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Genetic variants affecting insulin signaling pathways and risk of diabetes:
A comprehensive systematic review.

Namra Vinay Gohil', Vaishnavi Kandukuri? Navya Pillikunte Doddareddy?, Poornima Jaiswal Charpuria®,
Shresta Mary Kurian®, Vishva Babu®, Narendranath Reddy Ganampet’, Mihirkumar P. Parmar?, Vishal
Venugopal®

'Medical College Baroda, Department of Internal Medicine, Vadodara, India

2Gandhi Medical College and Hospital, Department of Internal Medicine, Hyderabad, India

’Bangalore Medical College and Research institute, Department of Internal Medicine, Bangalore, India
*Osmania Medical College, Department of Internal Medicine, Hyderabad, India

*Chalmeda Anand Rao Institute of Medical Sciences, Department of Internal Medicine, Hyderabad, India

6Jawaharlal Institute of Postgraduate Medical Education and Research, Department of Internal Medicine,
Pondicherry, India

"Kamineni Academy of Medical Sciences and Research Centre, Department of Internal Medicine, Hyderabad,
India

8Gujarat Medical Education and Research Society, Department of Internal Medicine, Vadnagar, India
°Bhaarath Medical College and Hospital, Department of Internal Medicine, Chennai, India

Abstract

Purpose: The complicated condition known as type 2 diabetes mellitus (T2DM) has a diverse
genetic and environment-related cause. MIM125853 is among the heterogeneous diseases
that can also be characterized as a multifactorial disorder of glucose metabolism with genetic
susceptibility of an anomaly in the insulin pathway. We conducted the review with aim to assess
the genetic variants affecting the insulin pathway as well as evaluate the risk of diabetes in
association with genetic variants.

Methods: We used literature of 13 researches that met the inclusion criteria after the process
of selection and analyzation. Our analysis included 59,593 participants in total with a gender
distribution of 48% males (n=24,591) and 52% females (n=35,002).

Result: Gene variants such as PPARG, SLC30A8, KCNJ11, TCF7L2 and many others plays
a pivotal role in the development of type-II diabetes as well as optimal functioning of insulin
metabolic pathway for glucose metabolism and distribution with circulation.

Conclusion: KCNJ11 regulates insulin release in collaboration with other genes including
ABCCS8, KAPN10, IRS1 and TCF7L2. Reduced mutual expression of these kinds of genes could
contribute to DM susceptibility. However, it is still unknown how precisely the combination of
these genes’ functions in the control of insulin secretion.
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Introduction as well as utilize the genetic findings for future generations.
The variation of genetic alleles identified and marked for

disorders with certain allele variants alleviating or doubling assoctation Wlth any particular d1'sease can be detected in
the development and progression of the disease [1]. The people to depict the risk of developing the disease or extent of

multifactorial diseases are considered as contributory factors ~ Progression of an already €X1'St1ng condition [3]. Etiological
to several secondary diseases as well as affect the quality of ~ studies utilize genes to determine the root cause as well as take
life immensely [2]. The genetic variants linked to diseases are it into account while projecting results. Genetic studies of any
a major concern for scientists in order to get hold of diseases ~ extent involve the variant study, polymorphism of genes and

Numerous diseases have been identified as polygenic
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genetic mapping of DNA with mutations of alleles compared
to their original genetic makeup [4].

Diabetes Mellitus (MIM125853) is among the heterogeneous
diseases that can also be characterized as a multifactorial
disorder of glucose metabolism [5]. It can mainly be described
as a defect by an impaired inulin response to the desired level
as well as insufficient production of insulin by the pancreatic
B cells due to its attempt to decrease insulin resistance in cells
as well as normalize the circulatory sugar levels [6]. Diabetes
mellitus is also marked as a metabolic disorder with the inability
of body to perform optimal carbohydrate metabolism at the
cellular level as well as causing chronic hyperglycemia in the
body. Chronic hyperglycemia is linked to the development of
obesity, PCOS, dyslipidemia as well as secondary diseases of
diabetes such as nephropathy, retinopathy and cardiovascular
diseases [5].

