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Purpose: Patients with gestational diabetes mellitus (GDM) have been reported to
exhibit the same genetic susceptibility as that observed in those with type 2 diabe-
tes mellitus (T2DM). Recent polymorphism studies have shown that several genes
are related to T2DM and GDM. The aim of this study was to examine whether
certain candidate genes, previously shown to be associated with T2DM, also offer
a specific genetic predisposition to GDM. Materials and Methods: The current
study was conducted in 136 Korean pregnant women, who gave birth at Gil Hos-
pital, from October 2008 to May 2011. These study subjects included 95 subjects
with GDM and 41 non-diabetic controls. We selected the specific genes of PPARY?,
IGF2BP2, and KCNQI for study and amplified them using the polymerase chain
reaction. This was followed by genotyping for single nucleotide polymorphisms.
We then compared the genotype frequencies between patients with GDM and non-
diabetic controls using the y> test. We obtained and analyzed clinical information
using Student’s t-test, and statistical analyses were conducted using logistic regres-
sion with SPSS Statistics software, version 19.0. Results: Significant differences
were observed in maternal age, body mass index, weight gain and weight at time
of delivery between the groups compared. Among pregnant women, polymor-
phisms in PPARy? and IGF2BP2 were shown to be highly correlated with GDM
occurrence, whereas no correlation was found for KCNQ1 polymorphisms. Con-
clusion: Our results indicated that genetic polymorphisms could also be of value
in predicting the occurrence and diagnosis of GDM.

Key Words: Gestational diabetes mellitus, type 2 diabetes mellitus, gene, single
nucleotide polymorphism

INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as glucose intolerance of varying
degrees of severity, and is first detected during pregnancy.! When pregnant women
present with clinical characteristics that are consistent with a high risk of GDM
(marked obesity, a personal history of GDM, glycosuria or a significant family his-
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tory of diabetes), they should immediately undergo a 50-g
oral glucose challenge test. In addition, at risk pregnant
women should also receive attentive care after giving birth,
as they have increasingly been shown to involve a high risk
of type 2 diabetes mellitus (T2DM) following pregnancy, in
addition to a number of pregnancy complications.’

The genetic background of T2DM may also be applied in
GDM because significant evidence has demonstrated the
presence of T2DM in women with GDM.?> Moreover, the
prevalence of T2DM has been shown to be relatively high-
er in mothers with GDM after pregnancy. Genome-wide
association studies have recently identified new genetic vari-
ants which have reproducible associations with a suscepti-
bility to T2DM.>? Of these, PPARy? has been proposed to
play an essential role in glucose homeostasis, and IGF2BP2
in insulin function. Additionally, KCNQI, present in adi-
pose tissue, has been shown to be associated with suscepti-
bility to T2DM.'*2 If it is true that GDM and T2DM share a
common genetic background, then genetic variants used to
determine the risk of developing T2DM may also be asso-
ciated with the prevalence of GDM."

In the present study, we compared the frequency of sin-
gle nucleotide polymorphisms (SNPs) between GDM pa-
tients with diabetogenic genes and non-diabetic controls.
The aim of this study was to examine whether certain can-
didate genes previously shown to be associated with T2DM

also offer a specific genetic predisposition to GDM.

MATERIALS AND METHODS

Study subjects

This study included 136 pregnant, ethnic Korean women,
95 of whom were diagnosed with GDM (n=95) and 41 of
whom were healthy, non-diabetic controls (n=41). All sub-
jects gave birth at our institution between September 2008
and May 2011. They were all screened for GDM between
24 to 28 weeks of pregnancy using a 50-g, 1-h glucose chal-
lenge test (a plasma glucose concentration of >140 mg/dL

was considered to be positive for diagnosis of GDM) as
recommended by the Third International Workshop-Con-
ference on GDM. This was followed by a 100-g oral glu-
cose tolerance test (OGTT).

Threshold glucose values were rated as follows: fasting
>95 mg/dL, 1 h >180 mg/dL, 2 h >155 mg/dL and 3 h >140
mg/dL. We also obtained demographic and clinical data in-
cluding age, height, body mass index (BMI), weight gain
throughout pregnancy, weight at delivery, and gestational age
(GA) at delivery. In the present study, the exclusion criteria
were twin pregnancy and other complicated pregnancies,
such as pregnancy-induced hypertension. The study protocol
was approved by the Institutional Review Board of Gil Hos-
pital, and written informed consent was obtained from all
subjects.

