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Abstract: Recent genome-wide association studies have shown that the chemokine C-X-C motif ligand 12 (CXCL12)
is a susceptible biomarker for coronary artery disease (CAD) in Europeans. In this study, we investigated the possi-
ble association between CXCL12 rs501120 and CAD risk in Han Chinese subjects. Five hundred patients with newly
diagnosed, coronary angiography-confirmed CAD and five hundred age- and gender-matched control subjects were
included in this study. The Mass-ARRAY iPLEX® assay platform was used for genotyping. The results showed that
rs501120 was significantly related to CAD risk in Han Chinese (allele: P = 0.008; OR = 1.29, 95% CI = 1.07-1.55,
Power = 75.6%; recessive model: P = 0.003, OR = 1.78, 95% Cl = 1.21-2.62, Power = 84.2%). A significant associa-
tion of CXCL12 rs501120 with CAD was only found in males (genotype: P = 0.012; allele: P = 0.025; OR = 1.36,
95% Cl = 1.04-1.77, Power = 61.7%; recessive model: P = 0.002. OR = 2.32, 95% Cl = 1.32-4.08, Power = 84.9%).
Moreover, rs501120 was likely to exert its effect in males aged older than 65 years ((genotype: P = 0.017; allele: P
=0.046; OR = 1.45, 95% CI = 1.01-2.11, Power = 50.3%). CAD patients with rs501120-GG showed a negative re-
sponse for the levels of triglyceride (P > 0.05) and high-density lipoprotein-C (P > 0.05) before and after atorvastatin
therapy. Thus, the results suggest that CXCL12 rs501120 is significantly associated with CAD risk in Han Chinese
males aged 65 years and older. Additionally, CXCL12 rs501120-GG may affect the response to atorvastatin therapy

by affecting the concentrations of triglycerides and high-density lipoprotein-C in CAD patients.
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Introduction

Coronary artery disease (CAD) is the leading
cause of death in developing and developed
countries [1]. The prevalence and incidence of
CAD is increasing in Asian countries, including
China [2]. CAD is a complex disease resulting
from the interaction of several genetic and envi-
ronmental factors such as unhealthy lifestyles
and psychosocial factors [3]. Although exten-
sive efforts [4] have been made to identify
genetic factors related to the susceptibility for
CAD development, the underlying mechanisms
remain unclear [5].

The C-X-C motif ligand 12 (CXCL12) is a chemo-
kine protein in humans that can direct the for-
mation of large blood vessels during embryo-
genesis [6]. CXCL12 plays an important role in
angiogenesis by recruiting endothelial progeni-
tor cells from the bone marrow [7]. Previous

studies suggested that CXCL12 plays a role in
recruiting leucocytes in response to vascular
injuries [8] and is involved in atherosclerosis in
rodent models [9]. Several genome-wide asso-
ciation studies (GWAS) have revealed that
CXCL12 variants are genetic susceptibility loci
for CAD risk [10]. GWAS confirmed that two
highly replicated single-nucleotide polymor-
phisms (SNPs) of CXCL12 (rs1746048 and
rs501120) increased the CAD risk in Europeans
[11]. These two SNPs showed high linkage dis-
equilibrium (LD) with each other [12]. However,
the results for these SNPs were not consistent.
Particularly, the results in different ethnicities
are controversial. A recent study reported that
CXCL12 rs1746048 was significantly associat-
ed with CAD risk in Chinese subjects aged 65
years or older [13]. Gender analysis showed
that rs1746048 was likely a CAD risk factor in
males. However, another replication study indi-
cated that CXCL12 rs501120 was associated
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Table 1. Comparison of characteristics between

cases and controls?

