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Abstract 

Background & Aims: Type 2 diabetes mellitus (T2DM), one of the costliest chronic diseases of our time, is a multifactorial and 

heterogenic disease with a complex etiology. Among all the T2DM related genes, the SNPs of the transcription factor 7-like 2 (TCF7L2) 

gene have been recognized as the strongest genetic risk factors for T2DM in different ethnic groups by several studies. The aim of this 

study was to investigate the possible association between TCF7L2 gene polymorphisms (rs290487, rs11196205, rs7903146, and 

rs12255372) and the risk of T2DM in a population from Khuzestan province, South-West of Iran. 

Materials & Methods: In this case-control association study, we studied 146 patients with T2DM and 146 healthy subjects. Genotyping 

for rs290487 and rs11196205 were done by Tetra-Primer ARMS-PCR and genotyping for rs7903146 and rs12255372 were carried out 

using PCR-RFLP. Statistical analyses were carried out using SPSS v.25. 

Results: For rs290487 polymorphism, TT and TC genotypes were not observed in patients and controls, and all of the subjects showed 

only CC genotype. The C allele of rs11196205 polymorphism was associated with T2DM (OR = 1.393, 95% CI = 1.005-1.932, p-value 

= 0.046). Two other studied polymorphisms, rs7903146 and rs12255372, had no significant differences in the genotype and allele 

frequencies between the two groups. Three-variant haplotypes of TCF7L2 gene were analyzed using the PHASE software. There was 

no significant difference between control group and case group for haplotype distribution. 

Conclusion: Our results suggest that there is a significant association between rs11196205 polymorphism and T2DM, but no 

association is observed between the three other polymorphisms (rs290487, rs7903146, and rs12255372) with T2DM in the studied 

population. Moreover, no risk haplotype is reported in our population. 
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Introduction  

The prevalence of diabetes is rising across the globe, 

and the number of people with diabetes aged 20–79 
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years is predicted to rise to 642 million by 2040 globally 

(1). According to the fourth Iranian plan (2011) for the 

"periodic National Survey of Risk Factors for Non-
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Communicable Diseases (SuRFNCD-2011)",  the 

national prevalence of diabetes is estimated to be 11.4% 

(approximately 4.5 million) of the adult population in 

the country (2); while over a quarter of this population 

in 2011 was not diagnosed. Therefore, with this rate, it 

is appraised that in 2030, 9.2 million Iranian individuals 

will have diabetes. (3). Several studies demonstrated 

that the most common appearance of diabetes, which 

involves 95% of the diabetic population, is Type 2 

diabetes mellitus (T2DM). Type 2 diabetes as an 

epidemic disease, is one of the costliest chronic diseases 

of our time and a major challenge in modern society. 

Patients with T2DM suffer from hyperglycemia which 

happens via several mechanisms including insulin 

resistance disorder in peripheral tissues, devastated 

secretion of insulin and soared glucose production by the 

liver. So, T2DM is a heterogeneous group of metabolic 

disorders (4,5). T2DM is multifactorial in nature, and 

genetic and environmental risk factors including 

obesity, sedentary lifestyle, small or large birth weight 

and stressful lifestyle can play major roles in the 

development of T2DM as a complex genetic disorder 

(6–8). Although it is thought that environmental factors 

such as lifestyle changes may lead to type 2 diabetes, 

only in the presence of genetic risk factors for this 

condition, the person gets the disease; for this reason, 

much effort has been made to identify the genes and the 

loci associated with this disease (9,10). By associating 

regions of the genome with disease susceptibility, more 

than 100 loci influencing T2DM risk have been 

identified so far (11). Among all the T2DM related 

genes, genetic variants in the transcription factor 7 like 

2 (TCF7L2) gene have been identified as the strongest 

genetic risk factors for T2DM in multiple ethnic groups 

(12). TCF7L2, also known as TCF4 locus, is located on 

chromosome 10q25.2–25.3; a kind of transcription 

factor (high mobility group box-containing), which 

participates in the Wnt signaling pathway, is expressed 

by this gene with 215.9 kb longs (13,14). It is 

demonstrated that this signaling pathway has a great 

impact on the development process and comprises a 

complex network of protein interactions that regulate 

intercellular communications at multiple levels (15). 

TCF7L2 gene comprises 17 exons (16). Interestingly, it 

has been reported that none of the exonic variants of the 

TCF7L2 gene are associated with T2D disorder; 

however, all of the TCF7L2 SNPs located in intronic 

regions are associated with T2D disorder (6).  rs7903146 

at the TCF7L2 gene is located in the third intron. 

rs11196205 and rs12255372 are located in TCF7L2 

intron 4. rs290487 is located in the LD block (LD block 

6) near the 3' end of TCF7L2 gene, spanning from intron 

7 to intron 13 (14 kb in length). Although the T2DM-

associated SNPs are located in non-coding regions, it is 

not clear if these SNPs or a vsariant in strong linkage 

disequilibrium (LD) with these, play a role in alternative 

splicing, gene expression or protein structure (16–18). 

