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Abstract

Background: An effective B-catenin/Transcription Factor 7 Like 2(TCF7L2) axis is essential in transcription of Proglucagon gene for
synthesis of GLP-1. It upholds B-cell health, augments glucose-dependent insulin processing, secretion and also suppression of postprandial
glucagon secretion. TCF7L2 gene polymorphism atrs7903146 and rs12255372 which are in strong linkage disequilibrium with microsatelite
DG 10S478 had shown robust association with T2DM in various population. Hence we aimed to study association between TCF7L2 gene
polymorphism and T2DM among Chennai suburban population.

Materials and Methods: This case—control study included 44 T2DM cases with 44 age and gender matched healthy controls. Genotyping
done by Restriction Fragment Length Polymorphism- Polymerase Chain Reaction for rs7903146(C/T) and by Allele specific Amplification
Refractory Mutation System for rs12255372(G/T).By Hardy-Weinberg law, frequency of genotype distribution were compared using Chi-
square (2) test.

Result: At rs7903146 (C/T),T allele frequency was significantly higher in diabetic group(30.7%) than control group(2.0%) with odds ratio
0f'0.19(95% CI1 0.04-0.83, p<0.001).Whereas at rs12255372, T allele frequency in cases and control were 23.9% and 15.9%, with odds ratio
1.66(95% CI1 0.78-3.53, p=0.093) showing no significant difference. Genotype distribution obeyed Hardy-Weinberg law being in equilibrium.
This study found significant association of TCF7L2 gene polymorphism at rs7903146 with T2DM which affect GLP-1 gene expression leading
to increased risk of diabetes. TCF7L2 gene polymorphism at rs12255372 (G/T) did not show association with T2DM in this population.
Conclusion: Our finding support that as in many ethnic groups, the TCF7L2 gene polymorphism at rs7903146 (C/T) could be an important
genetic risk factor for T2DM in Chennai suburban population.
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Introduction
Diabetes Mellitus is an emerging modern epidemic which
is threatening health system of many nation. According to
International Diabetic Federation (IDF), the prevalence of
Diabetes was about 415 million in 2015 which may expand
to 642 million in 2040." Also in 2015, Diabetes prevalence in
urban environment was 269.7 million which is high compared
to rural environment with 145.1 million. Hence, Type 2
Diabetes Mellitus (T2DM) stands as the most challenging
health problem in this 21* century. In current situation many
research is needed about diabetes because of its irreversible
consequences such as reduced life expectancy by nearly
15 years, increased risk of cardiovascular disease by 2 to
4 times, and as the leading cause for kidney failure, lower
limb amputations and adult — onset blindness. Only by early
detection and modification of genetic and environmental
factors, one can either delay or even prevent the onset of
T2DM. India being one of the countries with largest diabetic
population among many ethnic groups, a detailed study
on various genetic factors of T2D on every ethnic group is
thought to be very essential.

The multihormonal view of glucose homeostasis states
that various hormones such as insulin, glucagon, amylin,

glucagon like peptide-1, glucose—dependent insulinotropic
peptide, epinephrine, cortisol and growth hormones
regulate glucose metabolism.? Along these hormones
various neurotransmitters are released in response to
nutritional, emotional and environmental changes which
maintain blood glucose level but they are still not revealed
completely. All these regulating factors are grouped
as genetic and epigenetic systems which interact with
an equitably complex environmental and behavioral
factors.® Hence with the advancing genotyping techniques
the Genome-wide association studies (GWAS)* were
done which show a strong interaction between genetic
and environmental factors. Genes such as CDKALI,
CDKN2A, CDKN2B, MTNRIB, TCF7L2, KCNIJI1I,
FTO, IRS1, PPARG were associated with T2DM.’ Here,
the major issue in Diabetes biology is to identify the
occurrence and prevalence of common genetic variant
in different population. In India, due to wide ethnic
diversity, Gene analysis among Indian population gave a
heterogeneous picture. There was a big difference in the
risk allele frequency and pattern of linkage disequilibrium
compared to Europeans. The most common genes that have
been associated with T2DM in Indian population were

190 International Journal of Clinical Biochemistry and Research, April-June, 2019;6(2):190-196



B. Lavanya Devi et al.

Association of variants of the TCF7L2 Gene at rs7903146(C/T) and rs12255372(G/T)...

