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have a synergetic effect with body mass index on
the risk of coronary artery disease in a Chinese
Han population with type 2 diabetes

Xiaowei Ma?, Difei Lu*, Ran Lu?, Ge Bai*, Nan Gu?, Nan Feng?, Jianping Li2, Xiaohui Guo*

Departments of 1Endocrinology, 2Cardiology, Peking University First Hospital, Beijing, China
Received March 1, 2017; Accepted August 12, 2017; Epub October 15, 2017; Published October 30, 2017

Abstract: Objective: Dipeptidyl peptidase 4 (DPP4) not only plays an important role in pancreatic beta cell regula-
tion, but also shows possible protective functions in cardiovascular system. The study aimed to determine whether
genetic variations in DPP4 were related to the susceptibility of coronary artery disease (CAD) in Chinese patients
with type 2 diabetes (T2D). Methods: In total, 745 patients with T2D of Chinese Han population were enrolled in the
case-control study, and 501 of them were diagnosed as CAD. Six haplotype-tagging SNPs in DPP4 gene were select-
ed and genotyped using polymerase chain reaction and restriction fragment length polymorphism. The association
between gene polymorphisms and the risk of CAD was analyzed using logistic regression analyses. Results: Among
all six genotyped SNPs, the variation of the SNP rs3788979 was significantly related to the risk of CAD in dominant
inheritance mode after adjusting for confounders (OR’=1.663, 95% CI'=1.051-2.630, p’=0.030). In subgroup analy-
sis, the carriers of genotype GG or GA had a significantly higher risk of CAD, compared with genotype AA carriers
in overweight and obesity subgroup (OR’=2.070, 95% CI'=1.256-3.416, p’=0.004). The SNP rs3788979 showed
an interactive effect with BMI in terms of CAD risk (=0.191, p’ for interaction =0.048). In non-smoking subgroup,
the carriers of genotype GG or GA had a raised risk of CAD than carriers of AA (OR’=2.041, 95% CI'=1.196-3.484,
p’=0.009). The smokers with GG or GA genotype had an increased CAD risk compared to non-smokers with AA geno-
type (OR'=3.351, 95% CI'=1.589-7.064, p’=0.001). Conclusions: The SNP rs3788979 in the DPP4 gene is associ-
ated with the risk of CAD, and has a synergetic effect with BMI on the risk of CADin Chinese Han patients with T2D.
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Introduction tors of these complications, including both
genetic and environmental ones, is of great

Coronary artery disease (CAD) is the most life- clinical importance in preventing CAD at an

threatening complication of type 2 diabetes
mellitus (T2DM) and the leading cause of death
in diabetic patients. Accumulating evidence
proves that diabetes is classified as a coronary
artery disease equivalent [1]. It is reported that
diabetes adds 1-3 times the possibility of CAD
[2]. Alarmingly, the number of diabetic patients
is expected to rise to 552 million by the year
2030 according to IDF diabetes atlas [3]. Low-
and middle-income countries will largely con-
tribute to the boost of the incident rate of T2DM
during the next decade, especially in China,
and the complications of diabetes will subse-
quently increase. Screening underlying risk fac-

early stage, thus it could further reduce the
morbidity in diabetic patients.

