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ABSTRACT
Background: Genetic predisposition plays a critical role in the incidence of type 2 diabetes mellitus (T2DM). While
a few reports strongly associate TCF7L2 gene polymorphisms in the T2DM incidence in India, data pertaining to the
prevalence of these polymorphisms in the south Tamil Nadu population has been lacking. Hence, the present study
aims to determine the prevalence and association of the TCF7L2 gene variants rs7903146, rs12255372 in the regional
population of south Tamil Nadu.
Methods: Peripheral blood samples from controls, T2DM patients were utilized to isolate genomic DNA and
genotyping was carried out using PCR based strategies, direct sequencing. Socio-demographic details, anthropometric
measurements, determination of postprandial, random blood glucose levels and oral glucose tolerance test (OGTT)
were further carried out to evaluate the predisposition risk for T2DM.
Results: 50% of the control group participants and 73.9% of the T2DM patients were positive (CT/TT) for the
TCF7L2 polymorphism rs7903146. The rs12255372 SNP was less prevalent in the controls, patients and was
dispersed in only 25% of the controls and 60.9% (GT/TT) of the patients. The 60 minutes plasma glucose levels for
the oral glucose tolerance test (OGTT) was higher (143.3±19.8) in the rs7903146 and rs12255372 positive control
participants.
Conclusions: The study results reveal that TCF7L2 polymorphisms are dispersed in the regional population and
further large scale, long term follow up studies will aid preventive and therapeutic measures in T2DM.
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typically characterized by increased visceral fat, waist
circumference, hyper insulinemia and insulin resistance.1

INTRODUCTION
Statistical evidences indicate that 62.4 million people are
diabetic in India and more alarmingly about 77.2 million
people are pre-diabetic, attributing to the fact that India
ranks second in the global prevalence of diabetes. A
strong influence of genetic factors in the risk of incidence
of diabetes in Indians has been suggested because Indians
exhibit diabetes prone ‘Asian Indian phenotype’ that is

Single nucleotide polymorphisms (SNPs) are highly
incident and widely established genetic variants that are
genetically mapped to disease incidence, progression.
T2DM specific linkage and functional studies pinpoint
that the transcription factor 7-like 2 (TCF7L2) Wnt
pathway regulatory gene located in chromosome 10q25.3,
plays an important role in islet cell survival, proliferation,
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regeneration, synthesis of the incretin GLP-1 (glucagon
like peptide-1), lipid and glucose metabolism and is
strongly associated with the risk of incidence of T2DM.2-7
The rs7903146, rs12255372 intronic variants of the
TCF7L2 gene are reported to functionally impair
glucagon, insulin, incretin secretions; impair glucose
regulation, tolerance and modulate body mass index
(BMI).8,9
While population specific studies on the association of
TCF7L2 with T2DM in regions of North India, Chennai
and Hyderabad exists, the prevalence and distribution of
these allelic variants in south Tamil Nadu has been
obscure.10-13 Hence the present study aims in determining
the incidence and prevalence of the TCF7L2
polymorphisms rs7903146, rs12255372 in the regional
south Tamil Nadu population, and understand their
influence in the risk of incidence of T2DM.
METHODS
The risk of T2DM incidence in the rs7903146,
rs12255372 SNP positive participants was aimed to be
determined at Alpha hospital and research centre/Alpha
health foundation, south Tamil Nadu, India. The study
was conducted over a period of 11-12 months (February
2018–January 2019) with the approval of the Institutional
Ethical Committee (AHRC). Upon informed consent,
socio-demographic details, anthropometric measurements
and biochemical assessments (blood pressure,
postprandial and random blood glucose levels) were
carried out in the study population. OGTT (oral glucose
tolerance test) was further carried out (overnight fast,
administration of 75 g of oral glucose) and determination
of plasma glucose levels at 60, 120 minutes.
Genomic DNA was extracted from peripheral blood
samples of 20 healthy non-diabetic controls and 23
T2DM patients, using a QIAamp DNA Blood Mini Kit
(QIAGEN India Pvt. Ltd, New Delhi, India) according to
the manufacturer’s protocol. Quantitative and qualitative
(260/280 nm absorbance ratio) assessment of the DNA
samples were carried out using a nanodrop, Thermo
scientific, India. Determination of the presence of the
TCF7L2 polymorphism rs7903146 was carried out by
PCR amplification of a region corresponding to a 318 bp
product using the forward primer 5’-GGTAATGCAGA
TGTGATGAGATCT-3’, and the reverse primer 5’-AGA
TGAAATGTAGCAGTGAAGTGC-3’.
The
PCR
conditions pertained to an initial denaturation of 3
minutes at 94°C followed by 32 cycles of denaturation
for 1 minute at 94°C, annealing for 1 min at 58°C and
extension for 1 min at 72°C and final extension of 5 min
at 72°C.
A 352 bp PCR product encompassing the region
corresponding to the rs12255372 SNP was obtained using
PCR with the conditions pertaining to the initial
denaturation of 5 minutes at 94°C, followed by 30 cycles
of denaturation for 1 minutes at 94°C, annealing for 30

