Int J Clin Exp Med 2015;8(7):10678-10686
www.ijcem.com /ISSN:1940-5901/1JCEMO007227

Original Article

Polymorphisms in the GCKR are associated with serum
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Abstract: The present study was to determine the association of two single nucleotide polymorphisms (SNPs) in
the glucokinase regulator gene (GCKR) and serum lipid levels, and the risk of coronary artery disease (CAD) and
ischemic stroke (IS). Genotypes of the GCKR rs1260326 and rs8179206 in 1736 unrelated subjects (CAD, 584;
IS, 555; and healthy controls; 597) were determined by the Snapshot technology platform. The genotypic and al-
lelic frequencies of rs1260326 and rs8179206 were not different among the three groups (P > 0.05). The subjects
with rs1260326TT genotype had higher serum low-density lipoprotein cholesterol (LDL-C) levels in controls, and
higher triglyceride (TG) levels in CAD patients than the subjects with CC and CT genotypes after adjustment for age,
sex, body mass index, blood pressure, alcohol consumption, and cigarette smoking (P < 0.05). The rs1260326TT
genotype was also associated with decreased risk of IS in females (OR = 0.37, 95% CI: 0.18-0.76, P = 0.007). The
present study shows that the GCKR rs1260326TT genotype is associated with high LDL-C in controls, high TG levels
in CAD patients, and a decreased risk of IS in females.
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Introduction encodes for the glucokinase regulator protein

[9]. It regulates the glucokinase’s (GCK) activity
Both coronary artery disease (CAD) and isch- in the hepatocytes and pancreatic beta cells
emic stroke (IS) are the leading causes of mor- [10], thus may play a pivotal role in glucose
bidity and death in the developed countries, homeostasis [11]. Animal studies indicated that

and are also the major cause of long-term dis-
ability in survivors [1, 2]. Atherogenic dyslipid-
emia characterized by low levels of high-density
lipoprotein cholesterol (HDL-C) and apolipopro-
tein (Apo) A1, high levels of total cholesterol
(TC), triglyceride (TG) and low-density lipopro-
tein (LDL) particle number is highly associated
with increased incidence of the cardiovascular
disease [3] and IS [4, 5]. In addition, genetic
factors are estimated to account for about
50-80% of the variation in serum lipid levels
[6], and 30-60% of the incidence of CAD and IS
[7]. Therefore, single nucleotide polymorphisms
(SNPs) in the lipid-related genes may have
some associations with serum lipid levels, and

GCKR knockout mice have decreased GCK
activity, and leading to elevated glucose levels.
Adenoviral mediated over-expression of GCKR
in murine liver increases GCK activity and low-
ered fasting blood glucose as well as increased
TG levels [11-14]. Molecular mechanism showed
GCKR rs1260326 in central pathways regulat-
ing both hepatic TG and glucose metabolism in
humans [14].

Recently, a genome-wide association study
(GWAS) identified GCKR as a potential locus for
modulating TG [15]. Subsequent population-
based studies and meta-analysis and fine-map-

the risk of CAD and IS [8]. ping studies, confirmed that the minor alleles of
81 rs780094 and rs1260326 (Pro446Leu) were
Glucokinase regulator gene (GCKR) located on associated with higher levels of TG and lower

chromosome 2p23, consists of 19 exons and fasting glucose [14, 16-21]. Consistent with this
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Table 1. Baseline characteristics of the participants

- Case P s controis
Characteristic Control (n = 597)
CAD (n =584) IS (n = 555) CAD IS

