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BACKGROUND AND AIM: This study reports the
prevalence of five clinically significant variants associated
with increased risk of cardiovascular disorders, and
variable responses of individuals to commonly prescribed
cardiovascular drugs in a South Indian population from the
state of Kerala.

MATERIALS AND METHODS: Genomic DNA isolated
from 100 out-patient samples from Kerala were
sequenced to examine the frequency of clinically relevant
polymorphisms in the genes MYBPC3 (cardiomyopathy),
SLCO1B1 (statin-induced myopathy), CYP2C9,
VKORCT1 (response to warfarin) and CYP2C19 (response
to clopidogrel).

RESULTS: Our analyses revealed the frequency of a
25 bp deletion variant of MYBPC3 associated with risk
of cardiomyopathy was 7%, and the SLCO1B1 “C” allele
associated with risk for statin-induced myopathy was 15% in
this sample group. Among the other variants associated with
dose-induced toxicity of warfarin, VKORC1 (c.1639G>A),
was detected at 22%, while CYP2C9*3 and CYP2C9*2
alleles were present at a frequency of 15% and 3%
respectively. Significantly, the tested sample population
showed high prevalence (66%) of CYP2C19*2 variant,
which determines response to clopidogrel therapy.
CONCLUSIONS: We have identified that certain variants
associated with cardiovascular disease and related drug
response in the five genes, especially those in VKORC1,
CYP2C19 and MYBPCS3, are highly prevalent in the
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Kerala population, with almost 2 times higher prevalence
of CYP2C19*2 variant compared with other regions in
the country. Since the variants chosen in this study have
relevance in disease phenotype and/or drug response,
and are detected at a higher frequency, this study is likely
to encourage clinicians to perform genetic testing before
prescribing therapy.

Key words: Cardiovascular disease, drug response,
drug toxicity, genetic testing

Introduction

Cardiovascular diseases (CVDs) have emerged as the
leading cause of mortality worldwide. According to World
Health Organization’s 2005 report, “preventing chronic
death,” 30% of all global deaths (17.3 million of 58 million)
are due to CVDs.M In India, 1.7-2.0 million deaths
are attributed to CVDs annually.?? What is especially
significant is the fact that the state of Kerala has
a high mortality associated with CVD (187 - >350
deaths/100,000 person/year) in the country.®4

The South Indian region, which is home to one-fifth of
the total population of India, accounts for ~25% of total
CVD-related deaths in the country.? |t is estimated that
by 2030, death linked to cardiovascular complications will
rise to 17.9 million in India alone, which is approximately
10 times the CVD-related mortality in the United States.®
This projected sharp increase in CVD-related death in
India will necessitate implementing aggressive measures
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to monitor disease surveillance, as well as putting
patients into effective drug therapy regimens.

The era of modern genomics has uncovered
many genetic variations that predispose individuals
to the risk of CVDs.® Further, these genome wide
association studies have also predicted single nucleotide
polymorphisms (SNPs) in genes that correlate with a
positive response to CVD drugs. Such studies have also
implicated SNPs linked to adverse drug-induced toxicity
in CVD patients. Taken together, these findings provide a
genetic basis to stratify patients who are likely to benefit
from aggressive disease management by initiating them
on drug regimens that are tailored to the patient’s genetic
variations. One potential caveat of this approach is that
these findings cannot be readily applied to the Indian
population, having been derived exclusively from the
analysis of populations outside India. As an example, the
prevalence of cardiomyopathy is reported to be higherin
the South Asian population in comparison to the Western
population.® Polymorphisms in genes encoding myosin
binding protein C (MYBPC) and beta myosin heavy
chain can lead to cardiomyopathy by compromising
the structural integrity of the heart muscle and its
development. Recently, a 25 bp deletion in the intron
32 of the MYBPC3 gene encoding MYBPC, a structural
component of the sarcomere, has been reported to occur
at an overall frequency of ~11% in the Indian population
with a specific 6% prevalence in the Kerala population.”
Until date, this deletion has been found primarily in India
and South Asia, and has also been considered as a
variant specific to the Indian population.® Polymorphisms
in other genes such as SLCO1B1, CYP2C9, VKORC1and
CYP2C19 can exacerbate drug-induced cytotoxicity, or
sometimes can reduce the efficacy of drugs significantly
by interfering with their uptake and/or metabolism.18 |n
these situations, the patient needs to be put on another
drug, or the dosage of the drug needs to be adjusted
appropriately.

