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Summary

Introduction: It is generally believed that gestational diabetes mellitus (GDM) and type 2 diabetes mellitus (T2DM) share similar ge-
netic susceptibility and pathogenesis, which is characterized by insulin resistance and impaired insulin secretion. Thus it is believed that
the two suffer from the same genetic pathogenic background. A variety of studies have confirmed that CD36 gene single nucleotide poly-
morphisms (SNP) are significantly associated with T2DM. In this context, this study aims to discover the correlation between the two
SNPs in CD36 gene and GDM in Chinese Han population. Materials and Methods: 424 Chinese pregnant women in Han population
were analyzed according to clinical parameters. Out of them, 215 normal glucose tolerance (NGT) and 209 GDM patients were geno-
typed for two SNPs namely rs1761667 (G > A) and rs1527479(C > T) in the CD36 gene using Taqman allelic discrimination assay fol-
lowed by statistical analysis. Results: The distribution of genotype frequency and allele frequency of rs1527479 and rs1761667 between
GDM group and NGT group showed no statistical significance (p > 0.05). In GDM group, the differences of fasting plasma glucose
(FPQ), zero-hour plasma glucose (PG) in oral glucose tolerance test ( OGTT), body weight (BW) increment, homeostasis model assess-
ment for insulin resistance (HOMA-IR), triglyceride (TG) among three genotypes of rs1761667 indicated statistical significance (p < 0.05).
The differences of FPG, zero-hour PG in OGTT, BW increment, total cholesterol (TC), TG, HOMA-IR among three genotypes of
rs1527479 displayed statistical significance (p < 0.05). In NGT group, there were no statistical significance between any genotypes of
the two SNPs. Discussion: The genotype and allele frequency distribution of CD36 gene SNPs(rs 1761667 and rs1527479) were not as-
sociated with the risk of GDM. However, the authors observed significant differences between the clinical and biochemical index in dif-
ferent genotypes. Conclusion: Therefore, CD36 gene SNPs (rs1761667 and rs1527479) demonstrated a certain correlation with some
metabolic index and phenotypes of GDM.
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The CD36 gene is located on chromosome 7q11.2 and is
comprised of 15 alternatively spliced exons that are differ-
entially regulated by several upstream promoters [18, 19].
In the human CD36 gene, 1,372 single nucleotide poly-
morphisms (SNPs) have been reported up to now; however
most of these findings were reported in European popula-
tions. Since there have been some studies on the association
of genetic variants in the CD36 gene with T2DM [15-17],
the authors proposed to investigate two probable CD36
gene polymorphisms that might have an important role in
GDM and related complications. Therefore, the present
study selected two SNPs, rs1761667 and rs1527479 from
Chinese Han in Chengdu as candidate SNPs to evaluate the
genetic and functional effects of CD36 gene polymor-
phisms on GDM and related complications. This is perhaps
the first report of CD36 gene polymorphism study in GDM
patients in Chinese Han population.

Introduction

Gestational diabetes mellitus (GDM) is defined as any
degree of glucose intolerance with onset or first recogni-
tion during pregnancy [1]. In recent years, the incidence of
GDM has been increasing [2, 3]. It may have many adverse
effects on pregnant women and fetus [4, 5]. However, the
specific pathogenesis of GDM is still unknown. It is gen-
erally believed that GDM and Type 2 diabetes mellitus
(T2DM) have similar genetic susceptibility and pathogen-
esis, which is characterized by insulin resistance and im-
paired insulin secretion. From this, many believe the two
have the same genetic pathogenic genes [6-8]. Some stud-
ies have found that CD36 gene is associated with insulin
resistance, dyslipidemia as well as atherosclerosis and ele-
vated triglyceride (TG) levels, which often proceed with
T2DM [9-14]. Many studies abroad have also confirmed
that some CD36 gene single nucleotide polymorphisms
(SNPs) (e.g. 151761667, rs1527479, and -178 A/C) are re-

lated with type 2 diabetes mellitus (T2DM) [15-17]. There-
fore, the authors propose that the CD36 gene SNP may
increase the risk of GDM.
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Materials and Methods