Dipeptidyl peptidase 4 (DPP4) is a serine prote-
ase, which is widely found both in cell membr-
ane and plasma. As a peptidase, DPP4 cleaves
dipeptides from diverse substrates [4], includ-
ing glucagon-like peptide-1 (GLP-1), glucose-
dependent insulinotropic polypeptide (GIP),
neuropeptide Y (NPY), brain natriuretic peptide
(BNP), stromal cell-derived factor-1a (SDF-1),
etc [5]. Due to its multiple enzymatic activity,
DPP4 is not only involved in the pathogenesis of
diabetes mellitus and glucose metabolism [6],
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but also participates in modulating cardiovas-
cular system [7]. As a widely known substrate
of DPP4, GLP-1 mediates the activation of PKA-
cAMP pathway and triggers the secretion of
insulin [8]. In this way, GLP-1 agonists and DPP4
inhibitors are widely applied pharmaceutically
in the management of diabetes. In recent years,
intensive studies were focusing on cardiovas-
cular function and safety of these medications,
yet the cardiovascular benefits of DPP4 inhibi-
tors were only proved in molecular and cytologi-
cal levels, as well as in rodent models [9]. The
cardiovascular protection effect of DPP4 inhibi-
tors may conduct directly in cardiovascular sys-
tem or indirectly through their other physiologi-
cal effects such as glucose lowering function
[10]. Previous genetics studies revealed that
GLP-1 receptor gene polymorphisms were ass-
ociated with cardiovascular risk factors [11,
12]. Researchers found that variants in DPP4
gene were related to the risk of myocardial
infarction in patients with atherosclerosis [13].
However, there is still limited data to confirm or
explain the connection of DPP4 gene variants
and CAD in Asian populations. In this study, we
hypothesized that the polymorphisms of DPP4
gene might be associated with the risk of CAD
in patients with T2DM via testing the genotypes
of DPP4 gene in T2DM patients with or without
CAD in a Chinese Han population.

Materials and methods

Patient selection

A total of 745 unrelated Chinese Han individu-
als with type 2 diabetes were enrolled in the
study. 501 of them were CAD-positive and 244
were negative controls. The diagnosis of T2DM
was based on the World Health Organization
criteria, including fasting plasma glucose (FPG)
> 7.0 mmol/L, and/or 2-hour plasma glucose >
11.1 mmol/L, or random plasma glucose >
11.1 mmol/L. All CAD-positive subjects had
coronary angiography in Peking University First
Hospital, and the results met the criteria of a >
50% stenosis in at least one of the major coro-
nary arteries (defined as follows: left main coro-
nary artery, left anterior descending coronary
artery, left circumflex coronary artery and right
coronary artery). Negative controls had a less
than 50% coronary artery stenosis, which was
confirmed using a coronary angiography or cor-
onary computer tomography (CT) scan. Demo-
graphic information and cardiovascular risk

14731

factor data of each subject was collected from
their medical records during hospitalization or
follow-up through phone calls for all individuals.
Demographic data consisted of age, gender,
body mass index (BMI), FPG, current serum tri-
glycerides (mmol/L), total cholesterol (mmol/L),
HDL-C (mmol/L), LDL-C (mmol/L), history of hy-
pertension (blood pressure > 140/90 mmHg or
under any antihypertensive medications) and
smoking status (‘ever’ or ‘never’, ‘ever’ defined
as having been smoking more than 1 cigarette
per day for more than 1 year). Written informed
consents were taken before inclusion. The
study protocol was designed on the basis of
Helsinki Declaration, and ethical approval was
granted from the Research Ethics Committee
of Peking University First Hospital.

DPP4 gene genotyping

Whole blood of each individual was collected in
EDTA-containing tubes, and genomic DNA was
extracted utilizing a Whole Blood DNA Isolation
Kit (Bio Teke).

The DPP4 gene on chromosome 2g24.3 includ-
es 26 exons. A total of 11 haplotype-tagging
single nucleotide polymorphisms (SNPs) at
DPP4 gene locus in the CHB (Chinese Han
Beijing) data from HapMap Phase Il database
(http://www.hapmap.org) (R#27, r’<0.8, MAF >
0.05) were identified. Six of them were selecte-
dincluding rs3788979 (G>A), rs12617656
(C>T), rs12469968 (G>A), rs2300753 (G>T),
rs12617336 (G>C) and rs1861975 (C>A), and
further polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP)
were performed. Target genes were amplified
utilizing PCR, and then genotyped using PCR-
RFLP, with the genotyping success rate of 95%.
5% of the samples of each SNP were chosen to
undergo a direct DNA sequencing (ABI 3730 XL
sequencer) to further confirm the genotyping
results from RFLP, and the concordance rate
between RFLP and DNA sequencing is 98%.

