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Abstract
Introduction: Type 2 diabetes mellitus (T2DM) mainly results from the inability of muscle, fat, and liver cells
to uptake glucose due to insulin resistance or deficiency of insulin production by the pancreas.
Predisposition to T2DM may be due to environmental, hereditary, or both factors. Although there are many
genes involved in causing T2DM, transcription factor 7-like-2 gene (TCF7L2) rs7903146 (C/T) single
nucleotide polymorphism (SNP) found in genome-wide association studies (GWAS) is susceptible to T2DM.
TCF7L2 is involved in pancreatic beta cell proliferation and differentiation via the Wnt signaling
mechanism.

Objectives: To find the genetic association of TCF7L2 rs7903146 (C/T) gene polymorphism in patients with
T2DM.

Methods: A case-control study was conducted on 194 T2DM patients recruited from the endocrinology
department at Indira Gandhi Institute of Medical Sciences, Patna, and 180 non-diabetic healthy controls
that were age and sex-matched with the patients. All clinical examination and biochemical investigations
like glycosylated hemoglobin (HbA1c), total cholesterol, triglycerides, high-density lipoprotein-cholesterol,
and low-density lipoprotein-cholesterol; and determination of TCF7L2 gene polymorphism by allele-specific
polymerase chain reaction (AS-PCR) were carried out for each subject.

Results: The T allele of the rs7903146 (C/T) SNP was associated with a two-fold higher risk of T2DM and the
heterozygous genotype (CT) with a 1.96 times higher risk.

Conclusion: There is a high association of this SNP with the development of T2DM in the eastern Indian
population. Serial monitoring of HbA1c should be done in an individual having this type of polymorphism
for early detection of T2DM to prevent future complications. 

Categories: Endocrinology/Diabetes/Metabolism, Preventive Medicine, Genetics
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Introduction
Diabetes is a chronic, metabolic disease characterized by elevated levels of blood glucose (or blood sugar),
which leads over time to serious damage to the heart, blood vessels, eyes, kidneys, and nerves. The most
common is type 2 diabetes, usually in adults, which occurs when the body becomes resistant to insulin or
doesn’t make enough insulin [1]. In recent years, the prevalence of diabetes in India has increased.
According to the data from the National Noncommunicable Disease Monitoring Survey, the prevalence of
diabetes in India was 9.3% in 2022 [2].

TCF7L2 is a nuclear receptor for CTNNB1 (B catenin) that is involved in the Wnt signaling pathway which
regulates the secretion of glucagon-like peptide-1 (GLP-1) produced by intestinal endocrine L cells.
Alteration in the Wnt pathway leads to reduced GLP-1 secretion which affects the insulin secretion and
generation of B cells. TCF7L2 is also involved in the activation of mRNA expression of glucagon and GLP-1
in the gut endocrine cell. It stimulates insulin secretion, inhibits glucagon, and increases insulin sensitivity.
Therefore, any defect in TCF7L2 predisposes the subject to type 2 diabetes mellitus (T2DM) [3].

The TCF7L2 gene is located on the long arm of chromosome 10. The single nucleotide polymorphism (SNP)
rs 7903146 is situated in the intronic region of the gene. TCF7L2 gene produces a transcription factor that is
important for the Wnt signaling pathway, and mutant alleles appear to be associated with dysfunction
in insulin secretion/beta-cell function [4].

More than 20 genes and their variants have been shown to be associated with diabetes out of which
transcription factor 7-like-2 (TCF7L2) rs7903146 (C/T) SNP gene polymorphisms have been frequently
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involved with T2DM [5].

In 2006, TCF7L2 gene polymorphisms were identified in the Icelandic population in a binding region of
chromosome 10 that were strongly associated with the risk of type 2 diabetes [6]. Soon this association was
found in several ethnic groups, with an allele relative risk of 1.4. This is the strongest association observed
among the genes generally associated with type 2 diabetes susceptibility [7].