The aim of the current study was to investigate the 

association of TCF7L2 gene polymorphisms (rs290487, 

rs11196205, rs7903146, and rs12255372) with T2DM, 

in a population consisting of diabetic and non-diabetic 

individuals, from South-West of Iran (Khuzestan 

province). 

 

Materials and Methods 

Study subjects: 

In this case-control study, a total of 292 individuals, 

including 146 unrelated adult T2DM patients (75 men 

and 71 women; age 52.62 ± 9.241years) who were 

selected from those referred to the Diabetes Clinic and 

Golestan Hospital in Ahvaz, and 146 unrelated controls 

(71 men and 75 women; age 56.59 ± 7.230years) who 

were selected from patients referred to Valiasr Hospital 

in Khoramshahr and Golestan Hospital of Ahvaz (Table 

1).  The patient group with T2DM were recognized 

based on ADA criteria, according to which FPG _ 126 
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mg/dl or 2-hPG (2h Plasma Glucose) _ 200 mg/dl or 

RBG (Random Blood Sugar) _ 200 mg/dl described as 

diabetic. Subjects with diabetes were chosen as samples 

that were taking medicines to treat diabetes. In the 

control group,  subjects with no family history of 

diabetes among their first-degree relatives were 

carefully monitored. Subjects in both studied groups 

were living in Khuzestan province. The consent form to 

participate in this study was signed by all subjects, 

before blood sampling. The project was approved by 

Special Committee of the Genetic Department of Shahid 

Chamran University on  January 25, 2016 with 20/9/686 

code for considering the ethical issues of patients and 

controls who participated in sampling.  

DNA extraction: 

Approximately 3-5 ml peripheral blood was 

collected from all subjects in EDTA tubes and stored in 

-40 °C for DNA extraction. Leukocyte Genomic DNA 

was extracted from whole blood samples by non-

enzymatic salting out method. The extracted DNA was 

quantified by Nano Drop and agarose electrophoresis 

(stored at -20 °C until genotyping). 

Genotyping of TCF7L2 SNPs: 

All participants were genotyped for four SNPs of 

TCF7L2 gene including rs290487(C/T), 

rs11196205(C/G), rs7903146(C/T), and 

rs12255372(G/T). Genotyping for rs290487 and 

rs11196205 were carried out using TETRA ARMS PCR 

technique and for rs7903146 and rs12255372 were done 

by PCR-RFLP method. The results were confirmed by 

direct sequencing. Master Mix PCR was provided from 

Ampliqon Company and oligonucleotide primers were 

prepared from the Pishgam Company. Table 2 shows the 

primers specific for each polymorphism. The reaction 

conditions for PCR cycling of different genes are shown 

in Table 3. The size of DNA fragments amplified for 

rs290487 (285 bp control fragment, 134 bp C allele, 210 

bp T allele) were suitable for separation on 1.5% agarose 

gel. The size of DNA fragments amplified for 

rs11196205 (434 bp control fragment, 253 bp C allele, 

235 bp G allele) were suitable for separation on 3% 

agarose gel. Genotyping rs7903146 was amplified by 

M-PCR (Miss match primer PCR; we used a Miss match 

base in the third position from 3' end of forward primer 

in order to make restriction site for the restriction 

enzyme RsaI). TCF7L2 primers were designed based 

ona previous study(19). PCR products (201 bp) were 

verified on 1.5% agarose gel. The 201 bp products were 

digested with RsaI restriction enzyme for 4 hours at 

37°C followed by 3% agarose gel electrophoresis. T-

allele was not cleaved by RsaI and gave a 201 bp band, 

and C-allele was cleaved into two bonds 175 bp and 26 

bp. A 226 bp fragment was amplified. PCR products 

were verified on 1.5% agarose gel. The 226-bp products 

were digested with Tsp509I(TasI) restriction enzyme at 

65°C for 10 hours. For T allele, the TSP509I enzyme has 

two restriction sites (17 bp, 75 bp, and 134 bp), however, 

G allele has one restriction site (75 bp and 151bp).  

Statistical analysis: 

Data for continuous variables were expressed as 

mean ± standard deviation (SD). To evaluate the 

normality of data for age, diabetes duration, B.M.I, FPG, 

HBA1c, TG and TC, Kolmogorov-Smirnov and 

Shapiro-Wilk have been used, and base on the results of 

these tests, T test or Mann Whitney test were used to 

analyze the significance of differences for these features 

between case and control groups. The genotype and 

allele frequencies of TCF7L2 gene polymorphisms 

among patients and controls are shown as number 

(percentage) and were compared with the χ2 test. 