There has been an increase in the prevalence of diabetes
mellitus worldwide in the past decade owing to several genetic
and environmental factors. 463 million adults are reported to
be suffering from diabetes worldwide with almost 90% of
individuals suffering from type-2 diabetes mellitus [7]. In the
year 2019, 4.2 million people worldwide died from diabetes,
which affected a total of 466 million individuals between the
ages of 20 and 79, based to the 9th edition of the International
Diabetes Federation (IDF) Atlas. In the year 2045, 700 million
people are anticipated to have this debilitating illness [8].

Several studies have been conducted with the aim to identify
the cause of the disease mainly the root cause in the genetic
makeup for progression and development of disease. It has also
been under great focus to determine the association of genetic
variants to diabetes etiology and biological mechanism of
insulin pathway as well as signaling and functioning. Several
diabetogens with great impact on insulin receptors, insulin
pathways as well as glucokinase genetic makeup are studied

[5].

Diabetes mellitus has been subjected to genetic studies to
determine the cause as well as identification of f scription
genes responsible for the encoding of HNF1 a HNF 4 a and
B (hepatocyte nuclear factor) and IPF 1 (insulin promoter
factor) along with mitochondrial mutation in DNA are
studied. Analysis for investigation of diabetes Mellitus
genetic makeup require researches by utilizing high density
DNA chips, complete genome DNA methylation analysis as
well as sequence of entire genome [9]. Mainly, TCF7L2 (T
at 1s7903146), PPARG (Pro12), KCNJ11 (Lys23) have been
concerned with diabetes mellitus type 2 [10]. PPARG has
been associated significantly with Asians when compared to
Europeans and elevated relationship among North Europe
rather than Southern region of Europe [11].

Obesity is an important risk indicator for T2D, and many
individuals with a genetic susceptibility to the disease
additionally exhibit an inclination to weight gain [3]. Several
potential genes have been linked to T2D [4-7], but many of
the discoveries have been challenging to confirm. A small
number of genes, such as those expressing PPARG, calpain
10, Kir 6.2, and the insulin receptor substrate 1 (IRS1), have

received support in in-depth meta-analyses. The PPARG P12A
mutation improves the responsiveness to insulin and prevents
type 2 diabetes. The population-attributable risk of the
prevalent allele is roughly 25%, despite the fact that carriers of
the uncommon A allele have a 15% reduction in their personal
risk. Introns 43 and 44 of the genomes encoding the cystein
protease calpain 10 (CAPN10) confer higher vulnerability
to developing insulin resistance and type 2 diabetes (T2D).
Combined with the sulfonylurea receptor SUR1 (ABCCS),
the ATP-sensitive potassium channel Kir 6.2 (KCNJ11) forms
an octamer, which is a polypeptide that controls the potential
for transmembrane transport and, in turn, glucose-stimulated
insulin release in pancreatic 3 cells. T2D has been linked to a
KCNJ11 E23K polymorphism. It has been demonstrated that
individuals who carry the IRS1 gene's G972R polymorphism
have less insulin in their islets of the pancreas. Although
the G972R polymorphism may have a function in T2D, two
recent, sizable case-control investigations were unable to
confirm this connection [12].

A study conducted to determine the effect of PPARG and
KCNJ11 on development of type two diabetes mellitus
employed 6447 research participants including diabetic and
glucose tolerant subjects. In the two independent evaluations
type 2 diabetes was significantly linked with the K allele of
the KCNJ11 Glu23Lys (odds ratio, 1.19) but not with the
PPARG Prol2Ala. There was no indication of a mutually
beneficial relationship between the two SNPs, according to
the integrated analysis, which showed that they raised the
likelihood of type 2 diabetes in a mutually reinforcing way.
The hazard ratio for type 2 diabetes increased incorporating
the presence of the risk variant by 1.14, according to the
evaluation of a model with equivalent additive impacts from
the two variants (P 0.003). Two SNPs combined to produce
a 28% population-attributable chance of developing type
2 diabetes. The KCNJ11 Glu23Lys and PPARG Prol2Ala
polymorphisms may raise the likelihood of the development
of type 2 diabetes in a complementary manner, however the
findings did not support an additive relationship between them

[4].
Aims & Objectives

*  To assess the genetic variants affecting insulin pathway

»  Toevaluate the risk of diabetes in association with genetic
variants

*  Provide emerging medical professionals with a better
view on the best ways to manage and treat disease

Materials and Methods
Study Design

To assess the elevated likelihood of diabetes from genetic
variations, this review is based on the literature and includes
papers from research. Moreover, due to the distinctive
features of the study we examined and the lack of data on
the researched topic. We included cohort and observational
studies along with genetics reports that reported the risk of
diabetes mellitus type 2 related to genetic variants because
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they are more probable in illustrating the relational effects
of any event as a result. The Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) method
was used to review the literature.