Relatively few studies have examined the presence
of specific polymorphisms in genes associated with
CVD risk in the Indian population.578'9 Even fewer
studies have included the South Indian population,
where mortality due to CVDs is reported to be higher
in comparison to other regions within the country

(>300 death/100,000/year).® Therefore, we undertook to
examine the prevalence of genetic variants associated
with CVD and drug response in the Southern Indian state
of Kerala, by examining polymorphisms in five genes
known to influence the onset of cardiomyopathy and
variable responses to commonly prescribed CVD drugs,
such as statin, warfarin, and clopidogrel.

Materials and Methods

Samples

Buccal mucosal cell samples were collected from 100
cardiology out-patients of Meditrina Cardiac Centre,
St. Thomas Hospital, Changanassery, Kerala, India in
February-March 2012. Informed consent of subjects and
appropriate Ethics Committee approval was obtained
after detailed explanation of the study. The 100 patients
consisted of 51 males and 49 females. The average age
of patients participating in the study was 66 years. Of
individuals for whom clinical history data was available,
66 had been diagnosed for diabetes, 65 for hypertension
and 23 were suffering from various cardiac ailments.

Isolation of genomic deoxyribonucleic acid and
polymerase chain reaction amplification

Genomic DNA was isolated from the buccal swabs
using the Gentra Puregene Buccal Cell Kit (QIAGEN,
Germany) as per the manufacturer’s protocol.
DNA regions containing the MYBPC3 rs36212066
(25 bp deletion, intron 32), SLCO1B1 rs4149056
(c. 521T>C, exon 6), VKORC1rs9923231 (c.—1639G>A,
promoter), CYP2C9*13 rs72558187 (c. 269T>C,
exon 2), CYP2C972 rs28371674 (c. 430C>T, exon 3),
CYP2C9"3rs1057910 (c. 1075A>C, exon 7), CYP2C19"3
rs4986893 (c. 636G>A, exon 4), CYP2C1972 rs4244285
(c. 681G>A, exon 5) polymorphisms were amplified by
nested polymerase chain reaction (PCR) using primers
represented in Figure 1. A 35-cycle PCR was carried out
using the following conditions: Denaturation of template
DNA for the first cycle at 98°C for 30 s, denaturation
at 98°C for 20 s, annealing at 64°C (MYBPC3 and
SLCO1B1) or 62°C (VKORC1 and CYP2C9) or
60°C (CYP2C19) for 35 s, extension at 72°C for 1 min
and extension at 72°C for 7 min. PCR was performed
using a high fidelity (HF) reaction buffer containing 1.5
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Figure 1: Schematic representation of the strategy used to selectively amplify genetic regions harboring
polymorphisms for sequencing. (a) MYBPCS3 - rs36212066 (25 bp deletion, intron 32), (b) SLCO1B1 - rs4149056
(c. 521T > C, exon 6), (¢) VKORC1 - rs9923231 (c.-1639 G > A, promoter) (d) CYP2C9 alleles, - CYP2C9*13 - rs72558187
(c. 269T > C, exon 2), CYP2C9*2-rs28371674 (c. 430C > T, exon 3) and CYP2C93 rs1057910 (c. 1075A > C, exon 7),
(e) CYP2C19 alleles, - CYP2C19°3 rs4986893 (c. 636G > A, exon 4) and CYP2C19°2 rs4244285 (c. 681G > A, exon 5)

mM MgCiI2; 50% DMSO; 10 mM of each dNTPs; 0.5 units
Phusion Taq polymerase (Finnzymes, Finland); 0.5 uM
of each primer and 40 ng of template genomic DNA. The
outer PCR product was used as template for PCR with
inner primers under the same conditions described for
outer PCR. Post amplification, the PCR products were
resolved on 1.5% agarose gel and eluted using GeneJET
Gel extraction kit (Fermentas, Germany).