Character Control (500) CAD (500) P
Age 52.98410.67 53.88+15.75 0.841
Man (n) 250 250 1.000
TG (mmol/L) 1.47+0.83 3.21+1.01 <0.001
TC (mmol/L) 4.33+£1.02 6.28+1.11 <0.001
HDL-C (mmol/L) 1.34+0.31 1.04+0.68 < 0.001
LDL-C (mmol/L) 2.45%0.76 3.16£0.98 < 0.001

#: There were 102 patients with smoking and drinking, 69

patients with hypertension and 39 patients with diabetes. The

P values were adjusted by smoking, drinking, hypertensions
and diabetes.

with coronary atherosclerosis only in Han
Chinese females [14]. Liyun et al. found
rs501120-CC was associated with CAD in peo-
ple younger than 60 years, but the results
showed no significant difference between the
frequency of rs501120 genotypes and CAD risk
[15]. A study by Lépez-Mejias [16] revealed no
association between the CXCL12 rs501120
polymorphism and cardiovascular disease in
1321 Spanish patients.

In this study, we recruited 500 angiography-
confirmed CAD patients and 500 age- and gen-
der-matched controls and performed a case-
control analysis to validate the contribution of
CXCL12 rs501120 to CAD risk in Han Chinese.
A total of 432 CAD patients were compared to
determine blood lipid levels before and after
one month of atorvastatin therapy according to
the CXCL12 rs501120 genotypes.

Material and methods
Subjects

The present retrospective case-control study
consisted of 500 patients with newly diag-
nosed and coronary angiography-confirmed
CAD and 500 age- and gender-matched control
subjects. All subjects were recruited randomly
between October 2014 and December 2015
from the Lihuili Hospital in Ningbo city. All indi-
viduals with congenital heart disease, cardio-
myopathy, and liver and renal disease were
excluded. Blood samples from 432 CAD
patients were collected to compare blood lipid
levels before and after one month of atorvas-
tatin therapy according to the genotypes. The
study protocol was approved by the Institutional
Research Ethics Committee.
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The present retrospective case-control study
consisted of 500 patients with newly diag-
nosed and coronary angiography-confirmed
CAD and 500 age- and gender-matched control
subjects. All subjects were recruited randomly
between October 2014 and December 2015
from the Lihuili Hospital in Ningbo city. All indi-
viduals with congenital heart disease, cardio-
myopathy, and liver and renal disease were
excluded. Blood samples from 432 CAD
patients were collected to compare blood lipid
levels before and after one month of atorvas-
tatin therapy according to the genotypes. The
study protocol was approved by the Institutional
Research Ethics Committee.

Biochemical variables

Five milliliters of venous blood samples were
collected from each subject, added to 3.2%
citrate sodium-treated tubes, processed in the
central clinical laboratory of the hospital, and
stored at -20°C. Lipid profiles in patients with
different genotypes were compared before and
after one month of atorvastatin therapy. Plasma
levels of triglyceride (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C)
were measured using an enzymatic end-point
assay [17].

Single-nucleotide polymorphism genotyping

Total genomic DNA was isolated from peripher-
al blood leukocytes using the salting out proce-
dure [21]. Polymerase chain reaction (PCR)
amplification was performed on the GeneAmp®
PCR System 9700 (Applied Biosystems, Foster
City, CA, USA) and genotyping was performed
on the Mass-ARRAY iPLEX® assay platform
(Sequenom, San Diego, CA, USA). The genotype
system used in the present study had been
described previously [13, 18].

Statistical analysis

Genotype distribution was analyzed by
Pearson’s chi-square test and Hardy-Weinberg
equilibrium. Discrete data were compared
using Pearson’s chi-square test or Fisher’s
exact test. Quantitative data were compared
using one-way analysis of variance or the
Kruskal Wallis test. The odds ratios (OR) and
95% confidence intervals (95% Cl) were calcu-
lated to test the association between risk fac-
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Table 2. Distribution comparison of CXCL12 gene rs501120 polymorphism between CAD and control

groups
Genotype (n) Allele (n)

