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Abstract

Coronary artery disease (CAD) remains a major cause of mortality and morbidity worldwide. The
aggregation of activated platelets on a rupturedatherosclerotic plaque is a critical step in most
acute cardiovascular events like myocardial infarction. Platelet aggregation bothat baseline and
after aspirin is highly heritable. Genome-wide association studies (GWAS) have identified a
common variant within the first intron of the platelet endothelial aggregation receptorl (PEARI),
to be robustly associated with platelet aggregation. In this study, we used targeted deep sequencing
to fine-map the prior GWAS peak and identify additional rare variants of PEARIthat account for
missing heritability in platelet aggregation within the GeneSTAR families.

1709 subjects (1043 EuropeanAmericans, EAand 666 African Americans, AA)from families in the
GeneSTAR study were included in this study. In vitro platelet aggregation in response to collagen,
ADP and epinephrine was measured at baseline and 14 days after aspirin therapy (81 mg/day).
Targeted deep sequencing of PEARI in addition to 2kb of upstream and downstream of the gene
was performed. Under an additive genetic model, the association of single variants of PEARIwith
platelet aggregation phenotypeswere examined.Additionally, we examined the association between
the burden of PEARI rarenon-synonymous variants and platelet aggregation phenotypes.

Of 532 variants identified through sequencing,the intron 1 variant, rs12041331, was significantly
associated with all platelet aggregation phenotypes at baseline and after platelet inhibition with
aspirin therapy. rs12566888, which is in linkage disequilibrium with rs12041331, was associated
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with platelet aggregation phenotypes but to a lesser extent. In the EA families,the burden of
PEARImissense variants was associated with platelet aggregation after aspirintherapy when the
platelets were stimulated with epinephrine (p = 0.0009) and collagen (p = 0.03).In AAs, the
burden of PEARI missense variants was associated, to a lesser degree, with platelet aggregation in
response to epinephrine (p = 0.02) and ADP (p = 0.04).

Our study confirmed that the GWAS-identified variant, rs12041331, is the strongest
variantassociated with platelet aggregation both at baseline and after aspirin therapy in our
GeneSTAR families in both races. We identified additional association of rare missense variants in
PEARI1 with platelet aggregation following aspirin therapy. However, we observed a racial
difference in the contribution of these rare variants to the platelet aggregation, mostlikely due to
higher residual missing heritability of platelet aggregation after accounting for rs12041331 in the
EAs compared to AAs.

Keywords
platelet aggregation; PEARZ; deep targeted sequencing

Introduction:

Despite significant progress in prevention and treatment of cardiovascular diseases over the
past several decades, atherosclerotic cardiovascular diseases (ASCVD) remainthe leading
cause of mortality and morbidity worldwidel. The aggregation of activated platelets on a
ruptured atherosclerotic plaque is one of the critical steps in thrombus formation during
cardiovascular events like myocardial infarction, stroke and acute limb ischemia. Platelet
aggregation is a tightly controlled process?and it is a delicate balance between endogenous
platelet aggregation stimuli like ADP, collagen and epinephrine and endogenous platelet
inhibitors like nitric oxide and prostacyclins®. Low dose aspirin (acetylsalicylic acid, ASA)
has long been used for platelet inhibition in individuals with history of cardiovascular
disease and now is considered to be the cornerstone of secondary prevention of ASCVD.
Platelet aggregation displays a high inter-individual variability at baseline and in response to
anti-platelet drugs like aspirin. High baseline and on-treatment residual platelet activity has
been linked to adverse cardiovascular outcomes including myocardial infarction®.The inter-
individual variability of platelet reactivity does have a significant genetic component with
the heritability estimates between 40% t060%°67. The Genetic Study of Atherosclerosis Risk
(GeneSTAR) is a family-based cohort, specifically designed to examine genetic elements of
platelet aggregation in apparently healthy subjects with a family history of premature
coronary artery disease.

Prior gene based8and genome wide®11association studies have identified the platelet
endothelial aggregation receptor-1 (PEARI) locus to be associated with agonist induced
platelet aggregation at baseline and after treatment with ASA. Our group previously reported
that a common variant (rs12041331) in intron 1 of PEARIwas the peak GWAS-identified
association signal between the PEARI locus and platelet aggregation phenotypes in the
GeneSTAR families, in both African Americans (AA)and European Americans (EA) 12,
Additionally, variants in PEAR1 have been associated with platelet response to other

Platelets. Author manuscript; available in PMC 2021 July 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Keramati et al.