Male/female 434/163 428/156 405/150 0.861 0.991
Age, years 61.32+9.76 62.23+10.63 62.86+12.11 0.121 0.051
Body mass index, kg/m? 22.41+2.86 23.84+3.38 24.71+22.04 0.000 0.015
Systolic blood pressure, mmHg 130.60£20.01 133.03+£23.33  147.72+22.15 0.059 0.000
Diastolic blood pressure, mmHg 82.94+13.37 79.18+14.21 83.78+12.97 0.000 0.284
Pulse pressure, mmHg 49.81+14.70 53.49+18.08 64.02+£17.92 0.000 0.000
Cigarette smoking, n (%) 236 (39.5) 250(42.8) 233(42.0) 0.253 0.398
Alcohol consumption, n (%) 235 (39.4) 131(22.4) 157(28.3) 0.000 0.000
Total cholesterol, mmol/L 4.93+1.11 4.53+£1.19 4.52+1.15 0.000 0.010
Triglyceride, mmol/L 1.42+1.87 1.66+1.11 1.67+1.36 0.007 0.000
HDL-C, mmol/L 1.90+0.50 1.14+0.34 1.23+0.40 0.000 0.000
LDL-C, mmol/L 2.74+0.80 2.71+£1.00 2.68+0.90 0.550 0.245
Apolipoprotein (Apo) A1, g/L 1.41+0.28 1.04+£0.52 1.02+0.22 0.000 0.000
ApoB, g/L 0.91+0.22 0.91+0.27 0.89+0.25 0.995 0.320
ApoAl/ApoB 1.63+0.49 1.36+2.45 1.26+0.60 0.013 0.000

CAD, coronary artery disease; IS, ischemic stroke; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol.

notion and the observed associations, the
rs1260326 446Leu was recently reported in
vitro to increase hepatic GCK activity. However,
the associations between the SNPs in GCKR
and serum lipid levels, especially the risk of
CAD and IS are still needed to determine in dif-
ferent populations. Therefore, the aim of the
present study was to detect the association of
GCKR rs1260326 and rs8179206 SNPs and
serum lipid levels and the risk of CAD and IS in
the Guangxi Han population.

Materials and methods
Study population

A total of 584 patients with CAD and 555
patients with IS were recruited from hospital-
ized patients in the First Affiliated Hospital,
Guangxi Medical University. All of the enrolled
CAD patients were evaluated by coronary angi-
ography due to suspected CAD or unrelated
conditions requiring angiographic evaluation;
the coronary angiograms were analyzed by two
experienced interventional cardiologists. CAD
was defined as significant coronary stenosis ( >
50%) in at least one of the three main coronary
arteries or their major branches (branch diam-
eter > 2 mm). Subjects with congenital heart
disease and type | diabetes mellitus were
excluded. All of the enrolled IS patients received
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a strict neurological examination and brain
magnetic resonance imaging. The diagnosis of
IS was according to the International
Classification of Diseases (9th Revision).
Patients with a transient ischemic attack,
embolic brain infarction, stroke caused by
inflammatory disease, cardioembolic stroke,
autoimmune disease, or serious chronic dis-
eases were excluded from this study. Subjects
with a past history of CAD were also excluded
from the study [22]. A total of 597 healthy con-
trols matched by age, gender, and geographical
area were included. The controls were judged
to be free of CAD and IS by questionnaires,
medical history, and clinical examination. All
individuals enrolled were from the Han popula-
tion in Guangxi, China. A standard question-
naire was used to ascertain general informa-
tion and medical history from all participants.
The study protocol was approved by the Ethics
Committee of the First Affiliated Hospital,
Guangxi Medical University. Informed consent
was obtained from all subjects after receiving a
full explanation of the study.