Logistic regression was used to find the association 

between TCF7L2 gene polymorphisms with T2DM and 

to calculate Odds Ratios (ORs), 95% confidence 

intervals (95% CIs) and corresponding p-values. p < 

0.05 was considered statistically significant. All these 

analyses were performed using SPSS v.25. The 

frequencies of haplotypes were calculated using 

SNPAnalyzer 2.0 and PHASE v 2.1 software. 
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Haplotypes with an estimated frequency <0.05 were 

excluded from the analysis. Moreover, χ2 test was used 

to determine the significant differences of haplotypes 

frequencies between two groups. 

  

Results 

The clinical and demographic features of the 

participants are presented in Table 1. Our results 

illustrated statistically noticeable differences in criteria 

for diabetes between T2DM patients and control 

individuals (p=0.000). Regarding the Table 1, the 

average age of patients in control group was higher than 

the average age of patients (p < 0.003); in addition, the 

mean of triglycerides and BMI were significantly higher 

in patient group than the control group (p =0.000). 

However, there were no statistically significant 

differences between T2DM patients and control for 

ethnicity (Arab and non-Arab), sex, and total cholesterol 

(p> 0.05). In this study, 146 T2DM patients and 146 

controls were tested for four selected SNPs of TCF7L2 

gene (rs290487, rs11196205, rs7903146, and 

rs12255372). The results of the PCR product of TETRA 

ARMS-PCR for rs290487 and rs11196205 and 

digestion results of PCR products for rs7903146 and 

rs12255372 are shown in Figs 1–4. For the first selected 

SNP (rs290487), TT and TC genotypes were not 

observed in patients and controls, and all of the subjects 

showed only CC genotype. The prevalence of genotypes 

and allele frequencies of rs11196205, rs7903146, and 

rs12255372 polymorphisms of TCF7L2 gene in diabetic 

patients and controls are shown in Table 4. In case of the 

second selected SNP (rs11196205), a significant 

difference between genotypic frequencies of cases and 

controls is demonstrated by a general comparison )Table 

4(. Also, according the logistic regression analysis, by 

considering GG genotype as a basis, the subsequent 

results were gained for genotype CG: OR = 0.959, 

95%CI = (0.513– 1.794), p-value = 0.048, and for CC 

genotype the following results were obtained: OR = 2, 

95%CI = (0.976–4.098), p-value = 0.047. The 

frequencies of C and G alleles in patients with diabetes 

were 58.2% and 41.8%, respectively, and in the healthy 

subjects the frequency for each allele was 50% (OR = 

1.393, 95%CI = 1.005-1.932, p-value = 0.046). So, there 

was a significant difference between both groups; 

nevertheless, for two other studied polymorphisms, 

rs7903146 and rs12255372, no significant differences 

were observed in the genotype and allele frequencies 

between case and control groups. In case of the third 

selected SNP (rs7903146), a general comparison 

between genotypic frequencies of cases and controls did 

not show a significant difference. The odds ratios for CC 

and CT genotypes were 1.897 (95% CI, 0.850 - 4.238, 

p-value = 0.118) and 0.8 (95% CI, 0.467 - 1.371, p = 

0.418), respectively, compared with TT genotype. The 

frequencies of alleles C and T were 45.2% and 54.8%, 

respectively. In the control group, the frequencies of 

alleles C and T were 41.8% and 58.2%, respectively (OR 

= 1.595, 95%CI = 0.829-1.15, p-value = 0.404). In the 

case of the fourth selected SNP (rs12255372), a general 

comparison between genotypic frequencies of cases and 

controls did not show a significant difference. 

Moreover, by using logistic regression analysis in which 

GG genotype was considered as a basis, these data were 

gained for genotypeTT: OR = 2.143, 95% CI = (1.001-

4.586), p-value = 0.083 and for genotype GT: OR = 

1.003, 95%CI= (0.602-1.671), p-value = 0.992. The 

prevalence of G and T allele frequencies in diabetic 

patients were 56.2% and 43.8% and in the individuals of 

control group were 62.3% and 37.7%, respectively (OR 

= 1.291, 95%CI = 0.928-1.798, p-value = 0.130). The 

haplotype analysis was performed. The frequency rates 

of five common haplotypes of three SNPs in TCF7L2 

gene (rrs11196205, rs7903146, and rs12255372) are 

shown in Table 5. Haplotypes with estimated frequency 

<0.05 were excluded from the analysis. Regarding the 
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Table 5, there was no significant difference between 

control and case groups for haplotype distribution.  

