic Medicine, Department of
Pediatrics; 3) Division of Allergy, Pulmonary and Critical Care Medicine,
Department of Medicine; 4) Department of Pathology, Microbiology and
Immunology; 5) Department of Cancer Biology; 6) Department of Cell
and Developmental Biology, Vanderbilt University Schoo