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Abstract: Objective: PLCL2 is expressed in lymphocytes and platelets, and these cells play a pivotal role in the patho-
genesis of atherosclerosis. AP3D1-DOT1L-SF3A2, expressed in lymphocytes and endothelial cells, also has an im-
portant role in the progression of atherosclerosis. Recently, a genome-wide association study identified PLCL2 and
AP3D1-DOT1L-SF3A2 as new susceptibility loci for myocardial infarction in a Japanese population. Therefore, we
performed a case-control study to investigate the relationship between the single nucleotide polymorphisms, (SNPs)
PLCL2 (rs4618210) and AP3D1-DOT1L-SF3A2 (rs3803915), and the risk of coronary artery disease (CAD) and its
clinical phenotypes in a Chinese population. Methods: The subjects (n=447) enrolled included 219 cases with con-
firmed CAD and 228 controls, and all participants underwent elective coronary angiography. The SNPs rs4618210
and rs3803915 were genotyped by the ligase detection reaction. The distribution of genotypes and alleles between
CAD cases and controls and their association with clinical phenotypes and lesion severity were analyzed. Results:
There were significant differences in the frequencies of the rs4618210 G allele between CAD patients and controls
(OR, 2.32; 95% Cl, 1.80~2.98; P<0.01). Analysis of the distribution of genotypes at rs4618210 also revealed a dif-
ference between the CAD patients with Ml and those with unstable angina (P=0.05). When the 219 CAD patients
were divided into three groups (1-, 2-, and 3-vessel disease), the distribution of the two SNPs was not different
among the groups, and there was no association between the SNPs and CAD severity (all P>0.05). Furthermore,
there was no significant difference in the distribution of SNP rs3803915 between the CAD patients and controls,
and there was no association with CAD severity or clinical phenotypes (all P>0.05). Conclusions: In conclusion, in
our sample of patients from the east region of China, the PLCL2 gene and not the AP3D1-DOT1L-SF3A2 variant
might be associated with risk of CAD and its clinical phenotypes.
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Introduction and genome-wide association studies (GWAS)
[5-11]. Several reports of well-powered candi-

Coronary artery disease (CAD) and its severest date gene studies have been identified by a sev-

form, myocardial infarction (Ml), are important
causes of worldwide morbidity and mortality [1,
2]. CAD results from atherosclerosis, which is
the blockage of major cardiac vessels supply-
ing blood to the heart; progressive narrowing of
the arterial lumen causes myocardial ischemia
and angina pectoris [3]. Since 1990, there has
been an explosion of studies examining genetic
markers that may increase the risk of MI/CAD
[4]. These include genetic linkage analyses of
candidate genes, cardiometabolic risk factors

eral large-scale GWAS. In CAD, 51 loci with
GWAS significance (P<5x10%) have collectively
been identified by a recent large-scale GWAS
mainly in subjects of Caucasian descent [11].

Among these susceptibility loci, some of them
belong to pathways involved in immune or
inflammatory responses [8, 12-14]. The phos-
pholipase C-like protein 2 (PLCL2) gene is locat-
ed on chromosome 3p24.3. PLCL2 is expressed
in lymphocytes and platelets, and is an impor-
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Table 1. Baseline characteristics of the study
population

Controls CAD

Numbers, n 228 219
Gender, male (%) 101 (44.3) 145 (66.2)"
Age, years 65.2+15.4 66.7+11.21
Hypertension, n (%) 120 (52.6) 144 (65.8)"
Diabetes mellitus, n (%) 25 (10.8) 65 (29.9)f
Smokers, n (%) 135 (61.6) 203 (89.0)F
Hemoglobin (Hb) (g/I)  130.7+24.1 133.0+18.5

FBS (mmol/I) 5.8¢1.6  6.3+2.0"
TC (mmol/I) 41411 4513
HDL (mmol/1) 1.3+0.47  1.2+0.3"
LDL (mmol/1) 26409  2.7+13

