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Abstract: The association of the phospholipase A2 group VI gene (PLA2G6) single nucleotide variants (SNVs) and ex-
posure factors with lipid-related traits is little known. This study sought to determine the interactions of the PLA2G6
rs4820314 SNV and several exposure factors on lipid-associated phenotypes in the Chinese Jing and Han popula-
tions. A total of 1629 unrelated participants (Jing, 785 and Han, 844) were randomly selected from our previous
stratified randomized samples. Genotypes of the PLA2G6 rs4820314 were determined by polymerase chain reac-
tion and restriction fragment length polymorphism, and then confirmed by direct sequencing. Analyses were per-
formed to assess the interaction between genotypes and several exposure factors on serum lipid levels. The levels
of serum total cholesterol and triglyceride (TG) were higher in Jing than in Han. The genotypic and allelic frequencies
of PLA2G6 rs4820314 were different between the two populations and body mass index (BMI), alcohol consump-
tion and hyperlipidemia subgroups (P < 0.05-0.001). The A allele carriers had higher serum TG levels and the risk
of hyperlipidemia than the A allele non-carriers. Consistently, in each population, serum TG levels increased more
evidently with higher BMI and/or alcohol consumption of PLA2G6 rs4820314 AG/AA genotype than in carriers of
the major genotype (GG). Participants with different genotypes of PLA2G6 rs4820314 exhibit differential effected
from BMI and alcohol consumption for the hyperlipidemia risk. These findings suggest potential critical roles for the
gene-exposure (GxXE) interaction between PLA2G6 rs4820314 and BMI/alcohol consumption in regulating lipid-
related traits and hypertriglyceridemia risk.

Keywords: Single nucleotide variant (SNV), body mass index (BMI), alcohol consumption, GXE interaction, lipid-
related trait

Introduction

Cardiovascular diseases (CVDs) are the leading
cause of death worldwide [1]. In 2008, 30% of
all global death is attributed to CVDs. Death
caused by CVDs is also higher in low- and mid-
dle-income countries as over 80% of all global
death caused by CVDs occurred in those coun-
tries. It is also estimated that by 2030, over 23
million people will die from CVDs each year.
There are several exposure factors for CVDs:
age, gender, tobacco use, physical inactivity,
excessive alcohol consumption, unhealthy diet,
obesity, CVD family history, raised blood pres-
sure (hypertension), raised blood sugar (diabe-
tes mellitus), raised blood cholesterol (hyperlip-
idemia), psychosocial factors, poverty and low

educational status, and air pollution [2-6].
While the individual contribution of each risk
factor varies between different communities or
ethnic groups the overall contribution of these
exposure factors is very consistent [7]. Some of
these exposure factors, such as age, gender or
genetic are immutable; however, many impor-
tant cardiovascular risk factors are modifiable
including prevention of obesity and control alco-
hol intake.

Obesity is an important component of the
pathophysiology of chronic diseases including
dyslipidemia and CVDs [8]. Identifying genetic/
epigenetic modifications associated with ele-
vated adiposity may point to genomic/epigen-
omic pathways that are dysregulated in nu-
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merous conditions [9]. The risk of CVD is known
to be lower in light-to-moderate alcohol drink-
ers than in abstainers [10]. The effects of alco-
hol on lipid metabolism, especially the high-
densitylipoprotein cholesterol (HDL-C)-elevating
effects, are thought to greatly contribute to the
cardioprotective action of alcohol [11]. On the
other hand, excessive alcohol consumption has
been shown to cause hypertriglyceridemia [12,
13], which is a prevalent exposure factor for
CVD [14-16]. With regard to mechanisms under-
lying the effects of alcohol on lipid metabolism,
alcohol consumption has been shown to
increase the activity of lipoprotein lipase and
decrease the activity of cholesteryl ester trans-
fer protein, resulting in elevation of HDL-C [17].
The hypertriglyceridemia induced by excessive
alcohol drinking may be mainly due to an
increase in the synthesis of large very low-den-
sity lipoprotein (VLDL) particles in the liver.

Recent genome-wide association studies (GW-
AS) have identified > 30 novel genetic loci asso-
ciated with lipid-related traits [18]. The phos-
pholipase A2 group VI gene (PLA2G6) and the
protein encoded by this gene is an A2 phospho-
lipase, a class of enzyme that catalyzes the
release of fatty acids from phospholipids and
participate in the pathophysiology of lipid me-
tabolism. (http://www-ncbi-niIm-nih-gov.ezp-pr-
odl.hul.harvard.edu/gene/8398).

As acoastal ethnic minority of China, Jing con-
tinue to speak the Viethamese language and
persist in fishing for a living until today. And Jing
is small minority with a population of 22,517 (in
2000 the fifth national census statistics of
China) compared with Han, which the biggest
one. Jing population is a relatively conservative
and isolated minority, and preserves their cus-
tom of intra-ethnic marriages. Thus, their
genetic background may be less heteroge-
neous within the population [19].

Materials and methods
Ethical considerations

The study protocol was approved by the Ethics
Committee of the First Affiliated Hospital,
Guangxi Medical University. Written informed
consent for all the participants is obtained as
per the guidelines.

Study populations

A total of 1629 individuals, including 785 Jing
(387 males, 49.3% and 398 females, 50.7%;
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mean age 54.91 + 10.93 years) and 844 Han
(418 males, 49.5% and 426 females, 50.5%;
mean age 54.75 + 11.97 years). They were
selected randomly from previous stratified ran-
domized samples [20]. All subjects were agri-
cultural workers and/or fishermen from
Dongxing City, Guangxi Zhuang Autonomous
Region, People’s Republic of China [21].

