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Introduction

Diabetes mellitus is a chronic progressive multifactorial 
disorder that demands lifelong optimal control of  glycemic 
status once the diagnosis is made. The International 

Diabetic Federation estimates that around 61.3 million 
people in India had diabetes in 2011, which will be projected 
to 101.2 million in 2030. India is ranked second in the world 
in diabetes prevalence, just behind China.[1]

Metformin is an oral hypoglycemic agent that is approved as 
the first‑line agent for treatment of  type 2 diabetes mellitus 
as per the American Diabetic Association (ADA), European 
Association for the Study of  Diabetes  (EASD) and 
International Diabetic Federation guidelines.[2,3] Metformin 
is an insulin sensitizing agent, belonging to the class of  
biguanides. The glucose lowering response of  metformin 
exhibits a wide inter‑individual variability.[4,5] These 
variations in drug response can be because of  phenotypic 
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A B S T R A C T
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variation or variation in drug action or distribution. Genetic 
polymorphisms in drug transporter genes have been largely 
attributed to the inter‑individual variability in clinical 
response to metformin.[5‑8]

Metformin is an organic hydrophilic cation, which is 
transported across biological membranes by the organic 
cationic transporters  (OCT). The genetic contribution 
of  inter‑individual variability in the clinical response to 
metformin is largely attributed to OCT1, which is a highly 
polymorphic transporter. The association of  metformin 
response to the polymorphic variants in SLC22A1 gene 
coding for OCT1 is established in various populations.[9‑11] 
The allele and genotype frequency of  the contributing 
variants in SLC22A1 gene were established in South Indian 
population as well.[12]

Recently, a novel variant in ataxia telangiectasia mutated 
(ATM) gene (rs11212617) is strongly implicated to affect 
the glycemic response of  metformin.[13] ATM gene is 
located on the long arm of  chromosome 11q22‑23 and 
belongs to the family of  phosphatidyl inositol 3 kinase 
related kinase that encodes serine‑threonine kinases 
involved in regulation of  cell‑cycle progression. Mutations 
in ATM gene are implicated to have a causative role in ataxia 
telangiectasia, which is an autosomal recessive disorder 
with manifestations including insulin resistance and type 2 
diabetes mellitus.

Though metformin was introduced in clinical practice for 
over 50 years, the detailed molecular mechanism of  action of  
metformin has not been completely established. Attempts 
at elucidating the molecular mechanism of  metformin have 
linked adenosine monophosphate‑activated protein kinase 
(AMPK), which is the energy sensor of  the cell, to the 
metformin mediated inhibition of  hepatic gluconeogenesis 
and glucose uptake in muscle and hepatocytes.[14,15] This 
AMPK in turn can be regulated by ATM gene.[16‑18] The link 
between metformin and ATM gene is shown in Figure 1. 
There were contradictory results about the association of  
metformin response with rs11212671 polymorphism in 
ATM gene in different ethnic populations  (European[13] 
and US ethnic population[19]).

In the current scenario of  diabetic prevalence, considering 
the robust use of  metformin by the diabetic population, 
effective utilization of  the advances made in the field of  
personalized medicine to establish the frequency of  this 
variant affecting clinical response will contribute to rational 
therapeutics.

As there is a possible role for ethnic variations in ATM 
gene polymorphism to contribute to the inter‑individual 

variability in metformin treatment response, this study was 
intended to establish the allele and genotype frequency of  
single nucleotide polymorphism (SNP) rs11212617 in ATM 
gene affecting metformin response in the South Indian 
population and also to assess if  the polymorphism has a 
role in the etiology of  type 2 diabetes.

Materials and Methods

Study settings
The study was performed in Department of  Pharmacology 
in collaboration with Department of  Medicine, JIPMER, 
Puducherry. Institute ethics committee approval was 
obtained before the commencement of  the study. Informed 
consent was obtained from all healthy volunteers and type 2 
diabetes mellitus patients who were willing to participate 
in the study.