 

Figure (1). Agarose gel electrophoresis (1.5%) of PCR product of Tetra-Primer ARMS-PCR for rs11196205 in 

some individuals; CC homozygote is observed as two fragments (134 bp and 285 bp). 

 

Figure (2). Agarose gel electrophoresis (3%) of PCR product of Tetra-Primer ARMS-PCR for rs11196205 in some 

individuals; GG homozygote is observed as two fragments (235 bp and 434 bp) and CC homozygote is observed as two 

fragments (253 bp and 434 bp) and heterozygote (CG) is observed as three fragments (235 bp, 253 bp, 434 bp). 
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Figure (3). 3% agarose gel showing results for rs7903146 in some individuals; TT homozygote is observed as a 

fragment (201 bp) and CC homozygote is observed as two fragments (26 bp and 175 bp) and heterozygote (TC) is 

observed as three fragments (26 bp, 175 bp, 201 bp).  

 

Figure (4). 1.5% agarose gel showing results for rs12255372 in some individuals; TT homozygote is observed as three 

fragments (17 bp, 75 bp and 134 bp) and GG homozygote is observed as two fragments (75 bp and 151 bp) and 

heterozygote (TG) is observed as four fragments (17 bp, 75 bp, 134 bp and 151 bp). 
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Table (1). Demographic and clinical characteristics of the cases and controls 

Characteristic 

Groups 

P-value Control 

N=146 

Diabetes 

N=146 

 

Gender 

Female (%) 75 (51.4) 71 (48.6)  

0.640 Male (%) 71 (48.6) 75 (51.4) 

 

 

Ethnicity 

Non-Arab (%) 
 

51 (39.4) 

 

49 (33.6) 
 

 

0.805 Arab (%) 95 (65.1) 
97 (66.4) 

 

Mean Ages (years) 56.59 ± 7.230 52.62 ± 9.241 0.003 

Diabetes duration (years) - 6.38 ± 3.96 - 

Mean B.M.I (kg/m2) 26.46 ± 4.27 28.85 ± 5.05 0.000 

FPG (mg/dl) 91.40 ± 6.365 170.048 ± 80.157 0.000 

HBA1c (%) - 8.319 ± 2.345 - 

TG (mg/dl) 123.07 ± 57.34 144.63 ± 56.060 0.000 

TC (mg/dl) 183.6 ± 53.42 177.061 ± 56.059 0.057 

BMI: body mass index, FPG: fasting plasma glucose, HbA1c: hemoglobinA1c, TG: triglyceride, TC: total cholesterol 

 

Table (2). Primer sequences of each SNP 
Primer 5'-3'                                                                                                                       

rs290487                                                                                                       

forward outer     ATCTGAACAGCTTCCCAATCTGCTCA 

reverse outer      CCAACCAAGTACATTAGCCAGGACAG  

forward inner     AACCCAGTACAAATCATGGTGACACAAC 

reverse inner      GATCAAACACCTTTCTCATTTTCAATTTTCCA 

rs11196205                                                                                                                    

forward outer     TAGATTGTCTCCTTTTGTTTCTGCTAC 

reverse outer      TAAACATCTGACCTTGAAGCCTACC 

forward inner     CTGAAAGTTCTCAACATTTATAACTGCC 

reverse inner      CAACCATAACTCTCTTACATACTGGTC 

rs7903146 

forward primer  TTAGAGAGCTAAGCACTTTTTAGGTA                            

reverse primer   GATGAAATGTAGCAGTGAAGTG 

rs12255372                                                                                                         

forward primer  GAGGTGTACTGGAAACTAAGGC 

reverse primer   GAGGCTGAATCTGGCACTCA 

 

Table(3). PCR Conditions for Amplifying Each polymorphism. 
step 2 step 1 polymorphism 

Secondary Denaturation Initial Denaturation  

Time Temperature Cycle Time Temperature Cycle          

30  sec            95˚C 33 5 min 95˚C              1   rs290487 

30  sec 95˚C 30 5 min 95˚C              1 rs11196205 

30  sec 95˚C 35 4 min 95˚C              1 rs7903146 

35  sec 94˚C 35 4 min 94˚C              1 rs12255372 

step 3 step 2  

Secondary Elongation Extension Annealing  

Time Temperature    Cycle Time  Temperature Cycle  Time Temperature Cycle  

10 min 72 1 30 sec 72 33 30 sec 64 33 rs290487 

5 min 72 1 15 sec 72 30 30 sec 58 30 rs11196205 

5 min 72 1 45 sec 72 35 30 sec 58 35 rs7903146 

7 min 72 1 35  sec 72 35 35  sec 66 35 rs12255372 
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Table (4). Genotype and allele frequencies of the rs11196205, rs7903146 and rs12255372 