The presence of CVD exposure factors was
determined using the criteria of the European
society of cardiology [22]: a hypertensive condi-
tion was attributed when systolic blood pres-
sure values were > 140 mmHg or diastolic
blood pressure values > 90 mmHg in at least
two separate measurements. Smoking status
was categorized into groups of cigarettes per
day: £ 20 and > 20. Alcohol consumption was
categorized into groups of grams of alcohol per
day: < 25 and > 25; obesity was defined as
body mass index (BMI, kg/m?): underweight
(BMI < 18.5), normal weight (18.5 < BMI < 24),
overweight (24 < BMI < 28) and obesity (28 <
BMI); or waist circumference > 85 cm in men or
> 80 cm in women. Hypercholesterolemia was
considered for total cholesterol (TC) > 5.17
mmol/l, and hypertriglyceridemia was triglycer-
ide (TG) > 1.70 mmol/I. The presence of meta-
bolic syndrome (MetS) was determined using
the 2001 NCEP-ATP-III definition [23]. The par-
ticipants were not taking medications known to
affect serum lipid levels (lipid lowering drugs
such as statins or fibrates, beta-blockers,
diuretics, or hormones). They did not show any
signs of CVD from their health questionnaires
and clinical examinations.

Serum lipid phenotype analyses

Blood samples were drawn from all subjects
after an overnight fast. Sera were separated
immediately and stored at -20°C. Serum lipid
levels were measured. The levels of TC, TG,
HDL-C and low-density lipoprotein cholesterol
(LDL-C) in the samples were determined by
enzymatic methods with commercially avail-
able kits. Serum apolipoprotein (Apo) A1 and
ApoB levels were assessed by the immunetur-
bidimetric immunoassay.

Isolation of DNA

Genomic DNA was extracted from EDTA whole
blood sample using aspin column method
according to the protocol (QIAamp Blood Kit;
Qiagen GmbH, Hilden, Germany). DNA was
stored at -20°C till the time of use.
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Table 1. Anthropometric and metabolic characteristics in the Chinese Jing and Han populations

Parameter Jing (n = 785) Han (n = 844) t (X?) P
Male/Female 387/398 418/426 0.008 0.927
Age (year) 54.91 + 10.93 54.75 £ 11.97 0.275 0.784
Height (cm) 158.86 + 7.19 15797 + 7.70 2.676 0.008
Weight (kg) 59.11 £ 9.22 57.39 £ 9.27 3.764 0.000
Body mass index (kg/m?) 23.36 £ 3.11 22.96 + 3.15 2.551 0.011
Waist circumference (cm) 80.02 £ 8.87 78.17 + 8.89 4.189 0.000
Cigarette smoking [n (%)]

Non-smoker 620 (79.0) 646 (76.5)

< 20 cigarettes/day 38 (4.8) 34 (4.0)

> 20 cigarettes/day 127 (16.2) 164 (19.4) 3.328 0.189
Alcohol consumption [n (%)]

Non-drinker 611 (77.8) 588 (69.7)

<25 g/day 78 (9.9) 54 (6.4)

> 25 g/day 96 (12.2) 202 (23.9) 40.426 0.000
Systolic blood pressure (mmHg) 129.38 + 18.38 131.07 + 17.69 -1.892 0.059
Diastolic blood pressure (mmHg) 80.81 + 10.23 81.26 +9.67 -0.906 0.365
Pulse pressure (mmHg) 48.57 + 14.73 49.82 + 14.44 -1.721 0.085
Glucose (mmol/L) 6.55+1.31 6.55+1.01 -0.140 0.889
Total cholesterol (mmol/L) 5.11 £ 0.92 4.83+0.81 6.668 0.000
Triglyceride (mmol/L) 1.41 (1.14) 1.27 (1.03) -4.524 0.000
HDL-cholesterol (mmol/L) 1.78 £ 0.49 1.80 +0.44 -0.755 0.451
LDL-cholesterol (mmol/L) 2.85+0.40 2.84 +0.43 0.870 0.385
Apolipoprotein A1 (g/L) 1.31+0.22 1.33+0.20 -1.164 0.245
ApoB (g/L) 1.06 £ 0.25 1.04 £0.24 1.630 0.103
ApoAl/ApoB 1.31+0.39 1.35+0.39 -1.901 0.057

HDL, high density lipoprotein; LDL, low density lipoprotein; Apo, apolipoprotein.

Genetic polymorphism detection

Genotyping of the PLA2G6 rs4820314 poly-
morphism was performed by polymerase chain
reaction and restriction fragment length poly-
morphism (PCR-RFLP). PCR amplification was
carried out with forward primer 5’-AGGAGCCG-
TCACAACACTG-3’ and reverse primer 5-TGCAC-
ATAAGGAATCCCATT-3'. After initial denaturing
at 95°C for 5 min, the reaction mixture was
subjected to 33 cycles of 45 s denaturation at
95°C, 30 s annealing at 58°C and extension 60
s at 72°C, followed by a final 10 min extension
at 72°C. After restriction enzyme (Banl [G])
digestion of the amplified DNA, the genotypes
were identified by electrophoresis on 2% aga-
rose gels and visualized with ethidium-bromide
staining ultraviolet illumination. Three geno-
types were detected: GG (226- and 103-bp), AG
(329-, 226- and 103-bp) and AA (329-bp). Parts
of genotyping were also confirmed randomly by
direct sequencing. The PCR products were puri-
fied by low melting point gel electrophoresis
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and phenol extraction, and then the DNA
sequences were analyzed using an ABI Prism
3100 (Applied Biosystems) in Shanghai Sangon
Biological Engineering Technology & Services
Co., Ltd., People’s Republic of China.

