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ABSTRACT. Approximately 200 million people suffer from type 2 
diabetes (T2D) worldwide, and the rapid increase in the prevalence 
of this disease is likely a result of multiple environmental factors, 
such as increased food intake and decreased physical activity in 
genetically predisposed individuals. Different population studies have 
demonstrated a strong association of two polymorphic variations in 
the TCF7L2 gene, the noncoding single nucleotide polymorphisms 
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(SNPs) rs7903146 (C/T) and rs12255372 (G/T), with T2D. Herein, 
we analyzed the association of these SNPs with T2D in a population 
from northeastern Brazil. Our results showed that the genotype 
and allele frequencies in TCF7L2 rs7903146 and rs12255372 were 
similar in the patient and control groups (P > 0.05). In addition, the 
allele frequencies were not significantly associated with T2D risk 
[rs7903146: odds ratio (OR) = 0.95, 95% confidence interval (CI) = 
0.52-1.76, P = 1.00, and rs12255372: OR = 1.38, 95%CI = 0.72-2.62, 
P = 0.41]. These data suggest that the TCF7L2 SNPs rs7903146 and 
rs12255372 may not significantly contribute to T2D susceptibility in 
this population. However, our results may reflect the small number 
of subjects. Alternatively, these results may be attributable to specific 
ethnic effects, as most of the previously reported associations were 
demonstrated with predominantly European populations. To reach a 
definitive conclusion on the role of such gene variants for T2D in mixed 
populations, additional efforts are necessary to replicate this study with 
larger populations from areas with more ethnic heterogeneity.
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INTRODUCTION

Diabetes is a complex and heterogeneous disease that is characterized by persistent 
hyperglycemia caused by absolute or relative insulin deficiency. The different types of diabetes 
include types 1 and 2 in addition to rare forms of the disease such as gestational diabetes and 
maturity onset diabetes in youth (MODY) (Kommoju and Reddy, 2011). Type 2 diabetes (T2D) 
is the most common form of the disease, accounting for approximately 90% of the diabetes cases 
worldwide. The onset of T2D typically occurs in people over 40 years of age and is strongly 
associated with a modern lifestyle. It is one of the most important metabolic diseases and is 
characterized by different levels of insulin resistance as well as defects in pancreatic beta cell 
function (Ramachandran et al., 2002). It is estimated that approximately 200 million people suffer 
from T2D worldwide, and the rapid increase in the prevalence of this disease is likely a result 
of multiple environmental factors, such as increased food intake and decreased physical activity 
in genetically predisposed individuals (Stumvoll et al., 2005; Permutt et al., 2005). In the USA, 
for example, the disease is considered an epidemic and is now the sixth leading cause of death. 
It is also estimated that there will be a 42% increase in the number of cases (51 to 72 million) in 
developed countries and a 170% increase (84 to 228 million) in developing countries, such as 
Brazil, in the near future. Therefore, it is projected that by 2025, 75% of patients with diabetes 
will reside in developing countries compared with 62% in 1995. In developing countries, most 
diabetes patients are between 45 and 64 years old, whereas in developed countries, diabetes is 
commonly observed in patients ≥65 years old (King et al., 1998; Wild et al., 2004).

Upon the completion of the Human Genome Project, the last decade has been marked 
by a considerable number of research studies around the world that aimed to identify alleles 
in candidate genes for T2D as well as attempts to find clues to better understand its primary 
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pathogenesis, which may generate better strategies for its prevention, diagnosis, and treatment 
(Imamura and Maeda, 2011).

Seeking the basis for a previously identified linkage signal in a region on the long arm 
of chromosome 10, Grant et al. (2006) identified a strong association between the DG10S478 
microsatellite marker and T2D in samples from Icelandic individuals. In addition, the authors 
repeated these results in North American and Danish cohorts composed of only Caucasian 
individuals. The DG10S478 microsatellite is a tetranucleotide repeat with six alleles, which is 
located in a well-defined 92.1-kb block in linkage disequilibrium (LD) comprised of exon 4 
and a portion of two large intronic regions that flank the TCF7L2 gene.