Polymorphi

sm 

Genoty

pe 

Groups 
χ

2 
P 

Allel

e 
Groups χ2 P 

Control  (%) 

N=146 

Diabetes  

(%) N=146 
   

Control  

(%) 

Diabet

es  (%) 
  

rs11196205 

CC 
28  

(19.2) 

48 

(32.9) 

7.132 0.028 

C 
146 

(50.0) 

170 

(58.2) 

3.972 0.046 CG 
90  

(61.6) 

74  

(50.7) 

G 
146 

(50.0) 

122 

(41.8) GG 
28  

(19.2) 

24  

(16.4) 

rs7903146 

CC 
13  

(8.9) 

26  

(17.8) 

5.657 0.059 

C 
122 

(41.8) 

132 

(45.2) 

0.697 0.404 CT 
96  

(65.8) 

81  

(55.5) 

T 
170 

(58.2) 

160 

(54.8) TT 
37  

(25.3) 

39  

(26.7) 

rs12255372 

GG 
50  

(34.2) 

45  

(30.8) 

4.795 0.091 

G 
182 

(62.3) 

164 

(56.2) 

2.298 0.130 GT 
82  

(56.2) 

74  

(50.7) 

T 
110 

(37.7) 

128 

(43.8) TT 
14  

(9.6) 

27  

(18.5) 

 

Table (5). Results of association analyses of haplotypes for the TCF7L2 locus 

Haplotype 

Groups 

χ2 P 
Control Diabetes 

GTG 0.36601 0.30318 0.054955 0.815 

CCT 0.26073 0.28204 2.436554 0.118 

CTG 0.1473 0.11584 0.186299 0.666 

CCG 0.06347 0.09718 0.786325 0.375 

CTT 0.05052 0.08712 0.918367 0.338 

 

Discussion 

Our study was carried out on a subset of the Iranian 

population from Khuzestan province (including Arab 

and non-Arab ethnics), in which the potential 

association between T2DM and four variants of TCF7L2 

gene was investigated. The results of this study propose 

that there is a notable association between rs11196205 

polymorphism and type 2 diabetes, but three other 

polymorphisms (rs290487, rs7903146, and rs12255372) 

are not associated with the risk of this disorder. In 

addition, there is not any consequence for specific risk 

haplotype in our population. In all GWAS studies, 

TCF7L2 gene clearly showed the major impact size with 

an odds ratio of 1.37, and according to meta-analyses 

that were conducted by Florez and also Cauchi et al. the 

TCF7L2 gene is a strong susceptible gene for T2DM in 

different ethnic groups (7,8,20). According to a meta-

analysis conducted by Peng et al., although there was no 

notable association for rs290487 polymorphism and 

type 2 diabetes, considerable associations were found 

between this disorder and rs11196205, rs12255372, 

rs7903146 polymorphisms (21). The rs7903146 

polymorphism, among all TCF7L2 gene SNPs, shows 

the most remarkable association with type 2 diabetes 

risk in almost all groups, except in some ethnic 

populations such as some groups of Arabs (22–26). In 
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the studies conducted in several areas of Iran (Golestan, 

Ilam, Isfahan, and Rafsanjan), significant associations 

were reported between rs7903146 polymorphism and 

T2DM; in another study (in Jahrom), nevertheless, this 

polymorphism showed lack of association with T2DM 

(19,22,27–29). The association of rs12255372 

polymorphism with T2DM was initially reported in 

European and Caucasian populations (30–33). 

Consequently, replicated studies showed significant 

positive associations (21). Whereas in some ethnic 

populations like China (18) and the United Arab 

Emirates (34), no significant association was found. 

SNP rs12255372 was investigated within the Iranian 

population and showed different results. In contrast, a 

study in Jahrom (22) based on a negative association 

between rs12255372 and T2DM, a significant 

association was found between T2DM and this variant 

in Gorgan (28), Ilam (27) and Mashhad (35). The 

association of rs11196205 polymorphism with T2DM 

has been reported by many studies in different 

populations(6,36,37). According to the meta-analysis by 

Luo et al., the association between rs11196205 

polymorphism with T2DM risk was shown in the 

population of East Asia (38); while some studies have 

reported weak or no association with this disease(17,39). 

In 2012, Saravani et al. conducted a study on a 

population from southeast of Iran. In which, a significant 

association was observed between rs11196205 

polymorphism and type 2 diabetes (40). Our findings for 

rs11196205 polymorphism illustrated that CC and CG 

genotypes were associated with T2DM as a risk factor; 

the C allele of this polymorphism, moreover, was 

associated with the risk of type 2 diabetes. There is little 

data about the association between T2DM and rs290487 

SNP. Peng et al. showed that rs290487 polymorphism 

was reported only in East Asian studies (21). In a study 

by Chang et al, in a Chinese population, rs290487 SNP 

was associated with T2D. In this study, in comparison 

with the TT genotype, the odds ratio for the CC 

genotype was 1.51 (1.10 -2.07; p = 0.0085) and for the 

CT genotype was 1.36 (95% CI 1.08-1.71; p = 0.0063) 

(18). Nonetheless, a meta-analysis conducted by Ren et 

al., in the Chinese population, demonstrated no 

association between type 2 diabetes and rs290487 

polymorphism (41). A study on rs290487 polymorphism 

was also conducted in Japanese subjects and no 

association was detected between SNPs and T2DM (42). 