Statistical analyses

Descriptive parameters are presented as mean
+ SD (serum TG levels were presented as medi-
ans and interquartile ranges) and categorical
variables were presented using frequency co-
unts. Comparisons between groups of means
were compared by the Student’s unpaired
t-test. Chi-square test (x?) was used to compare
categorical variables between the groups.
Genotype frequencies in Jing and Han were
tested for Hardy-Weinberg equilibrium, and any
deviation between the observed and expected
frequencies was tested for significance using
the x2 test. The association between genotypes
and serum lipid parameters was performed
using analysis of covariance (ANCOVA). Age,
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gender, BMI, waist circumference, smoking,
and alcohol consumption were adjusted for the
statistical analysis. A factorial design covari-
ance analysis was performed to assess the
interaction between genotypes and ethnic
groups, BMI, waist circumference, alcohol con-
sumption, hypercholesterolemia and hypertri-
glyceridemia after controlling for potential con-
founders including age, gender, BMI, smoking,
and alcohol consumption. Multivariable linear
regression analyses with stepwise modeling
were used to determine the correlation between
genotypes (GG = 1, AG = 2, AA = 3) or alleles
(the A allele non-carrier = 1, the A allele carrier
= 2) and several environmental factors with
serum lipid phenotypes in subgroups. Two
sided P value < 0.05 was considered statisti-
cally significant. All data were evaluated using
SPSS version 21.0 (SPSS Inc., Chicago, Illinois)
of windows 10.

Results
General characteristics

The general characteristics of the two ethnic
groups are shown in Table 1. The levels of
height, weight, BMI and waist circumference
were higher in Jing than in Han populations (P <
0.05-0.001), whereas the percentages of sub-
jects who consumed alcohol were lower in Jing
than in Han populations (P < 0.001). There
were no significant differences in the ratio of
male to female, age, the percentages of sub-
jects who smoked cigarettes, the levels of sys-
tolic blood pressure, diastolic blood pressure,
pulse pressure and blood fasting glucose levels
between the two groups (P > 0.05 for all).

Serum lipid phenotypes

Serum lipid phenotypes between Jing and Han
populations are also shown in Table 1. The lev-
els of TC and TG were higher in Jing ethnic
minority than in Han nationality (P < 0.001 for
each). There were no significant differences in
serum HDL-C, LDL-C, ApoA1, ApoB levels and
the ratio of ApoAl to ApoB between the two
ethnic groups (P > 0.05 for all).

Genotypic and allelic frequencies

The genotypic and allelic frequencies of
PLA2G6 rs4820314 are shown in Table 2. The
distribution of genotypes followed the Hardy-
Weinberg equilibrium in both Jing and Han pop-
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ulations. The frequencies of G and A alleles
were 82.68% and 17.32% in Jing, and 86.02%
and 23.98% in Han (P < 0.01); respectively. For
the Han population, the frequencies of G and A
alleles were 87.25% and 12.75% in under-
weight, 87.15% and 12.85% in normal weight,
85.77% and 14.23% in overweight, and 75.89%
and 24.11% in obesity subgroups (P < 0.05);
87.41% and 12.59% in nondrinkers, 85.19%
and 14.81% in light-moderate alcohol con-
sumption, and 82.18% and 17.82% in heavy
alcohol consumption subgroups (P < 0.05);
87.10% and 12.90% in non-hypertriglyceride-
mia, 82.87% and 17.13% in hypertriglyceride-
mia subgroups (P < 0.05); respectively. The fre-
quencies of Gand Aalleles in the Jing population
were 85.40% and 14.60% in non-hypertriglyc-
eridemia, and 76.37% and 23.63% in hypertri-
glyceridemia subgroups (P < 0.001); respec-
tively.

The genotype frequencies of the PLA2G6
rs4820314 were also different between Jing
and Han populations (P < 0.05), between Jing
non-hypertriglyceridemia and hypertriglyceride-
mia (P < 0.001), among Han different BMI sub-
groups (P = 0.001), and among Han different
alcohol consumption subgroups (P < 0.05).

Genotypes and serum lipid phenotypes

Serum TG, HDL-C, LDL-C and ApoB levels in Jing
were different between the two genotypes (P <
0.05-0.001), the participants with AG/AA geno-
types had higher serum TG, LDL-C and ApoB
levels and lower serum HDL-C levels than the
subjects with GG genotype. Serum TG, HDL-C
and ApoAl levels in Han were different between
the two genotypes (P < 0.01 for all), the partici-
pants with AG/AA genotypes had higher serum
TG levels and lower serum HDL-C and ApoAl
levels than the subjects with GG genotype
(Figure 1).

Genotypes and BMI on serum lipid phenotypes

For the Jing population, the levels of TC, LDL-C,
ApoAl, ApoB and the ratio of ApoAl to ApoB in
underweight; TG, HDL-C and LDL-C in normal
weight; ApoB in overweight; and TC in obesity
subgroups were different between the two gen-
otypes (P < 0.05-0.001).

For the Han population, the levels of TG in
underweight; TG and HDL-C in normal weight;
TC, ApoB and the ratio of ApoAl to ApoB in

Int J Clin Exp Med 2017;10(11):15743-15754
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Table 2. Genotype and allele distributions