The authors investigated Chinese Han pregnant women who
gave birth in West China Second University Hospital in Chengdu
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from August to December in 2014. All these women without a
previous diagnosis of glucose intolerance were routinely screened
for GDM between 24 and 28 weeks of gestation with the recom-
mendation of the diagnosis of GDM by international DM and
pregnancy group (IADPSG) in 2010 [20]. They were divided into
gestational diabetes mellitus (GDM) group and normal glucose
tolerance group (NGT). The authors studied 424 pregnant women,
209 of them with GDM and 215 with NGT.

The subjects’ clinical and biochemical data were acquired from
these women’s medical records that included age, height, weight,
gestational weight gain (GWG), systolic blood pressure and dias-
tolic blood pressure, the family history of T2DM, and history of
gestation. Body mass index (BMI) before gestation (pre-BMI)
was calculated as body weight (kg) divided by the square of height
(m?). Biochemical data consisted of fasting plasma glucose (FPG),
fasting plasma insulin (FPI), lipid profile (total serum cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C) and serum triglycerides), hepati-
tis B surface antigen (HbsAg), white blood count (WBC), hemo-
globin (Hb), platelets (PLT), alanine transaminase (ALT),
aspartate transaminase (AST), albumin (ALB), and blood urea ni-
trogen (BUN). Homeostasis model assessment of insulin resist-
ance (HOMA-IR) was calculated by (FPI in mU/LXFPG in
mmol/1)/22.5 while homeostasis model assessment of beta-cell
function (HOMA-B) was calculated by (FPI in mU/L*20)/(FPG
in mmol/l -3.5) with HOMA indices [21].

Blood samples were taken for these participants during their
childbirth. Genomic DNA was obtained from a human whole
blood kit. CD36 gene (rs1761667 and rs1527479) SNPs were
genotyped by the Tagman allelic discrimination assay. The geno-
typing results were verified by direct sequencing test. During data
analysis the quality value was set as 95% and the Sequence De-
tection System version 2.4 software was used. Genotyping qual-
ity control was performed in 10% of the samples by duplicate
checking (rate of concordance in duplicates > 99%).

Written informed consent was obtained from each participant,
and the study was approved by the Institutional Review Board of
West China Second University Hospital.

The quantitative variable with normal distribution was given as
mean + standard deviation (SD). The continuous data (HOMA-B,
HOMA-IR, total cholesterol, triacylglycerol, LDL-cholesterol,
and HDL-cholesterol) was log-transformed to approximate nor-
mal distributions. Quantitative data with normal distribution or
log-transformed variables was analyzed by Student’s #-test. The
authors tested each polymorphism for deviation from Hardy-
Weinberg-Equilibrium (HWE) by using chi-square test and they
also used chi-square to test differences in allele, genotype between
NGT and GDM. Genotypes were given codes of 0, 1, and 2, and
the odds ratio (OR) was expressed per difference in the number of
risk alleles. The ORs with 95% confidence intervals (CIs) were
presented. Comparisons of different variables between groups
were done by one-way ANOVA. A two-sided p value, 0.05 was
considered statistically significant. The statistical analyses were
performed by SPSS 17.0.

Results

The clinical and biochemical parameters of the NGT and
GDM groups are presented in Table 1. The differences of
age, body weight (BW) increment, systolic blood pressure
(SBP), diastolic blood pressure (DBP), TG, TC, HDL-C,
LDL-C, FPG, zero-, one-, and two-hour OGTT, fasting in-
sulin (FINS), HOMA-IR, HOMA-f showed statistical sig-

nificance (p < 0.05).

