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Abstract Abnormal platelet reactivity is associated with
recurrent ischemia and bleeding following percutaneous
coronary intervention (PCI). Protease-activated receptor-1
(PARI1), encoded by F2R, is a high affinity thrombin
receptor on platelets and the target of the antiplatelet drug
vorapaxar. The intronic single nucleotide polymorphism
F2R TVS-14 A/T affects PARI1 receptor density and func-
tion. We hypothesized that carriers of the T allele, who have
been shown to have decreased platelet reactivity, would be
at lower risk for thrombotic events, but higher risk for
bleeding following PCI. Using BioVU, the Vanderbilt DNA
repository linked to the electronic medical record, we
studied 660 patients who underwent PCI for unstable or
stable coronary artery disease. Primary outcome measures
were major adverse cardiovascular events (MACE, com-
posite of revascularization, MI, stroke, death) and bleeding
(assessed by Bleeding Academic Research Consortium
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scale) over 24 months. The minor allele (T) frequency was
14.8 %. There were no genotypic differences in the fre-
quency of MACE (33.7, 28.8, and 31.6 % for A/A, A/T, and
T/T respectively, P = 0.50) or bleeding (15.7, 14.7, and
18.8 % for A/A, A/T, and T/T respectively, P = 0.90). In a
Cox regression model, fully adjusted for age, race, sex, BMI,
and smoking status, carrying a T allele was not associated
with MACE (HR 1.19, 95 % CI 0.89-1.59, P = 0.23) or
bleeding (HR 0.73, 95 % CI 0.37-1.4, P = 0.34). In con-
clusion, in our population, F2R IVS-14 PAR1 variability
does not affect risk of MACE or bleeding following PCIL.

Keywords Thrombosis - Bleeding - Ischemia -
Percutaneous coronary intervention - PCI - Protease-
activated receptor-1 - PAR-1 - PARI

Background

Dual antiplatelet therapy with aspirin and a P2Y12 inhi-
bitor is recommended for patients following a myocardial
infarction (MI) or percutaneous coronary intervention
(PCI). On-treatment platelet reactivity, when abnormally
high or low, is associated with recurrent ischemia and
bleeding [1]. The bulk of research has focused on vari-
ability in platelet reactivity during treatment with the pla-
telet P2Y12 inhibitor clopidogrel. Specifically, genetic
variability in the CYP2C19 gene, which metabolizes the
clopidogrel pro-drug, has been associated with clinical
outcomes in patients on dual antiplatelet therapy [2-5].
However, inter-individual variability in platelet activation
pathways upstream, downstream, or apart from P2Y12
likely also contributes to overall platelet reactivity and may
impact the risk of ischemic or bleeding events [6].
Thrombin, the major protease in the coagulation cas-
cade, is also the most potent platelet activator and has a
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crucial role early in the platelet aggregation cascade.
Thrombin works by activation of the G protein-coupled
protease-activated receptors 1 and 4 (PAR1 and PAR4) on
human platelets to initiate signaling cascades. Subsequent
increases in [Ca]; secretion and activation of integrins
initiate platelet aggregation [7, 8]. Activation of human
platelets by thrombin is mediated by activation of both
PAR1 and PAR4, with PAR1 being the high affinity
thrombin receptor [7]. Recently, the drug vorapaxar, a
PARI antagonist, was approved as adjunctive antiplatelet
therapy.

Inter-individual variability in the platelet response to
PARI activation has been recognized, using the PARI-
agonist peptide SFLLRN. Each individual’s responsiveness
to SFLLRN is stable over time, suggesting a genetic factor
[9]. In a study of 100 healthy male volunteers, Dupont and
others examined a single SNP in the PAR1 gene that is 14
nucleotides upstream of the exon 2 start site (IVS-14 A/T,
rs168753) [10]. The authors found that the T allele is
associated with decreased expression of PARI on the
platelet surface and a decreased functional response to
PARI1 activation. A further study investigated rs168753 in
patients with coronary artery disease treated with clopi-
dogrel. The authors of this study found higher platelet
reactivity associated with homozygotes for the A allele
despite clopidogrel therapy [11]. Studies looking at platelet
reactivity based on P2Y12 profile have demonstrated that
patients with higher platelet reactivity have increased rates
of bleeding, and those who have lower reactivity have
decreased bleeding [12—15]. These data suggest that indi-
viduals homozygous for the A allele at the rs168753 loci of
F2R might be at increased risk of subsequent ischemic
cardiovascular events. Accordingly individuals carrying
the T allele would be postulated to have increased risk of
bleeding. However, an association of this F2R polymor-
phism with clinical events is unknown. We hypothesized
that rs168753 genotype is associated with risk of major
adverse cardiovascular events and bleeding during dual
antiplatelet therapy following MI or PCL.