Gender Group ———— x* P@f=2) HWE ——— x* P(@df=1) OR (95% Cl) Power
AA  AG GG A T

All Control (N =500) 254 199 47 0.383 707 293

Case (N=500) 230 192 78 9.000 0.011

Female  Control (N=250) 126 97 27

Case (N=250) 113 101 36 2.070 0.355

Male Control (N = 250) 128 102 20

Case (N=250) 117 91 42 8.927 0.012

652 348 6.950 0.008 1.29(1.07-1.55) 75.6%

0.228 349 151

327 173 221 0.137 1.22(0.94-1.59) 31.2%

1.000 358 142

325 175 5.03 0.025 1.36(1.04-1.77) 61.7%

Table 3. Comparison of the dominant model and recessive model between cases and controls in dif-

ferent genders

Dominant P

Recessive

Gender  Group m X2 (df = 2) OR (95% CI) Power m X2 (df=2) OR (95% Cl)  Power
All Control 254 246 453 47

Case 230 270 2.310 0.128 1.21(0.94-1.55) 32.5% 422 78 8790 0.003 1.78(1.21-2.62) 84.2%
Female Control 126 124 223 27

Case 113 137 1.35 0.245 1.23(0.87-1.75) 21.1% 214 36 1.47 0.225 1.39(0.82-2.37) 22.8%
Male Control 128 122 230 20

Case 117 133 0.97 0.325 1.19(0.84-1.69)

16.3% 208 42 891 0.002 2.32(1.32-4.08) 84.9%

tors and CAD. All data were analyzed using
SPSS statistical software version 16.0 (SPSS,
Inc., Chicago, IL, USA). Power analysis was per-
formed using Power and Sample Size Cal-
culation Software version 3.0.43. A two-sided P
value of < 0.05 was considered to indicate a
statistically significant result.

Results

As shown in the Table 1, the concentrations
of TG, TC, HDL-C and LDL-C were significantly
different between CAD and control groups (P <
0.001). The comparisons of both genotype and
allele frequencies for CXCL12 rs501120 were
shown in Table 2. This SNP was found to be
in Hardy-Weinberg equilibrium (P > 0.05).
Significant associations were found between
CXCL12 rs501120 and CAD at both the geno-
type (x* = 9.00, df = 2, P = 0.011) and allele (x?
=6.95,df =1, P=0.008) levels. The rs501120-
G allele frequency was significantly higher in
CADs than in controls (34.8% versus 29.3%; P
=0.008; OR = 1.29, 95% CI = 1.07-1.55, Power
= 75.6%). Analysis by gender indicated a signifi-
cant difference in rs501120 between male
CADs and controls (genotype: x? = 8.93, df = 2,
P = 0.012; allele: x? = 5.03, df = 1, P = 0.025;
OR=1.36,95% Cl=1.04-1.77, Power = 61.7%).
However, no significant difference was found in
the female groups (P > 0.05).
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As shown in Table 3, significant correlation was
found between cases and controls under the
recessive model (AA+AG versus GG: x> = 8.79,
P = 0.003, OR = 1.78, 95% Cl = 1.21-2.62,
Power = 84.2%). In gender analysis, a positive
association was also observed between
rs501120 and CAD under the recessive model
in males (x? = 8.91, df = 1, P = 0.002. OR =
2.32,95% Cl = 1.32-4.08, Power = 84.9%).

It is well known that aging is a risk factor for
CAD. Therefore, we performed stratified analy-
sis according to age. Strong associations were
found between rs501120 and CAD in all gen-
ders (genotype: x?> = 6.05, df = 2, P = 0.048;
allele: x? = 4.04, df = 1, P = 0.044, OR = 1.31,
95% Cl = 1.01-1.71, Power = 51.9%, Table 4)
and in male groups aged older than 65 years
(genotype: x? = 8.09, df = 2, P = 0.017; allele: x?
=3.97,df =1, P=0.046; OR = 1.45, 95% CI =
1.01-2.11, Power = 50.3%, Table 4). No signifi-
cant difference was observed for the remaining
subjects of younger ages (P > 0.05).