Tagman SNP genotyping results showing the pattern of
genotypes for the two SNPs (rs1527479 and rs1761667) in
the CD36 gene are represented in Figures la—d. The allele
and genotype frequency distribution of CD36 gene poly-
morphisms among 215 NGT and 209 GDM are shown in
Table 2. In case of both SNPs, the allele and genotype fre-
quencies in NGT and GDM groups are in Hardy—Weinberg
Equilibrium (HWE). For both C/T and G/A polymorphism,
no allelic and genotypic associations are observed in the
present study (p > 0.05).

The authors analyzed the association between three geno-
types of each SNP and clinical and biochemical parameters
in the research (as shown in Table 3). In GDM group, the
differences of FPG, OhPG in OGTT, BW increment,
HOMA-IR, and TG among three genotypes of rs1761667
showed statistical significance (p < 0.05). The differences
of FPG, OhPG in OGTT, BW increment, TC, TG, HOMA-
IR among three genotypes of rs1527479 displayed statisti-
cal significance (p < 0.05). In NGT group, there is no
statistical significance between any genotypes of the two
SNPs.

Table 1. Clinical characteristics of the study participants.

Variables GDM (n=209) NGT (n=215) t p
(X=£s) (X%s)
Age (years) 32.99+4.49  31.36+4.24 3.849 <0.001
Weight (kg) 69.10+7.50 68.9848.44 0.157 0.875
Height (cm) 159.66+4.48 160.42+4.56 -1.729 0.084
Pre-BMI 21955276 21.09:2.80  3.146  0.002
(kg/m?)
GWG (kg) 14.604+3.75 13.144+4.87 3.483 0.001
SBP (mmHg) 116.2+11.90 113.4+10.51 2.878 0.004
DBP (mmHg) 73.85+£10.48  71.5749.51 2.669 0.008
WBC (x10°L)  9.09+2.22 8.99+2.35 1.829 0.068
PLT (x10°/L) 159.06+49.34 158.10+49.44 0.199 0.842
Hb (g/L) 121.10+14.23 118.84+13.53 1.845 0.066
ALT (IU/L) 19.38+ 8.60 19.23+7.33 0.843 0.400
AST (IU/L) 21.75£5.85  21.60+6.50 0.205 0.838
TC (mmol/L) 5.69+1.07 5.16+1.11 6.145 <0.001
TG (mmol/L) 3.68+1.93 2.86+0.80 6.077 0.006
HDL-C (mmol/L) 1.67+0.33 1.83+0.42 -3.350 0.001
LDL-C (mmol/L) 3.23+0.59 2.82+0.84 4.142  <0.001
75gOGTTOhRBG  4.9540.58 4.51+0.39 8.865 <0.001
(mmol/l)
75¢OGTT1hBG 10.13£2.78 7.56+1.28 11.451 <0.001
(mmol/1)
75gOGTT2hBG  8.97+1.61 6.77+0.99 15.978 <0.001
(mmol/l)
FPG (mmol/L)  4.83+0.92 4.51+0.74 4.004 <0.001
FPI (WU/mL) 13.36+5.51 10.78+4.87 5.073  <0.001
HOMA-IR 2.91+1.02 2.22+0.98 2.970 0.003
HOMA-B 252.03+172.51 273.6£213.74 -1.974 0.049

Two variables (HOMA-B, HOMA-IR) are log-transformed to approximate normal dis-
tributions and are analyzed by Student’s #-test. The other variables are the quantitative
variables with normal distribution and are given as means + standard deviation.
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Table 2. — Genotype and allele distributions and corresponding odds ratios for GDM.

