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Abstract

Background :GDM (gestational diabetes mellitus) is a hazardous pregnancy situation that occurs 

when a pregnant woman who that have never had diabetes progresses to cause systemic 

hyperglycemia during their pregnancy.DNA methylation is an epigenetic mechanism it occurs in 

the vertebrate genomes and generates 5-methylcytosine by transferring a methyl group to the C5 

position of cytosine. DNA methylation modulates gene expression by either attracting or 

preventing transcription factor(s) from binding to DNA.  Objective: The purpose of this study is to 

figure out the connection between VDR-gene promoter methylation in Iraqi GDM and its 

consequence on vitamin D levels. Materials and Methods: This investigation comprised 50 

patients with GDM (Group 1) and 30 healthy pregnant individuals as controls (Group 2). 

Methylation was analyzed by extracted DNA using Bisulfite conversion and detected by a specific 

primer.  Results: The results of methylation effect on vitamin D3 expressed there were significant 

differences between methylated (25.74 ± 2.00) a percentage of 32(64.00%) of GDM samples 

compared with concentration (14.00±1.41) of methylated sample control at the percentage of 

observed results of methylation (1 (3.3%) at p-value (0.00) while the Un-methylated and partial 

methylate GDM samples did not produce any significant effect comparing with healthy controls. 

Conclusions: Due to the increased metabolic activity associated with pregnancy, it's imperative to 

keep glucose levels in balance. It is suspected that both genetic and epigenetic factors play a role in 

the development of GDM and that the underlying mechanisms are complex and alter over time. To 

create efficient treatments and preventative plans, a greater understanding of these mechanisms and 

how they affect GDM is needed. 
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1. Introduction 

    A frequent pregnancy problem known as gestational diabetes mellitus (GDM) occurs when throughout gestation, 

hyperglycemia evolves at random. Always, hyperglycemia is caused therefore to inadequate glucose tolerance induced 

by malfunctioning of pancreatic cells against the backdrop of recurrent insulin resistance (1).Following the latest 

International Diabetes Federation (IDF) predictions for 2017, GDM affects around 14% of pregnancies globally (2). 

Deficiency of vitamin D throughout pregnancy has been connected to a variety of unfavorable neonatal outcomes along 

with an increased risk of troubles later in pregnancy. Epigenetics defines all mitotically and mitotically heritable changes 

in chromosome function/gene expression that are not coded in the DNA sequence itself. Recently, there has been a 

greater appreciation of the role of histone modification in vitamin D-mediated immune-regulatory and inflammation 

response (3). A recent study found a link between insufficiency of vitamin D and methylation modifications in leukocyte 

DNA; however, the abnormalities were negligible. According to the same study, patients with vitamin D deficiency were 

more likely to have decreased synthesis and higher catabolism of active vitamin D (4). The vitamin D system affects 

around 3% of the human genome and has pleiotropic activities (5). The careful regulation of the vitamin D system genes 

is critical for maintaining homeostasis. In organs other than that DNA methylation is an epigenetic method that takes 

place in the mammal genome, such as the introduction of a methyl group to the C terminal of cytosine to become 5-

methylcytosine. Throughout development, the pattern of DNA methylation in the genome switches to a dynamic process 

among both de novo DNA methylation and demethylation. DNA methylation induces the expression by either binding 

proteins that affect genes or restricting transcription factor(s) from interacting with DNA. As a result, specialized cells 

express a constant and distinct DNA methylation pattern that controls the transcription of tissue-specific genes. 

Differentiated cells respond by generating a lasting and unique DNA methylation pattern that regulates the transcription 

of tissue-specific genes. (6). The study's goal of this study is to figure out the connection between VDR-gene promoter 

methylation in Iraqi GDM and its consequence on vitamin D levels. 