The TCF7L2 gene spans 215.9 kb on chromosome 10q25.3 and encodes a transcrip-
tion factor that was previously associated with blood glucose homeostasis and plays an impor-
tant role in Wnt signaling (Duval et al., 2000; Yi et al., 2005). Lyssenko et al. (2007) showed 
that a change in the expression and function of the TCF7L2 gene prevents the correct function-
ing of the pancreatic islets, which is most likely due to deregulation of the expression of the 
CGC gene, which encodes glucagon. Consequently, insulin secretion may decrease and the 
risk for T2D may increase.

Two other polymorphic variations in the TCF7L2 gene, the noncoding single nucleo-
tide polymorphisms (SNPs) rs7903146 (C/T) and rs12255372 (G/T), are in strong LD with the 
DG10S478 microsatellite and demonstrate a strong association with T2D (Grant et al., 2006). 
Florez et al. (2006) reported that the TCF7L2 SNPs rs7903146 and rs12255372 are associ-
ated with decreased insulin secretion and an increased risk for T2D among North American 
individuals with glucose intolerance. These authors recommended that the two variants be 
genotyped in all studies to confirm these results.

Independent studies have confirmed an association between the TCF7L2 SNPs 
rs7903146 and/or rs12255372 and T2D in various populations from countries such as England, 
Finland, Poland, France, Germany, the Netherlands, Sweden, Iran, India, Japan, China, and Tu-
nisia (Cauchi et al., 2006; Groves et al., 2006; Saxena et al., 2006; Scott et al., 2006; Horikoshi 
et al., 2007; Mayans et al., 2007; van Vliet-Ostaptchouk al., 2007; Ezzidi et al., 2009; Gupta 
et al., 2010; Wen et al., 2010; Palizban et al., 2012). However, conflicting results have been 
reported in populations from China, Saudi Arabia, and the United Arab Emirates, as well as in 
the Native American population of North America (Guo et al., 2007; Alsmadi et al., 2008; Ren 
et al., 2008; Saadi et al., 2008). Moreover, although an association between the TCF7L2 SNPs 
rs7903146 and rs12255372 and T2D has been investigated in several studies of Caucasian 
populations, there have been relatively few studies of mixed populations, such as Brazilians 
(Marquezine et al., 2008; Franco et al., 2011; Barra et al., 2012; Furgeri et al., 2012).

Herein, we investigated the association between the SNPs rs7903146 and rs12255372 
with T2D in a mixed population from northeastern Brazil to confirm the role of different 
TCF7L2 gene variants in different populations.

MATERIAL AND METHODS

Study population

Two hundred and twenty unrelated individuals in the general population from Parnaí-
ba, Piauí State, Brazil, were included in this study. The control group consisted of 110 healthy 
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subjects who were not diagnosed with T2D or any associated conditions according to clinical 
and laboratory examinations. The patient group consisted of 110 individuals who were diag-
nosed with T2D according to the World Health Organization (WHO) criteria (random plasma 
glucose >200 mg/dL and/or levels of fasting plasma glucose >126 mg/dL). The laboratory data 
(HbA1c, fasting glucose, high-density lipoprotein cholesterol, total cholesterol, and triglycer-
ide levels) and the degree of obesity using the body mass index [BMI; defined as weight (kg)/
height (m2)] for each participant were analyzed (Table 1). To participate in the study, the indi-
viduals in the patient and control groups signed informed consent forms, and the procedures 
were approved by the Universidade Federal do Piauí Ethics Committee in Research.