PPARG, KCNJ11, TCF7L2, SLC30A8, HHEX, CDKN2A,
IGF2BP2, and CDKAL1.%” Among all, the Transcription
Factor 7 Like 2 (TCF7L2) gene show a strong association
with T2DM both in Indian and European population.® '

The TCF7L2 gene codes for transcription factor which
plays an imperative role in insulin release and regulation of
blood glucose homeostasis, cell proliferation and satiety.
The transcription factor TCF7L2 initiates transcription of
complex Proglucogon gene which are present in o cells of
endocrine pancreas, enteroendocrine L cells of intestine and
brain neuronal cells via the Canonical Wnt signaling pathway.
Specifically in intestine, in the enteroendocrine L cells of
distal ileum the transcription of Proglucogon gene followed
by differential tissue specific post translational processing
yields Glicentin, Oxyntomodulin, two Glucagon like peptides
(GLP-1 and GLP-2) and an intervening peptides 2(IP-2).This
is activated by Prohormone Convertase 1(PC1).”> Among
all, incretin hormone GLP-1 regulates-synthesis, processing,
secretion of insulin, proliferation and neogenesis of B-cell
of pancreas and also protection of B-cells against apoptosis.
GLP-1 also maintains the integrity of insulin sensitivity on
tissues.'*!'* Many researches state that metabolism of GLP-
1 depends on components in diet, blood glucose level and
the hormonal signals. This mutual regulation between GLP-
1 and glucose metabolism is said as Glucose Competence
Concept." Finally insulin release from the readily releasable
and immediately releasable pool of primed and docked
granules are triggered by the synergistically acting K-ATP
channel-dependent and independent signaling pathways.
Again these are intrinsically regulated by the Enteroinsulinar
axis via the neural, hormonal and the circulating nutrient
metabolites.'*'* TCF7L2 is found to be the initiating factor
for entire cascade of Glucose metabolism.

As determined by Duval et al., (2000), the gene encoding
TCF7L2 gene is in high mobility group (HMG) box with 17
exons."” By Grant et al., for TCF7L2 gene 228 microsatellite
markers were genotyped.”” The TCF7L2 gene spans ~216kb
with approximately 750 single nucleotide polymorphism.
From the International HapMap project data, TCF7L2 was
found to span several linkage disequilibrium [LD] blocks.?
The SNPs associated with T2DM forms the largest LD block
which spans ~65kb.This LD block begins from middle of the
intron 3 and ends at the first seventh of intron 4.2 Specifically,
the two SNPs at rs12255372 and rs7903146 were in strong
linkage disequilibrium with Microsatellite DG 10S478. This
might lead to altered GLP-1 function and concentration which
causes reduced postprandial insulin secretion and enhanced
rate of hepatic glucose production.?'*

This reflected that the insulin metabolism can be altered by
the polymorphisms in TCF7L2 gene leading to inappropriate
insulin secretion and action.”® The polymorphic variants of
TCF7L2 gene identified in different population are rs7903146
(C/T), 157901695 (T/C), rs12255372 (G/T) and rs11196205
(G/C). Amongst, the SNP atrs12255372 and rs7903146 show
a strong association with T2DM in many populations all
over the world.” Hence, we decided to conduct a study to

analyze the association of TCF7L2 gene polymorphism for
1s7903146(C/T) and rs12255372(G/T) variants with T2DM
for Chennai suburban population in India.

Materials and Methods

Study Population

This case-control study was conducted in Govt. Kilpauk
Medical College and Hospital (GKMH), Chennai by
recruiting subjects attending diabetic and general outpatient
department. Based on convenient sampling method, the
sample size for this study was 44 known T2DM patients under
drug treatment and 44 age with gender matched non—diabetic
controls from volunteer population. Controls were selected
among subjects with their HbAlc value within normal
range based on American Diabetic Association—diagnostic
criteria.” After screening for 53 controls who volunteered
for the study, 44 controls were included and 9 subjects were
excluded as their HbAlc value were found to be in Diabetic
range. Exclusion criteria were subjects with known history of
T1DM, other endocrine disorder and pregnant women.