Genotyping and biochemical analysis

All of the biochemical assays and genotyping in
CAD and IS patients were performed after hos-
pitalization, and all of the venous blood sam-
ples were obtained from the patients and con-
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Table 2. Genotype distribution and allele frequencies of rs1260326 and rs8179206 in cases and

controls

Genotype or Control [n (%)] CAD [n (%)] IS [n (%)] CAD IS

allele OR (95% CI) P OR (95% CI) P
rs1260326

ccC 209 (35.0) 198 (33.9) 197 (35.5) 1 1

CT 279 (46.7) 265 (45.4) 251(45.2) 1.12(0.81-1.55) 0.485 1.04(0.74-1.48) 0.815
T 109 (18.3) 121 (20.7) 107 (19.3) 1.25(0.82-1.91) 0.299 1.38(0.89-2.15) 0.149
P 0.565 0.851

C 697 (58.4) 661 (56.6) 645 (58.1) 1 1

T 497 (41.6) 507 (43.4) 465 (41.8) 1.08(0.91-1.27) 0.381 1.01(0.86-1.19) 0.897
P 0.381 0.897

HWE (P) 0.349 0.065 0.088

rs8179206

AA 581 (97.3) 564 (96.6) 533 (96.0) 1 1

GA 16 (2.7) 20 (3.4) 21 (3.8) 1.46 (0.53-3.99) 0.462 1.73(0.64-4.70) 0.281
GG 0 0 1(0.2) 0.091 (0.00-)  1.000
P 0.457 0.330

A 1178 (98.7) 1148 (98.2) 1087 (97.9) 1 1

G 16 (1.3) 20 (1.8) 23 (2.1) 1.28 (0.66-2.49) 0.461 1.56(0.82-2.96) 0.177
P 0.372 0.173

HWE (P) 0.740 0.673 0.111

trols after at least 12 h of fasting. Genomic
DNA was isolated from peripheral blood leuko-
cytes using the phenol-chloroform method. We
selected the SNPs across the region of the
GCKR from NCBI dbSNP Build 132 (http://www.
Ncbi.nim.nih.gov/SNP/). Genotyping of the
rs1260326 and rs8179206 SNPs was per-
formed by the Snapshot technology platform.
The levels of serum TC, TG, HDL-C, and LDL-C in
the samples were determined by enzymatic
methods with commercially available Kits.
Serum ApoAl and ApoB levels were detected
by an immunoturbidimetric immunoassay using
a commercial kit.

Diagnostic criteria

The normal values of serum TC, TG, HDL-C, LDL-
C, ApoA1l, ApoB and ApoAl/ApoB ratio in our
Clinical Science Experiment Center were 3.10-
5.17, 0.56-1.70, 0.91-1.81, 2.70-3.20 mmol/L,
1.00-1.78, 0.63-1.14 g/L, and 1.00-2.50;
respectively. The individuals with TC > 5.17
mmol/L and/or TG > 1.70 mmol/L were defined
as hyperlipidemic. Hypertension was diagnosed
according to the criteria from the 1999 World
Health Organization-International Society of
Hypertension Guidelines for the management
of hypertension [23]. The diagnostic criteria of
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overweight and obesity were according to the
Cooperative Meta-analysis Group of China
Obesity Task Force. Normal weight, overweight
and obesity were defined as a BMI < 24, 24-28
and > 28 kg/m?, respectively [24]. Dyslipidemia
was defined according to World Health
Organization criteria: TG > 1.7 mmol/L and
HDL-C < 0.9 mmol/L for men or < 1.0 mmol/L
for women.

Statistical analyses

All statistical analyses were performed using
the statistical software package SPSS 16.0
(SPSS Inc. Chicago, IL, USA). A standard good-
ness-of-fit test was used to test the Hardy-
Weinberg equilibrium. A chi-square analysis
was used to evaluate the difference in geno-
type distribution and sex ratio between the
groups. The general characteristics between
the cases and controls were tested using
Student’s unpaired ttest. The association
between genotypes and serum lipid parame-
ters was tested by analysis of covariance
(ANCOVA). Sex, age, body mass index (BMI),
blood pressure, alcohol consumption, and ciga-
rette smoking were adjusted for the statistical
analysis. ORs and 95% Cls were calculated
using unconditional logistic regression. A two-
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Table 3. Association of GCKR rs1260326 SNP and the risk of CAD and IS stratified by gender

