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ABSTRACT

Type 2 diabetes is a common life style diseasectifig millions of people worldwide. The
prevalence and the disabilities associated withed&s in India are among the highest in the world.
Further Indians are diagnosed with the diseasepotwo decades earlier than Caucasian population.
Urgent preventive measures are needed to reducsottial and economic burden of our society.
Type-2 diabetes has a complex etiology. Both ti@altl risk factors such as obesity, stress, high
calorie diets, lack of exercise as well as genfdators are involved in the pathogenesis. The
heritability of diabetes has propelled the seamhdisease susceptibility genes by linkage analysis
and by the candidate gene approach. These clasgipabaches are now complemented by the
genome wide association studies coupled with sbpaied analytical tools to evaluate the statistica
significance. These advances have resulted inddnaification of fifty six genetic susceptibilitpdi

for Type 2 Diabetes. Among these, transcriptiondia@-like 2, TCF7L2 gene has shown the most
significant association with Type 2 diabetes. Ferithne association of this gene has been consistent
in all populations including in Indian subjects.®@eic studies using large number of samples are
extremely useful in early identification of subjedt risk besides offering valuable knowledge to
design novel therapies for Diabetes..
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Introduction: Chronic uncontrolled diabetes leads to life
Type-2 Diabetes has become a global healtlthreatening complications including heart
problem affecting over 300 million people disease, cataract, foot infections and kidney
worldwide. The prevalence in India is more thanfailure [2, 3]. Diabetes is a chronic metabolic
9% with 63 million subjects currently suffering disease that occurs either when the pancreas
from Type-2 diabetes. It is predicted that thedoes not produce enough insulin or when the
number would go up to 100 million by 2030 [1]. body does not effectively use the available
insulin [2].
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Type-2 diabetes is the most common form of thewith type-2 diabetes. Asian Indian subjects are

disease and comprises 90% of patients. different from other populations and are reported
to have high incidence of diabetes and insulin
Pathophysiology resistance [13].

Type-2 diabetes results from an imbalance Moreover, Asian Indians have a tendency for
between insulin sensitivity and insulin secretion.upper body obesity or abdominal obesity,
Both longitudinal and cross-sectional studiesreferred to as “Asian Indian phenotype” [14-17].
have demonstrated that the earliest detectablalthough Indian population in general cannot be
abnormality in type-2 diabetes is the inability of considered obese based on body mass index,
the body tissues to respond to insulin. ImpairedBMI our subjects are more insulin resistant
insulin action, defined as insulin resistance iscompared to other ethnic groups. Moreover,
observed in several tissues including skeletamany studies have shown that the incidence of
muscle, adipose tissue and the liver [5].type-2 diabetes in the offspring of diabetic
Peripheral insulin resistance leads to increasegarents of Indian origin is higher than the
insulin secretion from beta cells of the pancreasincidence among offspring of the parents of
as a compensatory mechanism. The resultar@aucasian origin. Previous research on Indian
hyperinsulinemia maintains glucose level within subjects [13-17] suggests insulin resistance as a
the normal range. causal link to increased susceptibility to diabetes
In individuals at high risk of developing [18].
diabetes, beta cells are unable to increase insulin
secretion and the beta cell function eventuallyHeritability of Type-2 Diabetes
declines precipitating high blood glucose levelsThe clinical assessment of type-2 diabetes has
or hyperglycemia [6-8]. Previous studies havegften incorporated genetic information in the
identified_several risk fa(_:tors fqr type-2 diabetes ¢5m of family history. Family studies have
These |r_10Iude ob_eS|ty, h'g_h Ct_]C)Iesf[e_rOI'estimated that the risk among offspring is 3.5-
h_ypertensmn, : _smoklng_, p_hy3|cal |nact|V|_t3_/, fold and 6-fold higher for those with a single or
dietar composition, family history and specific . . :
genes [9-11] tvyo diabetic parents, respectively [19]'. Further',
higher concordance rate of type-2 diabetes in
Genetics of Type 2 Diabetes monozygotic than dizygotic twins and the high
horevalence in specific ethnic groups such as

In complex disease like type-2 diabetes, both" i ) )
. . . Pima Indians and Mexican Americans, all lend
genetic and environmental factors determine the

phenotype. The worldwide rise in prevalence Ofsupport to the greater contribution of genetic

type-2 diabetes has led to an intense search fc()jretermlnants [20]. It'is also evident that type 2

genetic factors influencing the susceptibility to diabetes-related intermediate and quantitative

the disease. Environmental influences, such atsra'tS show substantial heritability [21]. The

high-calorie diets and reduced physical activitypff’lt:)ertnS _Of ||r1her|t§nced iu?gest that .tyﬁe-z
are reported to accelerate disease developmeﬂ{a cles IS polygenic and heterogeneous, nence
in those with genetic predisposition.