Methods
Subject identification

The Vanderbilt University Medical Center electronic
health record (EHR) includes comprehensive information
on ~ 1.7 million patients; BioVU, the Vanderbilt DNA
biobank, includes de-identified DNA samples from more
than 120,000 individuals. These samples are linked to a de-
identified form of the EHR known as the Synthetic
derivative (SD). From the BioVU database we identified
individuals who were started on clopidogrel therapy after a

MI or PCI. International Classification of Disease, 9th
edition (ICD-9), Current Procedural Terminology (CPT)
codes, laboratory values, medication orders, and natural-
language processing in physician notes were used to screen
the SD and identify these patients as described previously
[16]. Major adverse cardiovascular events (MACE) were
defined as the occurrence of MI, stroke, revascularization,
or death in the 24 months following the initial event. The
occurrence of a secondary MACE endpoint of stent
thrombosis was also obtained during review.

The occurrence of bleeding within 24 months after the
index event was screened using previously validated ICD-9
codes indicative of bleeding [17] and natural language
processing in physician notes. Manual chart review of the
SD was performed for each case to adjudicate bleeding and
stratify severity (Fig. 1). The manual review was per-
formed separately by two study investigators (L.T. and
E.F.) who were blinded to genotype, and any discrepancies
were adjudicated by a third reviewer (J.C.). Bleeding
severity was stratified using the Bleeding Academic Con-
sortium (BARC) scale [18]. The BARC scale is defined as
follows: Type O (no bleeding), BARC 1 (bleeding that is
not actionable), Type 2 (overt bleeding that does not meet
criteria for Types 3 and above), Type 3a (bleeding with

Original Cohort
(n=660)

Subjects who did
not opt-out
(n= 587)

BLEEDING by NO BLEEDING by
algorithm (n=291) algorithm (n=296)

by manual review manual review

TRUE BLEEDING NO BLEEDING by
(n= 144) (n=147)

meeting inclusion
criteria (n=54)

meeting inclusion
criteria (n=90)

[ TRUE BLEEDS

] [TRUE BLEEDS NOT |

BLEEDING BLEEDING
CASES CONTROLS
(n=90) (n=497)

Fig. 1 Algorithm for Screening Cases for the presence of bleeding.
Potential bleeding cases were identified by ICD-9 code and natural
language processing, then were either confirmed or excluded by
manual review. To meet inclusion criteria, the bleeding episode had to
occur during treatment with clopidogrel within 24 months of the
index MI or PCI
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hemoglobin decrease of 3-5 g/dL or need of transfusion),
Type 3b (bleeding with hemoglobin decrease >5 g/dL,
tamponade, need for surgical intervention, or need for
vasoactive substances), Type 3C (intracranial hemorrhage
or intraocular compromising vision), Type 4 (Coronary
Artery Bypass related bleeding), or Type 5 (fatal bleeding).

The patient cohort in this study was based on a previous
case—control study evaluating an association of MACE
with genetic factors [16]. The occurrence of bleeding was
performed as an analysis within this cohort. In between
performing the analysis for MACE and bleeding, 81
patients opted to have their DNA removed from BioVU;
therefore, the bleeding analysis was performed with a
smaller cohort of 587 patients.

Sample analysis

DNA was extracted from stored samples using a Gentra
Systems Autopure LV automated DNA extraction system
Genotyping was conducted using Applied Biosystems
(ABI, Foster City, CA, USA) TagMan Assays-on-Demand.
PCR for the rs1126709 and rs168753 PAR1 SNPs was
carried out in 384-well plates in 5 ml reactions containing
0.125 ml 20X Assays-on-Demand probe/primer mix, 5 ng
of genomic DNA and TagMan Universal PCR Mastermix
according to the manufacturer’s recommendations. Prod-
ucts were scanned on the ABI 7900HT instrument.