Data are mean + SD or number (%), as appropriate;
“P<0.05 vs controls. TP<0.01 vs controls; CAD, coronary
artery disease; FBS, fasting blood sugar; TC; total cho-
lesterol; HDL, high density lipoprotein; LDL, low density
lipoprotein.

tant PLCL that lacks phospholipase catalytic
activity [15]. PLC-L2 also plays an important
role in the regulation of Ins (1, 4, 5) P (3) in the
endoplasmic reticulum [15]. PLCL2 is likely to
be involved in the pathogenesis of the chronic
inflammatory process of Ml through dysregula-
tion of the immune system [16]. AP3D1-DOT1L-
SF3A2 is expressed in lymphocytes and endo-
thelial cells, which have an important role in the
pathogenesis of atherosclerosis [17]. Recently,
two novel susceptibility loci, PLCL2 on chromo-
some 3p24.3 (rs4618210:A>G) and AP3D1-
DOT1L-SF3A2 on chromosome 19p13.3 (rs38-
03915:A>C), have been identified as new sus-
ceptibility loci for Ml due to atherosclerosis in a
Japanese population [17].

Due to differences in geographical or ancestral
origin of samples, it is not clear whether these
two loci are associated with risk of CAD, clinical
phenotypes and coronary severity in a Chinese
Han population. Thus, the present case-control
study was performed to examine the associa-
tion between SNPs rs4618210 of the PLCL2
gene and rs3803915 of the AP3D1-DOT1L-
SF3A2 gene with CAD, its clinical phenotypes
and the severity of coronary artery disease in a
Chinese population.

Methods
Subjects

A total of 447 Chinese subjects, aged 34 to 90
years, were consecutively enrolled in this study.
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Since all subjects had symptoms of chest dis-
comfort and there was CAD was suspected, all
subjects underwent coronary angiography. CAD
was present in 219 patients: 51 were diag-
nosed with MlI, 147 with unstable angina pecto-
ris (UAP), and 21 with stable angina pectoris
(SAP). Exclusion criteria were: a contraindica-
tion to heparin; autoimmune diseases; or
severe Kidney, liver or malignant disease.
Smoking habits were identified by the informa-
tion obtained in the patients’ questionnaire.
The study was approved by the local Ethical
Committee, and all participants gave informed
consent for participation.

Coronary angiography

All patients underwent elective coronary angi-
ography using the Judkins method, and CAD
was defined by angiography as stenosis that
obstructed at least one main coronary artery by
>50%. CAD patients were grouped according to
the number of stenosed vessels (1-, 2-, and
3-vessel disease). Those subjects without coro-
nary stenosis were included as controls.

DNA extraction and genotyping

Peripheral venous blood was drawn from each
participant. Genomic DNA was extracted using
a QlAamp DNA Blood kit (Qiagen, Valencia, CA).
The SNPs were genotyped by the ligase detec-
tion reaction [18, 19] using TagMan genotyping
assays on an ABl Prism 377 Sequence
Detection System according to the manufac-
turer’s instructions (Applied Biosystems, Foster
City, CA).

Statistical analysis

The statistical software package, SPSS 15.0,
was used for all statistical calculations. Results
are presented as mean * SD for continuous
variables, and as proportions for categorical
variables. Age, hemoglobin (Hb), total choles-
terol (TC), low density lipoprotein (LDL) and high
density lipoprotein (HDL) levels were consid-
ered continuous variables. Hypertension, dia-
betes mellitus, smoking status and gender
were classified as categorical variables. Allele
and genotype frequencies among cases and
controls were compared with values predicted
by the Hardy-Weinberg equilibrium using the
x>-test. Relative risks of CAD associated with
each genotype were calculated separately by
binary logistic regression analysis. For each
odds ratio (OR), 95% confidence intervals (Cls)
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Table 2. Genotype and allele distribution at rs4618210 and rs3803915 in CAD cases and controls