Genotype Control [n (%)] CAD [n (%)] IS [n (%)] CAD IS

or allele OR (95% Cl) P OR (95% Cl) P
Male

cC 156 (35.9) 144 (33.3) 135(33.9) 1 1

CT 210 (48.3) 202 (46.8) 176(44.2) 1.11(0.81-1.52) 0.527 0.99(0.72-1.36) 0.947
T 69 (15.9) 86 (19.9) 87 (21.0) 1.28 (0.84-1.93) 0.248 1.36(0.91-2.05) 0.139
X2 2.490 4.954

P 0.288 0.084

Female

cC 53 (32.9) 54 (35.5) 61 (40.1) 1 1

CT 68 (44.2) 63 (41.4) 73(48.0) 0.93(0.54-1.60) 0.794 0.87(0.51-1.46) 0.591
T 40 (24.8) 35(23.0) 18(11.8) 0.95(0.51-1.78) 0.880 0.37(0.18-0.76) 0.007
X2 4.275 8.832

P 0.872 0.012

Table 4. Association of the genotypes and serum lipid levels in the combined population

Genotype  n (mnTxgl/L) (mn:SI/L) (rrll-ln[ﬁ)l(;I?L) (an[;tSL) A(Zc/)ﬁ)l ApoB (g/1) ApoA1/ApoB

rs1260326
cc 604 4.63+1.17 1.52+1.53 1.42+0.52  2.68+0.90 1.17+0.35 0.90+0.24 1.46+1.72
cT 795 4.67+1.06 156+152 1.46+0.58  2.73+0.86 1.16+0.32 0.90+0.24 1.44+1.60
T 337 4.72+41.38 1.70+1.39 1.37+0.48  2.75+0.99 1.16+0.62 0.92+0.26 1.32+0.51
P 0.589 0.197 0.100 0.416 0932  0.489 0.346
CC+CT 1399 4.66+1.11 1.55+1.52 1.45+0.56  2.70+0.88 1.17+0.34 0.90+0.24 1.42+1.65
T 337 4.72+1.38 1.70+1.39 1.37+0.48  2.75+0.99 1.16+0.62 0.92+0.26 1.32+0.51
P 0.629 0.143 0.018 0.468 0.533 0.491 0.186

rs8179206
AA 1678 4.66+1.17 1.58+1.51 1.43+0.54  2.71+0.90 1.16+0.41 0.90+0.24 1.43+1.53
GA 57 4.74+1.21 1564124 1434053  2.79+1.02 1.15+0.31 0.89+0.32 1.44+0.72
GG 1 6.43+ 1.42+ 131+ 471+ 1.03+ 1.20+ 0.80+
P 0.291 0.994 0.973 0.090 0.909 0.244 0.893
AA 1678 4.66+1.17 1.58+1.51 1.43+0.54  2.71+0.90 1.16+0.41 0.90+0.24 1.43+1.53
GA+GG 58 4.74+1.22 1.54+122 1.42+052  2.80+1.04 1.14+0.30 0.90+0.32 1.45+0.71
P 0.639 0.857 0.892 0.473 0.738  0.902 0.935

tailed P value less than 0.05 was considered to
be statistically significant. The pattern of pair-
wise linkage disequilibrium (LD) between the
selected SNPs were measured by D’ and r?
using the SHESsis software.

Results
Baseline characteristics

The baseline characteristics of participants in
this study are presented in Table 1. The mean
age, ratio of males to females, serum LDL-C
and ApoB levels, and the percentages of sub-
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jects who smoked cigarette were not different
between controls and CAD or IS patients (P >
0.05 for all). The CAD patients had higher BMI,
pulse pressure and serum TG levels, but lower
levels of diastolic blood pressure, serum TC,
HDL-C, ApoA1, the ratio of ApoAl to ApoB, and
the percentages of subjects who consumed
alcohol (P < 0.05-0.001) than the controls. The
IS patients had higher BMI, systolic blood pres-
sure, pulse pressure and serum TG levels, and
lower levels of serum TC, HDL-C, ApoAl, the
ratio of ApoAl to ApoB, and the percentages of
subjects who consumed alcohol (P < 0.05-
0.001) than the controls.

