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Gestational Diabetes Mellitus: Epigenetic Changes A Challenge
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Around 7% of pregnancies suffered with the Gestational Diabetes Mellitus (GDM), this number may vary considerably
depending upon the demographic characteristics of population. GDM increases risk to offspring like obesity and type II
DM, hypothesis suggest that epigenetic changes has an effect of GDM on offspring and could provide an a data to reduce
such risk in next generation. Epigenetics involves the group of molecular mechanisms which includes DNA methylation,
modification on histone (methylation, acetylation, crotonylation, Ubiquitination and phosphorylation) and miRNA.DNA
methylation could be considered an interesting diagnostic and prognostic marker. But due to limited sample size; and
lacking in study the markers with maternal and/or neonatal, the specified outcomes cannot be correlated, more research
is needed, furthermore different methods to measure DNA methylation have been utilized. In DNA methylation mainly
genes like PDX1 (pancreatic and duodenal homeobox 1), PPARGC1A (Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha, GLP1-R played important role.Further GDM is characterized by insulin resistance like in type Il DM
and various genes are associated with it. Some genes involved in GDM while some are known as inflammatory pathway
and involved with maternal metabolism. The IRS1, IGF2BP2, CDKAL1, GCK, TCF7L2, MTNR 1B, KCNJ11, KCNQ1, GCKR,
HNF4A, SLC30AB, PPARG and FTO are the genes involved in GDM while LEPR, IL8, TNFa, IL6, ADIPOR2, RETN are
associated with maternal metabolism the inflammatory pathway gene. The epigenetic and genetic data is important and
for that the specific and unique gene to be analyzed and research is needed to limit the number so that diagnosis and
screening will be easy and it will provide a better intervention in GDM.

advance of pregnancy if ignored it impose risk to the child
and mother which arecongenital malformation, abortions,
Diabetes a high blood sugar, if untreated or ignore can  stillbirth and prenatal mortality. (Int et al.2021, Reece
causes various health complications. Apart from the et al.2012, Reece et al.2008, Reece et al.2010, Feig et
two main typesi‘e.’ type I and II the third type is GDM al.2002, Harris et al.2017 ) Like PGDM the GDM should
occurs or observed in pregnant women, without history not be ignored, around 204 million women are affected
of DM before. So’ DM in women can be classified as worldwide and by 2045 it will be projected to increase
pre-gestational diabetes mellitus (PGDM) and GDM. The 308 million. (Diabetes et al. 2012).

PGDM may be type I or II and should be treated well in

It usually develops in second half of pregnancy and
may showed various similar causes to foetus as in
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control will decreases the said complications in mother
and child, the better foetal survival, normal birth weight
and minimum effect on foetus are observed. (Hawthorne
et al.2011, Kitzmiller et al.1996, Leguizamon et al.2000,
Reece et al.1998, Stévenin et al.2001) It is assumed
that the genetic, epigenetic and environmental factors
in combination results in GDM.This review highlights
epigenetics factors and genes which impact the GDM,
maternal and foetal complications.

Gene involved in GDM: The GDM is also characterized by
insulin resistance like in type Il DM and there are various
genes associated with it. Some genes involved in GDM
while some are known as inflammatory pathway genes
involved with maternal metabolisminflammatory path.
The IRS1, IGF2BP2, CDKAL1, GCK, TCF7L2, MTNR1B,
KCNJ11, KCNQ1, GCKR, HNF4A, SLC30AB, PPARG and
FTO are the genes involved in GDM while LEPR, IL8,
TNFa, IL6, ADIPOR2, RETN are associated with maternal
metabolism the inflammatory pathway gene.

Epigenetic: Genetics is the study of gene and epigeneticis
the study of changes in gene expression in DNA
sequences. DNA methylation, histone modification, and
miRNA gene silencing are the recognizable mechanism
of gene expression, and are linked with each other.
Disturbances in this complementary system can play
a key role in most of the pathogenetic diseases and/or
disorders, including GDM as well.

