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The latest edition of the International Diabetes Federation
(IDF), the Diabetes Atlas displays the diabetes count in adults as
nearly 463 million, with an additional 1.1 million children and ado-
lescents having type 1 diabetes. The year 2010 projected global
diabetes numbers to be 438 million in 2025. With a year still to go,
that prediction has already been surpassed by 25 million [1].

Diabetes is rising worldwide... and is set to rise even further [2].

@ Estimations

151 ® Projections
] [GFTE) Estimated number of adults with
diabetes (in millions)(from IDF
|| 2000 Diabetes Atlas editions 1* to 9"

Figure 1

Genes and diabetes [3-5]

Diabetes (especially type 1 and 2) is caused by a combination of
genetic and environmental risk factors. Type 1, 2 and gestational
diabetes are polygenic, meaning they are related to a change, or de-
fect, in multiple genes. This includes variations in important genes
which have a role in glucose metabolism (regulation of fasting and
postprandial blood glucose levels), insulin function (mainly insu-
lin resistance) and triglyceride metabolism. Environmental fac-
tors have a crucial role in the development of polygenic forms of
diabetes, for instance obesity predisposes to type 2 diabetes. Nev-
ertheless, some rare forms of monogenic diabetes are caused by
mutation(s) in a single gene and are directly inherited. These in-
clude Maturity Onset Diabetes in the Young (MODY), and Neonatal
diabetes (ND).

Type 1 diabetes (T1D) is caused by an autoimmune reaction
in which the body’s immune system attacks the insulin-producing

beta cells of the pancreas, resulting in less or nil insulin production.
Example(s) signifying role of genes in Type 1 Diabetes [6-13]

Type 2 diabetes (T2D), the commonest from of the disease is
characterized by hyperglycaemia (high blood glucose levels) re-
sulting from the inability of the body cells to respond fully to insu-

lin, a situation termed ‘insulin resistance’.
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Gene

Gene Function

Effect of genetic variation

HLA class II genes (major histocompatibil-
ity complex/MHC or HLA molecules)

cells

Initiate immune response.
Probable role in autoimmune
destruction of pancreatic beta

Children with the highest-risk HLA genotype (DR3/
DR4-DQB1*03:02) have a risk of approximately 1 in
20 for a diagnosis of T1D by the age of 15 years. If
the child has the high-risk genotype and has a sibling
who has T1D, the risk is even higher (~ 55%)

Table 1

Estimates for the heritability of T2D range from 20%-80%, and
the evidence for the same is attained in varied population through
family- and twin-based studies. The lifetime risk of developing T2D
is 40% for individuals who have one parent with T2D and 70% if
both parents are affected. The risk of developing T2D in a ‘first de-

gree relative’ of an individual with T2D is thrice as much as those

without a positive family history of the disease.

Example(s) signifying role of genes in Type 2 Diabetes [14-17].

Gene Gene Function Effect of genetic variation
TCF7L2 encodes a transcription factor Risk alleles increase the level of TCF7L2 protein in beta cells, re-
that is a member of the Wnt lating with impaired insulin secretion, & enhanced rate of hepatic
signaling pathway and is known glucose production.
to be active in the beta cells. TCF7L2 expression in human islets was increased 5-fold in T2D,
particularly in homozygotes and overexpression of TCF7L2 in hu-
man islets reduced glucose-stimulated insulin secretion.
TCF7L2 probably plays a role in causation of T2D by decreasing
insulin secretion from beta cells, perhaps by altering the action of
incretins that modulate the insulin response to meals
PPARY (peroxi- PPAR-y activation induces the PPARG is a target for the hypoglycemic drugs known as thiazoli-
some proliferator- expression of genes involved in dinediones.
activated receptor the insulin signaling cascade. Proline to arginine change at position 12 in the PPARG gene
gamma) importance in adipocyte and (rs1801282) might lead to a 20% increase in the risk of diabetes
lipid metabolism. due to decreased insulin sensitivity.

Table 2

Maturity-onset diabetes of the young (MODY) denotes mono-
genic disorders with autosomal dominant inheritance for non-in-
sulin dependent diabetes whereby hyperglycemia usually becomes
evident during adolescence or early adulthood (before the age of

25 years). Being a rare form, MODY accounts for just 1% of all cases

and is often misdiagnosed as T1D or T2D. Genetic insight can lead
to optimal treatment of the individual alongside allowing early di-

agnosis of their asymptomatic family members.