Genotype Allele
Group N HWE
GG AG AA G A
Jing 785 542(69.05) 214 (27.26) 29(3.69) 1298(82.68) 272(17.32) 0.175
Han 844 628 (74.41) 196 (23.22) 20(2.37) 1452(86.02) 236(23.98) 0.316
X? 6.636 6.910
P 0.036 0.009
Jing 785
Underweight (BMI < 18.5) 24 15 (62.50) 9 (37.50) 0(0) 39 (81.25) 9 (18.75) 0.258
Normal Weight (18.5 < BMI < 24) 474 334 (70.46) 123(25.95) 17 (3.59) 791(83.44) 157 (16.56) 0.184
Overweight (24 < BMI < 28) 215 146 (67.91) 58(26.98) 11(5.11) 350(81.40) 80(18.60) 0.109
Obesity (28 < BMI) 72  47(65.28) 24(33.33) 1(1.39) 118(81.94) 26(18.06) 0.283
X2 5.792 0.999
P 0.447 0.801
Han 844
Underweight (BMI < 18.5) 51  41(80.39) 7(13.73) 3(5.88) 89 (87.25) 13 (12.75)  0.006
Normal Weight (18.5 < BMI < 24) 498 374 (75.10) 120(24.10) 4(0.80) 868 (87.15) 128(12.85) 0.091
Overweight (24 < BMI < 28) 239 180(75.31) 50(20.92) 9(3.77) 410(85.77) 68(14.23) 0.027
Obesity (28 < BMI) 56 33(58.93) 19(33.93) 4(7.14) 85 (75.89) 27 (24.11) 0.586
X2 22.173 10.759
P 0.001 0.013
Jing 785
Male (Waist circumference < 85) 254 185(72.84) 60(23.62) 9(3.54) 430(84.65) 78(15.35) 0.146
Male (Waist circumference > 85) 133 84 (63.16) 43(32.33) 6(4.51) 211(79.32) 55(20.68) 0.868
X2 3.874 3.475
P 0.144 0.062
Female (Waist circumference <80) 240 171(71.25) 62(25.83) 7(2.92) 404 (84.17) 76 (15.83) 0.634
Female (Waist circumference > 80) 158 102 (64.56 49(31.01) 7(4.43) 253(80.06) 63(19.94) 0.720
X2 2.159 2.226
P 0.340 0.136
Han 844
Male (Waist circumference < 85) 344 247 (71.80) 92 (26.75) 5(1.45) 586(85.17) 102(14.83) 0.274
Male (Waist circumference > 85) 74  51(68.92) 21(28.38) 2(2.70) 123(83.11) 25(16.89) 0.926
X2 0.699 0.404
P 0.705 0.525
Female (Waist circumference <80) 262 207 (79.01) 48(18.32) 7(2.67) 462(88.17) 62(11.83) 0.048
Female (Waist circumference > 80) 158 117 (74.05) 35 (22.15) (3.80) 269 (85.13) 47 (14.87) 0.116
X? 1.450 1.615
P 0.484 0.204
Jing 785
Nondrinker 611 419 (68.58) 168 (27.49) 24(3.93) 1006 (82.32) 216(17.68) 0.172
<25 g/day 78 56(71.79) 22(28.21) 0(0) 134 (85.90) 22(14.10) 0.147
> 25 g/day 96 67 (69.79) 24(25.000 5(5.21) 158(82.29) 34(17.71) 0.163
X2 3.898 1.256
P 0.420 0.534
Han 844
Nondrinker 588 455 (77.38) 118(20.07) 15(2.55) 1028 (87.41) 148(12.59) 0.033
<25 g/day 54  38(70.37) 16(29.63) 0(0) 92 (85.19) 16 (14.81) 0.201
> 25 g/day 202 135(66.83) 62(30.69) 5(2.48) 332(82.18) 72(17.82) 0.496
X2 12.074 6.923
P 0.017 0.031
Jing 785
Non-hypercholesterolemia 444 310(69.82) 115(25.90) 19(4.28) 735(82.77) 153(17.23) 0.053
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Hypercholesterolemia 341 232(68.04) 99(29.03) 10(2.93) 563(82.55) 119 (17.45) 0.886
X2 1.730 0.013
P 0.420 0.910
Han 844
Non-hypercholesterolemia 568 430 (75.70) 127 (22.36) 11(1.94) 987 (86.89) 149(13.11) 0.651
Hypercholesterolemia 276 198 (71.74) 69(25.00) 9(3.26) 465 (84.24) 87 (15.76) 0.331
X2 2.325 2.161
P 0.313 0.142
Jing 785
Non-hypertriglyceridemia 548 403 (73.54) 130(23.72) 15(2.73) 936 (85.40) 160 (14.60) 0.255
Hypertriglyceridemia 237 139(58.65) 84 (35.44) 14(5.91) 362(76.37) 112(23.63) 0.782
X2 18.150 18.838
P 0.000 0.000
Han 844
Non-hypertriglyceridemia 628 478(76.11) 138(21.98) 12(1.91) 1094 (87.10) 162 (12.90) 0.581
Hypertriglyceridemia 216 150 (69.44) 58(26.85) 8(3.71) 358(82.87) 74(17.13) 0.426
X2 4.788 4.786
P 0.091 0.029
HWE, Hardy-Weinberg equilibrium; BMI, body mass index.
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Figure 1. Association of the rs4820314 genotypes
in the Chinese Jing and Han populations (°P < 0.05;

overweight; and TG and ApoA1l in obesity sub-
groups were different between the two geno-
types (P < 0.05-0.001; Figure 2).

Genotypes and alcohol on serum lipid pheno-
types

Serum TG, LDL-C, ApoB levels and the ApoAl/
ApoB ratio in Jing nondrinker; TC levels in Jing
light and moderate drinker (£ 25 g/day); and
HDL-C levels in Jing heavy drinker subgroups (>
25 g/day) were different between the two geno-
types (P < 0.05-0.001). Serum TG and ApoAl
levels in Han nondrinker; TC, TG, ApoB levels
and the ApoAl/ApoB ratio in Han light and
moderate drinker subgroups were different
between the two genotypes (P < 0.05-0.001;
Figure 3).
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and lipid-related traits
°P < 0.01; °P < 0.001).

triglyceridemia subgroup were
different between the two
genotypes (P < 0.05-0.001;
Figure 4).

Genotypes and ethnic groups on serum TG

levels

As shown in Figure 5, the two populations of
different ancestries were divided into non-
hypertriglyceridemia, general, and hypertriglyc-
eridemia subgroups according to serum TG lev-
els. The subjects with AG/AA genotypes of the
PLA2G6 rs4820314 in non-hypertriglyceride-
mia and general subgroups had higher serum
TG levels in Jing than in Han populations. But
this result was not found in hypertriglyceride-

mia subgroup.