Genetic analysis

We selected PPARY? rs1801282, IGF2BP2 rs4402960, and
KCNQI 15151290 as polymorphisms for this study. Total
DNA was prepared from peripheral blood leukocytes by the
proteinase K-phenol-chloroform extraction method. Blood
samples were sequentially treated two times each with buf-
fer (10 mM Tris-HCI, 0.1 M EDTA, 1% SDS, proteinase
K), phenol (Bioneer, Daejeon, Korea), PCI solution (Phenol,
Chloroform, Isoamyl alcohol), chloroform (Junsei Chem.
Co., Tokyo, Japan), isopropanol (Junsei Chem.Co., Tokyo,
Japan) and ethanol (Dae-Jung chemicals and metals co.
Ltd., Siheung, Korea). Then, isolated DNA was dissolved
in distilled water, and the resulting genomic DNA samples
were stored at -80°C until ready for analysis.

Genes for the assay were amplified with polymerase
chain reaction (PCR) using forward and reverse primers
(Table 1). PCR was performed in a 20 pL. volume contain-
ing 100 ng of genomic DNA with 10 pmol of each primer,
10x EX Taq buffer (100 mM Tris-HCI, 500 mM KCI and
15 mM MgCl,), 2.5 mM dNTP mixture and 1U EX Taq
polymerase (TaKaRa, Otsu, Shiga, Japan), for which a
PCR thermal cycler (TaKaRa, Otsu, Shiga, Japan) was
used. The PCR conditions included initial denaturation at

Table 1. Sequencing of Each PCR Product, Genotyped for Single Nucleotide Polymorphisms (SNPs)

Gene SNP Sequence (5°-3”) Product size (bp)

PPARY’ rs1801282 Forward CAGTGTGAATTACAGCAAACC 200
Reverse GGAAGACAAACTACAAGAGCA

IGF2BP2 154402960 Forward TGTCAAAGCTTTGGAAC 173
Reverse GGAATCTGCTTTGACCATTC

KCNQI1 rs151290 Forward TACTGGGCAGAGGCTATAGA 170
Reverse TGCAGCTGGGAGTACCCAGGT

PCR, polymerase chain reaction.
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Fig. 1. Analysis of each gene sequence (A) PPARY? (B) IGF2BP2, (C)
KCNQ1. PPARY” and IGF2BP2 were interpreted in a forward manner
whereas KCNQ1 was interpreted in a reverse manner.

AGGACAGCCC

94°C for 30 sec, annealing at 56°C for 30 sec, and final ex-
tension at 72°C for 5 min. DNA amplified with PCR was
purified using the QIAquick PCR purification kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. PCR products were separated on a 2% agarose gel
electrophoresis (SeaKem, Rockland, ME, USA), stained
with ethidium bromide and visualized using a UV transillu-
minator (Vilber Lourmat, Marne-la-vallée Ceedex, France).

All PCR products were genotyped for SNPs. Sequencing
reactions were performed in sequencing kits using Ampli-
Taq DNA polymerase according to the manufacturer’s pro-
tocol. Single-pass sequencing was performed on each tem-
plate using the primer. The fluorescent-labeled fragments
were purified from unincorporated terminators using an
ethanol precipitation protocol. The samples were resus-
pended in distilled water and then subjected to electropho-
resis in an ABI 3730x1 sequencer (Applied Biosystems Inc.,
Foster City, CA, USA). The graphed genotype sequences
were compared (Fig. 1) and the frequency of SNPs found
in patients with GDM was compared with those in the non-
diabetic controls. PPARY? and IGF2BP2 were interpreted in
a forward manner, whereas KCNQ1 was interpreted in a re-
verse one.

Statistical analyses

Statistical analysis was conducted utilizing SPSS software
(SPSS, Inc., Chicago, IL, USA) for Windows (Microsoft,
Redmond, WA, USA), version 19.0. All data were expressed
as meantstandard deviation or as the number and propor-
tion (%) of subjects. Continuous data such as maternal age,
height, BMI, weight gain throughout pregnancy, weight at
delivery and GA at delivery were analyzed using Student’s
t-test. A > test was used to compare differences in genotype
frequencies between patients with GDM (n=95) and non-
diabetic controls (n=41). In addition, logistic regression
analysis was used to calculate the odds ratios (ORs), 95%
confidence intervals (CI), and corresponding p-values, with
regard to the number of risk alleles, using an additive mod-
el. p-values <0.05 were considered statistically significant.