Characteristics	 Patients	 Controls	 P

Male/female ratio	 110 (33/77)	 110 (40/70)	 0.32
Age during the study (years)	   61.0 ± 14.0	   61.3 ± 13.9	 1.00
BMI [weight (kg)/height (m)2]	 26.8 ± 4.9	 25.0 ± 4.2	 0.92
Fasting glucose (mg/dL)	 187.5 ± 91.7	   96.0 ± 18.6	 <0.001
HbA1c (%)	   8.2 ± 2.7	   4.4 ± 0.9	 <0.001
HDL cholesterol (mg/dL)	   52.4 ± 27.6	   54.6 ± 14.8	 <0.001
Total cholesterol (mg/dL)	 234.0 ± 57.6	  218.0 ± 42	 <0.001
Triglycerides (mg/dL)	   244.5 ± 204.0	   171.9 ± 104.9	 <0.001

Data are the means ± standard deviation; BMI = body mass index; HbA1c = glycated haemoglobin (glucose bound 
to hemoglobin).

Table 1. Clinical and biochemical characteristics of patients with type 2 diabetes and healthy controls.

DNA extraction and genotyping

Genomic DNA was extracted from the subjects’ peripheral blood leukocytes using 
the Wizard Genomic Kit (Promega Inc., USA) in accordance with manufacturer instructions. 
After isolation, the DNA concentration was determined using a Biospec-Nano Spectropho-
tometer (Shimadzu, Japan). The genotyping was performed using polymerase chain reaction 
(PCR) followed by enzymatic digestion with restriction endonucleases (RFLP).

PCRs for the TCF7L2 SNPs rs7903146 and rs12255372 were performed using the 
following cycle conditions: 5 min at 94°C; 35 cycles of 30 s at 94°C, 30 s at 58°C, and 30 s at 
72°C; and a final extension at 72°C for 5 min.

For rs7903146 genotyping, PCR was performed using the following primers: 
5'-ACAATTAGAGAGCTAAGCACTTTTTAGGTA-3' (forward) and 5'-GTGAAGTGCCCA
AGCTTCTC-3' (reverse). After amplification, the 188-bp PCR products were digested with 2 
U RsaI restriction enzyme (NEB, USA) at 37°C for 4 h. The RsaI enzyme recognizes the re-
striction site 5'-GT▼AC-3' with the rs7903146 C allele and produces two fragments, 159 and 
29 bp, whereas the rs7903146 T allele (mutant) is not cleaved, and its PCR product remains 
the original size (188 bp).

For genotyping rs12255372, PCR was performed using the following primers: 
5'-GAGGTGTACTGGAAACTAAGGC-3' (forward) and 5'-GAGGCTGAATCTGGCACTC
A-3' (reverse). After amplification, the 226-bp PCR products were digested with 2 U Tsp509I 
enzyme (Thermo Scientific, USA) at 65°C for 4 h. For the rs12255372 T (mutant) allele, the 
Tsp509I enzyme recognizes the 5'-▼AATT-3' restriction site and cleaves the PCR product in 
two places because the PCR products have a recognition site for the enzyme; consequently, 
the digestion yields three fragments of 17, 75, and 134 bp. Moreover, the rs12255372 G (wild 
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type) allele PCR product is cleaved at only one site, resulting in two fragments, 75 and 151 bp.
To visualize the digestion products from both SNPs, the DNA fragments were electro-

phoresed on an 8% acrylamide:bisacrylamide (29:1) system and stained with silver nitrate. PCR-
RFLP quality control was performed by randomly selecting 20% of the samples for re-genotyping 
by an independent technician. The correlation observed for the genotyping assays was 100%.

Statistical analysis

The chi-square test was used to determine whether the genotype distributions were 
in Hardy-Weinberg equilibrium. The genotypic and allelic frequencies were compared be-
tween the diabetic patients and controls using chi-square and Fisher exact tests, respectively. 
The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using a logistic 
regression model. Statistical significance was determined at P < 0.05, and the analyses were 
performed using the BioStat 5.3 software (Mamirauá Institute, Brazil). The statistical analyses 
for LD, haplotype frequencies, and multiple test corrections per 1000 random permutations 
were performed using the Haploview 4.2 software (Barrett et al., 2005).