Inclusion Criteria

» Studies that investigate the association between genetic
variants and risk of diabetes (both type 1 and type 2).

*  Studies that focus on genes directly involved in insulin
signaling pathways, such as those related to insulin
receptor, IRS, PI3K, Akt, etc.

* Human studies, including case-control, cohort, and
population-based studies.

»  Studies that provide information on the specific genetic
variants, alleles, or mutations.

*  Published studies in peer-reviewed journals.
*  Studies published in the English language.
Exclusion Criteria:

*  Animal studies or in vitro studies.

*  Studies that do not focus on genetic variants within
insulin signaling pathways.

*  Studies with inadequate information on genetic variants
or risk estimates.

* Review articles, case reports, conference abstracts, and
editorials.

*  Non-English language studies.

*  Studies that do not report primary outcomes related to
diabetes risk.

Search strategy

The literature-based systematic review for the most recent
research employed the PRISMA strategy. The search method
developed suggested including publications on genetic
variants in relation to insulin pathway in diabetes mellitus. The
terms genetic variants, Insulin pathway susceptibility, insulin
signaling, Diabetes mellitus gene mutations, risk of diabetes
mellitus and variants were utilized in an electronic search
on PubMed Online, EBSCO and Scopus along with google
scholar. To determine if every component met the criteria for
inclusion, it was thoroughly reviewed and analyzed. It was
evaluated and examined. If they satisfied all inclusion criteria,
they were simply included in the research.

Results & Discussion

The research studies selected were utilized to obtain data
about genetic variation and their linkage to the development
and occurrence via an effect on insulin signaling pathways.
A literature-based analysis was conducted that included
13 researches included after the process of selection
and analyzation. The characteristics of research studies
are elaborated in Table 2. Our analysis included 59,593
participants in total with a gender distribution of 48% males
(n=24,591) and 52% females (n=35,002).

Gohil/Kandukuri/Doddareddy, et al.

Bias among the researchers was identified by using the
Cochrane Risk assessment tool to devise optimal results
and utilization of low bias risk data. There were nine studies
with low bias risk whereas the rest of the four study had
some concerns for the data reported in the studies. The Bias
tool result is mentioned in Table 1. The total studies were
from various geographical regions to include diversity and
procure an exceptional outcome for future prospects related
to gene variants and diabetes mellitus 2 with respect to
insulin pathways. The studies were conducted in the United
Kingdom, Sweden, Denmark, India, Finland as well as United
States of America and Jordan.

KCNJ11

KCNIJ11 stands for Potassium inwardly, rectifying channel
subfamily J member 11, which is present in mammalian
cells within potassium channels responsible for encoding the
pivotal membrane protein as well as the potassium channel
of the inward rectifier. It is responsible for the production
of ATP-sensitive potassium channel subunits. Variation
or defect in this gene has been associated with non-insulin-
dependent diabetes mellitus type II (NIDDM) also called as
type 2 diabetes mellitus [24]. We included research studies
employing the KCIN11 gene with risk ratio of development
of diabetes mellitus 2. The variant of Glu23Lys KCNJ11
in the study was 1.14 95% (CI1.05-1.23) among research
participants of the United Kingdom (11) whereas it was 1.19
95% (CI 1.09-1.30) in Denmark by the study [25].

Kir6.2

The ATP-sensitive potassium (KATP) channel in pancreatic
beta cells mediates insulin secretion. The channel itself is a
heteromeric polypeptide made up of sulfonylurea receptor 1
subunits around the pore and four inward-rectifier potassium
ion channel (Kir6.2) tetramers that assemble into the KATP
channel's gate. The potassium channel gene KCNJ11, which
belongs to the subgroup J of potassium channel genes,
encodes the protein Kir6.2. Many research investigations
have documented how the KCNJ11 gene's single-molecule
polymorphisms and their interactions with one another affect
DM predisposition [24]. Kir6.2 of KCNJ11 reported the odds
ratio of developing diabetes mellitus as 1.49 (CI 1.20-1.83)
which is also necessary for the metabolic pathway of insulin
production, signaling and function [16].