The present study aimed to find the distribution and association of risk alleles for TCF7L2 rs7903146 (C/T)
SNP in the eastern population of India with T2DM.

Materials And Methods
Study design
It was a cross-sectional observational study conducted in the Department of Biochemistry at Indira Gandhi
Institute of Medical Sciences (IGIMS), Patna to know the association of TCF7L2 gene variants in type 2
diabetes patients in the Indian population. The study period was two years and a half years. Appropriate
informed consent was taken from all study subjects. The Institutional Ethics Committee, IGIMS, Patna
issued approval 63/IEC/IGIMS/2021.

Diagnosed cases of T2DM according to criteria laid by the American Diabetes Association (ADA) 2020 having
ages between 30-80 years were included in the case group. Patients not willing to participate in the study
and pregnant females were excluded from the study.

Sample size
The case group had 194 patients diagnosed with T2DM. In all 180 healthy volunteers, having age and sex
matched with the patient group, were recruited in the control group.

Sample collection
For plasma glucose estimation, 2 ml of fasting (fasting at least 8 h) and 2 ml of post-prandial blood samples
were drawn into fluoride tubes from all participants. Another 3 ml of blood was drawn in a plain vacutainer
tube and was used to analyze the biochemical parameters in serum. Apart from that a 2 ml of blood sample
was taken in an ethylenediaminetetraacetic acid (EDTA) tube for estimation of glycosylated hemoglobin
(HbA1C).

SNP analysis
For each subject, DNA was extracted using a QiAmp Blood DNA extraction kit (Qiagen, USA) out of
which 200µl blood was taken from the sample drawn for HbA1C estimation prior to centrifugation. The
absorption ratio A 260/280 and A 260/230 of the extracted DNA was measured using a Nanodrop
spectrophotometer. The quantity of extracted DNA was adjusted to a final concentration of 30 ng/µl suitable
for optimized polymerase chain reaction (PCR) protocol. Allele-specific PCR for SNP rs 7903146 located in
the TCF7L2 gene was carried out with the concentration-adjusted DNA sample. The 25 µl PCR reaction mix
consists of Go Taq PCR mix (Promega, USA) 12.5µl, 0.5µl of common reverse primer, 0.5µl of either of the
allele-specific primer mixed with 2.5 µl template DNA, and 9 µl water. The cycling parameter consists of

initial denaturation at 95oC for 8 min followed by 30 cycles of denaturation at 95 oC for 45 sec, annealing at

52oC for 1 min, and extension at 72oC for 40 sec. The final extension step was carried out at 72oC for 5 min.
For each subject, there were two separate PCR reactions with a combination of either C or T allele-specific
primer but the same common reverse primer (Table 1).
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Primers Primer sequence 5’ -3’

rs7903146 C GAACAATTAGAGAGCTAAGCACTTTTTAGAGAC

rs7903146 T GAACAATTAGAGAGCTAAGCACTTTTTAGAGAT

Common reverse primer AGATGAAATGTAGCAGTGAAGTGC

Sequencing primer TCF7L2_F ATGGTGACAAATTCATGGGC

Sequencing primer TCF7L2_R AGATGAAATGTAGCAGTGAAGTG

TABLE 1: Sequence of primers used in the AS-PCR reaction and sequencing reactions.
AS-PCR: Allele-specific polymerase chain reaction.

The amplified PCR product of these two reactions was run in separate adjacent lanes for each subject and
analyzed in 2% agarose gel stained with ethidium bromide under a UV light trans illuminator. The
appearance of the band in the lane loaded with C primer PCR reaction product indicates the presence of C
nucleotide at the SNP site and likewise, the presence of T nucleotide at the SNP site can be inferred by
observing the band in the lane with T primer PCR reaction product (Figures 1, 2).

FIGURE 1: Gel showing the amplified PCR product of T2DM subjects.
Lane 1: 50bp ladder. Lanes 2,3; 8,9: homozygous CC. Lanes 4,5;  6,7; 10,11: heterozygous CT. Lanes 12,13 C&T
pair: homozygous TT.

