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Abstract: Gestational Diabetes Mellitus (GDM) is one of the major global public health issues in Asia. Various genetic and
environmental factors are found to be accountable for the development of GDM. In this back ground SLC30A8 rs13266634
polymorphism is hypothesized to increase the risk of GDM in South-Indian population. The present study aimed to evaluate
the association of SLC30A8 rs13266634 polymorphism with risk of GDM. A total of 400 participants, 200 GDM and 200
healthy pregnant women were included in the case-control study. Genotyping was performed by polymerase chain reaction—
restriction fragment length polymorphism (PCR-RFLP). The genotype and allele frequencies were analyzed by applying
appropriate statistical methods. An increased frequency of TT genotype and T allele of SLC30A8 rs13266634 polymorphism
was observed in GDM women. There was no significant difference in the insulin c-peptide levels between GDM and controls
(p=0.2). The minor allele 'T" displayed 1.71 fold (OR=1.71; Cl 1.24-2.36, p=0.001) increased risk of GDM. Our study
revealed a significant association of SLC30A8 rs13266634 polymorphism with GDM in South-Indian population.
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INTRODUCTION

Gestational Diabetes Mellitus is defined as glucose intolerance with onset or first detected during pregnancy [1,2]. Around
7-10% of pregnancies are complicated with GDM worldwide [3] and in South India it affects 14.6% [4]. It is associated with short
and long term complications both in mother and the offspring. Notable studies in the past reported that GDM women are likely to
have higher risk of miscarriage, hypertensive disorders, macrosomia, caesarean delivery, hemorrhage and 2.6-70 percent will go on
to develop T2DM in 28 years postpartum [5]. Long gestational age, preterm birth, respiratory distress syndrome in neonates,
impaired glucose metabolism and hyperglycemia are associated with offspring [6].

SLC30A8 is solute carrier family member 8 located at 8q24:11, encodes zinc transporter (ZNT-8), a 369 amino acid residue
having six transmembrane domains with a histidine rich loop between domain 1V and V [7,8] predominantly expressed in alpha
and beta cells of the pancreas. It transports zinc from the cytoplasm in to insulin secreting vesicles [8] in which the insulin binds
with 2 Zn?* ions and forms a solid hexamer and stored before secretion [9]. The ZnT-8 protein is important for accumulation of zinc
and regulation of insulin secretion [10]. Impairment of beta cell function and increased insulin resistance are the important factors
for the development of GDM. SLC30A8 rs13266634, a non-synonymous variant causes a change of amino acid arginine (R) to
tryptophan (W) at position 325 and is reported to increase susceptibility to type 2 diabetes mellitus (T2DM) and GDM [11].

C-peptide is a 31 amino acid connecting peptide produced as a cleavage product of proinsulin [12]. Proinsulin is cleaved
to form insulin and c-peptide in equal quantities. It is a stable marker to assess the endogenous production of insulin and to evaluate
the function of pancreatic beta cells [13].

METHODS
Participants

The study population consisted of 400 pregnant women, 200 were diagnosed GDM women and 200 healthy pregnant
women referred to as controls. GDM women of the study were in-patients and control group were out-patients of Government
Maternity Hospital, Hyderabad and South Central Railway Hospital, Hyderabad. All the participants were recruited following the
principle of inclusion and exclusion.

Inclusion and Exclusion Criteria

Inclusion and exclusion criteria of GDM subjects
GDM women aged 18 years and above diagnosed as overt diabetic by an Obstetrician at 24-28 weeks of pregnancy were recruited
for the study. Women with major diseases, congenital malformations and metabolic disorders were excluded from the study.

Inclusion and exclusion criteria of controls
Healthy pregnant woman aged 18 years and above between 24-28 weeks of pregnancy were eligible for the investigations. Pregnant
women with chronic diseases and those having poor obstetric history were excluded from the study.
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Ethics Committee Approval
Sample collection and all the experiments of the study were performed after the approval by Ethics Committee of Institute of
Genetics and Hospital for Genetic Diseases, Hyderabad.
Sample Collection
Adhering to the procedure established 3ml of venous blood was collected in Ethylene Diamine Tetra Acetic acid (EDTA) coated
vacutainers and for biochemical analysis 2ml blood was collected in plain tubes. Samples were collected after obtaining informed
written consent from all the participants. Demographic characteristics, obstetric and clinical history were obtained from all the
participants in a structured questionnaire.
Determination of SLC30A8 rs13266634 Polymorphism