DNA sequencing and analysis for mutations

The amplified inner PCR products were sequenced
on an ABI3730 x | DNA analyzer (Applied Biosystems,
USA), using the ABI PRISM BigDye Terminator Cycle
Sequencing Kit (Perkin-Elmer Corp., USA), following
the manufacturer’s instructions. The sequencing
data obtained was analyzed using Sequencher,
Version 5.0 (Gene Codes Corp., USA). Genotypes

for the polymorphisms under study were detected
using the mutation analysis software Mutation
Surveyor Version 3.24 (SoftGenetics LLC, USA)
where the sequences obtained were compared with
the corresponding region of the gene on reference
sequences downloaded from National Centre for
Biotechnology Information database (http://www.ncbi.
nim.nih.gov/).

Results

MYBPCS3 risk variant in Kerala population

Of the 100 samples analyzed for the presence of
the MYBPC3 deletion, 7 samples were found to be
heterozygous for the 25 bp deletion [Figure 2 and Table 1].
Given that the 25 bp deletion results in a frame shifted
functionally impaired protein, we failed to detect any
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homozygous cases in either cohorts, which are rare and
has been reported previously in Indian cardiomyopathy
patients (0.8%), but not in the control population.” The
frequency of 4-7% of MYBPC3 deletion falls within the
same range (2-8%) as reported from other subgroups
in India.l"

Genetic variants exacerbating drug-induced toxicity

Several genetic polymorphisms influence
drug-induced risk of cardiac malfunction. As an
example, SLCO1B1, c. 521T > C; p.Val174Ala variant
is associated with increased risk of statin-induced
myopathy.?%211 Of the 100 samples analyzed,

15 samples were positive for the C allele, All which
were heterozygous [Figure 3a and Table 1]. This
distribution pattern is similar to the 15-16% reported
prevalence of the C allele in populations of Caucasian
decent.l'020211 A study on different ethnic groups in
Brazil reported the allele to be present in highest
numbers in American-Indians (28.3% heterozygous
and 9.9% homozygous) and lowest in African descent
subjects (5.7% and 0%) compared with Mulatto
(14.9% and 2.4%) and Caucasian descent (14.8%
and 4.1%).2%

Interestingly, our study shows that the SLCO1B1
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Figure 2: Characterization of the 25 bp deletion in the MYBPC3 gene. (a) Representative agarose gel electrophoresis
pattern of the PCR products obtained for the wild-type MYBPC3 (single band seen in Lanes 1, 2, 4 and 5) and a
heterozygous deletion sample (two bands corresponding to the wild-type and the 25 bp deletion seen in Lane 3).
The marker lane is shown on the right. (b) Representative sequence chromatogram of a heterozygous sample
depicting region of heterozygous deletion (Het_del) in MYBPC3 gene viewed as mixed peaks. The control wild type
chromatogram without the deletion is shown on the top
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Table 1: Genotypic and allelic frequencies for the various polymorphisms tested in the Kerala population

Gene/allele Polymorphism Genotype frequency Allelic frequency

MYBPC3 rs36212066 Wild-type Het_del del Hc!_del‘/_o"" D allele frequency
93 7 0 3.5

SLCO1B1 rs4149056 TT TC CcC C allele frequency
85 15 0 7.5

VKORC1 rs9923231 GG GA AA A allele frequency
76 22 2 13

CYP2C9*13 rs72558187 T TC CC C allele frequency
100 0 0 0

CYP2C972 rs28371674 CcC CT TT T allele frequency
97 3 0 1.5

CYP2C9*3 rs1057910 AA AC CcC C allele frequency
85 14 1 8

CYP2C19°2 rs4244285 GG GA AA A allele frequency
34 57 9 37.5

CYP2C19*3 rs4986893 GG GA AA A allele frequency
100 0 0 0

MYBPC3: Myosin binding protein C

‘C’ allele was higher in females than in males, 21.5% Polymorphisms in two CYP2C9 and VKORC1

females compared to only 7.8% males in this group of  genes contribute to the cytotoxic effects of warfarin,

individuals [Table 2]. which at high doses can cause internal hemorrhages
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Figure 3: Chromatogram showing the presence of different variants in the genes tested: (a) SLCO1B1
(c. 521T > C) (b) CYP2C9*2 (c. 430C > T) (c) CYP2C9"3 (c. 1075A > C) (d) VKORC1 (c.-1639 G > A) (e) CYP2C1972
(c. 681G > A, exon 5). Chromatogram of the region flanking each variant is highlighted as well as indicated by an
arrow over the chromatogram