Methods:

Page 3

pharmacological platelet inhibitors like clopidogrel'3, prasugrel*#and potentiallyclinical
cardiovascular outcomes®13. Furthermore, previous limited direct sequencing and
imputation of PEAR1 coding regionsin GeneSTAR participants showedthere wasan
association between burden ofPEAR1 synonymous variants and platelet aggregation?®.
PEARL is a novel platelet transmembrane proteininvolved in platelet contact-induced
activation. Upon activation, PEAR1 becomes phosphorylated in a Src kinase-dependent
manner leading to downstreamPI3K/Akt pathway activation. This cascade ultimately results
in stabilization of platelet aggregates through glycoprotein a.llbg.16:17

Despite these successes in understanding the pathophysiology and genetic bases of
hemostasis, much of the heritability of platelet aggregation remains unexplainedi8. In this
study, we sought to 1) refine/fine-mapthe prior GWAS peak inthe PEARI locus, i.e. attempt
through sequencing to identify the causal variant for the GWAS-identified PEAR1 locus;2)
identify common and rare variants in the PEARI locus;and 3) examine the individual
(single-variant) and collective (burden of rare variants) association of the identified variants
witha wide range of platelet aggregation phenotypes. Here, we extend our prior sequencing
efforts in 104 subjects to allcoding and non-codingregions of PEARTin a larger sample of
1,709 subjects from GeneSTAR families.

Study subjects.

The study was approved by the Johns Hopkins Medicine Institutional Review Board. All
participants provided written informed consent. GeneSTAR is a longitudinal prospective
study of family members of index cases who were hospitalized with anacute coronary
syndrome at age less than 60 years of age. The hospitalized index cases were used to access
apparently healthy siblings and offspring whose had a family history of early onset coronary
artery disease; in addition, the co-parents of the offspring were recruited. The study
described here includes 1709 participants who participated in a two-week aspirin study and
who had sequencing data.

All participants were between the ages of 21 and 80. Exclusion criteria included: history of
allergy to aspirin, Hematocrit less than 30%, platelet count < 100,000/uL, white blood count
> 20,000.uL, any bleeding disorder or any hemorrhagic event in the past (stroke,
gastrointestinal bleed), use of any anticoagulants or anti-platelet agents (i.e. warfarin,
persantin, clopidogrel), chronic or acute nonsteroidal anti-inflammatory agents (i.e COX-2
inhibitors that could not be discontinued), recent active gastrointestinal disorder, current
pharmacotherapy for a gastrointestinal disorder, pregnancy or risk of pregnancy during the
treatment trial, recent menorrhagia, known aspirin intolerance or allergic side effects, serious
medical disorders (like autoimmune diseases, renal or hepatic failure, cancer or HIV-AIDS),
chronic or acute use of glucocorticosteroid therapy or any drug that may interfere with the
measured outcomes, serious psychiatric disorders, and, unable to independently make a
decision to participate.Participants were instructed to avoid non-steroidal anti-inflammatory
drugs 10 days prior to baseline measurements. Participants were then instructed to take 81
mg aspirin daily for 14 days.
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Platelet aggregation.

Platelet function was assessed at baseline and after 2 weeks of aspirin therapy (81 mg/day).
Using differential centrifugation of 3.2% citrated blood samples, platelet rich plasma
(200,000 platelets/ul) was prepared. Optical aggregation was measured in a PAP-4
Aggregometer (Bio-Data Corp., Horsham, PA) after stimulating samples with collagen (2
pg/ml), adenosine diphosphate (10 pM), or epinephrine (2 uM) as described beforel®. Peak
aggregation within 5 minutes of agonist stimulation was recorded as percentage between 0
and 100%. Amongst available platelet related phenotypes in GeneSTAR families, these
phenotypes were chosen since prior GWAS and functional studies®12-1%were performed
specifically under these conditions.

DNA sequencing and quality control.