 

2. Materials and methods 

2.1 Study subjects:  

   In this case-control research conducted in a biotechnology research centre, a total of 50 patients with GDM (Group 1) 

and 30 healthy pregnant Control participants (Group 2) were obtained from Al-Mustansiriya National Diabetes Center 

and Al-Yarmouk Teaching Hospital/ obstetrics Dept. / Baghdad, From February 2021 to August 2021. Legal permission 

was arranged by hospital management, and the goal and benefits were explained to every volunteer and healthcare 

practitioner.  

 

2.2 Bisulfite conversion: 

   Blood samples were extracted using Quick –g DNA blood minprep (Zymo,USA), extractExtracted DNA underwent 

bisulfite conversion according to the instructions for MethylEdge Bisulfite Conversion System (Promega; Madison, WI, 

USA). Briefly, 200-400 ng of each DNA sample was incubated for 8 min at 98°C and 60 min at 54°C with the Lightning 

Conversion reagent. Following the addition of the L-Desulphonation Buffer to the Zymo-SpinTM IC Column, the 

solution was kept at room temperature for another 20 min. Bisulfite-treated DNA was eluted in a total volume of 20 µl. 

All methylated and unmethylated CpG islands in the genome are converted by sodium bisulfite. It transforms 

unmethylated cytosines to uracil, which is found in single-stranded DNA, while leaving methylated cytosines alone. PCR 

Products were amplified according to the nucleic acid amplification protocol for all sets of primers, according to the 

instruction manual (AddBio) as follows: denaturation at 95˚C for 5 min, 45 cycles at 94˚C for 30 sec, 57˚C for 45 sec, 

and 72˚C for 45 sec. In all cases, a final extension at 72˚C for 10 min was included. 

 

2.3 Methylation detection and primer design  

   The methylation detection for the VDR promotor was done using the PCR method for patient’s samples and control 

after bisulphate conversion treatment, PCR Products were amplified according to the nucleic acid amplification protocol 

for all sets of primers, according to the instruction manual (AddBio) as follows: denaturation at 95˚C for 5 min, 45 cycles 

at 94˚C for 30 sec, 57˚C for 45 sec, and 72˚C for 45 sec. In all cases, a final extension at 72˚C for 10 min was included. 

Primers listed in table (2-1) were designed for a region in the promotor containing CpG island by using the online 

program http://www.urogene.org/cgibin/methprimer methprimer. cgi which determines the most candidate region for 

methylation in the promotor of the VDR gene. 
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Table (2-1): Sequence of Primers of methylation used in the present study 

Primers Methylated primers  Unmethylated Primers Product 

size (bp) 

 

Set 1 

MF1:GTATTAATAGGGAGAGAAGGGCG UMF1:GTTAGGTATTAATAGGGAGAGAA

GGGT 

 

122/ 

128 MR1: CAACTCCAAACTATATCCGACT UMR1: TCAACTCCAAACTATATCCAACT 

 

Set 2 

MF2:AAGTTAAGATGGTTGTAGCGTTA

AC 

UMF2:TTAAGATGGTTGTAGTGTTAAGG  

195 

MR2:CGACGAATAAACAAACTATTCCG UMR2:CCAACAAATAAACAAACTATTCC

AC 

 

3. Results  

3.1 General study characteristics 

   In the present investigation, there were 30 healthy participants (group 1) and 50 patients with GDM (group 2). The 

GDM team comprised women with a mean age of 31.92 ± 0.94 years. The healthy controls were aged with a mean of 

30.0 ±1.18. 

 

 

3.2 Methylation and amplified samples  

   Methylation was amplified in GDM samples and controls using a specific primer that resulted in a product with 

molecular weight (122bp) for methylated pattern and 128 for UN-methylated product) figure (3-1). 

 

 

Figure (3-1): Illustrates Methylated fragments of DNA bands from GDM patients amplified on a 1% agarose gel 

 at 5 volts/cm at 100 volts for 20 min. 