PCR: Polymerase chain reaction; T2DM: Type 2 diabetes mellitus.
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FIGURE 2: Gel showing the amplified PCR product of control subjects.
Lane 1: 50bp ladder. Lanes 2,3; 6,7; 8,9; 10,11: homozygous CC. Lanes 4,5; 12,13 C&T pair: heterozygous CT.

PCR: Polymerase chain reaction.

Estimation of biochemical parameters
Low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglyceride, total
cholesterol, HbA1C, and fasting and post-prandial plasma glucose levels were measured on AU 5800
autoanalyzer (Beckman and Coulter, USA).

Statistical analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS), version 16.0 (SPSS
Inc., Chicago, USA). The Shapiro-Wilk test was used to test the normality of the data. Categorical variables
were expressed as frequencies and percentages and continuous variables as medians and interquartile
ranges (IQR). Allele and genotype frequencies were compared using Fisher’s exact test. Differences in
clinical and biological parameters were compared between groups by non-parametric Mann-Whitney test.
The significance level was set at 5%.

Results
The mean age of the T2DM subjects was 54.5 ± 10.7 years and that of the control group was 44.68
±10.9 years. There were 129 males and 65 females who were diabetic and 95 males and 85 females were in
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the control group.

In the diabetic group, all parameters, viz. HbA1c, glucose (fasting, post-prandial, and random), LDL, very
low-density lipoprotein (VLDL), total cholesterol, and triglycerides were increased highly significantly.
Moreover, a significant decrease in serum HDL cholesterol was observed in the patient group (p < 0.05)
compared to the control group (Table 2).

Test parameters Cases (n=194) Median (IQR) Control (n=180) Median (IQR) p-value*

HbA1c (%) 7.45(2.2) 5.1(0.5) < 0.05

Fasting plasma glucose (mg/dl) 145(62.5) 102(22) < 0.05

Post-prandial plasma glucose (mg/dl) 247(122.5) 130(11) < 0.05

Random blood glucose (mg/dl) 198(71.5) 126.5(15) < 0.05

LDL cholesterol (mg/dl) 113(53) 66(24) < 0.05

HDL cholesterol (mg/dl) 39(10.25) 44.5(11) < 0.05

VLDL cholesterol (mg/dl) 29(15.25) 24(8) < 0.05

Triglyceride (mg/dl) 121(83) 76(24.75) < 0.05

Total cholesterol (mg/dl) 177(57.25) 124.5(26.75) < 0.05

TABLE 2: Comparison of various parameters in case and control group.
HbA1c: Glycosylated hemoglobin; HDL: High-density lipoprotein; IQR: Interquartile range; LDL: Low-density lipoprotein; VLDL: Very low-density
lipoprotein; *Mann Whitney test.

The TCF7L2 was genotyped in all studied subjects; the descriptive and comparative statistics of the genotype
frequencies of the TCF7L2 rs7903146 (C/T) polymorphism are illustrated in (Table 3). In diabetic patients,
24.2% had the wild-type CC genotype, 39.3% had the heterozygous CT genotype, and 16.5% had the mutant
TT genotype. On the other hand, 38.9% of the controls had the CC genotype, 48.3% had the CT genotype,
and 12.8% had the TT genotype. There were statistically significant differences observed between the cases
and controls regarding the genotype frequencies (p< 0.05).

Genotype Cases (n=194) Control (n=180) OR (95% CI) p-value*

TT (mutant) 32 23
2.072 0.027

CC (wild) 47 70

CT (heterozygous) 115 87
1.969 0.004

CC (wild) 47 70

Allele     

T 179 133
1.462 0.011

C 209 227

TABLE 3: Comparison between genotype and allele frequencies of rs7903146 TCF7L2 (C/T)
polymorphism in case and control group.
*Fisher’s exact test.