GDM (%) NGT (%)
SNP Genotype n=209 n=215 p-value OR (95% CI)
rs1527479 TT 85 (40.7) 96 (44.7) Ref.
CT 99 (47.3) 102 (47.4) 0.654 0.912 (0.610-1.364)
cc 25 (12.0) 17 (7.9) 0.142 0.602 (0.304-1.191)
TT 85 (40.7) 96 (44.7) 0.407 0.850 (0.578-1.249)
CC/CT 124 (59.3) 119 (55.3)
Allele
T 269 (65.1) 294 (68.4) 0.216 0.835 (0.626-1.111)
C 149 (34.9) 136 (31.6)
11761667 GG 88 (42.1) 98 (45.6) Ref.
AA 22 (10.5) 15 (7.0) 0.177 0.612 (0.299-1.254)
AG 99 (47.4) 102 (47.4) 0.703 0.925 (0.621-1.379)
GG 88 (42.1) 98 (45.6) 0.471 0.868 (0.591-1.275)
AA/AG 121 (57.9) 117 (54.4)
Allele
G 275 (65.8) 298 (69.3) 0.275 0.852(0.639 -1.136)
A 143 (34.2) 132 (30.7)
Discussion creased HOMA-IR. This suggests that the regulatory re-

The role of CD36 gene in insulin resistance and T2DM
prompted the present authors to investigate its SNP associ-
ation with GDM in their Chinese population. Researchers
have found that polymorphisms of CD36 gene may affect
glucose and lipids metabolism and some CD36 gene SNPs
are seen to be related with T2DM in several studies [9-17].

A genetic study of the CD36 gene in a French diabetic
population indicated that A/C-178 in the promoter, A/G-
10 in intron 3 and (GGGTTGAGA) insertion in intron 13
were equally frequent in diabetic subjects and controls.
However, adiponectin levels, a marker for insulin sensitiv-
ity, were significantly linked with the -178 A/C promoter
variant allele (p = 0.003). Thus, the -178 A/C SNP promoter
mutation in the CD36 gene represents a putative ge-
netic marker for insulin-resistance in the French popula-
tion, although it does not appear to contribute to
the genetic risk for T2DM [15]. Another study in North In-
dian population demonstrated that the GA heterozygous
genotype of a promoter polymorphism (rs1761667) in the
CD36 gene was more common in the T2DM patients and
had association with diabetes. The presence of the minor
allele A of rs1761667 in the-31118 promoter region of the
CD36 gene seemed to contribute greatly to increasing the
risk of developing T2DM [17]. A similar correlation be-
tween a promoter polymorphism (rs1527479) in the CD36
gene with insulin resistance and T2DM was discovered in
the Caucasian population at risk for metabolic syndrome
(MetS) [16]. It was reported that T2DM was more prevalent
in the TT genotype than in the CC genotype. This was most
pronounced in women and in subjects with a high BMI (>
27 kg/m?). In addition, within the group of diabetic patients,
the TT genotype was more common in subjects with in-

gion of the gene is responsible for the varied expression of
the CD36 gene in normal and diseased conditions since a
variant located in the CD36 upstream promoter determines
the binding site for transcription factors. It is indicated from
a study in African Americans that five SNPs of CD36 gene
associated with increased odds for the MetS and CD36
variants may be related to insulin resistance that may im-
pact MetS pathophysiology and HDL metabolism, which
are both the predictors of heart disease and type 2 diabetes
[12]. A recent study in Boston and Puerto Rican adults also
revealed an association with metabolic syndrome that can
increase the risk of cardiovascular disease and T2DM [22].

In the study presented here the authors failed to find an
association between polymorphisms of the rs1761667 and
rs1527479 SNPs in the CD36 gene and GDM. For both C/T
and G/A polymorphism, no allelic and genotypic associa-
tions were observed in the present study (p > 0.05). This
result is in conflict with the research on North Indian pop-
ulation [17]. However when comparing the clinical and bio-
chemical index among genotypes in the two SNPs, it is seen
that part of the indicators has statistical significance, espe-
cially in GWG, FPG, TG, and IR. It indicates that the geno-
types of CD36 gene SNP are associated with certain
metabolic index and its phenotype of GDM, which may
lead to insulin resistance, TG concentrations, and weight
growth, etc. However, the specific mechanism is not very
clear.