DNA was extracted using standard protocols. Using Illumina HiSeq2000, targeted deep
sequencing (>40x) of PEARI was performed at the Center for Inherited Disease Research
(CIDR) of Johns Hopkins University. Target capture was designed by standard Agilent
protocol for a total of 25kb of sequence representing the entire PEARI gene
(Chr1:156,863,523-156,886,226 NCBI build 37, hg 19) in addition to 2 kb of up and
downstream. DNA fragmentation was performed on 100ng-1ug of genomic DNA using a
Covaris E210 system and libraries were then prepared.The Agilent Bionanalyzer
(HiSensitivity) was used for quality control (fragment size and DNA quality). The high
quality next-generation sequencing (NGS) data were processed (e.g., quality control (QC)
and variant calling) via an automated pipeline CIDRSeqSuite 2.0, a set of software tools
designed to perform secondary and initial tertiary analysis on NGS data from the Illumina
HiSeq instrument. Variants were annotated using ANNOVAR software2%for 1) position based
on hg19 genome 2) functional relevance including intronic, synonymous, non-synonymous,
insertion/deletion(indel), splice site, 5” UTR, 3’UTR, downstream and upstream3) novelty
based on presence in dsSNP147, and 4) rarity which is defined by minor allele frequency
less than 5% in our sequencing data. The functional consequence/ deleteriousness of variants
were predicted in-silico using SIFT21, Polyphen22, FATHMM?23 and CADD?* models.

Statistical analysis.

All variants passing quality control (depth of coverage >7 and genotype quality > 20) were
included in the data analysis (=532 variants). Additional QC on each variant was performed
including an assessment of deviation from the Hardy-Weinberg equilibrium. Only bi-allelic
variants were retained for downstream analysis. 1709 participants were included for
downstream association analyses including 12 subjects with coronary artery disease.Single
variant association tests were done separately within each race using single variant score
testing via RAREMETALWORKERsoftware. Meta-analysis of single variants across races
was then performed using RAREMETAL software?®. In the association models, we used age
and sex adjusted residuals with family structureand top 2 principal components (PCs)from
EIGENSTRAT as covariates as described beforel®. Correlation between variants in the
PEAR1 locus is not negligible as noted in the linkage disequilibrium presented in
Supplementary Figure 1. To address the issue of multiple testing accounting for the non-
independence between the SNPs generated through the sequencing, we used LD-based type
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I error correction. We determined the number of independent SNPs at a pairwise LD of
r2<0.8. Single-variant p-values of 0.00028 (0.05/175) and 0.00021(0.05/236) were
considered significant in EAs and AAs,respectively. In the meta-analysis, we applied a
Bonferroni correction and a p-value of 9.3x107° (0.05/532) was considered to be significant.

In addition to single variant analysis, we applied the SKAT gene-based collapsing method to
increase power to identify the association of rare exonic mutational loadwith platelet
aggregation phenotypes. Two sets of exonic variants were constructedand their cumulative
effect was tested in multivariate analysis in which age, gender, family structure and PCs 1-
2were included as covariates.The first set (Setl) was composed of all non-synonymous, stop
gain, stop loss exonic variants (Set 1: Number of variants: 16 in EAs and 26 in AAS).
Asecond set (Set2) was constructed from Set 1 by filtering out the variants that were not
novel (present in dbSNP) or were not rare (MAF = 0.05) in the Thousand Genomes Project
database(Set 2: Number of variants: 14 in EAs and 23 in AAs). Therefore, Set 2 is a subset
of novel and rare variants curated from Set 1. Finally,the SKAT test was repeated leaving out
one variant at the time. This series of /eave-one-outtests was done to identify the individual
variant(s) that best explain the PEARISKAT p-value. If one variant had more contribution to
the SKAT p-value, we would expect to see a more dramatic drop in p-value when the variant
was left out.

All statistical analyses and models were performed using Scipyand Matplotlibpackages of
python and RAREMETAL software2. Single SNP tests conditioning on peak SNPs within
the region were all performed within RAREMETAL.

Patient characteristics.

The final cohort was composed of 1043 European Americans (EAs) and 666 African
Americans (AAs). The mean age of EAswas 45 (SD 12.91), 457 (43.8%) were male and 8
(0.76%) had a history of cardiovascular event. The mean age of AAs was 43 (SD 12.33), 256
(38.4%) were males and 4 (0.6%) had a history of cardiovascular event (Table 1).

Sequencing discoveries.