In Iran, the association of rs290487 polymorphism with 

T2DM was investigated in the Kurdish ethnic group and 

a significant association was found between SNP and 

T2DM (27). Therefore, regarding different studies that 

have been done until now, the association of TCF7L2 

SNPs with type 2 diabetes is confirmed in some 

populations.   

In conclusion, due to the difficulty of identifying and 

estimating the contribution of different variants in 

different genes that are effective in T2DM, investigating 

the role of genetic factors in the progress of T2DM is 

very complicated, like other heterogeneous 

multifactorial disorders. The genetic analysis of T2DM, 

moreover, needs to understand the interactions between 

these genes and variants as well as their accumulative 

impacts (4). The difference and diversity in results of 

mentioned studies and the present study may be 

influenced by many factors such as ethnic differences 

(the role and effect of genetic varieties in different ethnic 

groups), different geographical and climatic regions, 

differences in the lifestyle of individuals in different 

societies, differences in sample size in different studies, 

differences in diagnostic criteria, differences in 

sampling methods (in terms of demographic 

characteristics such as age and sex) and differences in 

genotyping methods. In this study, due to time 

limitation, we could not collect more samples; so it is 

recommended to investigate these polymorphisms with 

more samples; so that, we can conclude more accurately 

about the association or non-association of these 

polymorphisms with type 2 diabetes in the population of 
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Khuzestan province. In addition, similar studies with 

consideration environmental factors can be carried out. 

 

Acknowledgments 

We would like to thank all the subjects who 

participated in this study. Also, the authors wish to thank 

the research deputy of the Shahid Chamran University 

of Ahvaz for supporting this study. 

 

Conflicts of Interest 

The authors declare that there is no conflict of 

interest regarding the publication of this paper.  

Ethical approval 

Ethical approval: All procedures performed in study 

involving human participants were in accordance with 

the ethical standards of the institutional and/or national 

research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable 

ethical standards. 

Informed consent 

Informed consent: Informed consent was obtained 

from all individual participants included in the study. 

 

 

References 

1. Ogurtsova K, da Rocha Fernandes JD, Huang Y, 

Linnenkamp U, Guariguata L, Cho NH, et al. IDF 

Diabetes Atlas: Global estimates for the prevalence of 

diabetes for 2015 and 2040. Diabetes Res Clin Pract 

2017;128:40–50.  

2. Esteghamati A, Etemad K, Koohpayehzadeh J, Abbasi M, 

Meysamie A, Noshad S, et al. Trends in the prevalence of 

diabetes and impaired fasting glucose in association with 

obesity in Iran: 2005-2011. Diabetes Res Clin Pract  

2014;103:319–27.  

3. Javanbakht M, Mashayekhi A, Baradaran HR, Haghdoost 

A, Afshin A. Projection of Diabetes Population Size and 

Associated Economic Burden through 2030 in Iran: 

Evidence from Micro-Simulation Markov Model and 

Bayesian Meta-Analysis. PLoS One 2015;10:e0132505.  

4. Gravand A, Foroughmand AM, Pourmehdi Boroujenib M. 

A study on the association of TCF7L2 rs11196205 (C/G) 

and CAPN10 rs3792267 (G/A) polymorphisms with type 

2 diabetes mellitus in the South Western of Iran. Egypt J 

Med Hum Genet 2018;19:403–7.  

5. King H, Aubert RE, Herman WH. Global burden of 

diabetes, 1995-2025: prevalence, numerical estimates, 

and projections. Diabetes Care 1998;21:1414–31.  

6. Uma Jyothi K, Jayaraj M, Subburaj KS, Prasad KJ, Kumuda 

I, Lakshmi V, et al. Association of TCF7L2 gene 

polymorphisms with T2DM in the population of 

Hyderabad, India. PLoS One 2013;8:e60212 

7. Herder C, Roden M. Genetics of type 2 diabetes: 

pathophysiologic and clinical relevance. Eur J Clin Invest 

2011;41:679–92. 

8. Florez JC. The new type 2 diabetes gene TCF7L2. Curr 

Opin Clin Nutr Metab Care 2007;10:391–6. 