Interaction of PLA2G6 rs4820314 AG/AA
genotype with BMI on serum TG level

BMI interacts with PLA2G6 rs4820314 SNV on
serum TG levels in two populations of different
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Figure 2. Association of the rs4820314 genotypes and BMI with lipid-related traits (°P < 0.05; °P < 0.01; °P < 0.001).
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Figure 3. Association of the rs4820314 genotypes and alcohol consumption with lipid-related traits (°P < 0.05; °P

< 0.01; °P < 0.001).

ancestries are shown in Figure 6. With higher
BMI, predicted serum TG level decreased more
evidently in the PLA2G6 rs4820314 SNV minor
allele homozygotes than the major allele carri-
ers in each population.

Interaction of PLA2G6 rs4820314 AG/AA
genotype with alcohol consumption on serum
TG level

Alcohol consumption interacts with PLA2G6
rs4820314 SNV on serum TG levels in two pop-
ulations of different ancestries are shown in
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Figure 7. With higher alcohol consumption, pre-
dicted serum TG level decreased more evident-
ly in the PLA2G6 rs4820314 SNV AG/GG geno-
type than the AA genotype carriers in each
population.

Discussion

To the best of our knowledge, this is the first
study identifying the association of PLA2G6
rs4820314 and exposure factors including BMI
and alcohol consumption with lipid-related
traits. In both Jing and Han, higher BMI and
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Figure 5. Correlation of PLA2G6 rs4820314 AG/AA
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alcohol consumption was associated with high-
er TC, TG, LDL-C, ApoB levels and lower HDL-C,
ApoAl and the ratio of ApoAl to ApoB in the
rs4820314 AG/AA genotype, but not in the GG
genotype. This trend of interaction was further
confirmed in the BMI, alcohol and hypertriglyc-
eridemia subgroups. Present results suggest
that participants with different genotypes of
PLA2G6 rs4820314 exhibit differential effects
from high BMI and alcohol consumption for
increasing dyslipidemia risk.

Although the strong risk association of PLA2-
G6 rs4820314 with type 2 diabetes mellitus
(T2DM) and plasma TG levels [24] has been
established in previous reports, and potential
of this SNV has been proposed [25], other stud-
ies have shown inconsistent results [26]
between this SNV and dyslipidemia. A previous
genome-wide association meta-analysis show-
ed association of PLA2G6 rs4820314 and adi-
posity and cardio-metabolic disease risk [27].
In addition, evidence from observational and
intervention study showed that the PLA2G6
rs4820314 may influence plasma TG levels
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during a supplementation with n-3 polyunsatu-
rated fatty acids (PUFA) [28]. These discrepan-
cies could be explained by the interactions
between PLA2G6 rs4820314 and BMI and
alcohol consumption, as indicated in the cur-
rent study. Significant associations of BMI and
alcohol consumption with lipid-related traits
especially TG were observed only in the PLA2G6
rs4820314 AG/AA genotype. Consistent with
those observations, the results were replicated
in two populations of different ancestries. The
genetic effect of PLA2G6 rs4820314 SNV on
lipid-related traits especially TG was suscepti-
ble to various exposure factors.

The gene-nutrient interaction between PLA2-
G6 rs4820314 with diet, such as plasma om-
ega-6 fatty acid (supplementation with fish oil)
on serum lipid levels [29, 30] has been report-
ed. Another study [31] also reported an interac-
tion between PLA2G6 and cigarette smoker on
coronary artery disease. These studies togeth-
er with our present study suggest that biologi-
cal differences may influence the lipid-related
traits effects of gene-exposure (GxE) interac-
tions. Although these situations, or others
described below, may facilitate the PLA2G6
rs4820314-BMI and alcohol consumption
interactions on lipid-related traits and risk of
dyslipidemia, the precise mechanism is still
unclear.

Although the same interaction pattern was
observed in the Jing and Han populations,
slightly different strengths of associations were
found between the two populations. This may
be because of the proxy markers of PLA2-
G6 rs4820314 used in different genetic back-
grounds and demographic and cultural charac-
teristics of the two populations. For example,
TC and TG were substantially higher in Jing
compared with the Han population. Although
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we adjusted for these differences in the inter- genetic effect. Third, our results may be influ-
action testes, those adjustments may not have enced by other genetic and environmental fac-
been completed. tors, and these may interact with PLA2G6

rs4820314, which was not considered in this
Nevertheless, there are several limitations with study. These unknown genetic factors may
this study. First, a causal relation between affect the estimated effect of GXE interaction
PLA2G6 rs4820314 and BMI and alcohol con- on serum lipid levels. Therefore, future work is
sumption on lipid-related traits and risk of needed to establish a causal relation between
hypertriglyceridemia cannot be concluded BMI and/or alcohol consumption and hyperlip-
because of the observational study design. idemia or related traits, including genotype-
Second, just one tag SNV was used in just two selected randomized controlled traits, as well
populations of different ethnicities for replica- as gene-by-gene and gene-by-environment
tion, which may lead to underestimation of the interaction analyses at the genome-wide level.
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The present study is important in public health
implications. Obesity was defined as BMI (kg/
m?): underweight (BMI < 18.5), normal Weight
(18.5 < BMI < 24), overweight (24 < BMI < 28)
and obesity (28 < BMI). In our study, the preva-
lence of high BMI was higher in Jing than in Han
populations. It is same to dyslipidemia. Given
the high BMI individuals recommendation to
achieve BMI < 24. However, our study indicates
one recommendation may not be optimal for all
adults because of genetic background. In terms
of personal treatment, developing some recom-
mendations based on personal genotype infor-
mation could, one day, improve for the preven-
tion of dyslipidemia.