Olo v

in patients carrying certain genetic variants. Four = CYP2C9*3 and CYP2C9*13, (with CYP2C9*1 being
genetic variants, three in CYP2C9 that is, CYP2C9*2,  the wild type allele) and one in VKORCT1 are relevant to
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Table 2: Gender wise distribution of polymorphisms in
the Kerala study population

Gene/allele Polymorphism Genotype Male Male Female Female

% %
MYBPC3 25 bp deletion Het-del 4 7.84 3 5.88
del 0 0
SLCO1B1 c¢.521T>C TC 4 7.84 11 21.57
CcC 0 0
VKORC1 ¢.-1639 G>A GA 12 2353 10 19.61
AA 1 1
CYP2C9713 c. 269T>C TC 0 0.00 0 0.00
CC 0 0
CYP2C9*2 c.430C>T CT 2 3.92 1 1.96
TT 0 0
CYP2C9*3 c.1075A>C  AC 7 1373 7 13.73
cC 0 1
CYP2C19*2 c. 681G>A GA 30 58.82 27 52.94
AA 5 4

Male: Number of males with polymorphism; Male %: Percentage of males
with polymorphism; Female: Number of females with polymorphism; Female
%: Percentage of females with polymorphism; MYBPC3: Myosin binding
protein C

warfarin-induced cytotoxicity. Among the three CYP2C9
variants, CYP2C9*3 was detected in 15% of the study
population [Figure 3c and Table 1]. 14% individuals
were heterozygous carrying the CYP2C9*1/*3 alleles
and 1% carried the homozygous (CYP2C9*3/*3)
genotype. The CYP2C9*2 variant allele was
heterozygous (CYP2C9*1/*2) in 3% individuals with no
homozygous genotype detected [Figure 3b and Table 1].
The third variant CYP2C9*13 was absent in our study
population. One sample was a compound heterozygote
for the *2 and *3 alleles (CYP2C9*2/*3). Previous
studies reported the presence of CYP2C9*3 allele in
approximately 1-4% of the Asian population, while the
CYP2C9™2 allele was absent.?2 The CYP2C972 allele
is reported to be absent or very rare in East Asian
populations, with the CYP2C9*1, *2 and *3 alleles
reported in a Chinese Mongolian study to be 97%,
0% and 3%, respectively.?24 Another study involving a
broader South Indian population, showed the frequencies
of CYP2C9*2 and *3 to be 4%, and 8% respectively.?®
The frequency of the CYP2C9*13 allele, not detected in
the current population, was previously reported only in
1.02% of the Chinese population. 2!

Analysis of the G to A polymorphism in the 5UTR
region (-1639 position from the start) of the VKORC1
gene revealed that 22% of the individuals were
heterozygous (G/A) for the variation and 2% were
homozygous (A/A) [Figure 3d and Table 1]. This
polymorphism alters transcription factor binding site

upstream of the VKORC1 gene, leading to lower levels
of VKORC1 protein expression, thus necessitating
dosage reduction of warfarin in carriers.l'® A previous
study involving 50 CVD patients from North India
detected 16% prevalence in the VKORC1 (-1639G > A)
allele (6 homozygous and 10 heterozygous), which
is similar to what we have detected in the Kerala
population.?” By contrast, the Chinese population carry
the VKORCT1 variant at significantly higher frequency
(82.1%, homozygous).[®!

We also detected a combination of polymorphisms
in both the genes. Two patient samples (2%) carried
CYP2C9*2 and VKORC1 (-1639G > A) alleles,
while five samples (5%) carried CYP2C9*3 and
VKORC1 (-1639G>A). These combinations were present
in the heterozygous state and are expected to exacerbate
drug-induced toxicity necessitating treatment with lower
doses of warfarin.