As for the allele frequencies, descriptive and comparative statistics in Table 3 show that the C allele was
present in 53.9% of the cases and 63.1% of the controls (p<0.05). The T allele was found in 46.1% of the
cases and 36.9% of the controls (p < 0.05). There was almost a two-fold risk associated with the mutant
homozygous TT genotype as compared to the wild-type CC genotype. A similar risk of 1.96 times was
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associated with heterozygote CT compared to CC.

For the comparison of the accuracy of the allele-specific polymerase chain reaction (AS-PCR) method used
for the study, we have randomly chosen the samples that were sent for sequencing. The result of the
sequencing was a 100% match to the finding of the AS-PCR genotyping method (Figure 3).

FIGURE 3: Sequencing result of the amplified PCR product having the
SNP site using sequencing primer TCF7L2_F and TCF7L2_R.
(a) CC homozygote for rs7903146 at 63rd position of the PCR product, (b) CT heterozygote, and (c) TT
homozygote.

PCR: Polymerase chain reaction; SNP: Single nucleotide polymorphism.

Discussion
In recent times diabetes in India has become a pandemic. This may be attributed to the shift in
environmental or lifestyle factors and susceptibility to hereditary genes which predisposes an individual to
T2DM. One of the major associated genes to T2DM reported by Grant et al. in their linkage study was
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TCF7L2 [6]. The study indicated the susceptibility of variants in rs7903146, rs12255372, and DG10S478
microsatellite. In the present study, rs7903146 SNP and its association with T2DM is investigated.

TCF7L2 gene belongs to the family of high mobility group box-containing transcription factors involved in
the Wnt signaling pathway. The SNP rs 7903146 is located on chromosome 10q25.3 in the 4th intron of the
TCF7L2 gene. The Wnt signaling pathway is involved in the regulation of cell proliferation, cell
differentiation, polarity determination, and tissue homeostasis during embryonic development [8].

Activation of the Wnt signaling pathway takes place when a Wnt ligand binds to a Frizzled family
transmembrane receptor on the cell. This is followed by an intracellular signaling cascade that leads to the
inactivation of a β-catenin destruction complex [9]. β-catenin is spared from destruction and eventually, it
moves from the cytoplasm to the nucleus. In the nucleus, it interacts with TCF7L2 protein and other
transcription factors. There it removes transcriptional repression and helps in recruiting coactivators for
inducing target genes [10]. TCF7L2 gene plays an important role in the development of pancreatic islet and
β-cell function via Wnt signaling. TCF7L2 protein induces the expression of various genes, including the
insulin tropic hormone glucagon-like peptide-1 (GLP-1) gene, the insulin gene, and other genes that encode
proteins involved in the processing and exocytosis of insulin granules [11]. Any alteration in transcriptional
regulation of target genes due to variation in the TCF7L2 gene leads to β-cell dysfunction, which is the main
etiology of T2DM.

The present study was conducted on 194 T2DM patients recruited from the endocrinology department at
Indira Gandhi Institute of Medical Sciences, Patna, and 180 non-diabetic healthy controls. In the diabetic
group HbA1c, and plasma glucose (fasting, post-prandial, and random) were increased significantly. This
was expected in diabetes, the occurrence of hyperglycemia is caused by deficient production of insulin and
insulin resistance. In the same diabetic subjects LDL, VLDL, total cholesterol, and triglycerides were also
increased highly significantly and HDL cholesterol was decreased significantly compared to the control
group. The cause of dyslipidemia in the diabetic group may be attributed to insulin resistance which exerts
its effect via different mechanisms. Insulin resistance is associated with reduced inhibition of hormone-
sensitive lipase in adipose tissue, thereby augmenting portal flux of free fatty acid (FFA). FFA and
triglycerides derived from FFA or FFA inhibit apolipoprotein B (apoB) degradation in the liver, thereby
stimulating the overproduction of VLDL1 and is metabolically associated with a preponderance of small
dense LDL and reduced large cholesterol-rich HDL2 [12].