Conclusions

In conclusion, BMI and alcohol consumption
modulated the associations of PLA2G6 rs48-
20314 SNV with lipid-related traits. Higher BMI
and alcohol consumptions were associated
with higher risk of hypertriglyceridemia in AG/
AA genotypes, but the associations were great-
ly attenuated in the other genotype groups.
Replication was successfully achieved in the
participants of two different populations. This
study suggests potential critical roles for the
gene-exposure (GxE) interaction between the
PLA2G6 rs4820314 and BMl/alcohol con-
sumption in regulating lipid-related traits and
hypertriglyceridemia risk.

Acknowledgements

This study was supported by the National
Natural Science Foundation of China (no.
81160111) and the Innovation Project of
Guangxi Graduate Education.

Disclosure of conflict of interest
None.

Address correspondence to: Rui-Xing Yin, Depart-
ment of Cardiology, Institute of Cardiovascular
Diseases, The First Affiliated Hospital, Guangxi
Medical University, 22 Shuangyong Road, Nanning
530021, Guangxi, China. Tel: +867715358832;
E-mail: yinruixing@163.com

References
[1] Catapano AL, Graham |, De Backer G, Wiklund

0, Chapman MJ, Drexel H, Hoes AW, Jennings
CS, Landmesser U, Pedersen TR, Reiner Z, Ric-

15752

(2]

(3]

(4]

(5]

(6]

(7]

(8]

cardi G, Taskinen MR, Tokgozoglu L, Versch-
uren WM, Vlachopoulos C, Wood DA and
Zamorano JL. 2016 ESC/EAS guidelines for
the management of dyslipidaemias: the task
force for the management of dyslipidaemias of
the european society of cardiology (ESC) and
european atherosclerosis society (EAS) devel-
oped with the special contribution of the euro-
pean assocciation for cardiovascular preven-
tion & rehabilitation (EACPR). Atherosclerosis
2016; 253: 281-344.

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK,
Blaha MJ, Cushman M, Das SR, de Ferranti S,
Després JP, Fullerton HJ, Howard VJ, Huffman
MD, Isasi CR, Jiménez MC, Judd SE, Kissela
BM, Lichtman JH, Lisabeth LD, Liu S, Mackey
RH, Magid DJ, McGuire DK, Mohler ER 3rd,
Moy CS, Muntner P, Mussolino ME, Nasir K,
Neumar RW, Nichol G, Palaniappan L, Pandey
DK, Reeves MJ, Rodriguez CJ, Rosamond W,
Sorlie PD, Stein J, Towfighi A, Turan TN, Virani
SS, Woo D, Yeh RW, Turner MB. Executive sum-
mary: heart disease and stroke statistics—-2016
update: a report from the american heart as-
sociation. Circulation 2016; 133: 447-454.
George J, Rapsomaniki E, Pujades-Rodriguez
M, Shah AD, Denaxas S, Herrett E, Smeeth L,
Timmis A and Hemingway H. How does cardio-
vascular disease first present in women and
men? incidence of 12 cardiovascular diseases
in a contemporary cohort of 1,937,360 peo-
ple. Circulation 2015; 132: 1320-1328.
Tzoulaki I, Elliott P, Kontis V and Ezzati M.
Worldwide exposures to cardiovascular risk
factors and associated health effects: current
knowledge and data gaps. Circulation 2016;
133:2314-2333.

Zong G, Gao A, Hu FB and Sun Q. Whole grain
intake and mortality from all causes, cardio-
vascular disease, and cancer: a meta-analysis
of prospective cohort studies. Circulation
2016; 133: 2370-2380.

Franklin SS, Lopez VA, Wong ND, Mitchell GF,
Larson MG, Vasan RS and Levy D. Single ver-
sus combined blood pressure components
and risk for cardiovascular disease: the Fram-
ingham heart study. Circulation 2009; 119:
243-250.

Skilton MR. Fetal growth and the ethnic origins
of type 2 diabetes. Diabetologia 2015; 58:
422-424.,

Demerath EW, Guan W, Grove ML, Aslibekyan
S, Mendelson M, Zhou YH, Hedman AK,
Sandling JK, Li LA, Irvin MR, Zhi D, Deloukas P,
Liang L, Liu C, Bressler J, Spector TD, North K,
Li Y, Absher DM, Levy D, Arnett DK, Fornage M,
Pankow JS and Boerwinkle E. Epigenome-wide
association study (EWAS) of BMI, BMI change
and waist circumference in African American

Int J Clin Exp Med 2017;10(11):15743-15754


mailto:yinruixing@163.com

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Interactions of rs4820314 and exposure factors on lipids

adults identifies multiple replicated loci. Hum
Mol Genet 2015; 24: 4464-4479.

Chambers JC, Loh M, Lehne B, Drong A, Krieb-
el J, Motta V, Wahl S, Elliott HR, Rota F, Scott
WR, Zhang W, Tan ST, Campanella G, Chadeau-
Hyam M, Yengo L, Richmond RC, Adamowicz-
Brice M, Afzal U, Bozaoglu K, Mok ZY, Ng HK,
Pattou F, Prokisch H, Rozario MA, Tarantini L,
Abbott J, Ala-Korpela M, Albetti B, Ammerpohl
0, Bertazzi PA, Blancher C, Caiazzo R, Danesh
J, Gaunt TR, de Lusignan S, Gieger C, lllig T, Jha
S, Jones S, Jowett J, Kangas AJ, Kasturiratne A,
Kato N, Kotea N, Kowlessur S, Pitkaniemi J,
Punjabi P, Saleheen D, Schafmayer C, Soinin-
en P, Tai ES, Thorand B, Tuomilehto J, Wickre-
masinghe AR, Kyrtopoulos SA, Aitman TJ, Herd-
er C, Hampe J, Cauchi S, Relton CL, Froguel P,
Soong R, Vineis P, Jarvelin MR, Scott J, Grallert
H, Bollati V, Elliott P, McCarthy Ml and Kooner
JS. Epigenome-wide association of DNA meth-
ylation markers in peripheral blood from Indian
Asians and Europeans with incident type 2 dia-
betes: a nested case-control study. Lancet Dia-
betes Endocrinol 2015; 3: 526-534.
Shimomura T and Wakabayashi I. Inverse as-
sociations between light-to-moderate alcohol
intake and lipid-related indices in patients with
diabetes. Cardiovasc Diabetol 2013; 12: 104.
Rao MN, Marmillot P, Gong M, Palmer DA,
Seeff LB, Strader DB and Lakshman MR. Light,
but not heavy alcohol drinking, stimulates
paraoxonase by upregulating liver mRNA in
rats and humans. Metabolism 2003; 52:
1287-1294.