A 25Kkb region including PEARI+/- 2kb upstream was sequenced and 532 biallelic single
nucleotide variants that passed all quality control filters were identified. In EAs, 263 variants
were identified (Figure 1A) of which60(22%) were common and 203 (78%) were rare.
Among the 263 variants discovered in the EAs, 75 (28.5%) variants had not been reported in
the public repositories (novel/based on dbSNP147). In the AAs, 370 variants were
identified(Figure 1B). Similar to the EAs, there were more rare than common variants
(284vs 86, respectively) and 66 (18%)were considered to be novel. Thecomplete list of novel
variants can be found in the supplementary materials (excel file).
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Single variant association tests confirmedrs12041331as the likely causal variant of the
GWAS signal.

Single variant tests were performed betweenall PEARIvariants and the range of platelet
aggregation phenotypes separately in the EAs and AAs.Supplementary Figure 2 shows the
results of PEARIsingle variant association tests and phenotypes in each ethnic group.

In the AAs from GeneSTAR (Supplementary Table 1), thepreviously reported 11:12common
intronicvariant (rs12041331, MAF = 0.391) was found to be significantly associated with
platelet aggregation in response to collagen, ADP and epinephrine at baseline (p = 8.0x1077,
1.02x1077, 3.2x10712, respectively). This association persisted after platelet inhibition with
ASA (p = 2.0x1075, 3.6x10710, 6.1x10715, respectively). rs12566888, which is in moderate
linkage disequilibrium with rs12041331 (pairwise r2 = 0.46 in GeneSTAR AAs), reached
statistical significance forplatelet aggregation in response to epinephrine at baselineand after
aspirin therapy (p = 4.4x1077, 6.8x1078 respectively). However, this SNP was lower in
significance compared to rs12041331. In theEAs (Supplementary Table 1), rs12041331
(MAF=0.096) was associated with platelet aggregation in response to epinephrine at
baseline (p = 3.9x107°) and platelet aggregation in response to collagen and epinephrine (p
=7.6x1075, 6.6x1078, respectively) after ASA. No other variant crossed the significance
thresholds for the single variants tests in the EAs. Also shown in Supplementary Table 1 is
the locus specific heritability for these variants;the heritability of rs12041331 is consistently
higher than the heritability due to rs12566888, and the heritability for rs12041331 is much
higher in African Americans (range from 3.4% - 8.7%) compared to European
Americans(range from 0.3 — 2.7%).

Figure 2 shows the results of meta-analysis of single variant association tests of platelet
aggregation phenotypes, and the PEARI variantrs12041331 (chr1:156869714)remains the
strongest single variant that determines platelet aggregation at baseline and after ASA.
rs12566888 crossed significance thresholds forplatelet aggregation in response to
epinephrine, collagen and ADP after ASA. This SNP was only associated with platelet
aggregation in response to epinephrine at baseline. To hone in on the causal variant that
explains this common variant association, and to test whether the association of rs12566888
with platelet aggregation phenotypes in this meta-analysis was truly independent of
rs12041331, we performed conditional analysis. Conditioning on rs12041331, rs12566888
lost its association with platelet related phenotypes. However, conditioning on rs12566888,
rs12041331 retained its association with platelet aggregation phenotypes (Supplementary
Table 2). Additionally, the evidence for association with rs12041331 across all the platelet
aggregation phenotypes is consistently stronger in the post ASA platelet aggregation for all
agonists compared to baseline aggregation.

SKAT shows a significant association between exonic hon-synonymous mutational burden
of PEAR1 and platelet related phenotypes.

For the set-based SKAT analysis, two different sets of variants were constructed. The first
set was composed of all non-synonymous, stop gain and stop loss exonic variants identified
in the PEARI locus. (Set 1: Number ofvariants: 16 in EAs and 26 in AAs). We constructed a
second subset from Setl by filtering out the variants that were not novel (they were present
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in dbSNP147) or had MAF = 0.05 in the Thousand Genomes Project database (Set 2:
Number ofvariants:14 in EAs and 23 in AAS).