Int J Clin Exp Med 2015;8(7):10678-10686
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Table 5. Association of the genotypes and serum lipid levels in the controls and cases

Genotype Control CAD IS
TC TG HDL-C LDL-C TC TG HDL-C LDL-C TC TG HDL-C LDL-C
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
rs1260326
CC 4.85+1.20 1.49+2.18 1.90+0.49 2.64+0.74 4.49+1.18 1.53+1.01 1.14+0.32 2.68+1.00 4.53+1.10 1.57+1.06 1.19+0.34 2.71+0.96
CT 4.96+1.01 1.34+1.84 1.93+0.52 2.77+0.75 4.52+1.11 1.67+1.12 1.16+0.37 2.72+0.99 4.53+1.00 1.70+1.44 1.26+0.48 2.69+0.83
T 5.0241.18 1.42+1.19 1.83+0.47 2.89+0.95 4.60+1.38 1.81+1.26 1.12+0.39 2.74+1.05 4.50+1.51 1.81+1.69 1.22+0.32 2.59+0.94
P 0.353 0.665 0.213 0.022 0.715 0.038 0.504 0.854 0.975 0.354 0.181 0.516
rs8179206
AA 4.93+1.12 1.43+1.90 1.89+0.50 2.74+0.80 4.51+1.18 1.65+1.09 1.14+0.34 2.70+0.99 4.53+1.15 1.69+1.40 1.23+0.40 2.69+0.90
GA 4.93+1.00 0.91+0.26 2.01+0.47 2.79+0.74 5.12+1.43 2.24+1.71 1.19+0.30 3.12+1.33 4.30+0.93 1.36+0.63 1.26+0.41 2.41+0.68
GG 6.43 1.42 1.31 4.71
P 0.998 0.362 0.292 0.839 0.110 0.173 0.590 0.086 0.174 0.614 0.924 0.051

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Genotypic and allelic frequencies

The genotypes of rs1260326 and rs8179206
SNPs were in Hardy-Weinberg equilibrium in the
controls and patients (Table 2). There were no
significant differences in the genotypic and
allelic frequencies between controls and CAD
or IS patients (Table 2; P > 0.05). When the
analysis was stratified by gender, the genotypic
frequency of the rs1260326 SNP was signifi-
cant different between control and IS patient in
females but not in males (Table 3; P < 0.05).

GCKR polymorphisms and the risk of CAD and
IS

There was not significant association of
rs1260326 and rs8179206 SNPs and the risk
of CAD or IS in different genetic models (Table
2). But the TT genotype of the rs1260326 SNP
was associated with decreased risk of IS in
females (OR = 0.37, 95% CI: 0.18-0.76, P =
0.007; Table 3).

Genotypes and serum lipid levels

As shown in Table 4, the subjects with TT geno-
type of rs1260326 in the total population had
lower serum HDL-C levels than those with CT/
CC genotypes (P =0.018). For controls, the sub-
jects with TT genotype of rs1260326 were
associated with higher serum LDL-C than the
subjects with CC genotype (P = 0.022). For the
CAD patients, the subjects with TT genotype of
rs1260326 were associated with higher serum
TG levels than the subjects with CC genotype (P
= 0.038; Table 5). There was not significant
association of rs8179206 SNP and serum lipid
levels (Tables 4 and 5).