The DNA extracted was genotyped by PCR-RFLP where PCR is followed by RFLP to detect SLC30A8 rs13266634
variant. The PCR amplification was carried out with specific pair of primers, forward-primer 5- GAGCAGTCGCCATGCGTGT -
3" and reverse-primer 5'- AAGGCAGTCGGGGTCCTGGT -3'. PCR was setup with an initial denaturation at 94 °C for 5 min
followed by 32 cycles of denaturation at 94 °C for 40s, annealing at 53°C for 30s and extension at 72 °C for 1min and final extension
at 72 °C for 5 min. The 181bp PCR products (Fig.1 a) were separated on 2% agarose gel electrophoresis and visualized under
ultraviolet light. The PCR product was subjected to digestion with fast digest restriction enzyme Pvull at 37° for 7mins in a water
thermostat. The PCR-RFLP fragments (Fig.1 b) are then separated by 2.5% agarose gel electrophoresis. The presence of 181bp
fragment represented the CC genotype, CT genotype was represented by 181bp, 115bp, 66bp fragments and the presence of 115hp,
66bp fragments represented TT genotype.

115bp
66bp

CT CC CT CC CC CT

Figure 1: Representative gel pictures of SLC30A8 rs13266634 a) PCR products b) PCR-RFLP products, Ladder-100 base pair

Analysis of Serum Insulin C-Peptide Levels in GDM and Controls
Serum insulin c-peptide levels were measured using Enzyme-Linked Immunosorbent Assay (ELISA) kit (DRG, Marburg,

Germany). Micro-titer plate reader (Bio Rad, USA) was used to measure optical density (OD) at 450nm as instructed by the
manufacturer.
Statistical Analysis

The differences between genotype and allele frequencies and Hardy—Weinberg equilibrium were analyzed by 4? test and two
tailed p-values of Fisher exact test were considered significant at p<0.05. To estimate the strength of association (risk) between
SLC30A8 rs13266634 polymorphism with GDM, Odds ratios (OR) with 95% Confidence Intervals (CI) were calculated. Statistical
analysis was performed using SNPstats (https://www.snpstats.net/start.htm) web tool and OpenEpi software, version 3
(https://www.openepi.com/Menu/OE_Menu.htm). GraphPad prism was used to evaluate the differences in the serum insulin c-
peptide levels between GDM and controls.

RESULTS
Association with Demographic and Clinical Variables

The demographic data analysis results are shown in Table 1. The mean maternal age of GDM women was 26+4.86 years
and control group was 23+3.4 years. GDM was significantly associated with age (p<0.006), as the maternal age increases risk of
GDM increases. The mean age at onset of GDM was 19.33+6.95 weeks. The mean weight was significantly higher in the GDM
group, 63.68+12.58kgs compared to controls, 53.00+7.40kgs showing that with increasing weight the risk of developing GDM
increases. The BMI in the GDM group was 26.1+1.99 kg/m2 and in control group it was 24.46+1.14 kg/m?. The mean BMI was
high in GDM group compared to controls (p<0.001) indicating that, as the BMI increases the risk of developing GDM increases.
The frequency of having family history of T2DM was significantly high among GDM women when compared to controls, 48.5%
and 14% respectively. There was no association of dietary habits (p=0.56) with GDM in the study population. The mean fasting
plasma glucose was high in GDM women (p=0.001) compared to controls.
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Table 1: Demographic and clinical variables of GDM and Controls

Variables Controls, N=200 GDM, N=200 p-Value
Mean+SD Mean+SD

Maternal age (Years) 23+3.4 26+4.86 <0.006*

Height (Feet) 5.07+0.17 5.20+0.20 0.02

Weight (Kgs) 53.00+7.40 63.68+12.58 <0.01*

Age at onset (Weeks) -- 19.33+6.95 -

BMI >25 (Kg/m?) 24.46+1.14 26.1+1.99 <0.001*

Dietary habits

Vegetarians 55 (27.5) 49 (24.5)

Non-vegetarians 145 (72.5) 151 (75.5) 0.56

Family history of T2DM

Yes 28 (14) 97 (48.5)

No 172 (86) 103 (51.5) <0.01*

Fasting Plasma Glucose (FPG) 86.5+15.1 137+46 0.001*

(mg/dl)

p-value<0.05* is considered significant

Distribution of Genotype and Allele Frequencies in GDM and Controls

Genotype and allele frequencies are summarized in Table 2. Genotype and allele frequencies did not deviate from Hardy
Weinberg Equation (H.W.E). An increase in the frequency of CT genotype was observed in GDM group (OR=1.85;95% CI 1.21-
2.83, P=0.006) (Table 2). The genotype TT vs CC was significantly elevated in GDM women with a 2.33 fold increased risk of
GDM (OR=2.33; 95 % CI 1.09-4.96, p=0.04). When a dominant model was applied (CT-TT vs CC) approximately two-fold
increased risk was observed for GDM (OR=1.93;95% CI 1.29-2.88, P=0.001). Further, over-dominant model (CT vs CC-TT)
revealed 1.66 fold increased risk for GDM (OR=1.66; 95 % CI 1.10-2.51, p=0.02). A significant difference of minor allele frequency
(MAF) existed between GDM group and control group, 0.31 and 0.21 respectively. The allele "T* of the SLC30A8 rs13266634 (T
vs C, OR=1.71, p=0.001) revealed a significant association with GDM.