multiple genes in different combinations play a
Understanding genetic variants that increase thglgmf:jcanlt r]?fle_ ”} dlz‘grsnt subsets  of
risk of type-2 diabetes could have significantIn viduals suftering from diabetes.

clinical impact [12]. More detailed insight into

the genetic risk factors could help us unravel thé_lnkage s_tl_Jd'es ) )
. : : . The traditional method of mapping disease
underlying molecular mechanisms involved in

: . . genes is to identify long stretches of genetic
the pathogenesis besides opening up ne K hich iherited together in affected
pathways for therapeutic intervention. markers which are inherited fogether in afrecte

Extensive studies on Caucasian population havfaam"“eS by performing linkage analysis. Such

: : arkers are considered to be in linkage
uncovered numerous gene variants assomateraI o _ . _ 9
disequilibrium since they are inherited more
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often than predicted by random association. Bysuch defects is the identification of a significant
genotyping about 400 — 500 genetic markersassociation between diabetes mellitus and a
disease loci can be mapped on a genome-widtinctional polymorphism in a candidate gene.
level. However, the classical approach of gendGenerally, this is achieved by comparing a
localisation by linkage analysis is not a suitablerandom sample of unrelated diabetic patients
strategy for type-2 diabetes (T2D) for severalwith a matched control group. This approach
reasons. First, there is a lack of a Mendeliarmay reveal a polymorphic allele that is increased
inheritance pattern; second, the mean age dh frequency in the patient group and such a
diagnosis is around 60 years for Caucasians ansignificant association might point towards a
about 40 years in the Indian population. Furtherdisease susceptibility locus.

one or both of the patient’s parents are often n@o date, over 250 candidate genes have been
longer available for study. Hence, it is difficult studied for their role in type-2 diabetes [30].
to obtain families with enough diabetic patientsMajority of these studies have failed to uncover
[22]. any association. In most instances, however, the
Although great efforts have been put intoinitial association was not replicated in
linkage studies of T2D, only two genes havesubsequent analyses. The candidate gene studies
been identified by this method. These areproduced more unequivocal evidence for
calpain 10 CAPN1(Q gene and transcription common variants involved in type-2 diabetes
factor 7-like 2 TCF7LY gene. The region on than did the linkage approach. The most robust
chromosome 2937 containing CAPN10 wascandidate gene variants were the E23K variant
initially found in a linkage scan of T2D in in the KCNJ11lgene [31, 32], the P12A variant
Mexican Americans [23]. By large efforts in in the peroxisome proliferator-activated
positional cloning, a haplotype of three single-receptory, PPARy gene [33, 34], and common
nucleotide polymorphisms [SNPs] in an intronvariants in the HNF1B and the Wolfram

of CAPN10 was found to be associated with risksyndrome 1,WFS1 genes [35, 36].KCNJ11

of T2D and this could explain most of the encodes a component of a potassium channel
linkage to the disease [24]. These variants araith a key role inB-cell physiology that is a
also associated with an insulin resistancearget for the sulphonylurea class of oral
phenotype. From CAPN10, it became clear thatntidiabetic  drugs. PPAR encodes a
intronic variation may contribute to risk of transcription factor involved in fat cell
complex diseases. TCF7L2 is associated with agadipocyte) differentiation and lipid metabolism.
increase in risk of ~40% per minor T-allele. Peroxisome proliferator-activated receptgr
TCF7L2 was discovered by typing of emerged as a type-2 diabetes candidate gene
microsatellite markers under a previouslyfrom the knowledge that thiazolidinedione
identified linkage peak [25, 26]. The association(TZD) class of antidiabetic drugs, are high-
of gene variants in TCF7L2 with type-2 diabetesaffinity ligands for the PPAR receptor.
has since been widely replicated in populationsSubsequent association studies found a modest,
of different ethnic origins [27, 28]. Gene, protective effect of the P12A variant of the
TCF7L2 encodes a transcription factor that iSPPARy gene variant on the risk of type-2
active in the Wnt-signaling pathway [29] and is diabetes [37, 38] which has been confirmed in
implicated in pancreatic beta cell function andsome GWA studies [39]. The P12A variant

insulin secretion. seems to influence susceptibility to type-2

diabetes by changing insulin sensitivity [40, 41].
The candidate gene approach Plasma cell glycoprotein-1/encoding
Defects in genes encoding proteins that play a&ctonucleotide pyrophosphate

role in pathways involved in insulin and glucose phosphodiesterase-1 [PC-1/ENPPI] encodes a
homeostasis are excellent candidates for type-protein with inhibitory effect on insulin receptor
diabetes mellitus. A powerful approach to find function and subsequent insulin signaling [42,