Our study aimed to investigate the potential association of TCF7L2 rs7903146 polymorphism in T2DM
patients. We performed AS-PCR on the extracted DNA from the subjects. The genotype frequency observed
in diabetic patients, the wild-type CC, CT, and TT genotypes were 24.2%, 39.3%, and 16.5% respectively. On
the other hand, 38.9% of the controls had the CC genotype, 48.3% had the CT genotype, and 12.8% had the
TT genotype. There were statistically significant differences observed between the cases and controls
regarding the genotype frequencies (p< 0.05). C allele was present in 53.9% of the cases and 63.1% of the
controls (p<0.05). The T allele was found in 46.1% of the cases as compared to 36.9% of the controls (p<
0.05). This result shows the preponderance of the T-risk allele in the diabetic group.

There was almost a two-fold risk associated with the mutant homozygous TT genotype as compared to the
wild-type CC genotype. A similar risk of 1.96 times was associated with heterozygote CT compared to CC.

Our results were in agreement with studies done on the Indian population and other ethnicity around the
world. Chandak et al. have found a 1.46 times higher risk of diabetes in the south Indian population with the
rs 7903146 SNP mutant allele [13]. Uma et al. have found a strong association of TCF7L2 gene
polymorphisms with T2DM in the population of Hyderabad [14]. In the western Indian population, Chauhan
et al. reported a 67% higher risk associated with T2DM having TT homozygous for the SNP [15]. Sanghera et
al. and Bodhini et al. have also reported similar findings in their study on the north Indian Khatri and the
south Indian population respectively [16,17].

Ding et al. in their meta-analysis did not find significant heterogeneity in Caucasian, East Asian, South
Asian, and other ethnicity [18]. They have reported a significant association of rs7903146 with T2DM in all
the above populations [18]. A study on T2DM patients from the Khyber Pakhtunkhwa population showed a
significant risk of T allele either in heterozygote or homozygous state [19]. Similar studies on African, Asian,
and Brazilian subjects have reported a strong association of the SNP to T2DM [20].

Although we have not looked for the association of dyslipidemia and rs7903146 polymorphism in the
present study, one study by López-Ortiz et al. has reported that there is no association of minor T
allele and plasma TC, LDL-cholesterol, or HDL-cholesterol levels in subjects with T2DM or metabolic
syndrome [21]. When they fed the nopal tortilla diet to subjects with CC genotype they found elevated GLP-
1 levels. The GLP-1 increases insulin secretion and favors satiety, which may in turn cause loss of weight
[21].

TCF7L2 rs7903146 is also associated with type I diabetes mellitus and a singlet islet autoantibody positivity
supporting that non-autoimmune pathways are involved in a subset of autoimmune type I diabetes [22].
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While most of the studies around the world are in agreement with our study some studies are not in
consensus with the present study. Li Zhu et al. in their study of the Han Chinese population reported no
association of rs7903146 SNP with T2DM, this was not in concordance with other studies and meta-analyses
on the Han Chinese population [23,24,25]. Not a significant amount of literature has refuted the association
of rs7903146 SNP with T2DM in the Indian population.

The mechanism by which TCF7L2 gene single nucleotide variations (SNV) increase susceptibility to T2DM is
still not clear, also rs7903146 SNP is located in the intron. A question that needs to be investigated is how
the intronic variants affect TCF7L2 gene expression.

Cropano et al. have reported that TCF7L2 rs7903146 is associated with hepatic but not peripheral insulin
resistance in diabetes [26].

Oh et al. have shown in their mice model the influence of insulin resistance on the expression of TCF7L2 in
the liver, which contributes to increased glucose production and resultant hyperglycemia [27].

Studies by Lyssenko et al. suggested the effect of rs7903146 of TCF7L2 T allele on the enteroinsular axis and
the relationship between the incretin hormone GIP and its target hormones, glucagon and insulin [4].
They also found increased expression of TCF7L2 associated with T allele in human islets in vitro and
impaired insulin secretion both in vitro and in vivo.