Statistical analysis

The cumulative incidence of the primary outcomes MACE
and Bleeding by SNP (rs168753) genotype was estimated
with the Kaplan—Meier product limit estimator, and unad-
justed comparisons were performed with log rank test. Cox
proportional hazards model assuming an additive model
was performed and adjusted for the following covariates:
age, gender, race (European American, African American,
other/unknown), body mass index (BMI), and smoking
status (current, ever, never). The secondary endpoint stent
thrombosis was included in the analysis. One-way analysis
of variance was used to assess differences in covariates
between genotypes.

Results

Using a phenotypic algorithm as previously described, 660
patients were identified who were started on clopidogrel
therapy after MI and/or PCI. Minor allele frequency of the
T allele was 16.1 % for a Caucasian population and 8.3 %
in an African American population based on HapMap data,
while we found the MAF within our population of subjects
undergoing PCI to be 14.8 %.

@ Springer

Demographic, clinical characteristics, and the frequency
of MACE and bleeding are depicted in Table 1. Carriers of
the T allele had slightly lower rates of diabetes. Individuals
homozygous for the T allele had lower rates of hyperten-
sion. In our patient cohort, 214 subjects had a major
adverse cardiovascular event. Stent thrombosis occurred in
11 of these subjects. Of the 587 subjects available for the
bleeding analysis, the outcome of bleeding occurred in 90
subjects (15.3 %). Procedure-related bleeding in our cohort
(4.8 %) was similar to large published observational stud-
ies (3.1 %) [19]. While our overall rate of bleeding at
2 years was higher than the reported rate of 9.9 % at one
year [20], given the extra year of exposure to clopidogrel,
our bleeding rate is comparable. Our rate of BARC > 2
bleeding is similar to the reported 5.4 % [20]. There were
no statistically significant differences in the frequency of
MACE, stent thrombosis, or bleeding between genotypes.
Bleeding was not a significant contributor to MACE, as
severe bleeding (BARC > 2) was not significantly differ-
ent between patients who had MACE or did not have
MACE (4.27 vs. 4.21 %, respectively, P = 0.31).

A Kaplan-Meier curve of the primary end-point of
MACE for PAR1 rs168753 demonstrated that carriers of a
T allele had similar event rates compared to subjects
without this allele (P = 0.50) (Fig. 2). Analysis of bleed-
ing similarly was not different between genotypic groups
(P =0.90) (Fig.2). In a Cox regression model, fully
adjusted for age, race, sex, BMI, and smoking status, car-
rying a T allele was not associated with MACE (HR 1.19,
95 % CI 0.89-1.59, P = 0.23) or bleeding (HR 0.73, 95 %
CI 0.37-1.4, P = 0.34).

Discussion

Our study has demonstrated that the F2R IVS-14 poly-
morphism in the gene encoding PARI1, which is known to
affect platelet reactivity, does not contribute to risk of
major adverse cardiovascular events or bleeding in patients
treated with clopidogrel following MI or PCI (Fig. 3).

It is well established that high on treatment platelet
reactivity is associated with recurrent adverse cardiovas-
cular events after PCI. In 2006 a candidate gene approach
performed in 28 healthy humans subjects given clopidogrel
first reported that a loss of function polymorphism involved
in the metabolism of clopidogrel (2CYPC19%2) was asso-
ciated with high on-treatment platelet reactivity [21].
Subsequent studies in patients undergoing PCI demon-
strated that CYPC19%2 loss of function polymorphisms
associate with recurrent adverse cardiovascular events [16,
22-24]. However, based on modeling in healthy subjects,
CYP2C19 genotype only accounts for 4-11 % of the
variability of response to clopidogrel [23]. More recently a
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Table 1 Clinical