Population genetics studies demonstrate that different
genotypes may cause different phenotypes which are the
result of the combination of genotype and environment.
CD36 gene encodes CD36 proteins that affect some of the
signs and symptoms of disease. It suggests that it may help
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us identify high-risk groups and provide relevant guidance
and intervention, at finally may be helpful to avoid and re-
duce the incidence of GDM and its complications if an
early prenatal diagnosis and screening at a genetic level for
pregnant women can be made. Furthermore, the screening
of genes has no restrictions and is very convenient, and it
can be carried out at any time during pregnancy, so it is
worth recommending.

SNPs (rs1527479
and rs1761667.

rs1761667 AG heterozygous

The results of the previous studies concerning CD36
polymorphisms and the incidence of GDM contradict the
data obtained from a number of studies with T2DM-pa-
tients. The reasons may be as the following. First, although
GDM and T2DM seem to share similar pathophysiological
pathways [23], their clinical courses may differ because of
genetic variations or the functional and the phenotypical
consequences, since two-allele genetic models do not fit.
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Table 3. — Comparison of clinical and biochemical data in three genotypes of rs1761667 for GDM.
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Parameter Rs1761667 genotypes Rs1527479 genotypes

AA AG GG cC CcT T
weight (kg) 68.82+6.52 69.51+7.52 68.72+7.77 68.82+6.52 69.51+£7.52 68.72+7.77
height (cm) 159.45+3.69 159.42+4.92 159.97+4.15  159.8443.73 159.35+4.99 159.95+4.06
Pre-BMI (kg/m?) 22.04+2.32 22.24+2.86 21.61+2.74 22.28+2.93 22.22+2.67 21.54+2.80
GWG (kg) 10.68+3.26* 14.234+4.15%*%  13.38+4.99 11.094£3.42*%*  14.29+4.09 13.27+£5.09
SBP (mmHg) 118.09+£12.53  116.30+13.00 115.60+10.63 119.76+13.51  115.51+12.59 115.95+10.65
DBP(mmHg) 73.77+9.83 73.87+11.39 73.55+9.67 75.88+11.77 73.29+10.89 73.59+9.63
75gOGTTORBG (mmol/L)  5.1040.54** 4.67+0.46 4.914+0.55# 5.05+ 0.54** 4.71+£0.49 4.89+0.54
75gOGTT1hBG (mmol/L)  9.32+1.63 10.16=x1.75 9.87+1.69 9.52+1.62 10.16=1.81 9.81+1.63
75gOGTT2hBG (mmol/L)  8.79+1.60 9.04+1.67 8.96+1.58 8.79+1.64 9.04+ 1.68 8.96+1.55
FPG (mmol/L) 4.98+2.06* 4.41+0.64** 443+ 0.64 4.99+1.97 4.43+0.63 4.38+0.62
FPI (uU/mL) 14.08+11.50 13.39+£12.87 14.58+23.25  16.27+£16.34 12.89+11.57 14.52+23.47
WBC (x109/L) 8.59+1.23 9.08+2.50 8.99+2.43 8.70+1.42 9.00+2.51 9.07+2.43
PLT (x109/L) 147.14+49.54  159.65+48.73  159.11+50.42 152.31+47.62  157.48+47.89 163.31+49.08
HB (g/L) 126.64+10.60  121.42+13.49  119.20+12.17 122.75+£12.28  122.16*=13.42 119.23+£12.09
ALT (IU/L) 16.19+8.70 20.82+9.29 19.46+8.52 15.94+8.54 20.89+9.07 19.45+8.74
AST (IU/L) 21.13+7.52 23.93+9.26 22.11+7.46 21.76+£7.31 23.88+9.26 21.97+7.46
v-GT (IU/L) 13.88+6.75 18.54+18.41 18.13+16.87  13.47+6.77 18.69+18.21 18.12+17.12
Cr (mmol/L) 46.25+7.11 47.47+8.60 49.81+10.24  48.12+7.61 47.24+8.72 49.71+10.17
UN (mmol/L) 3.13+0.75 3.52+1.22 3.54+1.14 3.23+0.79 3.49+1.24 3.56+1.12
Alb (g/L) 37.47+2.45 37.07+3.40 36.34+3.04 37.87+2.85 37.08+3.29 36.18+3.03
TC (mmol/L) 5.74+0.52 5.67+0.97 5.63+1.26 4.88+1.24%* 5.35+1.07 5.16+0.93
TG (mmol/L) 3.09+0.96* 3.14+1.09# 2.93+0.81 3.15+0.99* 3.19+1.06# 2.94+0.82
HDL-C (mmol/L) 1.85+0.46 1.85+0.33 1.78+0.39 1.85+0.46 1.84+0.36 1.78+0.37
LDL-C (mmol/L) 3.04+0.42 2.78+0.74 2.52+0.87 3.04+0.42 2.71+£0.79 2.58+0.83
LDH (U/L) 223.19£127.19 263.59+£156.04 262.79+136.91 238.12+£130.60 261.05+157.50 262.37+134.58
HOMA-IR 2.01£1.39%* 2.54+2.14 2.26+1.61 1.99+1.35 2.47+1.97%* 2.50+1.57*
HOMA-B 293.22+4268.14  256.59+223.70 198.80+109.86 291.48+168.97 260.39+225.92  200.715+195.32