GDM 

GDM 
 

control 
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Figure (3-2): Illustrates UN-Methylated fragments of DNA bands from GDM patients amplified on a 1% agarose gel 

 at 5 volts/cm at 100 volts for 20. 

 

3.3 Results of methylation  

    Methylation was conducted for VDR gene promoter on all samples (GDM patients and controls) and the results 

indicated highly significant differences at p-value (0.00) for GDM patients and healthy pregnant controls. These results 

illustrated that observed findings (64.0%) of the GDM sample are methylated whereas (6.70%) of methylated controls 

were observed in the table (3-1). The Un-methylated GDM samples are observed (20.0%) compared to un methylated 

controls which about (86.70%) are observed un methylated results. Other partial methylated results were observed 

(16.0%) in GDM patients while appearing in (6.70%) in observed healthy controls (3-20). So the results of the 

methylation process of this study were incompatible with the Hardy-Weinberg equilibrium using the Chi-square test. 

 

Table (3-1): Numbers and percentage frequencies of methylation genotype and their Hardy-Weinberg 

equilibrium (HWE) in patients and controls 

 

Methylation 

Patients group 

(%) 

Control group (%) p-value X
2 

  

0.00 

 

37.32 Methylated 32 (64.0%) 2 (6.70%) 

Partial methylated 8 (16.0%) 2(6.70%) 

Un-methylated 10 (20.0%) 26 (86.70%) 

Total 50 (100.0) 30 (100.0) 

   

 

    The results of methylation effect on vitamin D3 expressed there were significant differences between methylated 

(25.74 ± 2.00
) 
a percentage of 32(64.00%

) 
of GDM samples compared with concentration (14.00±1.41) of methylated 

sample control at the percentage of observed results of methylation (1 (3.3%) at p-value (0.00). 

    UN-Methylated GDM samples 10(20.00%) represent the concentration of vitaminD3 (28.70 ± 3.22) while 

26(86.70.0%) of UN- methylated control appeared (29.58±2.16) and this finding indicated that no significant differences 

between them at p-value (0.82).  

GDM 
 

Controls 
 

GDM 
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    However Partial methylated for GDM samples 8(16.00%) showed no significant differences at a concentration of 

vitamin D3 (27.90 ± 8.20) contrasting to control 2(6.70%) finding the result of vitamin D3concentration (23.34 ±4.11) at 

p (0.57). 

Table (3-2): association between serum of vitamin D levels and VDR gene Methylation process 

 From GDM patients and controls

  

 

 

 

 

 

 

4. Discussion 

    Vitamin D is a hormone-produced precursor. In addition to maintaining the balance of calcium and phosphorus 

metabolism, vitamin D has various non-classical effects, involving immunomodulatory and inflammatory responses, cell 

proliferation and differentiation control, and glycolipid metabolism. Epigenetic alteration of VDR signalling is one 

mechanism described for the reduced responsiveness to 1,25-D3 actions. It can also be due to an abnormal buildup of 

VDR-associated co-repressors, especially at the promoters of anti-proliferative target genes, or by the methylation of the 

promoters of important genes for the vitamin D system. (7).  

    It has been indicated that VDR gene polymorphisms increased the risk of diabetes mellitus (8) and GDM (9), 

suggesting the critical role of VDR in disease development. Furthermore, the study of gene methylation status, as a factor 

contributing to susceptibility to diseases such as cancer and diabetes, has been interested by many researchers (10).  

GDM has been suggested to occur due to the synergistic effect of both genetic factors and nutritional status. Moreover, 

Vitamin D deficiency has been shown to increase the risk of GDM (11).The current study is not agreed with Ponosonby 

et al., (2009) that established the VDR gene promoter was un-methylated in both GDM and those with no GDM (12) 

Awamleh et al., (2021) indicated the part DNAm plays in the placental and fetal reactions to hyperglycemia (13). 