Statistical analysis

Data were analyzed using the Statistical pack-
age for the Social Sciences for Windows (SPSS
version 16.0, USA). Quantitative variates were
expressed as mean + standard deviation (SD),
and categorical variates were expressed as
percentage. Independent sample t-test was
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Table 1. Anthropometric, epidemiological and metabolic characteristics of CAD and controls

CAD (n=501) Control (n=244) p-value
Gender (male, %) 322 (64.3%) (64.3%) 102 (41.8%) (41.8%) <0.0001
Age (y) 63.55+9.393 62.37+9.651 0.109
Positive history of hypertension (%) 79.0 72.2 0.075
BMI (kg/m?) 26.2+3.5 25.9+3.8 0.171
HbA1c (%) 7.28+1.48 7.07+1.62 0.183
Fasting glucose (mmol/I) 7.24+2.51 6.91+2.14 0.138
Triglycerides (mmol/I) 1.65+1.00 1.71+1.18 0.203
Total Cholesterol (mmol/I) 4.05+1.06 4.38+1.00 0.231
LDL-C (mmol/I) 2.44+0.90 2.60+0.88 0.316
HDL-C (mmol/I) 0.98+0.28 1.15+0.53 0.001
Dyslipidemia (%) 74.4 73.2 0.830
Smoking history (+) (%) 49.3 18.8 <0.0001

Data was presented as mean + standard deviation or n (%); CAD: subjects with coronary artery disease; control: individuals
free from CAD; TG: triglycerides; TC: total cholesterol; LDL-C: low density lipoprotein-cholesterol; HDL-C: high density lipoprotein-

cholesterol.

Table 2. Distribution of genotypes in dominant inheritance mode of SNPs in DPP4 gene in CAD and

non-CAD patients with type 2 diabetes

CAD Control
SNPs Genotype OR 95% Cl p OR’ 95% ClI p’
n=501 (%) n=244 (%)

rs3788979 GG+AG 386 (77.0) 176(72.1) 1.297 0.915-1.838 0.144 1.663 1.051-2.630 0.030
AA 115 (23.0) 68 (27.9) 1 1

rs12617656  TC+TT 277 (55.3) 142 (58.2) 0.888 0.652-1.210 0.453 0.834 0.419-1.661 0.606
cC 224 (44.7) 102 (41.8) 1 1

rs12469968 GA+AA 240 (47.9) 125(51.2) 0.875 0.645-1.289 0.394 0.876 0.581-1.321 0.527
GG 261 (52.1) 119 (48 8) 1 1

rs2300753 GT+TT 43 (8.6) 7(7.0) 1.254 0.699-2.247 0.447 1.172 0.552-2.486 0.680
GG 458 (91.4) 227 (93 0) 1

rs12617336 GC+CC 87 (17.4) 36(14.8) 1.214 0.796-1.853 0.368 1.176 0.679-2.038 0.563
GG 414 (82.6) 208 (85.2) 1 1

rs1861975 AC+CC  50(10.0) 25(10.2) 0.971 0.585-1.612 0.910 0.873 0.457-1.669 0.681
AA 451 (90.0) 219 (89.8) 1 1

p’, OR’: After adjusting for gender, age, history of hypertension, dyslipidemia history, fasting glucose, BMI and smoking status.

used to compare quantitative variates, and cat-
egorical variates were compared using Mann-
Whitney U test. A chi-square test was used to
analyze the allele and genotype frequencies in
CAD and control groups. Genetic effects were
investigated under dominant, recessive and
additive modes of inheritance, respectively.
Odds ratios (ORs) and 95% confidence intervals
were calculated using multiple logistic regres-
sion analysis after adjustment for covariates
including age, gender, history of hypertension
and smoking status to explore the association
between SNPs and CAD. Linkage disequilibrium
(LD) and haplotype analysis were performed
using Haploview software (version 4.2, USA).
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Statistical significance was considered when
p<0.05.

