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Present review is written to relate the various genetic markers in type II Diabetes Mellitus
(DM) among Indian population. Genes play a vital role in the development of Diabetes
Mellitus. Type II diabetes is often a polygenic disorder with multiple genes located on
different chromosomes being associated with this condition which include environmental
factors which also contribute to the clinical manifestation of the disorder in genetically
predisposed persons. Only a minority of cases of type Il diabetes are caused by single gene
defects such as maturity onset diabetes of the young (MODY), syndrome of insulin
resistance (insulin receptor defect) and maternally inherited diabetes and deafness
(mitochondrial gene defect). According to WHO, India leads the world with largest number
of Diabetic patients. Reports from several Indian population studies give a heterogeneous
picture owing to its diverse ethnicity. The major issue to address in diabetes biology is to
identify the genetic changes in the disease and their occurrence in different populations.
So the review is done to correlate and understand the various genes involved in type II
Diabetes Mellitus in Indian Population.
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INTRODUCTION

Diabetes refers to a group of metabolic diseases characterized
by hyperglycemia resulting from defects in insulin secretion,
insulin action, or both [1]. The chronic hyperglycemia of
diabetes is associated with long-term damage, dysfunction,
and failure of different organs, especially the eyes, kidneys,
nerves, heart, and blood vessels. Diabetes is currently the
fastest-growing epidemic and has been ascribed to a collision
between genes and the environment.India and China have the
highest reported prevalences of diabetes. More than 90% of
these cases are considered as T2D making T2D the fastest-
increasing disease worldwide [2, 3]. The T2D epidemic can
largely be ascribed to the worldwide increase in obesity
during the last 30 years. [4]. This has been ascribed to a
collision between genes and the environment. The social
determinants of environmental factors tend to vary across
populations and have changed rapidly over the last decades.
A traditional high energy-burning lifestyle has been replaced
by a Western sedentary lifestyle with little or no exercise and
consumption of an energy-dense diet. Meanwhile, genetic
factors evolve at a slower rate across generations, and tend to
favor selection of “energy-saving thrifty genotypes,” which
might have been beneficial for individuals living in times of
unstable food supply by storing energy in times of surplus [5].
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Genes play a vital role in the development of Diabetes
Mellitus.Type II DM is a polygenic disorder with multiple
genes located on different chromosomes resulting in this
condition. The major issue to address in Diabetes biology is to
identify the genetic changes in the disease and their
occurrence in different populations.Until recently, type 2
diabetes was typically regarded as a disease of the middle-
aged and elderly. Though this age-group maintains a higher
risk than younger adults, evidence is accumulating that even
children and adolescents aged less than 30 years are now
becoming caught up in the diabetes epidemic, which has
mainly been attributed to the high level of obesity in these
groups. The decrease in the age of onset of diabetes is of great
concern as future generations may be burdened with
morbidity and mortality at the height of their productivity,
potentially affecting the workforce and healthcare resources
of the countries across the world. So the present review is
written with a view to summarise the various genetic markers
involved in typell Diabetes Mellitus among South Indian
Population.

Role of Genes in Type Ii Dm

It has long been known that T2D is, in part, inherited. Family
studies have revealed that first degree relatives of individuals
with T2D are about 3 times more likely to develop the disease
than individuals without a positive family history of the
disease. T2D has a strong genetic component.[6]
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UPPARy (peroxisome proliferator-activated receptor-y)U.
This gene has been widely studied because it is important in
adipocyte and lipid metabolism. In addition, it is a target for
the hypoglycemic drugs known as thiazolidinediones. One
form of the PPARy gene (Pro) decreases insulin sensitivity
and increases T2D risk by several fold. Perhaps more
importantly is that this variant is very common in most
populations[7]

UABCCS8 (ATP binding cassette, subfamily C, member 8)U.
This gene encodes the high-affinity sulfonylurea receptor
(SUR1) subunit that is coupled to the Kir6.2 subunit (encoded
by UKCNIJ11U, also known as the potassium channel,
inwardly rectifying subfamily J, member 11). Both genes are
part of the ATP-sensitive potassium channel, which plays a
key role in regulating the release of hormones, such as insulin
and glucagon, in the beta cell. Mutations in either gene can
affect the potassiumchannel’s activity and insulin secretion,
ultimately leading to the development of T2D. Interestingly,
ABCCS8 and KCNIJ11 are only 4.5 kb apart, and not far from
the INS gene. Variant forms of KCNJ11 (Lys) and ABCC8
(Ala) genes have been associated with T2D, as well as other
diabetes-related traits. Because of the close proximity of
these genes, current studies are evaluating whether they work
in concert with each other, or rather have an independent
effect on T2D susceptibility.