RESULTS

Clinical parameters

Phenotypic characteristics of the study subjects were col-
lected and analyzed. As shown in Table 2, mean age, mean
BMI, and mean weight at the time of delivery were slightly
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Table 2. Clinical Characteristics of the Study Subjects

Variable GDM (n=95) Control (n=41) p value
Age (yrs) 34.2844.570 32.614+3.974 0.044
Height (m) 1.59+0.061 1.61£0.056 0.133
BMI (kg/m’) 29.20+5.101 26.77+3.874 0.003
Weight gain (kg) 10.02+5.212 12.98+5.322 0.003
Weight at delivery (kg) 74.94+14.092 70.02+£10.425 0.026
GA at delivery (wks) 37.240+2.296 37.55+2.890 0.504

GDM, gestational diabetes mellitus; BMI, body mass index; GA, gestational age.

higher in patients with GDM, compared to non-diabetic
controls, and found to be statistically significant [(34.28+4.57
vs. 32.6143.97 years, p=0.044), (29.20+5.10 vs. 26.77+3.87,
p=0.003), (74.94+14.09 vs. 70.02+10.42 kg, p=0.026)]. How-
ever, mean weight gain throughout pregnancy was signifi-
cantly smaller in patients with GDM than in non-diabetic
controls (10.02+5.21 vs. 12.98+5.32 kg, p=0.003) (Table 2).

Of the patients with GDM (n=95), 51.5% (49/95) con-
trolled their plasma glucose levels only with diet and exer-
cise, 45.3% (43/95) received an insulin injection and 1.1%
(1/95) took oral anti-hyperglycemic agents. In addition,
2.1% (2/95) of the patients with GDM neglected to manage
their blood glucose level.

The frequency of cesarean section was significantly high-
er than normal spontaneous vaginal delivery in patients with
GDM than in non-diabetic controls (OR 2.401, 95% CI
1.137-5.070, p=0.022). In addition, there was also a signifi-
cant difference in the frequency of cesarean section between
patients with GDM and non-diabetic controls (p=0.020).

Genetic analysis
We compared genotypes between patients with GDM (n=95)
with non-diabetic controls (n=41). In doing so, we found that
CC in PPARY%, GG in IGF2BP2 and AC in KCNQI were
the most frequent genotypes in patients with GDM, similar
to the control group. There were, however, significant dif-
ferences in genotypes between patients with GDM and
non-diabetic controls in PPARy? (CC, CG; p=0.027) and
IGF2BP2 (GG, GT, TT; p=0.015). Despite the fact that AC
was the most frequently observed genotype for KCNQI in
both GDM and control groups, there was no significant dif-
ference in each genotype (AA, AC, CC) between patients
with GDM and non-diabetic controls (p=0.613) (Table 3).
Based on these findings, we performed a logistic regres-
sion analysis for each gene to examine whether a certain
genotype contributes to the manifestation of GDM and, if
S0, to what extent. In regards to PPARY?, study subjects with
the CC genotype exhibited a 78% higher risk of developing

Table 3. Frequencies of Specific Genotypes among the Study
Subjects

Frequency (%) p value
PPARY’ 0.027
CcC 123 9L.1)
CG 12 (8.9)
IGF2BP2 0.015
GG 72 (53.3)
GT 54 (40.0)
TT 9(6.7)
KCNQI 0.613
AA 22 (16.5)
AC 64 (48.1)
CcC 47 (35.3)

GDM than those with CG, a finding which was statistically
significant (OR 0.215, 95% CI 0.055-0.840; p=0.027). For
IGF2BP2, subjects with the GG genotype were found to in-
volve a 72% higher risk of developing GDM than those
with GT, which was statistically significant (OR 0.282, 95%
CI 0.121-0.656, p=0.003). Moreover, upon further analysis
of the IGF2BP2 data, as shown in a dominant model, study
subjects with the GG genotype demonstrated a 67% higher
risk of developing GDM than those with both GT or TT to-
gether (OR 0.326, 95% CI 0.144-0.738, p=0.007). Howev-
er, there was no significant difference in the risk of devel-
oping GDM between the genotypes of KCNQ1 (Table 4).

DISCUSSION

Although the impact of gestational diabetes on maternal
and fetal health has garnered increasing recognition, there
remains a lack of universal consensus on the appropriate di-
agnostic methods and thresholds for diagnosing gestational
diabetes. We therefore set out to examine the association of
variations in certain genes with a susceptibility to GDM as
a diagnostic clue applicable in Korean populations. Another
recently published study, the Hyperglycemia and Adverse
Pregnancy Outcomes study, evaluated the treatment of ma-
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Table 4. Genotype and Allele Distributions and Corresponding ORs for Developing GDM