Characteristics and Outcomes Genotype
Stratified by PAR1 Genotype Characteristic A/A (n = 481) A/T (n = 160) T/T (n = 19) P value
Age® 68.1 + 12.3 673 £ 11.5 733 + 133 0.26
Male sex” 301 (62.6 %) 110 (68.8 %) 13 (68.4 %) 0.34
Hypertensionb 386 (80.2 %) 138 (85.7 %) 12 (63.2 %) 0.04
Hyperlipidemiab 441 (91.7 %) 151 (94.4 %) 18 (94.7 %) 0.68
Diabetes” 177 (36.8 %) 42 (26.1 %) 4 (21.1 %) 0.02
Smoking® 295 (61.5 %) 108 (67.1 %) 9 (47.4 %) 0.17
Platelet count® 221 £ 76 213 £ 72 254 £ 85 0.17
Body mass index® 302 + 64 304 + 6.8 294+ 175 0.92
Indication for PCI 0.73
STEMI® 63 (13.1 %) 20 (12.5 %) 1(53 %)
USA/NSTEMI® 246 (51.1 %) 88 (55.0 %) 15 (78.9 %)
Stable anginab 125 (26.0 %) 43 (26.9 %) 1 (5.3 %)
Other® 47 (9.8 %) 9 (5.6 %) 2 (12.5 %)
Outcomes
MACE® 162 (33.7 %) 46 (28.8 %) 6 (31.6 %) 0.50
Stent thrombosis® 8 (1.7 %) 2 (1.3 %) 1(5.3 %) 0.44
Bleeding®
BARC any 66 (15.7 %) 21 (14.7 %) 3 (18.8 %) 0.90
BARC > 2 21 (5.0 %) 6 (4.2 %) 1 (6.3 %) 0.72
Procedure-related 20 (4.8 %) 7 (4.9 %) 0 (0 %) 0.67
? Mean + SD
° n (%)
¢ Total number of cases available for bleeding analysis 420, 143, and 16 for A/A, A/T, and T/T
respectively
“P<0.05

Percent survival

60

L] L T 1
0 200 400 600 800
Time to MACE

Fig. 2 MACE-Free survival by genotype

study that measured the active metabolite of clopidogrel
and excluded subjects with polymorphisms in CYP2C19,
CYP3AS5, ABC1, and PONI1, while rigorously controlling
for other demographics that influence platelet reactivity,
concluded that unidentified factors contribute to high on-
treatment platelet reactivity [25]. Accordingly, the search
for additional polymorphisms that contribute to high on-
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Time to Bleeding

Fig. 3 Bleed-free survival by GENOTYPE

treatment platelet reactivity has been underway. The GIFT-
EXOME study used whole genome sequencing in 392
subjects treated with clopidogrel from the GRAVITAS
study and found that three separate genomic loci were
associated with on-treatment platelet reactivity [26].

In patients being treated with antiplatelet agents, the
benefit at reducing ischemia is counterbalanced by an
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increased risk of bleeding. Newer and more potent anti-
platelet agents carry even higher risks of bleeding. Some
have suggested that there is a “ceiling effect” in anti-
platelet agents, whereby there is an upper limit in ability to
reduce ischemic events, and attempts to reduce ischemia
further only lead to higher rates of bleeding [1, 27, 28]. As
current antiplatelet medications, particularly the more
potent P2Y 12 antagonists, are quite effective at reducing
MACE, it may be prudent to place more attention on safety
measures. Bleeding events contribute to both morbidity and
mortality in patients on long term antiplatelet therapy [29].
This may be due to direct complications from bleeding or
its treatment or the need for premature antiplatelet drug
discontinuation. Whereas numerous studies have explored
the association of high platelet reactivity with ischemic
events, there has been considerable less attention to the
effects of low platelet reactivity on bleeding [1]. Small
observational studies in patients following PCI have sug-
gested a relationship between low on-treatment platelet
reactivity and bleeding [12, 13, 15]. Large observational
studies, including GRAVITAS and ARCTIC did not
demonstrate such an association [5, 30]. However, differ-
ences in bleeding rates and definitions between studies
limit the ability to make determinations.

Thrombin is the most potent platelet activating factor and
works primarily through the protease-activated receptor 1
(PARI), which is encoded by F2R. The effects of PAR1 in
the platelet activation cascade precede those of the platelet
P2Y12 receptor, such that inhibition of PAR1 has further
anti-aggregatory effects to inhibition of P2Y12 [31]. Fur-
thermore, P2Y 12 activation acts in a positive feedback loop
on the PAR1 receptor [31]. Accordingly, P2Y 12 antagonists
inhibit both thrombin and PAR1 agonist peptide stimulation
of human platelets [32, 33]. Thus, it would be anticipated
that combining P2Y12 and PAR1 antagonists would have
synergistic antiplatelet effects that could have significant
clinical implications. The addition of vorapaxar, a recently
approved PARI antagonist, to dual antiplatelet therapy
consisting of aspirin and clopidogrel in patients undergoing
PCI for acute coronary syndromes did not improve ischemic
outcomes and actually caused excess intracranial bleeding
[34]. However, in a secondary prevention trial the addition
of vorapaxar to aspirin and clopidogrel did reduce ischemic
events in patients at high risk of atherothrombotic events, but
did so at the cost of increasing intracranial hemorrhage [35].
Subgroup analyses of this trial involving the highest risk
patients, those with diabetes and prior M1, showed that these
populations had even greater reduction in ischemic events or
death with vorapaxar [36, 37]. Furthermore, Vorapaxar
added to standard dual antiplatelet therapy also reduced the
occurrence of early and late stent thrombosis [38].