Van de Wiel A. The effect of alcohol on post-
prandial and fasting triglycerides. Int J Vasc
Med 2012; 2012: 862504.

Bessembinders K, Wielders J and van de Wiel
A. Severe hypertriglyceridemia influenced by
alcohol (SHIBA). Alcohol Alcohol 2011; 46:
113-116.

Naimi TS, Brown DW, Brewer RD, Giles WH,
Mensah G, Serdula MK, Mokdad AH, Hunger-
ford DW, Lando J, Naimi S and Stroup DF. Car-
diovascular risk factors and confounders
among nondrinking and moderate-drinking
U.S. adults. Am J Prev Med 2005; 28: 369-
373.

Katsiki N, Tziomalos K and Mikhailidis DP. Al-
cohol and the cardiovascular system: a double-
edged sword. Curr Pharm Des 2014; 20: 6276-
6288.

Arranz S, Chiva-Blanch G, Valderas-Martinez P,
Medina-Remoén A, Lamuela-Raventés RM, Es-
truch R. Wine, beer, alcohol and polyphenols
on cardiovascular disease and cancer. Nutri-
ents 2012; 4: 759-781.

Wakabayashi I. Inverse association between
triglycerides-to-HDL-cholesterol ratio and alco-

15753

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

hol drinking in middle-aged Japanese men. J
Stud Alcohol Drugs 2012; 73: 998-1004.
Ripatti P, Ramoé JT, Soderlund S, Surakka |,
Matikainen N, Pirinen M, Pajukanta P, Sarin
AP, Service SK, Laurila PP, Ehnholm C, Salo-
maa V, Wilson RK, Palotie A, Freimer NB, Taski-
nen MR and Ripatti S. The contribution of
GWAS Loci in familial dyslipidemias. PLoS Gen-
et 2016; 12: e1006078.

Zhang JP, Huang M, Guan YY, Xu AL and Wu JH.
Mutant thiopurine S-methyltransferase alleles
among Jing Chinese in Guangxi province.
Zhonghua Yi Xue Yi Chuan Xue Za Zhi 2003;
20: 303-306.

Sun JQ, Yin RX, Shi GY, Shen SW, Chen X, Bin Y,
Huang F, Wang W, Lin WX and Pan SL. Associa-
tion of the ARL15 rs6450176 SNP and serum
lipid levels in the Jing and Han populations. Int
J Clin Exp Pathol 2015; 8: 12977-12994.

Guo T, Yin RX, Huang F, Yao LM, Lin WX and
Pan SL. Association between the DOCK7,
PCSK9 and GALNT2 gene polymorphisms and
serum lipid levels. Sci Rep 2016; 6: 19079.
Guo T, Yin RX, Lin WX, Wang W, Huang F and
Pan SL. Association of the variants and haplo-
types in the DOCK7, PCSK9 and GALNT2
genes and the risk of hyperlipidaemia. J Cell
Mol Med 2016; 20: 243-265.
Athauda-Arachchi PM and Hutcheon SD. As-
sessing the implications of implementing the
NICE guideline 95 for evaluation of stable
chest pain of recent onset: a single centre ex-
perience. Scott Med J 2013; 58: 12-15.

Yan J, Hu C, Jiang F, Zhang R, Wang J, Tang S,
Peng D, Chen M, Bao Y, Jia W. Genetic variants
of PLA2G6 are associated with Type 2 diabetes
mellitus and triglyceride levels in a Chinese
population. Diabet Med 2015; 32: 280-286.
Févre C, Bellenger S, Pierre AS, Minville M, Bel-
lenger J, Gresti J, Rialland M, Narce M and Tes-
sier C. The metabolic cascade leading to eico-
sanoid precursors—-desaturases, elongases,
and phospholipases A2-is altered in Zucker
fatty rats. Biochim Biophys Acta 2011; 1811:
409-417.

Zhang L, Zhong S, Li Y, Ji G, Sundaram M and
Yao Z. Global inactivation of the Pla2g6 gene
in mice does not cause dyslipidemia under
chow or high-fat diet conditions. J Cancer Prev
2013; 18: 235-248.

LuY, Day FR, Gustafsson S, Buchkovich ML, Na
J, Bataille V, Cousminer DL, Dastani Z, Drong
AW, Esko T, Evans DM, Falchi M, Feitosa MF,
Ferreira T, Hedman AK, Haring R, Hysi PG, lles
MM, Justice AE, Kanoni S, Lagou V, Li R, Li X,
Locke A, Lu C, Magi R, Perry JR, Pers TH, Qi Q,
Sanna M, Schmidt EM, Scott WR, Shungin D,
Teumer A, Vinkhuyzen AA, Walker RW, Westra
HJ, Zhang M, Zhang W, Zhao JH, Zhu Z, Afzal U,