Some studies have indicated the implication of chromatin state in variants and their role in pathology.
Gaulton et al. reported that in human islets, the chromatin state at the TCF7L2 locus is more open in
chromosomes carrying the rs7903146 T allele. To this date, we do not know the exact mechanism of such a
chromatin state in the causation of T2DM [28].

Conclusions
Our study shows that the rs7903146 (C/T) polymorphism is associated with T2DM in the eastern Indian
population. However, our findings may be confirmed by further studies with larger sample sizes. Also, the
future therapeutic application of diagnosis of the SNP may be explored in the treatment of diabetes such as
response to drug and treatment modality. Screening for the polymorphism may help prevent the onset of
T2DM or in delaying the effects of T2DM.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Pritam Prakash, Santosh Kumar, Rekha Kumari, Naresh Kumar

Acquisition, analysis, or interpretation of data:  Pritam Prakash, Santosh Kumar, Rekha Kumari, Naresh
Kumar

Drafting of the manuscript:  Pritam Prakash, Santosh Kumar, Rekha Kumari, Naresh Kumar

Critical review of the manuscript for important intellectual content:  Pritam Prakash, Santosh Kumar,
Rekha Kumari, Naresh Kumar

Supervision:  Pritam Prakash, Santosh Kumar, Rekha Kumari, Naresh Kumar

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee, Indira Gandhi Institute of Medical Sciences, Patna issued approval 63/IEC/IGIMS/2021. The
Institutional Ethics Committee approved the research project with condition that cost of investigation and
monitoring of the patient will be borne by the sponsor. Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

2024 Kumar et al. Cureus 16(1): e52709. DOI 10.7759/cureus.52709 8 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


1. Classification of diabetes mellitus. (2019). Accessed: October 12, 2023:
https://www.who.int/publications/i/item/classification-of-diabetes-mellitus.

2. Mathur P, Leburu S, Kulothungan V: Prevalence, awareness, treatment and control of diabetes in India from
the countrywide national NCD monitoring survey. Front Public Health. 2022, 10:748157.
10.3389/fpubh.2022.748157

3. Gupta V, Khadgawat R, Saraswathy KN, Sachdeva MP, Kalla AK: Emergence of TCF7L2 as a most promising
gene in predisposition of diabetes type II. Int J Hum Genet. 2008, 8:199-215.
10.1080/09723757.2008.11886031

4. Lyssenko V, Lupi R, Marchetti P, et al.: Mechanisms by which common variants in the TCF7L2 gene increase
risk of type 2 diabetes. J Clin Invest. 2007, 117:2155-63. 10.1172/JCI30706

5. Petermann-Rocha F, Lasserre-Laso N, Villagrán M, et al.: Association of the TCF7L2 (RS7903146) genotype
with adiposity and metabolic markers in the Chilean adult population (Article in Spanish). Rev Med Chil.
2019, 147:965-76. 10.4067/S0034-98872019000800965

6. Grant SF, Thorleifsson G, Reynisdottir I, et al.: Variant of transcription factor 7-like 2 (TCF7L2) gene confers
risk of type 2 diabetes. Nat Genet. 2006, 38:320-3. 10.1038/ng1732

7. Frayling TM: Genome-wide association studies provide new insights into type 2 diabetes aetiology . Nat Rev
Genet. 2007, 8:657-62. 10.1038/nrg2178

8. Duval A, Busson-Leconiat M, Berger R, Hamelin R: Assignment of the TCF-4 gene (TCF7L2) to human
chromosome band 10q25.3. Cytogenet Cell Genet. 2000, 88:264-5. 10.1159/000015534

9. Baarsma HA, Königshoff M, Gosens R: The WNT signaling pathway from ligand secretion to gene
transcription: molecular mechanisms and pharmacological targets. Pharmacol Ther. 2013, 138:66-83.
10.1016/j.pharmthera.2013.01.002