DNA methylation:it is termed as gene silencing, silencing
is the position effect i.e., a gene is silenced not to
response to a specific environmental signal; it can spread
through the large stretches of DNA. Methylation of DNA
sequence can inhibit binding of proteins, including
the transcriptional machinery and thereby block gene
expression. So, in mammal the genes can be kept silent
by methylation, and such methylated sequence are
often recognized by DNA-binding protein i.e., Methyl
CpG binding protein (MeCP2) which modify nearby
chromatin, thus methylated DNA can mark sites where
heterochromatin to be formed. (James et al.2017) From
the four-base pair of DNA cytosine and adenine can
be methylated, where cytosine is widely methylated,
methylation of cytosine takes place on 5th position yields
5 methyl cytosine.

In mammals it occurs exclusively occurs or found in CpG
dinucleotide also called CpG island. DNA methylation and
or hypermethylation involved in embryonic development,
cancer, heart failure, atherosclerosis, exercise, aging,
differentiation of B-cell, in brain important for learning
and memory. An interesting diagnostic and prognostic
marker to intervene GDM could be a DNA methylation.
However, the most of the researchstudies carried out
with limited sample size and do not correlate the markers
with maternal and/or neonatal outcomes considering
the GDM. (Ashtankar et al.2020) These limitations make
difficult to generalize the meaning of the studies.

PDX1 Gene: It is a protein coding gene (pancreatic and
duodenal homeobox 1) attributed with 283 amino acid

with molecular mass of 30771 D.It is a insulin promoter
factor 1 a transcription factor in gene cluster of ParaHox.,
also known as insulin promoter factor 1 and is important
in development of pancreas in human and all associate
vertebrates. (Ashfaque et al.2020, Brooke et al.1998).

For regulation of B - cell development 6 super-pathways
and 36 genes are involved including PDX1. There are 37
different disorders observed associated with the PDX1
gene,in which mainly pancreatic agenesis, type I & Il DM
etc. The protein encoded by this gene is a transcriptional
activator of several genes which includes insulin,
somatostatin, islet amyloid polypeptide, glucokinase
and type 2 glucose transporter. It is involved in early
development of the pancreas and has a major role in
glucose-dependent regulation of insulin gene expression.
So, defects in this gene cause pancreatic agenesis, which
can lead to early-onset of IDDM. (Biol et al.2005).

At molecular level the function for PDX1 gene is
to activate insulin, somatostatin etc, the complex
PDX1:PBX1b: MEIS2b of acinar cells activates the ELA1
enhancer so the complex gets bind to the enhancer B,
which actually specifies the early pancreatic epithelium,
proliferation and differentiation during development.
Joshua Francis et al studies the methylation of PDX1
gene, suggest that it may be methylated by SETD7 in vitro.
The study revel the disruption of PDX1 expression during
development resulting in undeveloped pancreas. (Chem
et al.2005)Study describe the role PDX1 in maintenance
of H3-K4 methylation, it is actually associated with H3-
K4 methyltransferase to insulin gene.

Ppargela: Peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (PGC-1a) is a protein
encoded by PPARGC1A gene in humans. (Inamdar et al.
2020) The energy metabolism has been regulated by this
protein which is by this gene,interact with PPAR gamma
and permits the interaction with multiple transcription
factors as it is a transcriptional coactivator. Further it
interacts and regulates c-AMP response element binding
protein (CREB) and nuclear respiratory factors (NRFs).
Thereby, providing link between mitochondrial biogenesis
& physiological external stimuli to regulatedetermination
of muscle fiber type.

Apart from this it controls blood pressure, cholesterol
homeostasis and obesity. (Jankar et al. 2020)Impaired
insulin secretion has been observed if down-regulation
of PGC-1a which leads to improper mitochondrial
functioning and disturbances in ATP production.
(Unnikrishnan et al. 2020) The various metabolic
processes like glycogenolysis, gluconeogenesis, fatty acid
oxidation, oxidative phosphorylation, glucose transport
has been control through this gene, further this gene is
expressed predominantly in tissues with high energy
demand including the skeletal muscle, pancreas, and
liver. (Ahmed et al. 2020) The down regulation of this
gene expression results reduced expression of insulin
mRNA and there by decreases insulin secretion.
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GLP1-R: This gene is attributes 463 amino acid with
molecular mass 53026 Da, a 7-transmembrane protein
which function as receptor and stimulates glucose-
induced insulin.