Study subjects
The study was done in 2 cohorts of  population including 
healthy volunteers and patients with type  2 diabetes 
mellitus, visiting the diabetic out‑patient department, 
JIPMER. Around 112 unrelated healthy volunteers and 
118 type 2 diabetes mellitus patients from Southern states 
of  the country  (Tamil Nadu, Kerala, Karnataka and 
Andhra Pradesh) of  Dravidian descendants were recruited 
into the study. All these subjects were residents of  South 
India for at least three successive generations and were 
in the age group between 18 and 60 years, of  either sex. 
The volunteers did not have any other concomitant illness 
and were not on any other concomitant medications. Of  
the 112 healthy volunteers, 66 (58.9%) were females and 
46 (41.1%) were males. Of  the 118 type 2 diabetes mellitus 

Figure  1: Schematic representation of the molecular mechanism of 
metformin linking ATM gene. AMPK: 5’ Adenosine monophosphate activated 
protein kinase, ATM gene: Ataxia telangiectasia mutated gene
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patients included in the study, 90 (76.3%) were females and 
28 (23.7%) were males. All subjects were informed about the 
details of  the study in their native language and informed 
consent was obtained as per the format given in the Institute 
ethical guidelines, JIPMER, Puducherry. Blood sample of  
around 5 ml was collected in ethylenediaminetetraacetic 
acid (EDTA) containing tubes (100 µl of  10% EDTA as 
anti‑coagulant) for genotyping the patients. After separating 
the plasma by centrifugation, deoxyribonucleic acid (DNA) 
was extracted from the peripheral blood leucocytes by 
phenol‑chloroform method. The extracted DNA was 
then diluted in Tris‑EDTA buffer and the samples were 
stored at 4°C. The DNA samples were quantified using 
the multianalyzer  (TECAN Infinite M200, Switzerland) 
and stored at −20°C until genotyping.

Genotype study
Genotyping for rs11212617 was carried out using 
real‑time thermo cycler  (ABI Prism 7300, Foster city, 
CA, USA) using TaqMan SNP genotyping assay method. 
The SNP genotyping assay ID for the SNP rs11212617 
located in the intron region of  chromosome 11 was 
C_1314213_10  (Applied Biosystems, Foster city, CA, 
USA). The genomic DNA was diluted (50 ng/50 µl) and 
incubated at 37°C for 24 h before subjecting to real‑time 
polymerase chain reaction (PCR). The PCR reaction was 
carried out using 15 µl final volumes that contained 7.5 µl 
of  Universal master mix (2X), 0.375 µl of  40X working 
stock of  TaqMan genotyping assay, 3.75 μl of  50  ng 
genomic DNA diluted in autoclaved DNase free milliQ 
water and 3.375 μl of  deionized water. The thermo cycler 
conditions were as follows: For 2 min at 50°C; for 10 min 
at 95°C to activate the polymerase AmpliTaq Gold and then 
40 cycles of  denaturation for 15 s at 92°C and annealing 
and extension for 1 min at 60°C.

Statistical analysis
Graph Pad InStat 3.06 for Windows, GraphPad Software, 
La Jolla California USA, www.graphpad.com is used for 
data analysis. The allele and genotype frequencies of  South 
Indian population were determined by direct gene counting. 
The observed frequencies were compared with expected 
frequencies and tested for Hardy‑Weinberg equilibrium. 
Differences in allele and genotype frequencies of  South 
Indian and other ethnic population were measured using 
Chi‑square test and Fischer exact test. P  < 0.05 was 
considered statistically significant.

Results

Around 112 healthy volunteers and 118 type 2 diabetes patients 
from South Indian states were genotyped for rs11212617 
polymorphism in ATM gene. The frequencies were in Hardy 

Weinberg equilibrium. A allele is the major allele and C allele 
is the minor allele. AA is the normal genotype, AC is the 
heterozygous mutant and CC is the homozygous mutant. 
The allele and genotype frequencies are given in the Table 1. 
[P <0.05 is considered statistically significant].