The Institutional Ethics Committee of Govt. Kilpauk
Medical College under The TN Dr.MGR Medical University
approved the study protocol. After obtaining informed
consent from the participants, under aseptic condition Sml
of postprandial venous blood samples were collected. Then
2ml of this blood was transferred to EDTA tube for HbAlc
estimation by HPLC method. Remaining 3 ml of blood was
transferred to another EDTA tube which was centrifuged at
2500 rpm for 20 minutes. From this buffy coat was extracted
carefully and used for DNA extraction using Genomic
DNA Minispin Prep kit by HELINI in Genetic laboratory
at GKMH, Chennai. Later the plasma was separated and
stored at -20*C for analysis of Glucose (glucose oxidase—
peroxidase  method), serum  Cholesterol(Cholesterol
Esterase—Cholesterol Oxidase CHOD-PAP) and High-
density lipoprotein (HDL)-cholesterol (Direct, Enzymatic)
in Robonic chemistry auto analyser, at Central biochemistry
laboratory, GKMH.

Molecular Genotyping

The DNA extracted from the buffy coat was based on low salt
elution method — which is exclusive silica based membrane
technology in the form of convenient spin column.
Extracted DNA was run in 1.2% agarose gel electrophoresis
by comparing with a known molecular weight, 100 bp
DNA ladder or Lambda EcoRI/Hind III DNA marker.
Concentration of extracted DNA was estimated using UV
spectroscopy at 260nm where the absorbance was 0.0066.
Then the concentration was calculated using formula:-

1 OD is equivalent to 50pg/ml

Concentration of DNA = absorbance x 50pug/ml

x dilution factor = 0.0067 x 50 x 60 =20 ng/ul

Also the Purity of extracted DNA was assessed by 260/280
ratio and it was found to be > 1.7.

Then the TCF7L2 gene  polymorphism  for
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rs7903146(C/T) was determined by PCR—RFLP technique
and for rs12255372(G/T) by Allele specific PCR-
ARMS(Amplification ~ Refractory = Mutation  System)
technique in CYBERLAB SMART PCR-PRO thermal cycler.

For rs7903146(C/T) polymorphism, the gene of interest
having 578bp size was amplified using the two primers:
Forward 5>-CTG TTT CTT GCT TAG TCA CTT TCT G-3’
and Reverse 5-CTT TCA CTA TGT ATT GTT GCC AGT
C-3’. PCR done with reaction volume 20ul which contained
10ul of master mix, 2.5ul(10pmols) of each primer and

Sul (100ng) of DNA. Composition of 2X PCR master
mix were 10mM of Tris Hcl and 50mM of KCI as buffer,
2mM of MgCl2, 200uM of each dNTP’s and 1.25 U of Taq
polymerase. PCR was done under following condition: initial
denaturation at 95°C for Smin, followed by 34 amplification
cycles of denaturation at 95°C for 30s, annealing at 56°C for
30s, extension at 72°C for 30s and final extension at 72°C
for 9min. A 20ul of the PCR products were digested for 2h at
65°C with 10U of Hpy-CH4III restriction enzyme. Digested
gene products were visualized by 3% agarose electrophoresis

Fig. 1: Restriction Digestion Product by RFLP-rs7903146
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Table 1: Anthropometric and Biochemical analysis of the study group

Cases (n) Controls(n) P value
N 44 44 0.921
Men/Women 20/24 20/24 0.584
Age(yrs) 49.7 (+ 8.5) 45.2 (+8.3) 0.921
BMI(kg/m2) 25.5(+4.7) 27.1 (+3.3) 0.081(NS)
Waist circumference 103.4 (+ 15.5) 94.5 (+ 8.15) <0.001
BI Glucose (mg/dL) 244 .8(+ 85.3) 108.6( + 23.5) <0.001
HbAlc 8.42 (+1.83) 5.21(+ 0.37) <0.001
Total Cholesterol (mg/dL) 174.8 (+27.1) 169.8 (+20.5) 0.325(NS)
HDL Cholesterol (mg/dL) 43.8 (+8.77) 44.7 (+7.47) 0.611(NS)
Urea (mg/dL) 24.05(+4.62) 25.54(+5.93) 0.190(NA)
Creatinine (mg/dL) 0.862(+0.15) 0.97(+0.16) 0.002(NA)
NA not applicable, NS not significant

and based on the fragment size of the restriction enzyme
digested product, three genotypes were determined: CC
genotype with 400 and 178 bp, CT genotype with 578, 400
and 178 bp and TT genotype with 578bp (Fig.1).