seconds at 52°C and elongation for 1 minutes at 72°C,
with a final elongation of 5 minutes at 72°C, using the
forward primer 5’-TTTTGTTAATGGCTTGCAGGT-3’,
and the reverse primer 5’ GCGCATGCTAATTTCC
TGTC-3’. Allele specific PCR (T allele) was also carried
out for the TCF7L2 polymorphism rs12255372 (256 bp)
using
the
forward
primer
5'-TTTTGTTAAT
GGCTTGCAGGT-3' and 5'-GGCCTGAGTAATTA
TCAGAATATGATA-3' reverse primer (conditions
corresponded to initial denaturation of 5 minutes at 94°C,
followed by 30 cycles of 1 minutes denaturation at 94°C,
30 seconds annealing at 60°C, 1 minutes primer
extension at 72°C and final extension of 5 minutes at
72°C).
The PCR products were visualized after electrophoresis
using a UV gel documentation system (Medicare,
Chennai, India) and further gel extracted, purified and
utilized for direct sequencing (Agrigenome, Kochi,
Kerala). Statistical analysis was carried out using Graph
Pad Prism version 7.04 for Windows, Graph Pad
Software, La Jolla California USA.
RESULTS
Figure 1A, Figure 2B represent the PCR amplified
regions pertaining to a 318 bp product of the TCF7L2
gene that encompasses the single nucleotide change for
rs7903146 (C>T), and a 352 bp for the rs12255372
(G>T) SNPs, respectively. Figure 2A represents the allele
specific PCR product (256 bp) for identifying the
presence of the T allele change in the rs12255372 SNP
positive participants. Genotyping was carried out
utilizing direct sequencing of the PCR products and the
results (representative images presented in Figure 1B,
Figure 2C) enabled the identification of wild type,
heterozygous and homozygous carriers for the TCF7L2
SNPs.
Table 1: Genotype prevalence of the rs7903146 and
rs12255372 positive non diabetic controls and T2DM
patients of south Tamil Nadu, India.
Percentage
prevalence
Controls
Patients

rs7903146

rs12255372

CC
50
26.1

GG
75
39.1

CT/TT
50
73.9

GT/TT
25
60.9

Collectively, as indicated in Table 1 the percentage
prevalence of the rs7903146 (CT/TT) positive
participants tended to be 50% in controls and 73.9% in
T2DM patients. Around 50% of controls and 26.1% of
T2DM patients were negative (wild type CC) for the SNP
indicating that T2DM patients carrying the rs7903146
SNP were greater in the study population. The results
from the present study also highlights that only 60.9% of
the present study group patients were rs12255372 SNP
positive GT/TT carriers and 39.1% were negative for the
SNP presenting the wild type GG alleles. Taken together,
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the results from the present study indicate that prevalence
of TCF7L2 polymorphisms was significantly incident in

the T2DM population than the non-diabetic controls
(p<0.05).