9. Kommoju UJ, Reddy BM. Genetic etiology of type 2 

diabetes mellitus: a review. Int J Diabetes Dev Ctries 

2011;31:51–64.  

10. Billings LK, Florez JC. The genetics of type 2 diabetes: 

what have we learned from GWAS? Ann N Y Acad Sci 

2010;1212:59–77. 

11. Grotz AK, Gloyn AL, Thomsen SK. Prioritising Causal 

Genes at Type 2 Diabetes Risk Loci. Curr Diab Rep 

2017;17:76.  

12. Acharya S, Al-Elq A, Al-Nafaie A, Muzaheed M, Al-Ali 

A. Type 2 diabetes mellitus susceptibility gene TCF7L2 

is strongly associated with hyperglycemia in the Saudi 

Arabia Population of the eastern province of Saudi 

Arabia. Eur Rev Med Pharmacol Sci 2015;19:3100–6.  

13. Struewing I, Boyechko T, Barnett C, Beildeck M, Byers 

SW, Mao CD. The balance of TCF7L2 variants with 

differential activities in Wnt-signaling is regulated by 

lithium in a GSK3beta-independent manner. Biochem 

Biophys Res Commun 2010;399:245–50.  



 Studies in Medical Sciences, Vol. 31(2), May 2020 

 

117 

14. Barros CMAR, Araujo-Neto AP, Lopes TR, Barros MAL, 

Motta FJN, Canalle R, et al. Association of the rs7903146 

and rs12255372 polymorphisms in the TCF7L2 gene with 

type 2 diabetes in a population from northeastern Brazil. 

Genet Mol Res 2014;13:7889–98.  

15. van Amerongen R, Nawijn MC, Lambooij J-P, Proost N, 

Jonkers J, Berns A. Frat oncoproteins act at the crossroad 

of canonical and noncanonical Wnt-signaling pathways. 

Oncogene 2010;29:93–104.  

16. Pang DX, Smith AJP, Humphries SE. Functional analysis 

of TCF7L2 genetic variants associated with type 2 

diabetes. Nutr Metab Cardiovasc Dis 2013;23:550–6.  

17. Damcott CM, Pollin TI, Reinhart LJ, Ott SH, Shen H, 

Silver KD, et al. Polymorphisms in the transcription 

factor 7-like 2 (TCF7L2) gene are associated with type 2 

diabetes in the Amish: replication and evidence for a role 

in both insulin secretion and insulin resistance. Diabetes 

2006;55:2654–9. 

18. Chang Y-C, Chang T-J, Jiang Y-D, Kuo S-S, Lee K-C, 

Chiu KC, et al. Association study of the genetic 

polymorphisms of the transcription factor 7-like 2 

(TCF7L2) gene and type 2 diabetes in the Chinese 

population. Diabetes 2007;56:2631–7.  

19. Palizban A, Nikpour M, Salehi R, Maracy M-R. 

Association of a common variant in TCF7L2 gene with 

type 2 diabetes mellitus in a Persian population. Clin Exp 

Med 2012;12:115–9.  

20. Cauchi S, El Achhab Y, Choquet H, Dina C, Krempler F, 

Weitgasser R, et al. TCF7L2 is reproducibly associated 

with type 2 diabetes in various ethnic groups: a global 

meta-analysis. J Mol Med (Berl) 2007;85:777–82.  

21. Peng S, Zhu Y, Lü B, Xu F, Li X, Lai M. TCF7L2 gene 

polymorphisms and type 2 diabetes risk: a comprehensive 

and updated meta-analysis involving 121,174 subjects. 

Mutagenesis 2013;28:25–37.  

22. Pourahmadi M, Erfanian S, Moradzadeh M, Jahromi AS. 

Non-Association between rs7903146 and rs12255372 

Polymorphisms in Transcription Factor 7-Like 2 Gene 

and Type 2 Diabetes Mellitus in Jahrom City, Iran. 

Diabetes Metab J 2015;39:512–7.  

23. 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. 

24. Humphries SE, Gable D, Cooper JA, Ireland H, Stephens 

JW, Hurel SJ, et al. Common variants in the TCF7L2 gene 

and predisposition to type 2 diabetes in UK European 

Whites, Indian Asians and Afro-Caribbean men and 

women. J Mol Med (Berl) 2006;84:1005–14.  

25. Helgason A, Pálsson S, Thorleifsson G, Grant SFA, 

Emilsson V, Gunnarsdottir S, et al. Refining the impact of 

TCF7L2 gene variants on type 2 diabetes and adaptive 

evolution. Nat Genet 2007;39:218–25. 

26. Wang J, Hu F, Feng T, Zhao J, Yin L, Li L, et al. Meta-

analysis of associations between TCF7L2 polymorphisms 

and risk of type 2 diabetes mellitus in the Chinese 

population. BMC Med Genet 2013;14:8. 