RESULTS

The success rates for genotyping the TCF7L2 SNPs rs7903146 and rs12255372 were 
98.64 and 97.73%, respectively. The allele and genotype frequencies were in Hardy-Weinberg 
equilibrium for both SNPs.

The genotype and allele frequencies for the TCF7L2 SNP rs7903146 allele did not 
differ significantly between the patients and controls. The rs7903146 T allele frequency for the 
controls was 29%, whereas it was 28% in the patients (P = 1.00). The C/C, C/T, and T/T geno-
type frequencies for the controls were 53, 37, and 10%, respectively, whereas the frequencies 
were 49, 45, and 6%, respectively, in patients (P = 0.30). Using the CC genotype as a refer-
ence, the OR analysis showed that the C/T, T/T, and C/T+T/T genotypes were not associated 
with an increased risk for T2D in the population studied (C/T: OR = 0.75, 95%CI = 0.43-1.31, 
P = 0.38; T/T: OR = 1.67, 95%CI = 0.58-4.85, P = 0.48; C/T+T/T: OR = 0.85, 95%CI = 0.50-
1.44, P = 0.64) (Table 2).

The genotypic and allelic frequencies for the TCF7L2 SNP rs12255372 did not differ 
significantly between the patients and controls. The rs12255372 T allele frequency in controls 
was 22%, whereas it was 28% (P = 0.41) in patients. The G/G, G/T, and T/T genotype frequen-
cies were 62.0, 31.5, and 6.5%, respectively, for the controls, and were 51.4, 41.1, and 7.5%, 
respectively, for the patients (P = 0.31). Using the GG genotype as a reference, the OR analysis 
showed that the G/T, T/T, and G/T+T/T genotypes are not associated with an increased risk of 
T2D in the population (G/T: OR = 0.63, 95%CI = 0.36-1.12, P = 0.16; T/T: OR = 0.72, 95%CI 
= 0.24-2.10, P = 0.74; G/T+T/T: OR = 0.65, 95%CI = 0.38-1.11, P = 0.15) (Table 2).

The LD analysis showed that alleles for the rs7903146 (C/T) and rs12255372 (G/T) 
SNPs are moderately associated (D’ = 0.65; R2 = 0.36). Four haplotypes were constructed for 
these variations, and none differed significantly between the control and patient groups (P > 
0.05). For example, the TT haplotype frequency, which carries the two alleles with the lowest 
frequency and were previously shown to be risk alleles for T2D, was 19.9% in the patient 
group and 17.8% in the control group (P = 0.93; 1000 permutations) (Table 3).
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DISCUSSION

T2D is becoming an epidemic in many countries, and consequently, a public health 
problem worldwide given the complications observed in patients. Thus, studies on the disease 
are increasingly important for establishing an early diagnosis strategy, efficient population 
screening methods, more effective therapies, and better preventative measures. The recent 
dramatic increase in the number of diabetic patients strongly indicates that factors related to 
lifestyle, the growing urbanization of cities, and a sedentary lifestyle in modern human popu-
lations may play roles in triggering the genetic factors associated with T2D. Therefore, it is 
important to understand the genetic aspects underlying this complex disease in order to rapidly 
implement preventive measures (Ramachandran et al., 2002).

The importance of genetic factors in the etiology of T2D was well established based 
on family and twin studies (Groop et al., 1996; Poulsen et al., 1999). However, the genes in-
volved in T2D have been shown to have only modest effects on disease risk and often generate 
inconsistent results in studies aiming to replicate the data (Hattersley and McCarthy, 2005). 
For example, the results of only a few genomic variation association studies, such as those that 
assessed SNPs in the PPARG Pro12Ala, KCNJ11 Glu23Lys, and CAPN10 genes have been 
convincingly replicated in different ethnic groups (Altshuler et al., 2000; Gloyn et al., 2003; 