In a variety of organs and cell types, including beta-cells in
the pancreas, the brain, kidneys, heart, skeletal, and smooth
muscle mass, K ATP channels control the electrically
generated signals of the plasma cell membrane [26].

PPARG

PPARG stands for Peroxisome proliferator-activated receptors
are ligand-activated gene transcription variables that belong
to the nuclear receptor giant family [27]. The additional
mRNA splicing process that produces PPAR-2 controls the
transcription and expression of several genes of interest. The
genes in question have been demonstrated to play an essential
part in atherosclerosis, the metabolism of glucose and lipids,
and adipocyte formation [28].
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Figure 2. PRISMA.

Table 1. Bias Assessment of research studies via Cochrane Risk Assessment Tool.

Study Randomization Deviation from Missing outcome Measurement of Selection of Overall, Bias Risk
Process Intervention data Outcome Reported Result
D1 D2 D3 D4 D5 Results
Weedon et al. [13] Low Low Low Low Low Low risk
Hansen et al. [4] Low Low Low Low Low Low risk
Lyssenko et al. [12] Low Low Low Low Low Low risk
Uma Jyothi et al. [14] Low Low Low Low Some Concerns Some Concerns
Gloyn et al. [15] Low Low Low Low Low Low risk
Nielsen et al. [16] Low Low Low Low Low Low risk
Zhang et al. [17] Low Low Low Low Low Low risk
Scott et al. [18] Low Low Low Some Concerns Some Concerns Some Concerns
Weedon et al. [19] Low Low Low Low Some Concerns Some Concerns
Zeggini et al. [20] Low Low Some Concerns Low Low Some Concerns
Drake et al. [21] Low Low Low Low Low Low risk
Cropano et al. [22] Low Low Low Some Concerns Some Concerns Low risk
Mashal et al. [23] Low Low Low Low Low Low risk
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Figure 3. Genetic Variant affecting Type-1I DM.

Table 2. Characteristics of Research Studies.

Study Year Location |Sample size| Age Gender M/F Method Used Variants & OR 95% CI (Range)
Glu23Lys KCNJ11 1.14 1.05-1.23
Weedon et al. 2006 UK 6077 4025 | 3231/ 2846 Genotyping using TagMan-
[13] based assay Pro12Ala PPARG 1.29 1.14-1.45
TCF7L2 rs7903146 1.48 1.36-1.60
chip-based, matrix-assisted Kallele of the KCNJ11 1.19 1.09-1.30
’ . Glu23Lys
Hansen et laser desorption of flight
2005 Denmark 7432 52.34 4285/ 3138 |mass spectrometry analysis
al. [4] ‘
of PCR-generated primer Pro12Ala _
extension
PPARG P12A 1.7 1.1-2.7
Lyssenko et Stored in EDTA-coated CAPN10 SNP43G 15 1.0-2.2
4 . [12] 2005 Finland 2293 45.1 1051/ 1242 | vacutainer and genotypes
al as 15-SNP panel UCP2 866G 14 1.0-1.9
IRS1 G972R 1.3 0.8-2.1
IRS1 1.8 1.13-2.78
Umgf%ﬁ;" e 2014 India 1379 CAPN10 133 1.07-1.68
PPARG 0.99 0.91-2.07
Gloyn etal 2486 978/ E23K of KCNJ11 118 1.04-1.34
(5] 2002 UK
1508 SUR1 of ABCCS8 1.04 0.91-1.18
N'e's[‘i%]et al ' 5003 519 57.1 242/ 277 Kir6.2 of KCNJ11 1.49 1.20-1.83
TCF7L2 2.15 1.48-3.13
Zhang etal - 2006 3520 566 = 886/687
(7] 512255372
966/ TCF7L2 1.36 1.15- 1.61
783 $12255372
Scottetal. [18] 2006 Finland 1749 55.1 Se,\jl‘”e"é’)"(}:‘;",\;g’ge”e"“s
ass assay. TCF7L2 1.33 1.14-1.56
57903146
HNF4a P2 rs4810424 | 1.29 0.96-1.73
Wee?;’g] etal | 5004 UK 4148 56 2311/1837 HNF4a P2 132 1.00-175
rs2144908
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Zeggini et al.