We also tested two important polymorphisms in the
CYP2C19 gene (CYP2C19*2 and CYP2C1973) that
results in poor conversion of clopidogrel pro-drug to
its active form.['"l Genotyping assays revealed that
57% of study samples were heterozygous for the
CYP2C19*2 allele (CYP2C19*1/*2) while 9% were
homozygous [Figure 3e and Table 1]. The presence
of CYP2C19%2 allele has been reported previously to
be high in Asian population (29-55%) when compared
with the Caucasian or African American population
(13% and 18% respectively).l'"2 The CYP2C19*3 variant
was not detected in the present cohort.

Discussion

The main objective of this study was to ascertain
the frequency of genetic polymorphisms in five
genes associated with the risk of cardiomyopathy,
drug-induced toxicity and variable response to therapy
for cardiac-related conditions in a cohort of subjects from
the South Indian state of Kerala with high incidence of
CVD. Based on a recent study by the Indian Genome
variation consortium and other population studies on
India, it has been proposed that although the country
as a whole is genetically diverse, there is significant
genetic homogeneity within groups related to each
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other by linguistic and ethnic affiliations.?** Therefore,
large-scale countrywide population studies that are not
properly stratified to reflect this genetic homogeneity
may fail to capture correlations that exist between
specific genetic variants with disease or drug response
phenotype. It is very likely then, that clinically significant
genetic correlations derived from one region of the
country may lead to erroneous inferences of genetic
association in another region. An alternative approach to
overcome this uncertainty is to carry out region-specific
multiple smaller studies that reveal true prevalence of
region-specific genetic variants enabling clinicians to
make superior inference of genetic association with the
disease and help them to choose the right treatment
regimens for the group as a whole. Our analyses reveal
a spectrum of variations in the five clinically relevant
genes at frequencies that are different from those that
were detected in other regions of the country, making a
strong case for requiring genetic testing within the CVD
community of Kerala before considering any specific line
of treatment.

The 25 bp deletion variant of MYBPC3 gene is
known to influence predisposition to heart failures and
in posing a lifelong threat to carriers. Earlier reports
detected the presence of this deletion at a frequency of
13.8% (13% heterozygotes and 0.8% homozygotes) in
pooled Indian patients with hypertrophic cardiomyopathy
and only in 2.9% (heterozygous condition) of healthy
control individuals.”” Another report covering multiple
countries within the Indian subcontinent showed
significant variability (2-8%) between populations within
this region.l® In the Kerala population, this MYBPC3
heterozygous deletion variant was found to be present
in 7% of the samples. Therefore, the higher incidence
of CVD in the Kerala population cannot be attributed
entirely to the presence of this deletion variant. This
conclusion needs to be bolstered further with a larger
cohort of cardiomyopathy patients and controls to enable
identification of other risk factors associated with this
disease condition in the region.

Genetic testing of polymorphisms that influence
response to CVD drugs can reduce drug related toxicity
and increase efficacy of treatment. Although both genetic
and environmental factors contribute to drug response,

it is estimated that genetics alone can account for
20-95% of the variability in drug response by impacting
the absorption and metabolism of CVD drugs.®'-*3 One
important application of genetic testing will be to assign
patients the correct dose regimen of statin, to reduce
statin (Simvastatin)-induced myopathy at higher doses
and prevent concurrent use of drugs like cyclosporine
that inhibits statin metabolism.®! Myopathy occurs in up
to 10% of statin-treated patients and is most commonly
manifested by myalgia.?¥ The SLCO1B1(c.521T>C)C
allele causes lower statin uptake in the liver and is a risk
factor for statin-induced myopathy. The variant, prevalent
in 15% of the Caucasian population, is responsible for
more than 60% of the myopathy cases.?*?" We detected
this variant in 15% of samples tested in the Kerala
population. These individuals are likely candidates
for lower doses of Simvastatin or alternate statins
like pravastatin and atrovastatin or lipophilic statins
such as fluvastatin as they enter the liver via passive
diffusion.l®33® Genotyping for this polymorphism can
therefore be an important clinical tool in preventing this
irreversible muscle damage.