Since PPARy, ABCCS8 and KCNIJ11 are the targets of drugs
used routinely in the treatment of T2D, there are
pharmacogenetic implications for maintaining good glycemic
control. Response to hypoglycemic therapy may actually be
related one’s genotype. Thus, genetic testing may not only
help determine who is at high risk for developing T2D, but
may also be useful in guiding treatment regimens for T2D.

(8]

UCAPNI0 (calpain 10)U. CAPNI10 encodes an intracellular
calcium-dependent cysteine protease that is ubiquitously
expressed (Cox et al., 2004). A haplotype that was initially
linked to T2D included an intronic A to G mutation at
position 43, which appears to be involved in CAPNIO
transcription. Two amino acid polymorphisms (Thr504Ala
and Phe200Thr) have also been associated with T2D risk.
However, it has been suggested that the coding and noncoding
polymorphisms do not independently influence T2D risk, but
instead contribute to an earlier age at diagnosis. Physiological
studies suggest that variations in calpain 10 activity effects
insulin secretion, and therefore, susceptibility to T2D.

UHNF4A (hepatocyte nuclear factor 4-a)U. Mutations in
promoter and coding regions of the HNF4A gene cause
MODY1. HNF4A is expressed in many tissues, including the
liver and pancreas. It regulates hepatic gene expression, and
influences the expression of other MODY genes such as
HNF1A, which causes MODY3. In the beta cell of the
pancreas, it directly activates insulin gene expression.
Mutations in the HNF4A gene also have been associated with
T2D.

UHNF1A (hepatocyte nucleara factor 1-a)U. MODY3, the
most frequent cause of the disease, results from mutations in
the HNF1A gene. HNFI1A is expressed in the liver and
pancreas. It can also influence HNF4A expression, indicating
a connection between MODY1 and MODY3. This suggests
that the MODY transcription factors form a regulatory
network that maintains glucose homeostasis. In addition to

causing MODY3, HNF1A mutations have been associated
with T1D and T2D.[9]

UIPF1 (insulin promoter factor-1)U. MODY4, which is a
rare form of the disease, is due to mutations in the IPF1 gene.
Homozygosity for such mutations has been associated with
newborn pancreatic agenesis and neonatal diabetes.
Therefore, infants who carry MODY4 mutations tend to be
small for gestational age. Individuals with MODY4 may also
develop T2D .IPF1 regulates expression of glucokinase,
insulin and other genes involved in glucose metabolism.

UHNFI1B (hepatocyte nucleara factor 1-f)U. MODYS,
another rare form of MODY, has also been linked with
MODY because HNF1p regulates HNF4a. However, unlike
MODY1, MODYS5 is also associated with renal cysts,
proteinuria and renal failure.

UNEUROD1 (neurogenic differentiation factor 1)U.
Mutations in NEURODI1 are responsible for MODY®6.
MODY6 is also rare. Together, MODY4, MODYS5 and
MODY6 comprise less then 3% of all MODY cases.
NERUODI is expressed in the beta cells of the pancreas, the
intestine and the brain. In the pancreas, it contributes to the
regulation of the expression of insulin. [10]