Table 2 shows the results of the SKAT test for association in each ethnic group. In EAs, we
observeda significant SKAT signal of association with platelet aggregation in response to
epinephrine and collagen after ASA(p = 0.0009, 0.039, respectively). We did not observe an
association between mutational burden of PEARZand platelet aggregation phenotypes at
baseline. We then performed a leave-one-out analysis for SKAT to identify the individual
variants that best explain the PEARI mutational burden (Figure3A-B). This
analysisidentified four variants that contributed the most to the burden signal in EAs (Figure
3A). These 4 variants are Chr1:156877520 (rs149254521, MAF = 0.0009), Chr1:156877785
(rs757375280, MAF = 0.002), Chr1:156878044 (rs147639000, MAF = 0.03) and
Chr1:156882757 (rs41299597, MAF = 0.02). We noted no LD between rs12041331 and
these exonic variants, and these rare variants represent an independent contribution to
platelet aggregation above the intronic common variant signal. Furthermore, we added
rs12041331 to the constructed sets to evaluate the impact of rs12041331 within the gene-
based framework of SKAT analyses. rs12041331 improved the SKAT p-values in
EAs(Supplementary Table 3). This effect was more prominent in platelet aggregation in
response to all three agonists after ASA. All four variants are missense variants resulting in
an amino acid change in PEAR1, but only one variant, Chr1:156877785, was predicted to be
damaging by Polyphen.

Similarly, in African Americans, aggregated exonic variants were significantly associated
with platelet aggregation in response to epinephrine and ADPafter ASA (p = 0.021, 0.049)
but not collagen. Using the leave-one-out strategy(Figure3B), we found Chr1:156877782
(rs145275734, MAF = 0.02) explains the major part of SKAT signal in African Americans.
This rare variant substitutes Glycine with Cysteine in amino acid 281 of PEAR1
(Gly281Cys). This change in PEARL1 protein structure was predicted to be damaging by
Polyphen software. No LD between rs12041331 and rs145275734 has been reported in the
Thousand Genomes Project (r2 = 0.01) or in our data (r2 = 0.01). Similar to the pattern noted
in the EAs, we did not observe an association between nonsynonymous mutational burden of
PEARI and platelet aggregation phenotypes at baseline in the AAs (Table 2).Unlike the
EAs, rs12041331 did not improve the SKAT p-values when it was added to the constructed
sets in the AAs(Supplementary Table 3).

Meta-analysis of SKAT tests of both races showed that the burden of non-synonymous, stop-
gain and stop-loss variants was associated with platelet aggregation in response to
epinephrine and ADP but not collagen after ASA (Table 2). No association was detected for
platelet aggregation at baseline.

Discussion:

Atherosclerotic cardiovascular disease is associated with high morbidity, mortality and poor
prognosis.ASCVD usually results from the activation, aggregation, and adhesion of platelets
to eroded or ruptured atherosclerotic plaque and aspirin has long been used for primary and
secondary prevention of ASCVD. Variability in platelet aggregation at baseline and in
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response to aspirin is highly heritable8.7and is strongly associated with the risk of
myocardial infarction and stroke26:27. Our group has previously identified a common genetic
variant in intron 1 of the PEARI gene, rs12041331, that accounts for 10% of native platelet
function1:12, This locus accounts for a higher fraction (15%) of the total phenotypic
variance in platelet function after aspirin exposure and potentially plays a larger role in
platelet aggregation pathways that are independent of cyclooxygenase (COX). The PEAR1
gene comprises 23 exons and 22 introns, and its encoded protein participates in extracellular
protein—protein interactions. PEARL1 is highly expressed on the surface of platelets and
endothelial cells28. It contains 15 extracellular growth factor-type domains and both
intracellular and extracellular zones of the PEAR protein can bind to phosphotyrosine?8.
Previous studies have explored the functional importance of PEARL1 in platelet
degranulation and aggregation6:17, Kauskot et al 16showed PEAR1 stimulation with
polyclonal antibodies against extracellular PEAR1 domain triggerssrc family kinase (SFK)-
dependent phosphorylation of PEAR1leading to activation of PI3K/Akt signaling pathway.
Vandenbriele et al 1’showed Dextran Sulfateinducesfibrinogen receptor (allbp3) activation
via PEAR1-dependent (PEAR11/c-Src/PI3K/Akt) pathway resulting in stabilization of
platelet aggregates. In this study, we embarked on deep targeted sequencing of the
PEARIlocus to fine-map the GWAS peak and to look for additional variants that may
explain the missing heritability of platelet aggregation phenotypes.