Variables	 Patients	 Controls	 P*	 OR (95%CI)	 P

Rs 7903146	 N = 108 (%)	 N = 109 (%)	 		

Genotype	 				  
   C/C	   53 (49.0)	   58 (53.2)			 
   C/T	   49 (45.4)	   40 (36.7)		  0.75 (0.43-1.31)	 0.38
   T/T	   6 (5.6)	   11 (10.1)	 0.30	 1.67 (0.58-4.85)	 0.48
   C/T + T/T	 			   0.85 (0.50-1.44)	 0.64
Allele	 				  
   C	 155 (72.0)	 156 (71.0)			 
   T	   61 (28.0)	   62 (29.0)	 1.00	 0.95 (0.52-1.76)	 1.00

Rs 12255372	 N = 107(%)	 N = 108 (%)	 		

Genotype	 				  
   G/G	   55 (51.4)	   67 (62.0)			 
   G/T	   44 (41.1)	   34 (31.5)	 0.31	 0.63 (0.36-1.12)	 0.16
   T/T	   8 (7.5)	   7 (6.5)		  0.72 (0.24-2.10)	 0.74
   G/T + T/T	 52	 41		  0.65 (0.38-1.11)	 0.15
Allele	 				  
   G	 154 (72)	 168 (78)			 
   T	 60 (28)	 48 (22)	 0.41	 1.38 (0.72-2.62)	 0.41

*P value from chi-square or Fisher exact tests. OR = odds ratio; 95%CI = 95% confidence interval.

Table 2. Genetic characteristics of the patients with type 2 diabetes and healthy controls.

Haplotypes	 Patients (%)	 Controls (%)	 P	 P*

CG	 62.8	 67.3	 0.33	 0.71
TT	 19.9	 17.8	 0.58	 0.92
TG	   8.9	 10.6	 0.54	 0.91
CT	   8.4	   4.3	 0.07	 0.18

*Adjusted P values after 1000 permutations.

Table 3. Haplotype frequency for the rs7903146 (C/T) and rs12255372 (G/T) SNPs in the patient and 
control groups.



7895

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 7889-7898 (2014)

TCF7L2 SNPs rs7903146 and rs12255372 in type 2 diabetes

Weedon et al., 2003). Subsequently, SNPs in the region with the TCF7L2 gene were strongly 
associated with T2D (Cauchi et al., 2006; Grant et al., 2006).

Herein, we analyzed the association of the TCF7L2 SNPs rs7903146 and rs12255372 
with T2D in a population from northeastern Brazil. Our results showed that the genotype and 
allele frequencies in the TCF7L2 SNPs rs7903146 and rs12255372 were similar in the patient 
and control groups (P > 0.05). In addition, the allele frequencies for these variations were not 
significantly associated with a risk for T2D (rs7903146: OR = 0.95, 95%CI = 0.52-1.76, P = 
1.00 and rs12255372: OR = 1.38, 95%CI = 0.72-2.62, P = 0.41). These data suggest that the 
TCF7L2 SNPs rs7903146 and rs12255372 may not significantly contribute to T2D suscepti-
bility in this population.

Variations in the TCF7L2 gene were initially described as contributing to T2D 
pathogenesis predominantly in European populations (Cauchi et al., 2006; Groves et al., 2006; 
Saxena et al., 2006; Scott et al., 2006; Mayans et al., 2007; van Vliet-Ostaptchouk et al., 
2007). However, new studies in different ethnic groups have reported inconsistent results, 
including in Chinese and North American Native American populations (Guo et al., 2007; 
Ren et al., 2008). These studies were supported by a lack of association between T2D and the 
TCF7L2 SNP rs7903146 and a marginal association of rs12255372 in a United Arab Emirates 
population (Saadi et al., 2008). In addition, there was no association of either SNP with Saudi 
Arabian diabetic patients (Alsmadi et al., 2008).