Example(s) signifying role of genes in Maturity-onset diabetes
of the young [18,19].

Gene Gene Function

Effect of genetic variation

Glucokinase/GCK

In pancreas, this enzyme plays
arole in glucose-stimulated
insulin secretion, while in liver,
this enzyme is important in
glucose uptake and conversion
to glycogen.

It acts as the “glucose sensor”
for pancreas, increasing insulin
production when blood glucose

rises. Normal gene function
ensures blood glucose control

GCK mutations cause a mild non-progressive
hyperglycemia since birth. Mostly characterized as
asymptomatic, and stable fasting hyperglycemia usu-
ally requiring no specific treatment.
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HNF1A (hepatocyte nuclear fac-
tor-1 homeobox A) and HNF4A
(hepatocyte nuclear factor-4
homeobox A)

Regulation of gene activity by
the HNF-1A protein is critical
for the growth and development
of beta cells in pancreas which
produce and release insulin.
In pancreatic beta cells HNF4A
directly activates insulin gene
expression

Mutations in HNF1A and HNF4A predispose to
MODY 3 and MODY 1, causing a progressive pancre-
atic B-cell dysfunction and hyperglycemia that can
result in microvascular complications.

HNF1B (hepatocyte nuclear fac-
tor-4 homeobox B)

Encodes a transcription factor
critical for the development of
kidney and pancreas.

HNF1B mutations predispose to MODY 5, and is asso-
ciated with pancreatic agenesis, renal abnormalities,
genital tract malformations, and liver dysfunction

Table 3

Gestational diabetes (GDM) typifies as hyperglycaemia during
pregnancy. Though it might occur any time during pregnancy, it is
usually seen after 24 weeks and generally disappears after preg-
nancy. Globally, GDM accounts for 2%-5% of pregnancy complica-
tions, and its prevalence has significantly ascended over the last
decade. It is believed to be a result of interactions between genetic,
epigenetic, and environmental factors (such as late pregnancy, obe-
sity and high fat diet). Women with mutations in MODY genes often
present with GDM. Multiple common variants in candidate genes
such as KCNJ11, GCK, or HNF1A have been found to increase the
disease risk [20,21].

Neonatal Diabetes (ND) diabetes occurring under 6 months of
age usually appears to be predominantly monogenic. Neonatal dia-
betes can either be transient or permanent. In a transient form, it

may be so mild without requiring treatment or may spontaneously

remit, often showing relapse during adolescence. While the perma-

nent form requires lifelong treatment.

Variations in the KCNJ11 gene, and genes encoding insulin are
the most common causes of permanent neonatal diabetes. The
overexpression of paternally imprinted genes at chromosome
6q24 or a maternal methylation defect might predispose to tran-
sient neonatal diabetes with severe intrauterine growth restric-
tion, often diagnosed within days of life. In neonatal diabetes, the
transient forms may also originate from mildly activating muta-
tions of ABCC8 and KCNJ11 genes. However, in such cases, there
is low predictability of clinical course with relapsing or remitting

diabetes requiring intermittent treatment throughout childhood.

Example(s) signifying role of genes in Neonatal Diabetes [22,23].

(potassium channel, inwardly
rectifying subfamily ], member
11 and ATP binding cassette,
subfamily C, member 8)U

Gene Gene Function Effect of genetic variation
KCNJ11 and ABCC8 (SUR) They encode the high-affinity sulfonylurea receptor Activating mutations in KCNJ11 gene
genes (SUR1) subunit. Both genes are part of the ATP-sensitive | are a well-established cause of neonatal

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
potassium channel’s activity and insulin secretion

diabetes.

Sulfonylurea treatment in potassium
channel-linked ND have marked impact
on endogenous insulin secretion and is
now considered the treatment of choice

Table 4

Diabetes is regarded as one of the most serious public health
challenges of the 21st century. Genetic insights can help in accu-

rately classifying an individual by determining the type of diabetes

that he/she is suffering from. This consequently aids in deciding

customized and effective treatment modalities [24].
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