Figure 1: Determination of the incidence of the TCF7L2 SNP rs7903146 in non-diabetic controls and T2DM
patients using PCR and direct sequencing: (A) PCR amplification of a 318bp product that encompasses the
rs7903146 intronic region. M-100bp ladder; L2- L5: controls, L6-L11:T2DM patients. The product was
electrophoretically separated and visualized in a 1% agarose gel; (B) Representative images for the direct
sequencing results of a heterozygous positive T2DM patient sample. The forward and reverse sequences were
aligned and the C to T change is presented in the aligned forward and reverse sequences.
Table 2: Age, BMI and postprandial blood glucose levels of the TCF7L2 rs7903146, rs12255372 SNP positive and
negative patients. Data presented are mean±SEM.
TCF7L2
Polymorphisms
Age
BMI
PPBS

rs7903146
Controls
CC
26.50±1.6
24.59±1.5
105.2±2.8

Patients
CT/TT
CC
28.13±2.6 39.4±2.01
25.13±1.3 27.21±2.5
108.2±4.8 312.4±37.8

Further, in order to understand the impact of the
rs7903146 CT/TT genotypes on the OGTT of the non
diabetic controls (mean age 26.15±1.4), we tested glucose
tolerance following prior studies on consenting carriers
and non-carriers after an overnight fast and subsequent
75g glucose administration (Fig. 3A, 3B). As observed
from the results presented in Fig.3A, the plasma glucose
concentrations in both the rs7903146, rs12255372
carriers was higher (143.3±19.8) than the non-SNP
carriers (118.6±6.3), amidst the non-diabetic controls.
Earlier studies have reported abnormal plasma blood
glucose levels in non-diabetic rs7903146 carriers when
compared to the wild type carriers 9, and in concordance
with such studies, the present study OGTT assessments
evidence that while the rs7903146 negative CC carriers in
the control non-diabetic group exhibited a lower mean

rs12255372
Controls
CT/TT
GG
GT/TT
32.07±5.7
26.5±1.7 29±5.6
30.17±2.3
23±0.9
28.5±2.2
232.83±32.2 103.7±2.4 121.0±2.3

Patients
GG
37.1±1.8
26.8±1.8
310.2±34

GT/TT
37.4±3.1
30.4±2.4
229±32.2

(116.4±6.6) blood glucose level, the rs7903146 SNP
positive group presented a close to significance, higher
mean value (127.0±10.8), indicating the need for further
large scale studies.
Since several evidences have brought forward that
TCF7L2 polymorphisms modulate BMI in the carriers,
we analyzed the BMI data in the rs7903146, rs12255372
positive participants and compared them with the
negative participants.8 Based on the data presented in
Table 2, it can be observed that among the non-diabetic
controls, the BMI of rs7903146 positive CT/TT group
(25.13±1.3) was marginally higher than the negative CC
group (24.59±1.5). Similarly, while the non-SNP carrier
T2DM patients presented a mean BMI value of
27.21±2.5, the rs7903146 SNP carrier patients presented
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a mean of 30.17±2.3. The present study results also bring
forward a similar trend in the BMI among the
rs12255372 SNP positive non-diabetic and diabetic
participants. The heterogeneous, homogenous carriers for

the SNP presented a higher BMI level (28.5±2.2,
30.4±2.4 respectively) when compared to the non-carrier
wild type participants (23±0.9, 26.8±1.8 respectively).

Figure 2: Determination of the incidence of the TCF7L2 SNP rs1225536 in non-diabetic controls, T2DM patients
using allele specific PCR (ASP) and direct sequencing: (A) representative image of the results from ASP (T allele):
M–100 bp ladder, L1-L6 and L9 are negative for rs1225536; L7, L8, L10, L11, L12 are positive for the 256 bp T
allele specific product; (B) PCR amplification of a 352 bp product that encompasses the rs12255372 intronic region,
M-50 bp ladder; L1-L2: controls, L3-L6:T2DM patients. The product was electrophoretically separated and
visualized using a 1% agarose gel; (C) representative images for the direct sequencing results of a heterozygous
positive T2DM patient sample. The change in nucleotide G to T for the TCF7L2 rs1225536 is presented in the
aligned forward and reverse sequences.