Brazil has one of the most heterogeneous populations in the world, resulting from 
more than five centuries of interbreeding among people from three continents, including Eu-
ropean settlers (primarily Portuguese), African slaves, and Native Americans (Parra et al., 
2003). In southeastern Brazil, Marquezine et al. (2008) reported an association between the 
rs7903146 T allele in the TCF7L2 gene and a 1.57 times increased risk for T2D in a cohort of 
patients with coronary heart disease. These results were corroborated by Barra et al. (2012) 
in a diabetic population from the central western region of Brazil. As for the TCF7L2 SNP 
rs12255372, Furgeri et al. (2012) failed to find an association of this variant with increased 
risk for T2D in patients with cystic fibrosis in southeastern Brazil. Likewise, a study consisting 
of patients from the same region conducted by Franco et al. (2011) reported no association of 
the TCF7L2 SNPs rs12255372 and rs7903146 with T2D in a Japanese-Brazilian population. 
Our results from a population in northeastern Brazil corroborate the findings of Furgeri et al. 
(2012) and Franco et al. (2011), and contribute to the conclusion that the replication of the 
results in mixed populations does not follow the same pattern as that observed in more homo-
geneous populations, such as the European population.

With respect to haplotype frequencies, Alsmadi et al. (2008) demonstrated a moderate 
association between the TCF7L2 SNPs rs7903146 and rs12255372 in a Saudi Arabian popula-
tion (D’ = 0.80; R2 = 0.66). In addition, the authors observed a significant difference for the CT 
haplotype between patients with T2D and healthy controls (P = 0.03). However, the authors 
advised caution in interpreting these results given the low statistical power for this observation 
because the CT haplotype was observed in only 38 of the 522 patients analyzed. Likewise, our 
results demonstrated a moderate association of the TCF7L2 SNPs rs7903146 and rs12255372 
(D’ = 0.65; R2 = 0.36) and a trend of the association of the CT haplotype with the studied 
population (P = 0.07). However, this association decreased significantly after correcting for 
multiple tests per 1000 random permutations (P = 0.18).

Despite reports for a strong association of the TCF7L2 gene SNPs with T2D in dif-
ferent studies, it is still unclear how these intronic variants confer susceptibility to the disease. 
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Studies suggest that the TCF7L2 gene plays an important role in maintaining the mass and 
function of pancreatic beta cells. The product of this gene is a transcription factor that may 
play a critical role in beta cell proliferation, protection against apoptosis, and insulin secretion 
(Loder et al., 2008; Shu et al., 2008). Gaulton et al. (2010) conducted an extensive functional 
study on the SNP rs7903146 in the TCF7L2 gene and reported that this variant affects suscep-
tibility to T2D by altering the cis regulation and local chromatin structure in pancreatic islets 
cells. More recently, Shu et al. (2012) observed a correlation between the pancreatic expres-
sion of the TCF7L2 gene with beta cell proliferation and the regeneration of such cells in vari-
ous murine models of diabetes. In addition, the authors demonstrated that the overexpression 
of the TCF7L2 gene in human exocrine pancreatic tissue induced a beta cell phenotype and 
insulin production in ductal epithelial cells.

CONCLUSION

The partial results herein represent the first analysis of the TCF7L2 SNPs rs7903146 
and rs12255372 in patients with T2D in a racially mixed population from northeastern Brazil. 
Although the genotype and allele frequencies were similar in the patient and control groups (P 
> 0.05) for both variants, we cannot ignore the possibility that our results may reflect the small 
number of subjects. Alternatively, such results may be attributable to specific ethnic effects 
because most of the previously reported associations were found in studies of predominantly 
European populations.

Thus, although we have not identified a significant association for the TCF7L2 SNPs 
rs7903146 and rs12255372, the weak association cannot be dismissed. For a definitive con-
clusion on the role of these gene variants in T2D in mixed populations, additional efforts are 
necessary to reproduce the methodology adopted herein using larger populations from areas 
with more ethnic heterogeneity.
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