Results
Demographics

The baseline anthropometric, epidemiological
and metabolic data of all subjects is shown in
Table 1. Since the values of lipid profile, HbAlc
and fasting glucose were acquired after medi-
cal intervention, a significant difference in gen-
der, HDL-c level and smoking status between
CAD and non-CAD groups was found (p<0.05).
Genotype distributions at all six loci were in
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Table 3. Distribution of genotypes in additive inheritance mode of SNPs at DPP4 gene in CAD and

non-CAD patients of type 2 diabetes

CAD Control
SNPs Genotype OR 95% Cl p
n=501 (%) n=244 (%)

OR’ 95% Cl p’

258 (51.5) 110(45.1) 1.387 0.954-2.015 0.086

)
rs3788979 GG  128(25.5) 66(27.0) 1.209 0.834-1.754 0.316
GA )
AA  115(23.0) 68(27.9) 1.147 0.752-1.749 0.525
I
TC

1.192 0.696-2.042 0.522*
1.614 0.989-2.634 0.055°
1.745 0.957-3.183 0.069°

rs12617656 65(13.0) 35(14.3) 1.067 0.665-1.711 0.788 1.218 0.623-2.635 0.501
212 (42.3) 107 (43.9) 0.902 0.649-1.255 0.541 0.879 0.570-1.356 0.560

cC 224 (44.7) 102 (41.8) 1.183 0.737-1.898 0.487 1.024 0.493-2.123 0.950

rs12469968 AA 8(9.6) 27(11.1) 1102 0.648-1.873 0.720 1.540 0.771-3.077 0.221
GA 192 (38.3) 98(40.1) 1.119 0.808-1.551 0.497 1.022 0.657-1.590 0.922

GG 261(52.1) 119 (48.8) 1.234 0.734-2.073 0.427 2193 1.065-4.508 0.033

rs2300753 T 2(0.4) 0(0) 0.953 0.893-1.019 1.000" # # 0.999
GT 41 (8.2) 17 (7.0) 0.837 0.465-1.505 0.551 0.943 0.439-2.022 0.880

GG 458 (91.4) 227 (93.0) 0.996 0.990-1.002 1.000" # # 0.999

rs12617336 ccC 3(0.6) 3(1.2) 2545 0.489-13.257 0.494" 1.646 0.131-20.620 0.699
GC 84 (16.8) 33(13.5) 0.782 0.506-1.209 0.268 0.833 0.474-1.463 0.525

GG 414 (82.6) 208 (85.3) 1.990 0.398-9.947 0.674" 1.158 0.109-12.314 0.903

rs1861975 cC 2(0.4) 2(0.8) 2.087 0.276-15.764 0.856° 6.280 0.330-119.602 0.222

AC 48 (9.6) 23(9.4) 1.013 0.601-1.709 0.960

AA 451 (90.0) 219 (89.8) 2.064 0.289-14.749 0.839"

1.169 0.594-2.300 0.650
3.675 0.317-42.542 0.298

p’, OR’: After adjusting for gender, age, history of hypertension, dyslipidemia history, fasting glucose, BMI and smoking status.
“indicated that Fisher’s exact test was performed since the sample size was less than 5. *indicated that the values could not be
calculated by logistic regression analysis due to a low genotype frequency. Taking rs3788979 as example, the values of OR, ClI,
p, OR’, CI"and p’ in * line were in comparison of genotype GG and GA, the values in ? line were of GA and AA, the values in ® line

were of AA and GG.
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Figure 1. The linkage disequilibrium (LD) plots and the r? values between
DPP4 SNPs. The colors of the squares indicated the extent of the linkage
between SNPs, and the numbers in the squares represented the r? values.
The LD plots were circled by the triangular blocks.
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accordance with Hardy-Wein-
berg equilibrium (p>0.05).