Control (n/%) CAD (n/%) OR (95% Cl)
rs4618210
AA 48/21.1 42/19.2 AA vs AG 0.93 (0.56~1.55)
AG 97/42.5 79/36.1 AG vs GG 1.45 (0.96~2.20)
GG 83/36.4 98/44.7 GG vs AA 1.35 (0.81~2.24)
P
Relative frequencies of alleles
Allele A 362/57.9 163/37.2
Allele G 263/42.1 275/62.8 2.32 (1.80~2.98)
P
rs3803915
AA 17/7.5 11/5.0 AAvs CA 1.63 (0.73~3.68)
CA 88/38.6 93/42.5 CA vs CC 0.89 (0.60~1.30)
cC 123/53.9 115/52.5 CCvs AA 1.45 (0.65~3.22)
P
Relative frequencies of alleles
Allele A 122/26.8 115/26.3
Allele C 334/73.2 323/73.7 1.03 (0.76~1.38)
P

P is the significance level of comparison between CAD and controls. The x? test was used for genotypes and likelihood ratio test
was used for alleles in the analysis. N, number of individuals with percentage of the total group in parenthesis; OR, odds ratio;

95% Cl, 95% confidence interval; TP<0.01.

Table 3. Distribution of genotypes at rs4618210 and
rs3803915 among CAD patients according to the sever-

ity of CAD

main lipid parameters was found in
patients with CAD, and the CAD patients
were also older than the controls (all

Number of vessels involved

One Two Three

P<0.05).

p value

There was no significant deviation from

rs4618210 AA,n (%) 17/23.9 14/18.7 11/151 0.58

AG,n (%) 21/29.6 29/38.7 29/39.7
GG, n (%) 33/46.5 32/42.7 33/45.2
rs3803915 AA, n (%) 3/42 5/6.7 3/4.1
CA, n (%) 35/49.3 23/30.7 35/47.9
CC,n (%) 33/46.5 47/62.7 35/47.9

the Hardy-Weinberg equilibrium in all the
samples studied. Of the 447 subjects
participating in the study, analysis of AA,
AG and GG genotype frequencies of
rs4618210 and AA, CA and CC genotype
frequencies of rs3803915 did not reveal

For abbreviations, see Table 1.

were calculated. Two-tailed p-values <0.05
were considered significant.

Results

There were 447 subjects enrolled in the study;
there were 219 CAD cases and 228 controls.
Baseline characteristics of all subjects are
shown in Table 1. There was no significant dif-
ference in baseline hemoglobin concentration
between the CAD cases and controls. A higher
prevalence of hypertension, diabetes mellitus,
smokers, and higher fasting blood sugar and
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any significant differences between CAD

patients and controls. The prevalence of

individual alleles at the rs4618210 locus
differed significantly between the CAD and con-
trol groups (P<0.01), whereas the alleles at
another locus, rs3803915, were not signifi-
cantly different (P>0.05) (Table 2).

When the 219 patients that had CAD were
divided into three groups based on the number
of diseased vessels (1-, 2-, and 3-vessel dis-
ease), there was no significant differences in
the genotypes of the two SNPs among the three
groups (P=0.58 and 0.16, respectively) (Table
3).
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Table 4. Distribution of genotypes at rs4618210 and rs3803915 among different clinical phenotypic

subgroups of CAD
Clinical phenotypic subgroups of CAD OR (95% Cl)
AP Ml
rs4618210
AA 30/17.9 12/23.5 AA vs AG 0.4 (0.2~1.0)
AG 68/40.4 11/21.6 AG vs GG 2.5 (1.1~5.4)
GG 70/41.7 28/54.9 GG vs AA 1.0 (0.4~2.2)
P 0.05
Relative frequencies of alleles
Allele A 128/38.1 35/34.3
Allele G 208/61.9 275/65.7 1.2 (0.7~1.9)
P 0.6
rs3803915
AA 9/5.4 2/3.9 AAvs CA 1.7 (0.3~8.2)
CA 68/40.5 25/49.0 CAvs CC 0.6 (0.3~1.2)
cC 91/54.2 24/47.1 CCvs AA 1.2 (0.2~5.9)
P 0.55
Relative frequencies of alleles
Allele A 86/25.6 29/28.4
Allele C 250/74.4 73/71.6 0.9 (0.5~1.4)
P 0.6

AP, angina pectoris; MI, myocardial infarction.