The IVS-14 A/T single nucleotide polymorphism in F2R
(rs168753) modulates PAR1 expression and activity such

@ Springer

that carriers of the T allele have decreased platelet acti-
vation in response to thrombin receptor agonists. While the
polymorphism occurs in an intronic, non-coding segment,
it is thought that it may have an effect on mRNA pro-
cessing rate and transcription efficiency, leading to altered
protein expression [10]. Dupont et al. found that biphasic
aggregation occurred with a lower dose of PAR1 agonist
SFFLRN in A/A than A/T and T/T subjects combined
(9.1 £ 2.1 vs. 109 &+ 3.0 uM, respectively, P = 0.003)
[10]. The authors further reported that one of the
homozygous T/T subjects required a very high SFFLRN
concentration of 19 pM to achieve biphasic aggregation,
suggesting that carrying two mutant alleles may lead to
further reduction in platelet reactivity. Smith et al. showed
that the F2R polymorphism conferred a difference in pla-
telet aggregation to the thrombin receptor agonist protein
even in the setting of clopidogrel exposure [11]. Based on
these preclinical data along with the reported clinical
effects of vorapaxar, we hypothesized that carriers of the T
allele, whose reduced platelet reactivity is akin to partial
PARI1 inhibition, might have decreased rates of ischemia,
but increased rates of bleeding following MI or PCI.
Moreover, as the effects of PARI are upstream to P2Y12,
we anticipated PARI variability to have clinical implica-
tions even in the setting of P2Y12 blockade with clopi-
dogrel. In our population, however, we did not find an
association of the F2R polymorphism with risk of MACE
or bleeding. Our results suggest that the overall effects of
the polymorphism on platelet reactivity are not great
enough to translate to clinically significant outcomes.

A strength of our current study is the well characterized
patient cohort and the technique of using a de-identified
medical record linked to a genetic databank. Such an
approach has significant promise as a platform for large-
scale studies correlating genetic variability with clinical
outcomes. One limitation of the current study is the rela-
tively low sample size, limiting our power to detect small
differences in clinical endpoints. However, the argument
could be made that significant genotype-phenotype differ-
ences that have the potential to change practice have
already been found in this cohort. For example, the
CYP2C19%2 loss of function polymorphism was associated
with recurrent cardiovascular events [16]. A number of
patients opted out of the DNA databank in between per-
forming the ischemia and bleeding analyses, and their data
thus had to be excluded. Within this smaller cohort,
bleeding (defined as BARC any) only occurred in 90
patients (15.3 %), further limiting the power to detect small
differences in bleeding frequency between genotypes. An
alternative approach with greater statistical power would
be to design a case—control study based on the presence or
absence of bleeding and then to test for differences in
genotype frequency. A recently published study on the
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pharmacogenetics of warfarin-related bleeding used such a
method [39]. Finally, a limitation of the study is the
inability to perform platelet function or biochemical assays
in the subjects, which would provide further insight into the
biologic effects of F2R variability. For example, clinical
bleeding in individuals carrying the T allele could perhaps
be mitigated by compensatory up-regulation of other pla-
telet-activating pathways.

As the clinical use of vorapaxar increases, further
research into the effects of PAR1 genetic variability is
essential. Such investigation will help guide therapy to
ensure optimal reduction of ischemic events with reduced
risk of bleeding. In this era of widespread interest in per-
sonalized medicine, a genome-guided approach to rational
drug therapy is proposed to eventually become standard of
care. It is also clear that CYP2C19 variability, while an
important determinant of platelet response to clopidogrel,
is but one of a number of genes that contribute to platelet
reactivity.

In conclusion, the IVS-14 F2R genotype, which affects
platelet reactivity in vitro, did not affect risk of major
adverse cardiovascular events or bleeding in our study
population. Future large-scale genetic studies, such as the
International Clopidogrel Platelet Consortium, will be
important to discover novel genetic factors that associate
with risks and benefits of cardiovascular therapy.
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