For rs12255372(G/T) polymorphism, allele
specific ARMS-PCR was done using Forward primer
5’-GAGGCCTGAGTAATTATCAGAATATGATC-3",
Reverse primer 5’-AGTCATTTGATGATTGTTTTGTTAAT
GGC-3> for G allele and Forward primer
5’-CTGCCCAGGAATATCCAGGCAAGAGTT-3’, Reverse
primer 5’-GAGAGAGTGCACTAAAGACGTGGATTC T-3°
for T allele. The PCR cycles had: Smins at 95°C, followed by
34 cycles of 1min at 95°C, 1min at 64°C and 1min at 72°C.
Final extension was Smin at 72°C.The PCR products (271
bp for G allele and 181 bp for T allele) were identified and
analysed on 2% agarose gel stained with ethidium bromide
by comparison with a known 100 bp DNA ladder. (Fig. 2)

Finally the genes were visualized under UV illumination
and subsequently the images were Gel documented in Life
Technologies Gel-doc system. The amplified PCR products
were analysed for its accuracy of genotype discrimination
by automated sequencer (ShrimpexBSC6616-Applied
Biosystems). Two random PCR products were selected and
by direct sequencing the results were validated.

Statistical Analysis
Data was analyzed with SPSS software, version 12.

Comparison between groups were done by student t-test.
Genotype and allele frequencies were compared using the
x2 statistics. By logistic regression analysis, odds ratio
with two tailed p values and 95% confidence intervals(CI)
were calculated to assess strength of association. Level of
significance for p-value was set at point < 0.05. The frequency
of genotypes were tested for Hardy-Weinberg equilibrium.

Results

The details of Clinical and Biochemical features of the study
participants are given in Table 1. The data show that waist
circumference show significant difference between cases and
controls (p<0.001) rather than Body mass index. Genotype
and allele frequencies data for rs7903146 and rs12255372
variant are presented in Table 2 & 3 respectively. The
genotype frequency obey Hardy-Weinberg law and are in
equilibrium (p value = 0.748). In this study, genotype and
allele frequencies between cases and controls yield significant
difference in 1s7903146(C/T) variant only.

For TCF7L2 rs7903146(C/T) polymorphic variant, the
frequency of minor allele(T) was greater in diabetic group
(30.7% ) against control group (2.3%) which show that T
allele has significantly increased risk for T2DM in this study
population. Logistic regression analysis show significantly
increased risk for T2DM with minor allele genotype (CT)
compared with CC reference genotype with an OR of 0.33
(95% CI 0.07-1.56, p<0.001) (Table 2).

Diabetes in the study gro

Table 2: Genotype and Allele frequency of the rs7903146 (C/T) polymorphism and association of this variant with Type 2

Genotype Cases Controls Unadjusted OR (%95 CI) P value
rs7903146 (C/T) (n=44) (n=44)
CT 27 (61.4%) 2 (4.5%) 0.33 (0.07-1.56) <0.001
CC 17 (38.6%) 42 (95.5%) Reference
Frequency of T allele 30.7% 2.3% 0.19 (0.04-0.83) <0.001

Data are presented as mean + SD
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Table 3: Genotype and Allele frequency of the rs12255372(G/T) polymorphism and association of this variant with type 2
diabetes in the study group
Genotype Cases Controls Unadjusted OR (%95 CI) P value
rs12255372(G/T) (n=44) (n=44)
TT 1(2.3%) 2 (4.5%) 0.67 (0.06 - 7.79) NS
GT 19(43.2%) 10(22.7%) 2.53 (1.01 —6.42) NS
GG 24(54.5%) 32(72.7%) Reference
Frequency of T allele 23.9% 15.9% 1.66 (0.78 - 3.53) NS
Data are presented as mean + SD

For rs12255372(G/T) polymorphic variant analysis did not
yield significant difference on genotype and allele frequencies
which represent the lack of association between TCF7L2
gene polymorphism at rs12255372 and T2DM in this study
population with OR as presented in Table 3.