Single variant association tests confirmed rs12041331 as the strongestindependently
associated variant with platelet aggregation phenotypes at baseline and after aspirin therapy
in the GeneSTAR families. In our prior work®, an imputed version of rs12566888
(imputation quality, r2 = 0.982 in EAs and 0.8934 in AAs) appeared to be associated, to a
lesser degree, with the platelet aggregation phenotypes in our GeneSTAR families; this is a
variant that was reported to be the peak variant in the Framingham Heart Study from the
prior GWAS. Here, we confirm with sequencing that rs12566888 retains its significance in
GeneSTAR, but remains second in significance to rs12041331. It is important to note
thatrs12566888 is in modest LD with rs12041331. Conditional analyses suggested the
association signal of rs12566888 is not independent of rs12041331; i.e. the significance of
rs12566888 is completely lost when rs12041331 is conditioned upon. In contrast,
rs12041331 retained its significance even after conditioning upon rs12566888 suggesting an
independent association with platelet aggregation phenotypes in the GeneSTAR families.
Additionally,rs12041331, unlike rs12566888, has been linked directly to methylation-
dependent expression of PEAR129, rs12041331 removes a cytosine guanine dinucleotide
(CpG) site in an enhancer region within intron 1 where the G allele has been shown to bind
with higher affinity to several nuclear proteins than the A allele2®. Allele specific
methylation of the G allele also marks higher methylation at a CpG island located at the
untranslated region of PEAR1 containing binding sites for CTCF. It has been shown thatthe
lower methylation at this CTCF binding region that is associated with the A allele of
rs12041331 increased CTCF binding, and leads to lower PEAR1 expression 29, Taken
jointly, our comprehensive query of the PEARI locus relying on sequencing and this prior
functional data suggests that rs12041331 is the most likely causal variant for the PEAR1
locus in our families.
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Examining ethnic groups separately, rs12041331 showed a larger effect size on allplatelet
aggregation phenotypes in the African Americans compared to the European
Americans(Supplementary Tablel). These observations can bepartly explained by higher
minor allele frequency (0.391 vs 0.096) and larger effect size of rs12041331 in the African
Americans compared to the European Americans.Together, this results in much lower locus
specific heritability in the European Americans compared to the African
Americans.Furthermore, similar to the prior studies3?:19, we observed that the effect of
rs12041331 on platelet aggregation is agonist dependent in European Americans.

Generally rare variants individually do not have enough power to reach statistical
significance in single variant association studies. One alternative approach is using
collapsing techniques like SKAT to assess the cumulative effect of rare variants on the
phenotypes. Although none of the exonic variants individuallyreached statistical
significance, the burden of non-synonymous, stop-loss, stop-gain variants of PEAR1 was
associated with the post ASA platelet aggregation phenotypes in the GeneSTAR EA
families. In the GeneSTAR AAs, the PEARL burden was marginally associated with post
ASA platelet aggregation. As noted above, the contribution of rs12041331 to the phenotype
variance in the AAsis higher than in the EAs, and there is more residual unexplained missing
heritability in the EA group. This may partially explain why SKATtests were more robustly
associated with the phenotypes in the EA families and is along the line of the observations
from a limited sample sequencing approach previously reported!®. When we added
rs12031441 to the constructed sets, we noted that rs12031441 improved the p-value of
association only in EAs but not in AAs. This is expected given that the weight of each
variant in SKAT model is an inverse function of MAF of the variant and more weight is
placed on rare variants compared to common variants3!.Here, we have lower MAF of
rs12041331 in EAs compared to AAs(0.09 vs 0.39).The leave-one-out approach implicates 4
non-synonymousvariants contributing the most to the SKAT signal in the EAs and the lack
of linkage disequilibrium between these four variants and rs12041331 suggests that this
signal is not mediated by rs12041331. These 4 variants change the amino acid composition
of PEARL. Although PolyPhen2 predicted three out of these four variants are not damaging
to the protein structure, the full functional effect of these variants on PEAR1 expression and
function is yet to be discovered.

Whilemultiple studies have convincingly shown the contribution of PEAR variants
toagonist induced platelet aggregation phenotypes®11-13.15 the role of PEAR variants in
cardiovascular events isconflicting?3:32:33 Unfortunately, the GeneSTAR study is
underpowered to discover an association between variants of PEAR7and cardiovascular
events.Ongoing meta-analysis of multiple large cohorts such as those within the Trans-
Omics for Precision Medicine (TOPMed) Program with available cardiovascular events and
genotype data will address this question in the near future.