10. Saito-Diaz K, Chen TW, Wang X, Thorne CA, Wallace HA, Page-McCaw A, Lee E: The way Wnt works:
components and mechanism. Growth Factors. 2013, 31:1-31. 10.3109/08977194.2012.752737

11. Jin T: Current understanding on role of the Wnt signaling pathway effector TCF7L2 in glucose homeostasis .
Endocr Rev. 2016, 37:254-77. 10.1210/er.2015-1146

12. Hirano T: Pathophysiology of diabetic dyslipidemia. J Atheroscler Thromb. 2018, 25:771-82.
10.5551/jat.RV17023

13. Chandak GR, Janipalli CS, Bhaskar S, et al.: Common variants in the TCF7L2 gene are strongly associated
with type 2 diabetes mellitus in the Indian population. Diabetologia. 2007, 50:63-7. 10.1007/s00125-006-
0502-2

14. Uma Jyothi K, Jayaraj M, Subburaj KS, Prasad KJ, Kumuda I, Lakshmi V, Reddy BM: Association of TCF7L2
gene polymorphisms with T2DM in the population of Hyderabad, India. PLoS One. 2013, 8:e60212.
10.1371/journal.pone.0060212

15. Chauhan G, Spurgeon CJ, Tabassum R, et al.: Impact of common variants of PPARG, KCNJ11, TCF7L2,
SLC30A8, HHEX, CDKN2A, IGF2BP2, and CDKAL1 on the risk of type 2 diabetes in 5,164 Indians. Diabetes.
2010, 59:2068-74. 10.2337/db09-1386

16. Sanghera DK, Nath SK, Ortega L, et al.: TCF7L2 polymorphisms are associated with type 2 diabetes in Khatri
Sikhs from North India: genetic variation affects lipid levels. Ann Hum Genet. 2008, 72:499-509.
10.1111/j.1469-1809.2008.00443.x

17. Bodhini D, Radha V, Dhar M, Narayani N, Mohan V: The rs12255372(G/T) and rs7903146(C/T)
polymorphisms of the TCF7L2 gene are associated with type 2 diabetes mellitus in Asian Indians.
Metabolism. 2007, 56:1174-8. 10.1016/j.metabol.2007.04.012

18. Ding W, Xu L, Zhang L, Han Z, Jiang Q, Wang Z, Jin S: Meta-analysis of association between TCF7L2
polymorphism rs7903146 and type 2 diabetes mellitus. BMC Med Genet. 2018, 19:38. 10.1186/s12881-018-
0553-5

19. Hameed T, Khan Z, Imran M, Ali S, Albegali AA, Ullah MI, Ejaz H: Associations of transcription factor 7-Like
2 (TCF7L2) gene polymorphism in patients of type 2 diabetes mellitus from Khyber Pakhtunkhwa
population of Pakistan. Afr Health Sci. 2021, 21:15-22. 10.4314/ahs.v21i1.4

20. Darwish, H. S., Alrahbi, B., Almamri, H : Genomic study of TCF7L2 gene mutation on insulin secretion for
type 2 DM patients: a review. Annu Res Rev Biol. 2022, 37:86-93.

21. López-Ortiz MM, Garay-Sevilla ME, Tejero ME, Perez-Luque EL: Analysis of the interaction between
transcription factor 7-like 2 genetic variants with nopal and wholegrain fibre intake: effects on
anthropometric and metabolic characteristics in type 2 diabetes patients. Br J Nutr. 2016, 116:969-78.
10.1017/S0007114516002798

22. Redondo MJ, Muniz J, Rodriguez LM, et al.: Association of TCF7L2 variation with single islet autoantibody
expression in children with type 1 diabetes. BMJ Open Diabetes Res Care. 2014, 2:e000008. 10.1136/bmjdrc-
2013-000008

23. Zhu L, Xie Z, Lu J, et al.: TCF7L2 rs290481 T>C polymorphism is associated with an increased risk of type 2
diabetes mellitus and fasting plasma glucose level. Oncotarget. 2017, 8:77000-8. 10.18632/oncotarget.20300