J.PHARM.SCI. TECH.MGMT. Vol.1 Issue 1 2015 74



43]. Overexpression of ENPP1 in mice leads toadditional patient series. Each of these early
insulin resistance and hyperglycemia. ENPP1 iSSWA studies identified numerous potential
widely expressed in liver, adipose tissue andsusceptibility variants and only nine gene loci
skeletal muscle. A common K121Q emerged as being consistently associated with
polymorphism may result in gain-of function risk of type-2 diabetes across multiple studies.
leading to enhanced inhibition of the insulin These nine gene loci wer@CF7L2 solute
receptor [44]. A recent meta-analysis carrier family 30 member 8 SLC30A§
demonstrated a marginal 8% increase in risk ohematopoietically expressed homeobox
type-2 diabetes [OR 1.08, 95% confidence[HHEX], CDK5 regulatory subunit-associated
interval [CI] 1.01-1.15; P=0.01] per copy of the protein 1-like 1 CDKALJ], cyclin-dependent
rare Q-allele using data from more than 35,00kinase inhibitor 2A/2B CDKNZ2A/B, insulin-

individuals of European ancestry [45]. like growth factor 2 mRNA-binding protein 2
[IGF2BPZ, fat mass- and obesity-associated
Genome-wide scan gene FTQ], KCNJ1landPPAR. Among these,

Genome-wide scans examine, in populations othree genes TICF7L2 KCNJ11 and PPAR/]
related individuals like sib-pairs, extended have been reported using other approaches.
pedigrees, or nuclear families, whether theA large amount of data available on the genetics
disease or trait of interest co-segregate acrossf T2D from association studies of candidate
generations with certain chromosomal regiongene variation include variants of ATP binding
throughout the whole genome [46]. Genome-cassette subfamily C member 8 [ABCCS8] [31,
wide association studies [GWAS] and 53, 54], hepatocyte nuclear factor- 1A [HNF1A]
subsequent meta-analyses have identified 5@5], hepatocyte nuclear factor-4A [HNF4A]
susceptibility loci for T2D that collectively [56, 57], glucokinase [GCK] [31, 58], insulin
explain ~10% of the disease risk [38]. Thesereceptor substrate-1 [IRS-1] [59], protein
studies used large numbers of patients and cosgrosine phosphatise-1B [PTP1B] [60, 61], the
several million dollars. Due to the vast amountnuclear lamina gene, LMNA [62, 63], melatonin
of genetic variants analyzed in a GWA study, areceptor-1B [MTNR1B] [64]. Mc Carty and co-
high number of statistical tests are performedworkers have reported some of the susceptibility
thus leading to a substantial risk of falsevariants for T2D, namely PPAR KCNJ11,
positives. The need for controlling this problem TCF7L2, CDKAL1, CDKN2A/2B, HNF1A/1B,
has resulted in the general use of a mordRS-1 and FTO. These genes have been known
stringent genome-wide significance level beforeto be closely associated in most of the
an association is considered statisticallypopulations [34].

significant. Current consensus has defined a

genome-wide significance level of P < 5210  Asian Indian Population

account for 10 independent genome-wide Mohan and co-workers have carried out genetic
hypotheses tested in a dense GWA [47], evemstudies on diabetic patients from South India. He
though a significance level of P <1Bas also has reported significant association of TCF7L2
been suggested [48, 49]. gene with diabetes while no significant
In 2007, results from some of the initial GWA association was reported for the PRAene
studies investigating type-2 diabetes genes werfl8, 66]. Radha and Mohan have reported the
published, namely the French DECODE,involvement of IAPP and TCFL2 genes in
DECODA, DGI, WTCCC and FUSION studies insulin secretion. They further suggested the
[50-52]. These five independent GWA studiesinvolvement of PPARy, PC-1, IRS-1, IRS-2,
were all conducted using a two-stage strategyCalpain 10 and Apolipoprotein D genes to be
consisting of a GWA screen in an initial cohort associated with insulin resistance. Uncoupling
of unrelated cases and controls followed byprotein-3/2 gene and PGGXgenes have been
replication of the most significant findings in shown to be associated with obesity [67]. Abate
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