Locus GDM

Controls

Gene e Genotype n (%) %) Models p value OR
PPARY’ rs1801282 CC 89 34 Codominant 0.027 0.215 (0.055-0.840)
CG 5 7
IGF2BP2 154402960 GG 57 15 Codominant 0.003 0.282 (0.121-0.656)
GT 30 24 0.894 0.887 (0.153-5.139)
TT 7 5 Dominant 0.007 0.326 (0.144-0.738)
Recessive 0.563 0.609 (0.113-3.274)
KCNQI rs151290 AA 16 6 Codominant 0.340 1.789 (0.541-5.915)
AC 46 18 0.981 1.014 (0.306-3.364)
cc 30 17 Domin.ant 0.576 1.374 (0.451-4.188)
Recessive 0.298 1.533 (0.685-3.430)

GDM, gestational diabetes mellitus; OR, odds ratio.

ternal hyperglycemia, and confirmed the findings of small-
er, nonrandomized studies, solidifying the link between ma-
ternal hyperglycemia and adverse perinatal outcomes. In
response to these studies, the International Association of
Diabetes and Pregnancy Study Groups formulated new
guidelines for the screening and diagnosis of diabetes in
pregnancy, and recommended that high-risk women be
screened universally at 24-28 weeks of gestation using a 75-g
OGTT, at 1-hour and 2-hours.!* Although the diagnostic
threshold value of fasting plasma glucose was set at 75 mg/
dL, the category of “impaired fasting glucose” was includ-
ed in the diagnosis of diabetes, making the diagnostic
thresholds arbitrary.

Several studies have uncovered a significant correlation
between maternal hyperglycemia and perinatal morbidity.
Moreover, increases in adverse maternal-fetal outcomes
have been documented across the spectrum of carbohydrate
intolerance, even for glucose values below the currently rec-
ommended cut-offs for the diagnosis of gestational diabe-
tes. Previous studies have documented that an abnormal
glucose screening test is solely an independent predictor of
macrosomia,’® and advocate the usefulness of follow-up di-
agnostic testing or close surveillance for fetal overgrowth
during the third trimester in women with abnormal screen-
ing tests between 24 and 28 weeks of gestation. !¢

Many studies have revealed that genetic variants are as-
sociated with a susceptibility to GDM and T2DM. These
two disease entities share common pathophysiological
background, including B-cell dysfunction and insulin resis-
tance.!” Based on this background, PPARy?, IGF2BP2 and
KCNQI were selected in this study because they have been
reported to exhibit SNPs in patients with T2DM. Impaired
B-cell function (IGF2BP2), insulin resistance (PPARY?) and
obesity are major pathophysiological features known to be

associated with loci variants and susceptibility to T2DM.
PPARY? is a nuclear receptor and is an important regulator
of adipocyte differentiation. Specific mutations in the li-
gand binding domain of PPARYy? have been proposed to
play an essential role in glucose, lipid and blood pressure
homeostasis.' Insulin-like growth factor 2 mRNA-binding
protein 2 (IGF2BP2) belongs to a family of IGF2 mRNA-
binding proteins that play an important role in embryogene-
sis and pancreatic development.'® In addition, IGF2BP2 is
known to regulate the transcription of IGF2, which in turn
is involved in insulin development and function.!! KCNQ1
encodes the pore-forming subunit of a voltage-gated K+
channel (KvLQT1) which is essential for the repolarization
phase of the action potential in cardiac muscle.'” K+ channel
is also expressed in other tissues including brain, adipose
and pancreas, and many variants of the KCNQ1 gene have
been shown to have an association with susceptibility to
TZDM.IZ‘ZO,ZI

To date, no published methods have provided the key to
diagnosing GDM. Other aspects including the human gene
have therefore been considered. Previous published geno-
typing studies have shown that there is a strong correlation
between GDM and T2DM. We therefore evaluated CC in
PPARY? and GG in IGF2BP2, and thereby, observed higher
correlations (78% and 72%, respectively) therein with a
higher prevalence of GDM than other genotypes. Accord-
ingly, it might be necessary to develop a kit for identifying
polymorphisms of a certain gene in a simpler, more gener-
alized manner.

The limitations of the current study include a relatively
smaller number of enrolled subjects than previous studies.
We are therefore in the process of collecting more data from
a larger sample size, and hope to obtain more exact results
therefrom. Another limitation is that we were only able to
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select a specific SNP from one gene each. This is because
no previous studies have attempted to evaluate and analyze
other SNPs in the same gene. Moreover, we conducted the
current study with a single gene and did not consider inter-
actions between the gene and its proteins, which would re-
quire further studies.

To summarize, our results showed that not only clinical
factors, but also polymorphisms in PPARYy? and IGF2BP2
were associated with a higher prevalence of GDM. In addi-
tion, our results also showed that genetic variants associat-
ed with T2DM, as shown in recent published studies, were
also associated with GDM in a Korean population.

In conclusion, we propose that genetic polymorphisms
could also be of value in predicting the occurrence and di-
agnosis of GDM.
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