o) 2005 UK 2228
D“"E; 1?‘ al 5017 Sweden 26132 69.1 9930/ 16202
133 | 394/561
Cropano et al. 2017 USA 955
[22]
Mas*[‘;:'ﬂet a- 2000 Jordan 684 582 | 314/370
SLC30A48

Recent genome-wide association research investigations
have shown that the solute carrier family 30-member 8 gene
(SLC30AS8)'s prevalent variants enhance type 2 diabetes
susceptibility. Zinc transporter-8 (ZnT8), which is encoded by
SLC30AS8, transports zinc ions from the cytoplasm to insulin
granulates. Despite the high zinc content of insulin granules
is widely recognized, its physiological significance is yet
unknown. Studies are being done to determine the functional
relationship amongst Slc30a8 deletion and hepatic insulin
clearance as well as cell-specific Slc30a8 deficiency [29].

SLC30A8 stands for solute carrier family 30 member 8
which encodes the zinc efflux transporter that administer the
reservation of zinc in the intracellular vesicles. This gene
is shows prevalent expression in the pancreas primarily f-
cells or Islet of Langerhans in the pancreas. It also works
synergistically with Insulin secretin cells-1 or INS cells that
in turn affect with the development of progression of diabetes
mellitus type2 or insulin independent diabetes. It is also
known as ZNT8 or ZnT-8 showing the role of zinc in this
genetic expression [30].

ZnT8 is required for the crystallization of insulin molecules
and effective insulin absorption in insulin granules, according
to recent investigations of Slc30a8 in mice, however the
precise contribution of ZnT8 to type 2 diabetes susceptibility
remains unclear [31]. The research also showed increased risk
of diabetes development associated with this gene variant i.e.,
SLC30A8 CC with OR of2.44 (CI 1.16-5.12) [23].

TCF7L2

TCF7L2 is the abbreviation of transcription factor 7 like
2 also known as TCF-4. This particular gene expresses a
transcription factor with a high mobility group (HMG) box
that is essential for the insulin activation pathway. The protein
was recently linked to the regulation of blood sugar levels.
This gene's variation in genes is linked to a higher chance
of developing type 2 diabetes [32]. The primary defects
leading T2D to develop are insulin resistance in the liver and
cellular dysfunctional behavior. Therefore, hepatic insulin
sensitivity (SI) is essential in contributing to the development
of diabetes [33]. It has been subjected that single nucleotide
polymorphism (SNP) in the TCF7L2 gene region encodes Wnt
pathway, which activates B-cells of the pancreas as well as
other lineages of cells responsible for glucose metabolization
and production [34]. The research conducted in America

Pro12Ala PPARG 1.4 1.12-1.76
Sequenom MassARRAY SLC30A8 CC 116 1.07-1.24
iPLEX
matrix assisted—based
laser desorption-ionization
time-of-flight mass TCF7L2 224 137-361
spectrometry on the
MassARRAY platform
(Sequenom)
s7903146
DNA was extracted using SLC30A8 CC
the Wizard genomic 2.44 1.16-5.12
purification kit rs 1326634

elucidated OR of 2.24 (1.37-3.61) with TCF7L2 variation
depicting an increased risk of DM-II development [22].

The study conducted to determine the association of TCF7L2
risk allele 7903146 elucidated two times elevated risk of
glucose associated metabolic disease among Caucasians with
similar trend observed in African Americans and Hispanic as
well. It had been related to the development of endogenous
suppression of glucose production as well as reduced f cell
responsiveness to the cellular signaling. This result indicates
increase risk of diabetes development among adolescents with
impaired insulin pathway [22].

ABCCS

ABCCS can be recognized as ATP binding cassette subfamily
C member 8 with other names of TNDM2, SURI and
PNDM3 as well. The ATP-binding cassette (ABC) transporter
superfamily includes the protein that this gene encodes.
Multiple substances are transported across extracellular and
inner cell membranes by ABC proteins. The seven different
subdivisions of ABC genes are ABC1, ALD, OABP, GCN20,
MDR/TAP, MRP, and White [35]. This protein controls the
discharge of insulin and ATP-sensitive channels that release
potassium. Patients with hyperinsulinemic hypoglycemic of
infancy, an autosomal recessive condition of uncontrolled
and excessive insulin production, have been indicated to have
polymorphisms in the ABCC8 gene and abnormalities in the
protein that was encoded. Additionally, diabetes mellitus type
I1, a condition that is autosomal dominant and characterized by
impaired insulin production, has been linked to abnormalities
[36].