A total of 432 patients were treated with atorv-
astatin for one month. The lipid profiles in
patients undergoing atorvastatin therapy were
compared according to the genotypes (Table
5). The results showed that the concentrations
of TC and LDL-C were significantly reduced in
patients with the three different genotypes
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Table 4. Post hoc analysis of CXCL12 gene rs501120 with the risk of CAD in different age subgroups

Age Group _Genotype (n) X2 P HWE _Allele (n) P OR (95% Cl)  Power
AA AG GG (df = 2) A T (df = 1)

All < 65 Control 122 103 20 0.878 347 143

Case 110 106 32 3.42 0.181 326 170 2.95 0.086 1.26(0.97-1.66) 39.0%
All > 65 Control 132 96 27 0.134 360 150

Case 120 86 46 6.05 0.048 326 178 4.04 0.044 1.31(1.01-1.71) 51.9%
Female <65 Control 70 50 10 0.824 190 70

Case 65 55 16 1.67 0.431 185 87 1.64 0.200 1.27 (0.88-1.86) 24.0%
Female >65  Control 56 47 17 0.218 159 81

Case 48 46 20 0.72 0.699 142 86 0.80 0.371 1.19(0.82-1.74) 14.7%
Male < 65 Control 52 53 10 0.665 157 73

Case 45 51 16 1.88 0.396 141 83 1.42 0.233 1.27 (0.86-1.87) 22.6%
Male > 65 Control 76 49 10 0.649 201 69

Case 72 40 26 8.09 0.017 184 92 3.97 0.046 1.45(1.01-2.11) 50.3%

Table 5. The comparison of blood lipid levels before and after atorvastatin treatment in different

genotypes of CXCL12 gene rs501120°?

Characters T (treatment)  AA (197) P, AG (185) P, GG (50) P, P,
TG (mmol/L) 0 2.99+1.29 3.10£2.03 3.38+2.64 > 0.05
1 1.64+0.29 <0.01 1.61+0.96 <0.01 3.23+1.89 >0.05 <0.01
TC (mmol/L) 0 6.07+0.59 6.24+1.27 6.40+£1.20 >0.05
1 4.23+0.76 <0.01 4.18+1.31 <0.01 4.30+0.97 <0.01 >0.05
HDL-C (mmol/L) 0 1.23+0.58 1.03+0.67 0.89+0.45 <0.01
1 1.56+0.82 <0.01 1.34+0.50 <0.01 1.02+0.20 >0.05 <0.01
LDL-C (mmol/L) 0 3.09+0.53 3.13+1.02 3.34+1.14 >0.05
1 2.02+0.38 <0.01 2.13+1.03 <0.01 1.96+0.88 <0.01 > 0.05

a: The P values were adjusted for the history of smoking, drinking, diabetes and hypertension. P : The lipid levels before and
after atorvastatin treatment were calculated using the t test. P,: The bioparameters among different genotypes were calcu-

lated using the one way ANOVA test.

after atorvastatin therapy (P < 0.01). TG and
HDL-C concentrations showed significant differ-
ences after atorvastatin therapy in those carry-
ing rs501120-AA/AG (P < 0.01). However, there
were no significant differences in the levels of
TG (P > 0.05) and HDL-C (P > 0.05) before and
after atorvastatin therapy in rs501120-GG car-
riers. The TG concentrations were significant
different in the three genotypes after atorvas-
tatin therapy (P < 0.01).

Discussion

Chemokines are crucial mediators and regula-
tors of leukocyte trafficking during immune sur-
veillance and inflammation [19]. Current stud-
ies have shown that chemokines are involved in
directing leukocytes to sites of vascular inflam-
mation and may represent attractive targets for
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drug therapy. The inflammatory chemokine
CXCL12 plays an important role in vascular
repair during cardiovascular disease [8].
CXCL12 is highly expressed in endothelial cells,
smooth muscle cells, and macrophages in ath-
erosclerotic plaques, but not in normal vessels
[20]. The expression of CXCL12 protein in CAD
patients is upregulated [21] and is induced
after vascular injury in the context of apoptosis
[8]. Thus, CXCL12 is considered a novel target
for CAD [22]. In the present study, we evaluated
the association between CXCL12 and CAD risk.
The results showed that CXCL12 rs501120
was significantly associated with CAD in Han
Chinese.