The allele frequencies were compared between the healthy 
volunteers and diabetic population by Fischer exact test and 
they were not statistically significant (P > 0.05) [Table 1]. 
Odds ratio was found to be 1.093  (95% confidence 
interval‑0.7463‑1.601).

The allele and genotype frequencies of  South Indians 
were compared with allele and genotype frequencies of  
other ethnicities. All alleles and genotypes were in Hardy 
Weinberg equilibrium. A allele is the normal allele and C 
allele is the variant allele. AA is the normal genotype, AC 
is the heterozygous mutant and CC is the homozygous 
mutant. The allele and genotype frequencies of  different 
ethnicities are given in the Table [Table 2].

Discussion

In the South Indian population, the frequency of  major A 
allele was 65.2% and the frequency of  minor C allele was 
found to be 35.8%. Though the frequency of  C allele is 
lower than A allele, the minor allele has been implicated to 
be associated with the treatment success with metformin 
therapy.[13] This may be because this allele is a dominant 
allele and the presence of  even single allele in heterozygotes 
can contribute to metformin response. It was observed 
that the frequency of  heterozygotes in healthy subjects of  
South Indian population is higher (AC genotype 51.8%) 
than homozygotes and similar frequency trend was also 
seen in the diabetic cohort  (AC genotype  48.4%). This 
indicates that the same trend can be expected to reflect 
in the metformin treatment response in our population.

The association of  a variant in ATM gene (rs11212617) to 
metformin response[20‑22] is a relatively a new concept and 

Table 1: Comparison of allele and genotype frequencies 
of ATM gene polymorphism (rs11212617) in healthy 
volunteers and diabetic South Indian population

Healthy subjects Diabetic population
N Frequency N Frequency

Allele
A 146 0.65 (0.59, 0.71) 149 0.63 (0.57, 0.69)
C 78 0.35 (0.29, 0.41) 87 0.37 (0.31, 0.43)

Genotype
AA 44 0.39 (0.3, 0.48) 46 0.39 (0.30, 0.48)
AC 58 0.52 (0.43, 0.61) 57 0.48 (0.39, 0.57)
CC 10 0.09 (0.04, 0.141) 15 0.13 (0.07, 0.19)

ATM gene: Ataxia telangiectasia mutated gene. Values in parentheses indicate 
95% confidence interval. Fischer exact test was used. [P > 0.05 - not significant]
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is based on stronger evidences given by the reports from 
the first genome wide association study on metformin 
response in European diabetic population by the 
GoDARTS and UKPDS Diabetes Pharmacogenetics 
Study Group and The Wellcome Trust Case Control 
Consortium 2 (WTCCC2).[13] In this study, the minor allele 
frequency was reported to be 44% and this allele was said 
to be associated with treatment success (HbA1c < 7%) 
with Odds ratio of  1.64. The study also included two 
replication cohorts from UKPDS study, which also 
showed that there is an association of  the minor C 
allele with metformin response with odds ratio of  
1.21 (95% CI, 1.05-1.38) and 1.37 (95% CI, 1.10-1.72) 
respectively. The combined meta‑analysis of  the three 
cohorts confirmed this association with odds ratio of  
1.35  (95% CI, 1.22-1.49). This association was later 
replicated in 3 cohorts of  population (West‑Friesland, 
Netherlands and UK) by van Leeuwen et  al.,[20] which 
confirmed the association. The authors have concluded 
that the SNP rs11212617 in ATM gene is the first 
robustly replicated variant associated with metformin 
treatment response. In contrary, the Diabetic Prevention 
Program  (DPP) study group[19]  (5 US ethnic groups) 
has reported that there was no association of  the minor 
C allele with metformin response. The authors have 
concluded that this contradictory result may be because 
of  the ethnic variation and the pre‑diabetic cohort that 
was chosen for the study. The role of  ethnic variation is 
thus strongly confirmed by these studies.