As shown in Table 4, when an analysis of the
clinical phenotype of CAD subgroups was con-
ducted, the distribution of genotypes at the
rs4618210 variant between the AP and MI
groups was of borderline significance (P=0.05);
however, the distribution of the three geno-
types at rs3803915 between the AP and Mi
groups was not significantly different (P=0.55).
In addition, further analysis was done to deter-
mine if there was a relationship between the
two clinical phenotypic subgroups of CAD and
alleles, but no significant associations were
found (data not shown).

Discussion

The present study provided evidence of an
association of alleles at rs4618210 with risk of
CAD: carriers with the rs4618210 G allele had
a 1.3-fold higher risk of CAD than non-risk allele
A. There was also a difference in the distribu-
tion of genotypes at rs4618210 between the
clinical phenotypes of Ml and angina. Our study
further supported an association of rs4618210
with CAD and its clinical phenotypes, and these
results confirm previous findings in a Japanese
population [17].
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In the study by Hirokawa et al. [17], several
mechanisms were proposed to explain the con-
nection between established MI and genes
PLCL2 and AP3D1-DOT1L-SF3A2. Since FAS
indirectly affects the expression of PLCL2 and
mature B cells undergo FAS-mediated apopto-
sis, it is possible that PCL2 may regulate B-cell
maturation, leading to the formation of athero-
sclerotic lesions. Furthermore, DOTLL is nega-
tively correlated with endothelin-1, which plays
an important role in vasospasm and vasocon-
striction. In addition, the binding capacity of
AP3D1 is regulated by angiotensinogen, sug-
gesting that AP3D1 might be related to athero-
sclerosis in concert with a potent atheroscle-
rotic substrate, angiotensin Il. Thus, PLCL2 and
AP3D1-DOT1L-SF3A2 might play an important
role in the pathogenesis of Ml via the promo-
tion of atherosclerosis (and vasospasm) to dif-
ferent extents [17]. In the case of multifactorial
disorders like CAD, it has always been challeng-
ing to establish a mechanistic relationship
between a particular allele and disease deve-
lopment.

In the present study, although we did not repli-
cate the association between the common

Int J Clin Exp Med 2016;9(7):14684-14690



SNPs and CAD

AP3D1-DOT1L-SF3A2 variant and susceptibility
to CAD, our findings implied that rs4618210
might contribute to the formation of CAD. Allele
G might be a risk allele for CAD, and those car-
rying the AG genotype may be an increased risk
for MI, which is similar to results reported
before [17]. Our data and others support the
notion that PLCL2 may be used for CAD risk
stratification and outcome evaluations. The dis-
crepancies could be explained partly by anthro-
pometric characteristics. The G allele frequen-
cy was higher in Chinese subjects than in
Caucasians. Potential genetic variants associ-
ated with an increased risk of obstructive CAD
may ultimately guide clinical decision making
and help improve strategies for the manage-
ment of patients with CAD and MI. However
there are still many key issues that must be
overcome before the genomic data can be suc-
cessful applied to individual patient manage-
ment [21].

In the present study, the distribution of these
two SNPs was not related to the severity of
CAD. This suggests that SNP rs4618210 is only
associated with the susceptibility to CAD and
clinical phenotypes, but not the severity of cor-
onary lesions. Since this was an observational
study and the sample size was relatively small,
the study was most likely underpowered to
show associations between allele frequency
and the severity of coronary lesions. Even so,
all participants in our study underwent coro-
nary angiography, which allowed evaluation of
stenosis in each coronary artery and accurate
classification of patients as CAD cases or
controls.

In conclusion, in our sample of patients from
the east region of China, the PLCL2 gene vari-
ant might be associated with the risk of CAD
and its clinical phenotypes. Our study results
needed to be confirmed by in a larger popula-
tion, and additional functional experiments are
necessary to further increase our understand-
ing of the role of PLCL2 in the pathogenesis of
CAD and its clinical phenotypes.
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