Another group of drugs whose kinetics of absorption
and metabolism is affected by genetic polymorphism
include oral anticoagulants such as warfarin and
clopidogrel. CYP2C9 and/or VKORC1 gene variants
are primary genetic determinants of warfarin dosing. Of
over 24 polymorphisms known in the CYP2C9 gene, the
CYP2C972 and CYP2C973 alleles are associated with an
increased risk of bleeding due to inappropriate warfarin
dosing.® Patients homozygous for the CYP2C9*3
allele (CYP2C9*3/*3) needed 3.3-fold lower mean
dose of warfarin to achieve the same normalized ratio
as the wild type allele (CYP2C9*1/*1), with CYP2C9*3
carriers (CYP2C9*1/*3) requiring an intermediate dose.
The impact of these reduced-function alleles is related
to the clearance of warfarin in vivo, which is reported
to be reduced by 66% and 90% for CYP2C9*1/*3 and
CYP2C973/*3 respectively.?® Both the CYP2C9*2
and the CYP2C9*3 alleles are rare in the Asian
population.?'22 A recent study detected the presence
of CYP2C9*2 and *3 alleles at 4% and 8% respectively
in the general South Indian population.?¥ This study
reports higher preponderance of the CYP2C9"3 allele,
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at 15% in the Kerala population while CYP2C9*2 allele
was relatively rare (3%).

VKORCT contributes to 15-30% of the variation in the
dose of warfarin required. The (-1639G>A) polymorphism
in the VKORC1 gene, the second primary genetic
factor contributing to warfarin sensitivity accounts for
over half of this variability.' In our cohort, 22% carry
this polymorphism in a heterozygous state, which is
comparable to what has been detected in another North
Indian population.?” The Chinese population on the other
hand carries the polymorphism in homozygous state in
82.1% of individuals compared with 14.2% of a healthy
Caucasian population indicating lower maintenance dose
requirement for Chinese population.!'!

Possession of both VKORC1 and CYP2C9 variants
would require a very significant (80%) dose reduction
compared with the lone gene variants for prevention of
adverse effects.['""¥ Knowledge about an individual’s
genotype in the context of these genes therefore
promises controlled use of warfarin to help avoid
hemorrhagic events in cardiac patients among multiple
ethnic groups studied. From the present study it becomes
apparent that there is a high prevalence of three variants
to adversely impact the patient treatment groups in
Kerala, unless prior genotypic stratification and dose
adjustments are implemented.

The third gene we analyzed contributes to the
efficacy of clopidogrel therapy in patients with CVD.
Previous studies have shown that CYP2C19 genetic
variations account for ~30% of risk for recurrent ischemic
events, with CYP2C19*2 and CYP2C19*3 loss of
function variants resulting in 25-33% decreased serum
levels of the active metabolite and platelet inhibition
than noncarriers, doubling the risk for major adverse
cardiovascular events.l'” In this study, we found that
the Kerala population shows a high prevalence of
CYP2C19*2 allele at 66% (57% patients heterozygous
and 9% homozygous). Given the high prevalence of
the CYP2C19 risk allele in the Kerala population, an
assessment of this genotype will be highly beneficial
in determining the dose at which clopidogrel treatment
along with determination of the active compound in the
blood for individuals carrying the risk alleles. In addition,
alternative antiplatelet agents, like third generation

thienopyridine and prasugrel should be incorporated into
treatment regimens in patients with homozygous loss of
function alleles.

To the best of our knowledge, this is the first study
reporting the combined prevalence of clinically relevant
polymorphisms in five genes in the CVD population of
Kerala. Data presented in this study will enhance our
understanding of the distribution of clinically important
genetic variants-related to cardiac ailments and offer
a preliminary rationale for the optimal choice of drugs,
including arriving at a dosing regimen that will offer
maximal benefit to the patients by increasing efficacy,
while at the same time minimizing the risk of drug-induced
toxicity. We propose that Kerala population be given
routine genetic tests to detect polymorphisms in these
five genes before making any decision on the course of
treatment. In addition, our study also supports the use
of genetic counseling to reduce the risk of heart disease
in families harboring these polymorphisms.
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