Int J Clin Exp Med 2017;10(11):15743-15754



Interactions of rs4820314 and exposure factors on lipids

Ahluwalia TS, Bakker SJ, Bellis C, Bonnefond A,
Borodulin K, Buchman AS, Cederholm T, Choh
AC, Choi HJ, Curran JE, de Groot LC, De Jager
PL, Dhonukshe-Rutten RA, Enneman AW, Eury
E, Evans DS, Forsen T, Friedrich N, Fumeron F,
Garcia ME, Gartner S, Han BG, Havulinna AS,
Hayward C, Hernandez D, Hillege H, Ittermann
T, Kent JW, Kolcic |, Laatikainen T, Lahti J, Ma-
teo Leach |, Lee CG, Lee JY, Liu T, Liu Y, Lob-
bens S, Loh M, Lyytikainen LP, Medina-Gomez
C, Michaélsson K, Nalls MA, Nielson CM, Ooza-
geer L, Pascoe L, Paternoster L, Polasek O,
Ripatti S, Sarzynski MA, Shin CS, Naranci¢ NS,
Spira D, Srikanth P, Steinhagen-Thiessen E,
Sung YJ, Swart KM, Taittonen L, Tanaka T, Tik-
kanen E, van der Velde N, van Schoor NM, Ver-
weij N, Wright AF, Yu L, Zmuda JM, Eklund N,
Forrester T, Grarup N, Jackson AU, Kristians-
son K, Kuulasmaa T, Kuusisto J, Lichtner P,
Luan J, Mahajan A, Mannisté S, Palmer CD,
Ried JS, Scott RA, Stancakova A, Wagner PJ,
Demirkan A, Doring A, Gudnason V, Kiel DP,
Kdhnel B, Mangino M, Mcknight B, Menni C,
O’Connell JR, Oostra BA, Shuldiner AR, Song K,
Vandenput L, van Duijn CM, Vollenweider P,
White CC, Boehnke M, Boettcher Y, Cooper RS,
Forouhi NG, Gieger C, Grallert H, Hingorani A,
Jorgensen T, Jousilahti P, Kivimaki M, Kumari
M, Laakso M, Langenberg C, Linneberg A, Luke
A, Mckenzie CA, Palotie A, Pedersen O, Peters
A, Strauch K, Tayo BO, Wareham NJ, Bennett
DA, Bertram L, Blangero J, Bliher M, Bouchard
C, Campbell H, Cho NH, Cummings SR, Czer-
winski SA, Demuth |, Eckardt R, Eriksson JG,
Ferrucci L, Franco OH, Froguel P, Gansevoort
RT, Hansen T, Harris TB, Hastie N, Helibvaara
M, Hofman A, Jordan JM, Jula A, Kéhdénen M,
Kajantie E, Knekt PB, Koskinen S, Kovacs P,
Lehtimaki T, Lind L, Liu Y, Orwoll ES, Osmond
C, Perola M, Pérusse L, Raitakari OT, Rankinen
T, Rao DC, Rice TK, Rivadeneira F, Rudan I, Sa-
lomaa V, Sgrensen TI, Stumvoll M, Ténjes A,
Towne B, Tranah GJ, Tremblay A, Uitterlinden
AG, van der Harst P, Vartiainen E, Viikari JS, Vi-
tart V, Vohl MC, Volzke H, Walker M, Wallas-
chofski H, Wild S, Wilson JF, Yengo L, Bishop
DT, Borecki IB, Chambers JC, Cupples LA, Deh-
ghan A, Deloukas P, Fatemifar G, Fox C, Furey
TS, Franke L, Han J, Hunter DJ, Karjalainen J,
Karpe F, Kaplan RC, Kooner JS, McCarthy Ml,
Murabito JM, Morris AP, Bishop JA, North KE,
Ohlsson C, Ong KK, Prokopenko I, Richards JB,
Schadt EE, Spector TD, Widén E, Willer CJ,
Yang J, Ingelsson E, Mohlke KL, Hirschhorn JN,
Pospisilik JA, Zillikens MC, Lindgren C, Kil-
pelainen TO and Loos RJ. New loci for body fat
percentage reveal link between adiposity and
cardiometabolic disease risk. Nat Commun
2016; 7: 10495.

15754

(28]

[29]

(30]

(31]

Tremblay BL, Cormier H, Rudkowska |, Lemieux
S, Couture P and Vohl MC. Association be-
tween polymorphisms in phospholipase A2
genes and the plasma triglyceride response to
an n-3 PUFA supplementation: a clinical trial.
Lipids Health Dis 2015; 14: 12.

Tremblay BL, Rudkowska |, Couture P, Lemieux
S, Julien P and Vohl MC. Modulation of C-reac-
tive protein and plasma omega-6 fatty acid lev-
els by phospholipase A2 gene polymorphisms
following a 6-week supplementation with fish
oil. Prostaglandins Leukot Essent Fatty Acids
2015; 102-103: 37-45.

Hoeft B, Linseisen J, Beckmann L, Muller-
Decker K, Canzian F, Husing A, Kaaks R, Vogel
U, Jakobsen MU, Overvad K, Hansen RD, Knip-
pel S, Boeing H, Trichopoulou A, Koumantaki Y,
Trichopoulos D, Berrino F, Palli D, Panico S, Tu-
mino R, Bueno-de-Mesquita HB, van Duijn-
hoven FJ, van Gils CH, Peeters PH, Dumeaux V,
Lund E, Huerta Castano JM, Munoz X, Rodri-
guez L, Barricarte A, Manjer J, Jirstrom K, Van
Guelpen B, Hallmans G, Spencer EA, Crowe FL,
Khaw KT, Wareham N, Morois S, Boutron-Ru-
ault MC, Clavel-Chapelon F, Chajes V, Jenab M,
Boffetta P, Vineis P, Mouw T, Norat T, Riboli E
and Nieters A. Polymorphisms in fatty-acid-
metabolism-related genes are associated with
colorectal cancer risk. Carcinogenesis 2010;
31: 466-472.

Tithof PK, Elgayyar M, Cho Y, Guan W, Fisher
AB, Peters-Golden M. Polycyclic aromatic hy-
drocarbons present in cigarette smoke cause
endothelial cell apoptosis by a phospholipase
A2-dependent mechanism. FASEB J 2002; 16:
1463-1464.

Int J Clin Exp Med 2017;10(11):15743-15754