However, grouping GDM samples for DNAm analysis according to therapy may make it easier to determine whether 

DNA methylation variations are due to adaptive responses or treatment effects in utero. Another study reported revealed 

in the case-cohort group, 18 of the 198 potential CpGs provide signs of interaction with 25(OH) D to modify the 

probability of developing breast cancer. (14). 

 

 

 

 

 

 

 

 

 

Methylation Vitamin D3 mean ± SEM (mg/dl) Probability 

Patients group Control groups 

Methylated 25.74 ± 2.00
 

14.00±1.41 0.00* 

Partial methylated 23.34 ± 4.11
 

27.90± 8.20
 

0.63 

Un-methylated 28.70 ± 3.11
 

29.58±2.16 0.82 

6.10                                        6..2                                               
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 الخلاصة

نى ٚغثق نٍٓ الاصاتح تًشض انغكش٘ ٔاستفاع  ًح انتٙ تصاب تّ انُغاء الاتٙيعؼفاخ انحًم انًٓ داء عكش انحًم ْٕ احذ خلفية عن المىضىع:

فٙ َغثح انغكش تانذو انًضيٍ احُاء انحًم حٛج ٚحذث فٙ يؼظى انحالاخ استفاع انغكش فٙ انذو تغثة ظؼف تحًم انكهٕكٕص انُارى ػٍ خهم ٔظٛفٙ 

نزُٕٛو انخذٚاخ ٔتتعًٍ  5Cيخٛهح انحًط انُٕٔ٘ ْٙ ػًهٛح رُٛٛح تحذث فٙ انغاٚتٕعٍٛ الاَغٕنٍٛ.خلاٚا انثُكشٚاط يقاتم ٔاٚعا َتزٛح يقأيح 

يخٛم انغتاٚتٕعُٛض يخٛهح انحًط انُٕٔ٘ تُظى انتؼثٛش انزُٛٙ يٍ خلال رزب انثشٔتُٛاخ انًشاسكح فٙ تُظٛى  5اظافح يزًٕػح يٛخٛم لاَتاد

تى تصًٛى ْزِ انذساعح نهكشف ػٍ انؼلاقح تٍٛ يخٛهح يٕعظ  الهذف من الذراسة: نحايط انُٕٔ٘.ثاغ تاتاخ أ تخثٛػ ػٕايم انُغخ يٍ الاسانزُٛ

ػُٛح يٍ  30ػُٛح يٍ يشظٗ عكش انحًم ٔ 50تى رًغ  :طرق ومىاد العمل انزٍٛ ٔتاحٛشْا ػهٗ يغتٕٖ فٛتايٍٛ د نًشض عكش انحًم انؼشاقٍٛٛ.

فٛتايٍٛ د  ٓشخ َتائذ انًخٛهح ٔتاحٛشْا ػهٗظا النتائج: .ٔانثٕادئ انخاصح   Bisulfateالاصحاء انحٕايم حى ػًم تحهٛم انًخٛهح تٕاعػ غشٚقح ال 

 َتائذ غٛش انًخٛم ٔانًخٛم انزشئٙ فهى تظٓش ا٘ فشٔقاخ.تٕرٕد فشٔقاخ راخ دلائم احصائٛح كًقاسَح تٍٛ انًشظٗ تغكش انحًم ٔالاصحاء ايا 

ُاخ : انحًم ْٕ حانح يٍ انُشاغ الاٚعٙ انؼانٙ ٔانحفاظ ػهٗ تٕاصٌ انزهٕكٕص ايش تانغ الاًْٛح يٍ انًحتًم اٌ تهؼة رًٛغ انزٛالاستنتاجات

 .تٓا فٙ داء عكش انحًم يطهٕتح نغشض انؼلاراخ انًٕحشجانفٓى الاكثش نٓزِ انؼًهٛاخ ٔيشاسك،س يشض عكش انحًمٕٔانزُٛاخ الارُٛٛح دٔس فٙ تط
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