Genotype analysis

In dominant inheritance mo-
de, the carriers of genotype
GG or AG at the SNP rs3788-
979 had an increased risk of
CAD compared with carriers of
AA after adjustment for other
known CAD risk factors includ-
ing gender, age, history of hy-
pertension, dyslipidemia, fast-
ing glucose, BMI and smoking
status (OR'=1.663, 95% CI'=
1.051-2.630, p’=0.030) (Tab-
le 2). A predisposing effect
was observed in the major al-
lele G atthe SNPrs12469968,
where genotype GG exhibited
a higher risk of CAD compar-
ed to genotype AA after adjust-
ing for confounders as listed

ed 2017;10(10):14730-14737
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Table 4. The association of CAD risk and Haplotypes of DPP4

cut-point was set as 24 kg/m?

SNPs according to the definition of
Haplotype frequency . over—welght. The interaction wgs
SNPs Haplotypes X p proved significant after adju-
CADn (%) Control n (%) )
stment for other known CAD ri-

rs12617336  GCA 4489 (44.8) 225.8(46.3) 0.281 0.596 ) ) )
sk factors (p’ for interaction

rs12617656 GTG 235.9(23.5) 127.5(26.1) 1.193 0.275 —0048. B=0.091) (Table 5
rs3788979 =0.048, p=0.091) (Table 5).
GCG 195.6 (19.5) 78.8(16.1) 25 0114 The-re was no significant differ-
CTG 72.4(7.2) 31.2(6.4) 0.361 0.548 ence between CAD subjects and
GTA 31.5(3.1) 16.9 (3.5) 0.111 0.739 non-CAD ones in the distribution
rs2300753 CA 946.0 (94.4) 461.0 (94.5) 0.002 0.964 of alleles or genotypes in normal
rs1861975 AC 41.0(4.1) 170(35) 0.324 0569  BMisubgroup. However,overwei-
cc 11.0(11)  10.0(2.0) 2129 0445  8htand obese carriers of geno-

x2: The distribution of all 8 haplotypes in CAD and non-CAD groups were calcu-
lated by Haploview software. p: one haplotype was compared with frequency of

all other haplotypes.

Table 5. The interaction effect of SNPs and
BMI on CAD in the population

SNPs p’ B

rs3788979 0.048 0.191
rs12617656 0.500 0.119
rs12469968 0.105 0.027
rs2300753 0.797 0.092
rs12617336 0.926 -0.031
rs1861975 0.415 0.172

p’: After adjusting for gender, age, history of hyperten-
sion, dyslipidemia history, fasting glucose and smoking
status.

above (OR'=2.191, 95% CI'=1.065-4.508, p’=
0.033) (Table 3). No significant association
was observed between CAD risk and genotypes
in recessive inheritance mode. All six SNPs had
similar allele frequencies between the two
groups.

Haplotype analysis

The linkage disequilibrium (LD) plots between
SNPs and the r? values were displayed in Figure
1. Haplotypes were constructed including block
1 (rs12617336, rs12617656 and rs3788979)
and block 2 (rs2300753 and rs1861975),
based on their physical position and r? values.
Of all eight haplotypes in DPP4 gene, none of
them was associated with CAD risk in the study
population (Table 4).

Interactive effect analysis

An interactive effect of SNPs with BMI on CAD
risk was further analyzed when subjects were
stratified by BMI as a continuous variate. The
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type AA at rs3788979 showed a
lower risk of CADafter adjust-
ment for other confounders
(p’=0.010) (Table 6).

When individuals were categorized by smoking
status, the interactive effect of SNPs and smok-
ing on CAD risk was further analyzed. The smok-
ers with GG or GA genotype at rs3788979 had
an increased CAD risk compared with non-
smokers with AA genotype (OR'=3.351, 95%
CI'=1.589-7.064, p’=0.001).

Discussion

Accumulating studies revealed the importance
of DPP4 in cardiovascular system, including
improvement of cardiac function, promotion of
coronary angiogenesis, reduction of myocardial
cell apoptosis and regulation of blood pressure
both in cytological and rodent experiments [14-
17]. Limited data concerned DPP4 gene and its
environmental interaction, and the majority of
research focused on genetic influence with lipid
profile [18], for example the possible associa-
tion of ApoB level and DPP4 gene in South
Asians [19], and DPP4 gene as a genomic mark-
erfor periodontitis [20]. To date, genetic vari-
ability in DPP4 gene modulating the risk of CAD
was not reported in Chinese or other popul-
ations.