Since ATM gene mutation is linked with ataxia‑telangiectasia 
with manifestations of  insulin resistance, there is a possibility 
that this polymorphism can have a causative role in type 2 
diabetes mellitus. The role of  the studied SNP rs11212617 
in the etiology of  diabetes was assessed by comparing the 
allele and genotype frequencies of  healthy volunteers with 
that of  type 2 diabetes patients. The observed frequencies 
in the diabetic cohort was compared with the expected 
frequencies and confirmed to be in Hardy‑Weinberg 
equilibrium. The frequency distribution in diabetic cohort 
is then compared with the allele and genotype distribution 

in healthy volunteers. There was no statistically significant 
difference between the two cohorts, which infers that the 
SNP rs11212617 in ATM gene does not contribute to the 
causation of  type 2 diabetes mellitus.

The allelic distribution of  South Indian healthy subjects 
was found to be significantly different from other 
ethnicities such as Caucasians (A = 53.3%, C = 46.5%), 
Chinese (A = 31.4%, C = 68.6%), Japanese (A = 38.4%, 
C  =  61.6%), and Africans  (A  =  18.6%, C  =  81.4%). 
There was no significant difference in allele and genotype 
frequency distribution between the South Indians and 
Gujarati Indians in Houston  (P  >  0.05). The genotype 
frequencies of  South Indians also differ significantly from 
all other ethnic populations compared. To the best of  our 
knowledge the frequency distribution of  SNP rs11212617 
in ATM gene has not been established in South Indian 
population.

Conclusion

Diabetes mellitus is a chronic disorder that is ever growing in 
prevalence and complications. Considering the widespread 
use of  metformin and the considerable economic burden 
that each patient has to bear for the lifelong management 
of  diabetes and its complications it becomes very much 
essential for physicians to individualize the therapy for 
each patient and to keep a proper watch on the control. 
Indians being more prone to diabetes, understanding the 
trends in the frequency distribution of  genes affecting the 
treatment response of  one of  the most widely prescribed 
drug becomes highly important.

This study gives the pattern of  frequency distribution of  
the robustly studied variant in ATM gene in the South 
Indian population. This can form a framework for further 
studies to find if  there is an association of  metformin 
treatment response with the variant in ATM gene. Our 
study could not find any difference in the frequency 
distribution of  this polymorphism in ATM gene between 
healthy volunteers and diabetic cohorts.

Table 2: Comparison of frequency of ATM gene variant (rs11212617) in South Indian population with allele and 
genotype frequencies of other ethnicities
Population N Allele frequency P value Genotype frequency P value

A C AA AC CC
South Indians 112 0.65 (0.59, 0.71) 0.35 (0.29, 0.41) Ref 0.39 (0.31, 0.48) 0.52 (0.43, 0.61) 0.09 (0.04, 0.14) Ref
Caucasian 113 0.54 (0.47, 0.6) 0.47 (0.4, 0.53) 0.012* 0.27 (0.18, 0.35) 0.54 (0.45, 0.63) 0.19 (0.12, 0.27) 0.027*
Chinese 43 0.31 (0.22, 0.41) 0.69 (0.59, 0.78) <0.0001* 0.09 (0.06, 0.18) 0.44 (0.29, 0.59) 0.47 (0.32, 0.61) 0.0001*
Japanese 86 0.38 (0.31, 0.46) 0.62 (0.54, 0.69) <0.0001* 0.19 (0.04, 0.27) 0.39 (0.29, 0.49) 0.42 (0.31, 0.52) 0.0001*
African 113 0.19 (0.14, 0.24) 0.81 (0.76, 0.86) <0.0001* 0.02 (−0.65, 0.04) 0.34 (0.25, 0.43) 0.65 (0.56, 0.72) 0.0001*
Gujarati Indians in Houston 88 0.65 (0.58, 0.72) 0.35 (0.28, 0.42) >0.05 0.46 (0.35, 0.56) 0.39 (0.28, 0.48) 0.16 (0.08, 0.24) >0.05

ATM gene: Ataxia telangiectasia mutated gene. Values in parentheses indicate 95% confidence interval. Chi-square test was used. *P < 0.05 is considered statistically 
significant
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