Discussion

T2DM is a metabolic disorder with heterogeneous etiology.
Many genetic and acquired factors contribute to diabetes
where each were also found to have an additive effect on
each other. Though genetic factors depend on its pattern of
inheritance, their expression is regulated by environmental
factors through epigenetic mechanism. This emphasizes that
the primary level of prevention for Diabetes starting from
lifestyle modification could be a better intervention. Many
genes have been identified to be associated with Diabetes. Yet
the prevalence of their polymorphism in various ethnic groups
has to be evaluated as it has an impact on the expression of
genes.”

Though many researches proved various candidate
genes to be associated with T2DM in different population,?
recent focus were on the TCF7L2 gene that regulate GLP-
1 (incretin hormone) metabolism. Synthesis of GLP-1 is
initiated by TCF7L2 factor via Wnt 3 catenin pathway.
TCF7L2 is the only gene with intronic SNP (rs7903146,
1s12255372, rs4506565) that showed significant association
with T2DM and this has been also been replicated in many
population.”>?Our study adds to this epidemiological data
which specifically pinnacles the genetic determinant of the
modern epidemic T2DM.

In our study we have found that among genetically
distinct South Indian Chennai population, TCF7L2 gene
with polymorphism at rs7903146(C/T) show increased
susceptibility to T2DM and rs12255372(G/T) did not
find any association. For polymorphism at rs7903146, the
polymorphic genotype (CT,TT) frequency is significantly
increased in diabetic group (61.4%) compared to control group
and it is consistent with study on Indian population (59.1%)
and various world population like UK (61.5%), Dutch(60%),
Sweden (45.2%). The frequency of T allele was significantly
higher in diabetic population (30.7%) which is in accordance
with study on south Indian population(33%),western Indian
population(37%) and world population like Dutch(34%),
Sweden(22%).%10:26:28:30

The polymorphism at rs12255372(G/T) was not

significantly associated with T2DM with a low frequency
of risk T allele in diabetic group(24%) which is similar
to study on other ethnic population in India. The T allele
frequency were found to be (24%) in study by Uma Jyothi
et al ,(30%)Chandak et al and (3.6%) in Japanese. This
states that TCF7L2 at rs12255372(G/T) has reduced risk for
T2DM compared to other sites.****! This is in contradiction
to study on world western population where the frequency
of the risk T allele at rs12255372 is higher compared to
other risk alleles in various restriction sites, as in US(33%),
Cameroonian (44%), Dutch(34%).%°%** Among all, in the
Arab and Japanese population, there is a low frequency of
risk T allele at both restriction site - rs7903146, rs12255372
of TCF7L2 gene though this gene polymorphism is
significantly associated with T2DM in them.*!-*

Conclusion

Our study shows a significant association of TCF7L2 gene
polymorphism particularly for the intronic variant rs7903146
with T2DM among urban Chennai population. Previous
study stated a mechanism that the alternative splicing sites
and the alternative transcription start site in the promoter
region led to the synthesis of multiple TCF7L2 protein
isoforms and they were found to either activate or repress the
Wnt signaling pathway. But the mechanism behind TCF7L2
variant affecting its expression or protein product formation
is unclear and also the reason why specifically the impaired
action of rs7903146 variant of TCF7L2 gene affect beta cell
function is not clearly understood. However, the findings
suggest that TCF7L2 genotyping could have valuable clinical
application in near future as these genetic variants have been
consistently associated with T2DM and it may require a fast
and economic assays to meet the needs. The MALDI-TOF
mass spectroscopy using SEQUENOM platform and TagMan
SNP genotyping assay are the sophisticated technologies
that require expensive dedicated instrumentation and
maintenance. Practically every genetic laboratory has standard
PCR instruments which is highly desired for genotyping
by the routine PCR-RFLP method. Our study have added
significance to this allele-specific PCR-ARMS methodology
for genotyping rs12255372 variant by this method which
was simple and also rapid. The procedure for this method
has been detailed. The results were supporting the evidence
as given by earlier studies®* and we also confirmed by gene
sequencing on random sample. However in this genetic study
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that gave significant and essential results, the small sample
size would have been the cause for low statistical power and
this can be overcome by doing replicative study on large
sample size.

Conflict of Interest: None.
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