In the study, 745 Chinese patients with T2D
were recruited into CAD or non-CAD group.
DPP4 geneSNP rs3788979 was found signifi-
cantly associated with CAD risk after adjust-
ment for other covariates, which was consis-
tent with a former result, that the very SNP
showed a possible effect of predisposing myo-
cardial infarction in non-diabetic patients [13].
As a promoting factor for atherosclerosis and
CAD, dyslipidemia was related to another DPP4
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Table 6. Comparisons of genotypes of SNPs
at DPP4 loci in CAD and non-CAD subjects
with type 2 diabetes in overweight and obesity
subgroup

CAD Control ,
SNPs (n=376) (n=181) P P
rs3788979
GG 93 (24.5) 46 (25.4)
AG 195 (51.9) 80 (44.2) 0.150 0.010
AA 88(23.4) 55(30.4)
rs12617656
T 47 (125) 22 (12.2)
cT 161 (42.8) 80 (44.2) 0.954 0.325
cc 168 (44.7) 79 (43.6)
rs12469968
GG 199 (52.9) 91 (50.3)
GA 138(36.7) 72(39.8) 0.781 0.761
AA 39(10.4) 18(9.9)
rs2300753
GG 344 (91.5) 168 (92.8)
TG 30(8.0) 13(7.2) 0.581 0.981
T 2(05)  0(0.0)
rs12617336
GG 318 (84.6) 158 (87.3)
CcG 55(14.6) 21(11.6) 0.590 0.995
cC 3(0.8) 2(1.1)
rs1861975
AA 340 (90.4) 161 (89.0)
AC 34(9.0) 18(9.9) 0.707 0.251
cC 2(0.6) 2(1.1)

p’: After adjustment for age, gender, histories of hyperten-
sion and smoking.

gene SNP, rs4664443 [19], but its minor allele
frequency in Chinese Han population was too
small to be involved in the study. In the study
population, the carriers of genotype GG or GA in
rs3788979 had a 60% increased risk of CAD
comparing with non-carriers. The underlying
mechanism to explain that a SNP locating in
intronic region could produce clinical effect,
was yet beyond our knowledge. Thus we postu-
lated that this intronic SNP exerted strong link-
age disequilibrium with other functional genetic
polymorphisms that affected the susceptibility
of CAD, which might be proved in further study.

Besides genomic and ethnic factors, gene-envi-
ronment interaction was also explored in the
study. Obesity and smoking are definite envi-
ronmental factors that contribute to the devel-
opment of CAD. Hence we stratified all subjects
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by BMI and smoking status in interaction analy-
sis. Our results indicated a possible synergistic
effect between DPP4 gene SNP rs3788979
and BMI on the occurrence of CAD, which might
be due to the influence on endothelium func-
tion of obesity. Under this conclusion, we con-
sider that a therapeutic lifestyle intervention,
especially body weight control, could produce
even more benefits to those carriers of risk
gene variants.

Poor glycemic control was proved to be another
potent promoting factor to CAD in diabetic
patients [21]. In demographic data of our study
population, random HbA1c between CAD and
non-CAD groups showed no significance, and
data reflecting glycemic control was unfortu-
nately insufficient for further stratified study.

However, there were inevitably limitations in
this study. As a case-control study, we could not
completely avoid the recall bias, and a cohort
study is expected to confirm our results. Our
sample size was relatively small, and larger
sample size would enhance the statistical
power for conclusions. Our study suggested
that some certain SNPs in DPP4 gene could be
a possible functional genomic marker for CAD,
but extended populations of additional ethnici-
ties with or without diabetes are yet to be
studied.

Our modest evidence revealed the association
of the DPP4 polymorphisms rs3788979 and
rs12469968 with CAD risk in a Chinese Han
population with type 2 diabetes. The genetic
variants at DPP4 gene SNP rs3788979 have a
synergetic effect with obesity to increase the
risk of CAD in Chinese Han population with
T2DM.
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