Table 2: Distribution of Genotype and allele frequencies of GDM and control group

SLC30A8 rs13266634 Polymorphism

Inheritance model Controls GDM OR (95%CiI) p-value
N=200 (%0) N=200 (%0)
Co-dominant
CcC 129 (64.5) 97 (48.5)
CT 59 (29.5) 82 (41) 1.85(1.21-2.83) 0.006*
TT 12 (6) 21 (10.5) 2.33 (1.09-4.96) 0.04*
Dominant
CT-TTvsCC 71 (35.5) 103 (51.5)
129 (64.5) 97 (48.5) 1.93 (1.29-2.88) 0.001*
Recessive
TT vs CC-CT 12 (6) 21 (10.5)
188 (94) 179 (89.5) 1.84 (0.88-3.85) 0.14
Over-dominant
CTvs CC/TT 59 (29.5) 82 (41)
141 (70.5) 118 (59) 1.66 (1.10-2.51) 0.02*
Allele Frequency
C 317 (0.79) 276 (0.69)
T 83 (0.21) 124 (0.31) 1.71 (1.24-2.36) 0.001*

p-value<0.05*; OR, odds ratio; ClI, confidence interval.
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Serum Insulin C-Peptide Levels in GDM and Controls

The mean serum insulin c-peptide levels in GDM and controls are given in Table 3. The mean insulin c-peptide levels in GDM
women was 3.07 ng/ml and 2.71 ng/ml in controls. There was no significant difference observed (p=0.2) in insulin c-peptide levels
between GDM and controls.

Table 3: Serum insulin c-peptide levels in GDM and control group

Subjects Insulin C-peptide levels (ng/ml) p-value
(N=100) Mean+SD

Controls 2.71+1.47

GDM 3.07+1.67 0.2

p-value<0.05 is considered significant
DISCUSSION

GDM women have a higher risk of developing T2DM as both share similar genetic factors. Hitherto Sladek et al., in human
genome wide association studies (GWAS) identified novel loci associated with T2DM [14]. Drawing the spirit of GWAS several
studies were carried out on SLC30A8 gene variants. In a meta-analysis by Jing et al., SLC30A8 rs13266634 C allele elevated the
risk of T2DM in Asians and Europeans [15]. The T2DM associated genetic variant rs13266634 of SLC30A8 discovered recently
in the GWAS was associated with gestational diabetes mellitus in the Korean population [16] and in a meta-analysis the variant was
revealed as a possible risk factor for T2DM in Chinese population [17]. In the previous studies Nordic Caucasian cohort, 40 percent
of prior diet treated GDM patients developed overt diabetes 10 years postpartum [18]. In the European population variant allele of
SLC30A8 rs13266634 elevated the risk of T2DM [19] by impaired beta-cell function and higher proinsulin levels adjusted for
fasting insulin [20,21]. Our findings are consistent with previous study by Khan et al., in South Indians [22]. The polymorphism
was not associated with T2DM in population of Hyderabad [23,24]. It was proved that hormonal changes and cytokine release
during pregnancy induce increased insulin secretion which serves as a compensatory function to achieve blood glucose homeostasis.
Nevertheless, in our study due to this biochemical failure to increase the insulin secretion to compensate the increased plasma
glucose GDM developed in our studied subjects. In a study by Carol et al., c-peptide levels did not show any significant difference
between GDM and controls [25]. In our study there was no significant difference in c-peptide levels in GDM women and controls.
Our study revealed significant association with age, BMI, family history of T2DM and FPG with risk of GDM. Based on the results,
we report that there is a significant association between SLC30A8 rs13266634 polymorphism with GDM.
CONCLUSION

The present study indicated that the variant allele 'T' of rs13266634 SLC30AS8 is associated with GDM risk in the South

Indian population and confirmed the assumed hypothesis. Our study reported the genetic association of the variant with GDM and
the effect of maternal age, BMI and family history of T2DM on GDM were also explored. Further research should be focused on
the genetic and epigenetic factors that can elucidate the underlying factors and confirm these findings.
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