A study conducted to determine the association of the ABCCS8
gene with the SURI subunit identified mutations within the
gene and reported that ABCCS8 mutation can act as a causative
factor in the development of permanent (PNDM) or transient
neonatal diabetes mellitus (TNDM) as well as type-II diabetes
with permanent phenotypic presentation. The observation
that many newborn diabetes patients with ABCC8 mutations
are KCNJ1l1-negative supports the idea suggesting the
interactions between Kir6.2 and SUR1 are essential for proper
channel activity and, consequently, for optimum production
of insulin [37].

CAPNI10

CAPN 10 with the full name of calpain 10 is also called
NIDDM1 as they are a family of cysteine proteases dependent
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on calcium. A substantial subunit is encoded by this gene. It
is an unusual calpain because it does not have the calcium-
binding region that is similar to the calmodulin and has a
diverged C-terminal domain instead. It is structured similarly
to Caplains 5 and 6. This gene is found in the NIDDM1 locus
and is linked with type 2 or non-insulin-dependent diabetic
mellitus (NIDDM) [38]. The CAPNI10 in the study was
reported to have OR of 1.33 (CI1.07- 1.68) [14].

Numerous  physiological  functions, including cell
communication, a process called apoptosis and exocytosis,
the metabolic process of mitochondria, and cytoskeletal
reshaping have been linked to calpain activity which plays a
role in insulin resistance [39].

IRS

Insulin Receptor substrate 1gene which is a crucial component
of the insulin-signaling routes, and it has been suggested that
variations in the IRS1 gene influence a person's propensity for
developing type 2 diabetes. Linkage study has determined that
the IRS1 locus on 971Arg allele shows 50% decreased insulin
sensitivity [40].

The variation in the transcription of IRS1 in adipocytes and
skeletal muscle and the correlation of IRS1 polymorphisms
with the development of type 2 diabetes and related phenotypes
indicate its role for this gene in the pathophysiology of type 2
diabetes [41]. IRS1 gene for DM-II with OR 1.30 and CI 0.83-
2.16 indicated increased risk of this gene with DM II.

HNF4a P2

Hepatocyte nuclear factor 4 alpha is also known as MODY-1
and TCF. This gene produces the nuclear transcription factor,
a protein that engages DNA as a homodimer. Monogenic
autosomal dominant non-insulin-dependent diabetes mellitus
type I has been found linked to polymorphisms in this gene [42].

Fasting causes an acute induction of this isoform, while
type two diabetes (T2D) causes a constant increase. The
overexpression of TET3 induced by glucagon, which had not
previously been demonstrated to have a role in HGP, results
in the production of the P2 isoform. By bringing TET3 to the
P2 promoter region, FOXA2 causes the promoter itself to be
demethylated, which boosts transcription. This mechanism
can act as a layout for targeting the genetic therapies for type-
11 DM [43].

There are many other factors that might act as contributory
factors for development or progression of type-II diabetes
mellitus. Obesity and overweight along with systemic
inflammation have been linked to increased risk of diabetes
development. Sedentary lifestyle and environmental stimuli
along with disease associated inflammation causing insulin
resistance can act as causative agents. Hormonal changes such
as PCOS as well as diagnosis of gestational diabetes mellitus
(GDM) increase the risk of developing diabetes mellitus many
folds.

Conclusion

Several of the most prevalent illnesses in the world, DM, have
significant social and financial costs. The KATP channel may

Gohil/Kandukuri/Doddareddy, et al.

work in part thanks to Kir6.2, HNFa and IRS 10. Several
prominent variants in this gene's region can interfere with
the activation and signaling pathway of insulin, which in
turn lowers the KATP channel's potential and causes DM.
The research makes clear that a number with KCNJ11 gene
variations are connected to various forms of DM.

KCNIJ11 regulates insulin release in collaboration with other
genes including ABCC8, KAPN10, and TCF7L2. Reduced
mutual expression of these kinds of genes could contribute to
DM susceptibility. However, it is still unknown how precisely
the combination of these genes’ functions in the control of
insulin secretion. Future research is advised to determine
the precise function of KCNjl1 gene variations and how
they interact with additional genes in DM in order to
identify potential treatments and diagnose this widespread
condition.
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