24. Lin Y, Li P, Cai L, et al.: Association study of genetic variants in eight genes/loci with type 2 diabetes in a
Han Chinese population. BMC Med Genet. 2010, 11:97. 10.1186/1471-2350-11-97

25. Dou H, Ma E, Yin L, Jin Y, Wang H: The association between gene polymorphism of TCF7L2 and type 2
diabetes in Chinese Han population: a meta-analysis. PLoS One. 2013, 8:e59495.
10.1371/journal.pone.0059495

26. Cropano C, Santoro N, Groop L, et al.: The rs7903146 variant in the TCF7L2 gene increases the risk of
prediabetes/type 2 diabetes in obese adolescents by impairing β-cell function and hepatic insulin sensitivity.
Diabetes Care. 2017, 40:1082-9. 10.2337/dc17-0290

27. Oh KJ, Park J, Kim SS, Oh H, Choi CS, Koo SH: TCF7L2 modulates glucose homeostasis by regulating CREB-
and FoxO1-dependent transcriptional pathway in the liver. PLoS Genet. 2012, 8:e1002986.
10.1371/journal.pgen.1002986

28. Gaulton KJ, Nammo T, Pasquali L, et al.: A map of open chromatin in human pancreatic islets . Nat Genet.
2010, 42:255-9. 10.1038/ng.530

2024 Kumar et al. Cureus 16(1): e52709. DOI 10.7759/cureus.52709 9 of 9

https://www.who.int/publications/i/item/classification-of-diabetes-mellitus?utm_medium=email&utm_source=transaction
https://www.who.int/publications/i/item/classification-of-diabetes-mellitus?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2022.748157?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpubh.2022.748157?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09723757.2008.11886031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09723757.2008.11886031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI30706?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI30706?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4067/S0034-98872019000800965?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4067/S0034-98872019000800965?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ng1732?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ng1732?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrg2178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrg2178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000015534?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000015534?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pharmthera.2013.01.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pharmthera.2013.01.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3109/08977194.2012.752737?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3109/08977194.2012.752737?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/er.2015-1146?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/er.2015-1146?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5551/jat.RV17023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5551/jat.RV17023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-006-0502-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00125-006-0502-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0060212?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0060212?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/db09-1386?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/db09-1386?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1469-1809.2008.00443.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1469-1809.2008.00443.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.metabol.2007.04.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.metabol.2007.04.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12881-018-0553-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12881-018-0553-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4314/ahs.v21i1.4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4314/ahs.v21i1.4?utm_medium=email&utm_source=transaction
https://doi.org/10.9734/arrb/2022/v37i1230560?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0007114516002798?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0007114516002798?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjdrc-2013-000008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjdrc-2013-000008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18632/oncotarget.20300?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18632/oncotarget.20300?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-2350-11-97?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-2350-11-97?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0059495?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0059495?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc17-0290?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2337/dc17-0290?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pgen.1002986?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pgen.1002986?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ng.530?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ng.530?utm_medium=email&utm_source=transaction

	Genetic Association of Transcription Factor 7-Like-2 rs7903146 Polymorphism With Type 2 Diabetes Mellitus
	Abstract
	Introduction
	Materials And Methods
	Study design
	Sample size
	Sample collection
	SNP analysis
	TABLE 1: Sequence of primers used in the AS-PCR reaction and sequencing reactions.
	FIGURE 1: Gel showing the amplified PCR product of T2DM subjects.
	FIGURE 2: Gel showing the amplified PCR product of control subjects.

	Estimation of biochemical parameters
	Statistical analysis

	Results
	TABLE 2: Comparison of various parameters in case and control group.
	TABLE 3: Comparison between genotype and allele frequencies of rs7903146 TCF7L2 (C/T) polymorphism in case and control group.
	FIGURE 3: Sequencing result of the amplified PCR product having the SNP site using sequencing primer TCF7L2_F and TCF7L2_R.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