P values < 0.05 are shown in bold. P values are adjusted for age but not corrected for multiple comparisons.
Log transformed (log10) values are used for HOMA-B, HOMA-IR. AA vs. GG: *p < 0.05; AG vs. GG: #p <0.05; AG vs. AA: ** p <0.05. CC vs. TT: *p <0.05;

CT vs. TT: #p < 0.05; CT vs. CC: **p <0.05.

GDM as a polygenic hereditary disease exists genetic het-
erogeneity and racial differences, hence the present study
may have different results due to different races. Second,
CD36 gene has multiple polymorphism loci and perhaps
the sample size of this study is not enough to assess the ef-
ficient locus. In the present study, only 215 patients with
GDM were genotypes, which may limit the statistical
power of this analysis. Therefore, the sample size needs to
be enlarged for further study on the relationship of CD36
gene polymorphism and incidence of GDM. Third, the re-
sult may be associated with the change of GDM diagnos-
tic standard. From 2012, the present authors have begun to
use new diagnostic standard of GDM (IADPSG, 2010).
With the new diagnostic criteria, the detection rate has been
increasing, therefore the past negative samples may be in-
corporated into the present study. Furthermore, diagnostic
standard is also not the same both at home and abroad and
this may lead to selective bias. At last, as discussed above,
an individual hereditary character does not only depend on
the types of genes, but also on the gene expression patterns,

namely epigenetics. Phenotype is the result of the combi-
nation of genotype and environment. Therefore it requires
a further study of epigenetics to explore the pathogenesis of
GDM.

In summary, this is perhaps the first study to examine the
association of CD36 polymorphisms and GDM in Chinese
Han population. Unfortunately, the present authors do not
see an association between GDM and certain CD36 poly-
morphisms. In this study, only rs1761667, rs1527479 of
CD36 gene SNP were genotyped, and cannot exclude a po-
tential influence of other CD36 genetic polymorphisms in
the susceptibility on GDM. In addition, the current study
may have some limitations because of study design. So
more studies are required to discuss the relation of CD36
gene SNP with GDM.

Conclusion

The genotype and allele frequency distribution of CD36
gene SNPs were not associated with GDM, but there were
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some differences between the clinical and biochemical
index in different genotypes, so the present authors believe
CD36 gene SNPs have a certain correlation with some
metabolic index and phenotypes of GDM.
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