In this study, we consistently observed a stronger association of PEARIvariants, both for the
single SNPs and for the burden tests of rare coding variants,with platelet aggregation
phenotypes after aspirin therapy. This is similar to the pattern observed from previously
reported common variants analyses. Aspirin is a potent irreversible inhibitor of COX-134, the
enzyme responsible for converting arachidonic acid to thromboxane A2 in platelets®°. The
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generation and release of thromboxane from activated platelets generates a positive feedback
loop that contributes to phenotypic variance in platelet function. In the presence of aspirin,
which largely eliminates variability in platelet phenotype directly related to thromboxane
A2, PEAR1 variants account for a larger proportion of the remaining variance in platelet
aggregation2. This finding is consistent with an impact of PEAR1 on aggregation mediated
by collagen, epinephrine, and ADP, each of which is known to activate platelets through
pathways that are only partly related to thromboxane generation®. Because PEARI variants
contribute more to platelet phenotypes in the presence than absence of aspirin, it is
reasonable to speculate that the clinical impact, if any, of PEARI variants on platelet-
mediated thrombosis would be more apparent in a population on aspirin therapy.

In conclusion, this study implicates rs12041331 as the causal variant behind the GWAS
identified locus in the GeneSTAR African American and European American families for
platelet aggregation phenotypes. Additionally, it supportsan additional role of exonic non-
synonymous variants in platelet aggregation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1A-B:
Landscape of identified single nucleotide variants in the PEAR1 locus in European
Americans (1A) and African Americans (1B) of GeneSTAR families.
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Figure 2:
Meta-analysis of association tests between PEAR1 variants with 3 platelet aggregation

phenotypes in GeneSTAR families. Platelet aggregation was measured in response to
collagen 2 ug/ml, ADP 10 uM and epinephrine 2 uM at baseline (pre-ASA) and 14 days
after aspirin therapy (post-ASA). rs12041331 (purple triangle chr1:156869714) was
significantly associated with all platelet aggregation related phenotypes at baseline and after
aspirin therapy. Red lines reflect the Bonferroni threshold.
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3B: African Americans

Figure 3A-B:

Bascline

Leave-one-out analysis to identify variants contributing the most to the burden test
association signal in European Americans (3A) and African Americans (3B). Bars represent
the minor allele frequency of variants and line-dots show the SKAT burden —Log (p-value)
in absence of that specific variants. In European Americans, Chr1:156877520
(rs149254521), Chr1:156877785 (rs757375280), Chr1:156878044 (rs147639000) and
Chr1:156882757 (rs41299597) contributed the most to the burden signal. In African
Americans, Chrl:156877782 (rs145275734) has the most contribution to the burden signal.
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Table-1.

Demographics of subjects in each cohort.

Characteristics European Americans African Americans
No. 1043 666

Age, years, (mean+/-SD)  45.12 +/- 12.91 43.78 +/-12.33
Malesex, no. (%) 457(43.8) 256(38.4)

History of CAD, no. (%)  8(0.7) 4(0.6)
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p-values of SKAT analysis of rare missense, stop-gain and stop loss variants in PEARI locus. Set 1 includes
all missense, stop-gain and stop loss variants on PEARI locus. Set 2 was constructed from Setl by excluding

the variants that were not novel (they were present in doSNP147) or had MAF = 0.05 in the Thousand

Genomes Project database.

Ethnic group-phenotype Setl Set 2
European Americans
ADP pre-ASA 0.203 0.22
ADP post-ASA 0.056 0.06
EPI " pre-ASA 0.056 0.067
EPI post-ASA 0.00094 0.00121
COL “pre-AsSA 0363 0379
COL post-ASA 0.039 0.039
African Americans
ADP pre-ASA 0.587 0.57
ADP post-ASA 0.049 0.051
EPI pre-ASA 0.225 0.215
EPI post-ASA 0.021 0.019
COL pre-ASA 0.075 0.072
COL post-ASA 0.16939 0.176
Meta-analysis
ADP pre-ASA 0.165 0.164
ADP post-ASA 0.032 0.032
EPI pre-ASA 0.149 0.157
EPI post-ASA 0.00082  0.00084
COL pre-ASA 0.071 0.07
COL post-ASA 0.249 0.261

*
EPI : epinephrine,

Ak
COL : collagen
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