The cell surfaced receptor plays very important role
in insulin secretion through cell signalling cascades.
This cascade activates the adenylyl cyclise and
increased intracellular c-AMP.Polymorphism in this
gene is associated with diabetes. The GLP-1R is a key
pharmacological target to treat type II DM. Teresa
Buenaventura et al studies the important process
of intracellular signalling and clathrin-mediated
endocytosis, which is very dynamically regulated. (Teresa
Buenaventura et al. 2019)In another study suggest that
GLP-1 like peptides is important as if lower level of these
peptides may produce abnormality in glucose regulation
following pregnancy. (Ambad et al. 2020).

Histone Modifications: These are the positively charged
protein containing core histones which are H2A, H2B,
H3 & H4 and linkers H1 & H5. (Ranjit et al.2020, Guo et
al.2020) The main mechanism is to regulate the structure
of chromatin which actually occurs on lysine, arginine,
serine, tyrosine and threonine amino acids which further
influence the transcriptional activity. (Jezek et al. 2019)
There is epigenetic writer, erasers and readers which
actually mediate histone modification,acetyltransferas
es, methyltransferases are writer, while deacetylases &
demethylases are eraser.Histone modification mainly
includes, its methylation, acetylation, crotonylation,
Ubiquitination and phosphorylation. Thesemodifications
occur on respective amino acids, mainly the lysine and
arginine are widely studied. (Seshan et al.2021, Tan et
al.2011, Fontecha et al.2018).

Methylation on Histone: primarily lysine and arginine
amino acid residues are methylated. (Klose et al.2007)
The mono, di and tri methylated amino acid residues
are the three forms of histone methylation which
increase the complexity of PTM. Considering Lysine its
methylation is catalysed by histone methyltransferases
while lysine demethylases remove methyl groups from
histone known as demethylation of histone. (Hadke et
al. 2021, Metzger et al.2005) The histone methylation
is reversible modification and dynamic regulate by
histone methyltransferases and lysine demethylases.
This modification is the most stable PTM and showed
considerable studies and/or research observations that it
contributedinno of pathogenesis including GDM.

Acetylation of Histone: Addition of acetyl group on
the lysine of histone through histone acetyltransferases
(HATs). Acetyl group on histone reduces the —-ve charge
of DNA to made easy accessibility of chromatin for
transcription factors and coactivators. (Xu et al. 2019)
The histone deacetylation is catalysed by histone
deacetylases which regulate transcriptional repression.
Crotonylation of Histone: the crotonyl group is
transferred to lysine residue, it can activate gene
transcription in a gene or environment dependent manner.
(Tan et al.2011).
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miRNA: These arenon-coding and regulates the gene
expression by inhibition or degradation its translation.
(Michels et al. 2012) These are associated with insulin
secretion, resistance and inflammation and having
different circulating levels in type II diabetic and non-
diabetic patients. (Zhao et al. 2010) The level of miRNA
was examined in pregnant women showed decreased
expression of it which includes miR-29a, miR-132 and
miR222. (Zhao et al. 2011) The miR29a regulates the
glucose homeostasis and its over-expression down-
regulates the gluconeogenesis, the miR-132 involved
in trophoblast expansion its down-regulation gives
abnormal development, while the miR222 regulated the
cell cycle. (Zhou et al.2019, Zhu et al.2015).

In conclusion we can confirm that the epigenetic, genetic
and environmental factors play important role in onset
of GDM, and there are some genes which are unique to
pregnancy. Epigenetic changes which include the DNA
methylation, various modification on histone and miRNA
gene have been identified in gestational diabetes mellitus.
But in clinical practice the nutritional and lifestyle
indications has been noted or suggested to the patients
to reduce the epigenetic or genetic impact on mother and
child as well. Still exercise with proper balance nutritious
diet showed positive effect. Apart from this the epigenetic
and genetic data is important and for that the specific
and unique gene to be analyzed part of it we discussed
in this review, but further research is needed to limit the
number so the diagnosis and screening will be easy and
it will provide a better intervention in GDM.
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