Discussion

The present study showed that the TT genotype
of rs1260326 SNP was associated with
increased risk of dyslipidemia and decreased
serum HDL-C levels in the total population [17,
19, 25]. We also found that the subjects with TT
genotype of rs1260326 SNP had higher serum
LDL-C levels in controls and higher serum TG
levels in CAD patients than the subjects with
CC/CT genotypes. The results of the present
study in the CAD patients were consistent with
those of several previous studies in the Finnish,
Swedish, Danish, Amish, and French popula-
tions [15, 16, 24-26]. The association between
variants in GCKR and TG was initially identified
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through an agnostic GWAS approach [15].
Further, some studies showed that the
rs1260326 SNP was inversely associated with
TG levels and glucose levels, and affected GCK
activity in liver through diminished regulation by
Fructose 6-phosphate [10]. This is predicted to
increase glycolytic flux and hence glucose
uptake by the liver. This enhanced rate of gly-
colysis may raise levels of malonyl-CoA, leading
to increase TG levels of de novo lipogenesis
and cholesterol synthesis and export. This per-
turbation of hepatic metabolism could account
for the reduced glucose and raised TG seen in
TT genotype of rs1260326 SNP [13, 27].
Elevated fasting TG levels are also associated
with reduced levels of HDL-C, which is suggest-
ed to mark reduced removal of cholesterol from
the arterial wall [28]. In this study, no such
association was found in the controls and IS
patients. It is possible that the impact of uncer-
tain variant and a genetic background and life-
style and diet caused the associations in the
CAD group [21, 28, 29]. Different populations
have different relationship between polymor-
phisms and serum lipid levels, which suggested
our sample size may be not enough, further
investigations are expended to confirm these
interactions.

The SNPs of GCKR rs780093 and rs780094
were strong LD with rs1260326 SNP [16, 26,
30]. The SNP of rs8179206 was LD with
rs1260326 (D’ = 0.252; 1 = 0.001). The results
of several previous association studies
between GCKR polymorphisms and atheroscle-
rosis related diseases are not entirely consis-
tent. Shen et al. [26] showed that the GCKR
rs1260326 T allele was associated with higher
atherogenic risk. Lian et al. [30] demonstrated
GCKR rs780093 as a risk factor for CAD in indi-
viduals aged 65 and older. On the contrary,
Varbo et al. [19] found that the GCKR
rs1260326 SNP did not influence the risk of
ischemic heart disease or myocardial infarc-
tion. In the Ludwigshafen Risk and Cardi-
ovascular Health Study, no association was
found with respect to coronary stenosis [31].
Jaromi et al. [32] could not detect any associa-
tion of rs1260326 with the susceptibility of
stroke. Bi et al. [33] also found that the
rs780094 SNP had no association with the
incidence of CAD or stroke.

In the present study, we showed that the
rs1260326T allele frequency (42.3%) was simi-
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lar with that in HapMap CEU (European) popula-
tion (42.0%). However, the T allele frequency of
rs1260326 SNP is different among Chinese
population (63.4%), Sub-Saharan African
(10.3%), and Japanese population (59.3%) in
the HapMap project database. Studies have
found that GCKR is associated with increased
levels of TG, unfavorable factor for CAD concur-
rent with lower levels of fasting plasma glucose,
favorable factor for CAD [14, 17]. In the present
study, although the rs1260326 SNP associat-
ed with unfavorable serum lipid profiles, we
found that the TT genotype associated with
decreased IS risk, thus, the lower glucose lev-
els may also help to explain the inconsistent
association of GCKR rs1260326 SNP and the
risk of IS. The ambiguous results propose that
the risk of CAD and IS associated with GCKR
may vary based on the proportion of variance
of the subjects’ glycemic and lipid traits. In
addition, the number of subjects for minor
allele of SNPs was too small to interpret the
associations of SNPs and the risk of diseases.
Therefore, larger sample size and multi-ethnic
population studies are needed to confirm our
results.

Conclusion

Our data indicate that the TT genotype of
rs1260326 SNP is associated with increased
serum LDL-C levels in controls, increased
serum TG levels in CAD patients, and decreased
serum HDL-C levels in the total population, but
with decreased risk of IS in females.
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