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Diabetes mellitus is not just one disease, but a progressive,
multifactorial, heterogeneous group of disorders clinically characterized
by obesity, insulin resistance and pancreas B-cell dysfunction.Current
estimates demonstrate that diabetes affects 23.6 million people in the
United States alone, which represents 7.8% of the population, and close
to 250 million people worldwide [1]. Twin studies suggest a modulating
role for genetic factors in the susceptibility to type 2 diabetes mellitus
(T2DM) [2]. Pharmacologically, an extensive range of oral anti-diabetic
drugs for type 2 diabetes exist for the treatment of T2DM, including
insulin and its analogues, sulfonylureas, biguanides, thiazolidinediones
(TZDs), meglitinides, a-glucosidase inhibitors.

Although a variety of pharmacological treatments available,
response, doses and tolerability to drugs are highly variable with
many patients initially respond to anti-hyperglycemic drugs, yet over
time, failing to react to mono-therapy. By far, a large inter-individual
variability in drug response has been noticed and a number of
factors validated to contribute to those differences in drug response
including age, sex, disease, drug and food interactions, comorbidity,
as well as genetic factors. Genetic variability in genes coding for
drug-metabolizing enzymes, drug receptors and proteins involved
in pathway signaling is an vital factor determining inter-individual
variability in drug response [3].

Pharmacogenetics (PG) traces back to the late 1800s [4] and is
generally regarded as the study or clinical testing of genetic variation
that links to different response to drugs. coupled with technological
improvements in genomic tools like genome-wide association studies
(GWAS). Pharmacogenetics hold the promise of realizing the
probability of bringing “personalized medicine” to direct drug and
dosing decisions, reduce disease morbidity and mortality, and improve
life quality for T2DM patients.

Current state of T2DM pharmacogenomics

Sulfonylureas: Sulfonylureas causes the release of insulin from
the B-cells by primarily binding to the high affinity plasma membrane
receptor (SUR1) coupled to an ATP-dependent K+ channel (KATP),
further closing the K+ channel (coding by KCNJ11) which ultimately
lead to a corresponding increase in intracellular calcium levels. Multiple
genes are involved in the formation of the sulfonylurea complex
including the inwardly rectifying potassium channel (KCNJ11) and the
ATP-binding cassette transporter sub-family C member8 (ABCC8). A
number of studies have showed that these genes are in close relation to
hypoglycemia, diabetes, and sulfonylurea failure. Examples include the
carriers of the Lys23 variant of the KCNJ11 Glu23 Lys polymorphism
and the susceptibility to secondary failure [5], and rare monogenic
mutations in ABCC8 with neonatal diabetes [6]. Sulfonylureas are
metabolized primarily by the cytochrome P4502C9 enzyme (CYP2C9),
and individuals carrying at least one *2 or *3 allele exhibit reduced
CYP2C9 activity. Patients with diabetes mellitus who are carriers of a
CYP2C9*3 allele require lower doses of tolbutamide to regulate their
serum glucose levels compared to patients with the wild-type genotype

[7].

Biguanides  (Metformin): Metformin reduces  hepatic
gluconeogenesis mainly by improving insulin sensitivity and other

than being metabolized, Metformin undergoes rapid renal elimination
via filtration in the glomerulus and net secretion in the proximal
tubules. Two related transporter are organic cation transporter 1 (OCT
1) expressed in hepatocytes which mediates the uptake of the drug and
organic cation transporter 1 (OCT 2) abundantly in the kidney which
participate in renal epithelium of Metformin. Metformin lowered
glycemic excursion by 7.5% with intact OCT1 function. However, in
those with polymorphisms in OCT1 that caused decreased up take of
metformin, the glycemic excursion was not altered by metformin [8].

Thiazolidinediones: Thiazolidinediones (TZD) are a group
of insulin-sensitizing drugs, generallyagonists for thenuclear
receptor peroxisome proliferator-activated receptor-y (PPAR-y).
A nonsynonymous SNP in PPAR-y (Prol2Ala) was one of the first
common genetic variants associated with a predisposition to T2DM.
Patients with the Prol2Ala genotype in the PPARgamma2 gene had
a better therapeutic response to rosiglitazone than did patients with
the Pro12Pro genotype. The genetic variations in the PPARgamma2
gene can affect the response to rosiglitazone treatment in patients with
type 2 diabetes mellitus [9]. The increased receptor sensitivity lead to
significant hypoglycemic effect and side effects such as edema. The
metabolism and kinetics of TZD are associated mainly with CYP2C8
and the plasma pioglitazone concentrations, assessed as area under
the curve, were higher in CYP2C8%1/*3 and *3/*3 compared to *1/*1
individuals [10].

Genetic implications for Therapy

Recent decades have seen the significant advances of large genetic
determinants of T2DM risk. But In many cases, the reported associations
merely signal regions of the genome that are overrepresented in disease
versus health but do not identify the causal variants [11]. How these
genetic determinants help clinicians diagnose, predict, prevent, or treat
type 2 diabetes any better remains unsettled.

To successfully apply pharmacogenomic tests, large scale studies
with adequate samples sizes should be introduced to further verify the
role of genetics on predicting outcome in clinical practice. monogenic
forms of the disease have already served as tantalizing proofs of
treating diabetes. Patients with hepatocyte nuclear factor-lalpha gene
mutations are more sensitive to sulphonylureas than T2DM subjects
[12]. Finally, due to the various polymorphisms involved in drug
metabolizing enzymes. Examples include Metformin with OCT1 and
Anti-Diabetes Drugs with cytochrome P450 enzyme as mentioned
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above. Although a PG test is essentially no different from a routine
laboratory test, these tests have potential to serve adequate evidence-
based recommendations for individualizing medical care of diabetes
mellitus.
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