27. Shokouhi S, Delpisheh A, Haghani K, Mahdizadeh M, 

Bakhtiyari S. Association of rs7903146, rs12255372, and 

rs290487 polymorphisms in TCF7L2 gene with type 2 

diabetes in an Iranian Kurdish ethnic group. Clin Lab 

2014;60:1269–76. 

28. Alami FM, Ahmadi M, Bazrafshan H, Tabarraei A, 

Khosravi A, Tabatabaiefar MA, et al. Association of the 

TCF7L2 rs12255372 (G/T) variant with type 2 diabetes 

mellitus in an Iranian population. Genet Mol Biol 

2012;35:413–7.  

29. Amoli MM, Amiri P, Tavakkoly-Bazzaz J, Charmchi E, 

Hafeziyeh J, Keramatipour M, et al. Replication of 

TCF7L2 rs7903146 association with type 2 diabetes in an 

Iranian population. Genet Mol Biol 2010;33:449–51.  

30. Grant SFA, Thorleifsson G, Reynisdottir I, Benediktsson 

R, Manolescu A, Sainz J, et al. Variant of transcription 

factor 7-like 2 (TCF7L2) gene confers risk of type 2 

diabetes. Nat Genet 2006;38:320–3.  

31. Groves CJ, Zeggini E, Minton J, Frayling TM, Weedon 

MN, Rayner NW, et al. Association analysis of 6,736 



Association Study of Transcription Factor 7-like 2 (TCF7L2) Gene …. Abdollah Gravand, et al 

 

 

118 

U.K. subjects provides replication and confirms TCF7L2 

as a type 2 diabetes susceptibility gene with a substantial 

effect on individual risk. Diabetes 2006;55:2640–4.  

32. Scott LJ, Bonnycastle LL, Willer CJ, Sprau AG, Jackson 

AU, Narisu N, et al. Association of transcription factor 7-

like 2 (TCF7L2) variants with type 2 diabetes in a Finnish 

sample. Diabetes 2006;55:2649–53.  

33. Lyssenko V, Lupi R, Marchetti P, Del Guerra S, Orho-

Melander M, Almgren 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.  

34. Alsmadi O, Al-Rubeaan K, Mohamed G, Alkayal F, Al-

Saud H, Al-Saud NA, et al. Weak or no association of 

TCF7L2 variants with Type 2 diabetes risk in an Arab 

population. BMC Med Genet 2008;9:72. 

 35. Rafati R, Jalal R, Asoodeh A, Matin MM. Association of 

rs12255372 (TCF7L2) and D76N (PDX-1) 

Polymorphisms with Type 2 Diabetes in a Population 

Living in Northeast Iran. Arch Iran Med 2015;18:376–8.  

36. Hayashi T, Iwamoto Y, Kaku K, Hirose H, Maeda S. 

Replication study for the association of TCF7L2 with 

susceptibility to type 2 diabetes in a Japanese population. 

Diabetologia 2007;50:980–4.  

37. Ng MCY, Tam CHT, Lam VKL, So W-Y, Ma RCW, Chan 

JCN. Replication and identification of novel variants at 

TCF7L2 associated with type 2 diabetes in Hong Kong 

Chinese. J Clin Endocrinol Metab 2007;92:3733–7.  

38. Luo Y, Wang H, Han X, Ren Q, Wang F, Zhang X, et al. 

Meta-analysis of the association between SNPs in 

TCF7L2 and type 2 diabetes in East Asian population. 

Diabetes Res Clin Pract 2009;85:139–46.  

39. Kalnina I, Geldnere K, Tarasova L, Nikitina-Zake L, 

Peculis R, Fridmanis D, et al. Stronger association of 

common variants in TCF7L2 gene with nonobese type 2 

diabetes in the Latvian population. Exp Clin Endocrinol 

Diabetes 2012;120:466–8.  

40. Saravani R, Irani Z, Galavi HR. Evaluation of 

Transcription Factor 7 like 2 polymorphisms and 

haplotypes in risk of Type 2 Diabetes. Rev Rom Med Lab 

2016;24:423–30.  

41. Ren Q, Xiao J, Han X, Luo Y, Yang W, Ji L. Rs290487 of 

TCF7L2 gene is not associated with type 2 diabetes in 

Chinese Han population: a case control study and meta-

analysis. Exp Clin Endocrinol Diabetes 2013;121:526–

30.  

42. Miyake K, Horikawa Y, Hara K, Yasuda K, Osawa H, 

Furuta H, et al. Association of TCF7L2 polymorphisms 

with susceptibility to type 2 diabetes in 4,087 Japanese 

subjects. J Hum Genet 2008;53:174–80.  

 