DISCUSSION
The current situation in the Indian diabetic scenario could
be described as a crisis situation as statistical evidences
proclaim that 101.2 million Indians would be diabetic by
2030.14 Therefore management strategies primarily
underline the critical need to prescreen for diabetes and

predict the possible risk of incidence of T2DM in the
healthy, young, non-diabetic population. Despite such an
urgent need, the incidence, prevalence and association of
the TCF7L2 polymorphisms in the south Tamil Nadu
population has been obscure and hence the present study
aimed to determine the prevalence of rs7903146,
rs1223572 in the non-diabetic and diabetic regional south
Tamil Nadu population. The study results revealed that
the percentage prevalence of the rs7903146 TCF7L2

International Journal of Community Medicine and Public Health | March 2019 | Vol 6 | Issue 3 Page 1028

Ramanathan B et al. Int J Community Med Public Health. 2019 Mar;6(3):1025-1030

SNP, followed by the rs12255372 was relatively higher
in the T2DM participants and is in conjunction with other
earlier reports that investigated the prevalence of these
SNPs.1,2,15,16

contradiction to such reports and presents a marginal
increase in the mean of the SNP positive participants, it
would only be agreeable that such a finding could
significantly change with an increase in sample size. In
contrast to the association of the rs7903146 SNP with
lean body mass, the rs12255372 GT/TT genotype has
been strongly associated with metabolic syndrome/
increased waist circumference.23-25 Hence it could be
suggested that the present study data may fall in line with
these reports, as the rs12255372 positive participants
tended to exhibit a relatively greater BMI and abnormal
OGTT results.
Taken together, the present pilot study data indicates that
the TCF7L2 polymorphisms are frequently incident in the
south Tamil Nadu non diabetic and diabetic T2DM
population. Hence screening for the TCF7L2 SNPs
rs7903146 and rs12255372 polymorphisms in the south
Tamil Nadu population would serve to prevent further
incidence of T2DM.
CONCLUSION

Figure 3: Oral glucose tolerant test in non-diabetic
control participants: (A) plasma glucose
concentration (60, 120 minutes) was assessed after an
overnight fast and 75 g oral glucose in non-diabetic
controls. The rs7903146, rs12255372 SNP positive
participants presented a higher plasma glucose
concentration at 60, 120 minutes; (B) plasma glucose
concentration (60, 120 minutes) during an OGTT test
in non-diabetic controls. The rs7903146 participants
displayed higher levels of plasma glucose
concentration at 60 minutes in comparison to the
other groups. Data presented are mean±SEM.
Mechanistic studies addressing the presence and
association of these polymorphisms in the risk of
incidence of T2DM highlight that carriers of the SNPs
exhibit modulations in glucagon and insulin secretion,
oral glucose tolerance, leptin regulation and adipose
tissue metabolism.1,8,9,17 In order to understand the risk of
incidence of T2DM in the non-diabetic controls (mean
age 26.15±1.4) of the present study we carried out an
OGTT and similar to other earlier reports, the present
data also indicates that the risk allele carriers exhibited
relatively higher plasma glucose levels, thus indicating
that proper counseling, dietary interventions and physical
exercise could play a vital role in the preventive
management of T2DM.
Strong research evidences in the recent decade have also
pinpointed that genetic factors attribute for 50-80% BMI
variations, and amidst several loci that influence BMI, the
rs7903146 TCF7L2 SNP is widely associated with a lean
body mass.18-22 While the current study BMI data is in

Screening for the rs7903146, rs12255372 TCF7L2
polymorphisms in the south Tamil Nadu population
would promote awareness regarding the genetic factors
influencing the incidence of T2DM, and enable activities
that would prevent its incidence in the genetically
predisposed population.
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