Genetic Markers among Indian Population

In Asian Indians, the D1057D genotype of insulin receptor
substrate 2 (IRS-2) gene is susceptible to diabetes by
interacting with obesity [11]. Association of lipoprotein lipase
Hind II (T-G) and Ser447Thr (C- G) polymorphism with
dyslipidemia has been studied in Asian Indians by Radha et
al., [12] and it was shown that H+Ser and H-Ter were the
‘high- risk’ and ‘low-risk’ haplotypes for low HDL
cholesterol and elevated triglyceride levels respectively. It has
also been shown that -T93G SNP of lipoprotein lipase gene is
associated with obesity but not T2D, whereas the - G53C SNP
appears to be protective against both obesity and T2D[13].
A few studies in North western Indian Punjabi populations
show association of apolipoprotein E (APOE) (Hhal),
angiotensin-1 converting enzyme (ACE) I/D, APOA1-CIII-
AIV gene cluster with lipid levels in T2D and CHD [14] and
Paraoxonase (PONI1) activity to CAD and T2D [15]. Studies
in North Indians show genetic association of interleukin-1
beta (-511C/T) and interleukin-1 receptor antagonist (86bp
repeat) polymorphism with T2D [16]. Thr394Thr (G-A)
polymorphism of peroxisome proliferator activated receptor-
co-activator-1 alpha (PGC-1 alpha) gene has been shown to
be associated with T2D in Asian Indian subjects and also with
total, visceral and subcutaneous body fat[17]. Two North
Indian populations showed significant association of PGC-1
alpha variants (Thr394Thr & Gly482Ser) with T2DJ[18]
Analysis of mitochondrial G10398A/T16189C haplotypic
combinations suggests susceptibility of these alleles to T2D
independently as well as together [19]. A comparison of risk
genotype combinations of uncoupling protein-2 (UCP2) -
866GG, mtDNA 10398A and PGCl1 alpha p.Thr394Thr or
p-Gly482Ser against the protective genotypes UCP2- 866XA,
mtDNA 10398G and PGCl1 alpha p.Thr394Thr or PGCI
alpha p.Gly482Ser showed a highly significant difference and
increased ORs, showing significance of additive interaction of
multiple small effects of the studied candidate gene variations
in a complex disease like T2D. Among all the association
studies with T2D in Indian populations, TCF7L2 has been
shown to be most promising in South Indian [20]and Western
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Indian [21],[22]populations, where intronic SNP (rs12255372,
rs7903146, rs4506565) show association with T2D[23] have
also replicated association of eight well established genetic
variants with T2D in North Western Indian populations
showing higher effect size compared to the Europeans.

Genes and Environmental Interactions

Gene interactions, or epistasis, have been suggested as a
possible explanation for difficulties in replicating genetic
association in complex diseases [24]. The standard statistical
methods used in association studies are usually limited to
analysis of single marker effects and thereby do not account
for interactions between markers. Previous attempts to study
epistasis in complex diseases have focused on interactions
between candidate regions [25,26]. However, the recent
abundance of GWAS data has made a comprehensive search
across the genome more feasible. Some studies have
attempted to account for epistasis in GWAS using a two-step
approach in which significant SNPs are tested against each
other or against all other SNPs in the study with variable
results [27,28]. The main problem when studying epistasis is
power, since interaction between loci with modest effects is
difficult to detect without extremely large sample sizes.
However, some studies have pointed at novel tests to increase
power [29]. Thorough studies in diabetes addressing epistasis
using this approach are missing. Furthermore, a recent paper
by Eric Lander and co-workers provided compelling evidence
that gene-gene interaction can also contribute to missing
heritability by causing “phantom heritability” that inflates the
estimated narrow sense heritability of the trait [30]. Gene and
environment interactions are equally difficult to study but are
likely to play an important role in T2D development.
The epidemic of T2D only dates back 50 years, and it is quite
obvious that during this period that only the environment, and
not the genes, have changed. However, the genetic
architecture determines our response to the environment.
Genetic variants could affect specific metabolic processes to
make an individual more susceptible to the harmful effects of
a poor diet but also personality traits that make an individual
more or less likely to over-consume and live a sedentary
lifestyle. It will however be a formidable task to identify the
environmental triggers for most of the genetic variants
increasing susceptibility to diabetes as this will require very
large studies with precise information on diet, exercise,
energy expenditure, etc.

CONCLUSION

The genetic revolution has allowed identification of numerous
genetic variants that associate with T2D. The genetic
landscape of T2D susceptibility is as yet incomplete, thus far
only explaining a small proportion of the total heritability of
diabetes. It has already greatly contributed to our
understanding of disease mechanisms by identifying pathways
that could not be linked to diabetes by existing hypothetical
models, even though many genetic findings are very recent
and have yet to make their contribution to our knowledge
about diabetes pathogenesis. However, one must bear in mind
that diabetes is probably a much more diverse disease than the
current subdivision into T1D and T2D implies and more
precise subdivision into subgroups may both facilitate the
investigation of T2D genetics and pave the way for more
individualized treatment. A holistic systems biology approach
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will also be required to obtain a complete picture of how
genetic variation leads to diabetes.
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