Age and gender are known to be predictors of
CAD risk [23]. The number of older patients is
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increasing and these patients exhibit higher
cardiovascular morbidity and mortality in China
[24]. Epidemiologic studies indicated that CAD
events account for approximately 64% of ath-
erosclerotic cardiovascular events in men and
60% in women aged 65 years and older [25].
Sex-specific differences are often observed in
the prevalence and severity of cardiovascular
diseases. Multiple genetic risk factors for CAD
have been identified in different genders and
ages in Han Chinese. A previous study reported
that the APOC4 rs1132899 polymorphism was
associated with an increased risk of prema-
ture CAD in Chinese subjects. The association
was more significant among male subjects
[26]. Huang et al. suggested that CDKN2BAS
rs4977574 increased the risk of coronary heart
disease in females younger than 65 years [27].
However, Han et al. [28] showed that rs382-
8329 of ACP1 gene was a risk factor for CAD in
Han Chinese females aged 65 years and older.
In the present study, we found that rs501120
was associated with CAD risk in males aged 65
years and older. These findings agreed with the
results for CXCL12 rs1746048 found by Huang
et al. in Ningbo city [13].

The blood circulation lipid concentrations were
considered to be independent risk factors for
CAD. Manochehri et al. [29] suggested that
both the fasting and postprandial TG levels
were significantly higher in CAD patients. And
the postprandial TG was more sensitive for the
CAD patients. TC and LDL-C were indicated to
play important role in the CAD development
and physiological processes [30]. At the same
time, HDL-C seemed to have a protective role
and neutralize the effects of risk factors in CAD
patients [31]. Our results showed that the con-
centrations of TG, TC, LDL-C were significantly
higher in CAD patients than that in controls.
The HDL-C level was lower in patients than in
the controls.

Atorvastatin is a statin that is widely used to
treat dyslipidemia and cardiovascular diseas-
es. It reduces the levels of TG, TC, and LDL-C
and increases HDL-C. However, the curative
effect differed in various patients. Genetic vari-
ants were suggested to be associated with a
higher incidence of undesirable side effects of
atorvastatin. Gundapaneni et al. [32] suggest-
ed that atorvastatin may help in the regression
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of the lipid profile as well as DNA damage of
CAD patients. Fukunaga et al. [33] confirmed
that ABCB1 rs2032582 was associated with
atorvastatin-induced liver injury in a Japanese
population. Cuevas et al. [34] reported that
HMGCR rs17671591 may be a genetic marker
of lower plasma LDL-C and enhanced HDL-C
concentration after atorvastatin therapy in a
Chilean population. Hou et al. [35] suggested
that SLCO1B1 polymorphisms were related to
an increased risk of statin-related myopathy,
particularly in individuals receiving simvastatin.
In this study, we found that rs501120-AA/AG
carriers were more responsive than rs501120-
GG carriers in terms of TG and HDL-C concen-
trations after atorvastatin therapy for one
month. Thus, a genetic test before initiation
of statins may be useful for personalizing
treatment.

Power analysis showed that our study had great
power to explore the significant association
between rs501120 and CAD risk (75.6% power
in additive model, and 84.2% power in the
recessive model). The power analysis in gender
showed that rs501120 could increase CAD risk
in females with 61.7% power in additive model
and 84.9% power in the recessive model. The
negative relationships might be due to lack of
power in the test (power < 50%).

In conclusion, our results suggest that CXCL12
rs501120 is significantly associated with CAD
risk in Han Chinese males aged 65 years and
older. Additionally, CXCL12 rs501120-GG may
affect the response to atorvastatin therapy by
affecting the concentrations of TG and HDL-C in
CAD patients.
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