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ABSTRACT. We conducted a hospital-based case-control study to
evaluate the relationship between the transcription factor 7-like 2
(TCF7L2) 17903146 polymorphism and type 2 diabetes mellitus
risk in a Chinese population. Genotyping of TCF7L2 rs7903146
was carried out using the polymerase chain reaction-restriction
fragment length polymorphism method. A chi-square test revealed
a statistically significant difference between the distributions of
rs7903146 genotypes in type 2 diabetes mellitus patient and control
groups (chi-square = 10.49, P=0.005). Using unconditional logistic
regression analysis, we observed that the TT genotype of this
polymorphism was significantly correlated with increased risk of
developing type 2 diabetes mellitus compared to the CC genotype
[odds ratio (OR) =2.31, 95% confidence interval (CI) = 1.33-4.04].
Furthermore, we found that the rs7903146 sequence variation was
also significantly associated with susceptibility to this disease under
dominant (OR = 1.58, 95%CI = 1.09-2.28) and recessive models
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(OR = 2.11, 95%CI = 1.25-3.62). We conclude that the TCF7L2
1s7903146 genetic polymorphism is independently associated with
the risk of developing type 2 diabetes mellitus under co-dominant,
dominant, and recessive models.
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INTRODUCTION

Type 2 diabetes mellitus is a chronic and complex disease characterized by insulin
resistance and impaired insulin secretion, and represents a serious global health problem
associated with high morbidity. It is estimated that there are approximately 92.4 million
adults with type 2 diabetes mellitus and 148.2 million with prediabetes in China (Yang et
al., 2010; Cai et al., 2013; Fu et al., 2013; Jiang et al., 2013). The etiology of this disease is
not well understood. Environmental and genetic factors both contribute to the development
of type 2 diabetes mellitus (Mrozikiewicz-Rakowska et al., 2015; Pearson, 2015). Previous
genome-wide association studies have implicated many loci in the onset, prognosis, and
severity of type 2 diabetes mellitus (Adeyemo et al., 2015; Wei et al., 2015).

Transcription factor 7-like 2 (TCF7L2) is located on chromosome 10q25.3 and
is 216.86 kb in length. TCF7L2 expression is related to its proposed function in insulin
secretion. Several previous studies have examined the role of the TCF7L2 rs7903146
polymorphism in the development of type 2 diabetes mellitus, but their results have been
inconclusive (Assmann et al., 2014; Barros et al., 2014; Allahdini et al., 2015; Guewo-
Fokeng et al., 2015; Liu et al., 2015; Nanfa et al., 2015; Yao et al., 2015; Yang et al.,
2015). In this study, we conducted a hospital-based case-control investigation to evaluate
the relationship between TCF7L2 rs7903146 and risk of developing type 2 diabetes mellitus
in a Chinese population.

MATERIAL AND METHODS
Subjects

Between January 2013 and December 2014, 248 patients with type 2 diabetes
mellitus and 267 control subjects without the disease were consecutively recruited from
the Department of Endocrinology of Henan Provincial People’s Hospital. Type 2 diabetes
mellitus was diagnosed based on the World Health Organization-International Diabetes
Federation criteria (WHO-IDF, 2006). Control subjects consisted of individuals who
attended our hospital for a regular health examination, and all were confirmed as not having
type 2 diabetes mellitus. Individuals with a history of diabetes, metabolic diseases or cancers
were excluded.

Lifestyle and dietary data were collected using a self-designed questionnaire, and
included sex, age, body mass index (BMI), and tobacco and alcohol consumption. Clinical
data were gathered from medical record including hypertension, blood glucose, insulin and
etc. The study was performed with the permission of the Institutional Review Board of
Henan Provincial People’s Hospital. Written informed consent was given by all subjects
before participation. This study conformed to the Declaration of Helsinki.
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Genotyping methods

A peripheral blood sample (5 mL) was obtained from each participan. DNA was ex-
tracted from these samples using a QIAGEN Blood Mini Kit (QIAGEN, Hilden, Germany).
Genotyping of TCF7L2 rs7903146 was carried out using the polymerase chain reaction
(PCR)-restriction fragment length polymorphism method with the following primers: 5'-
CTG AAC AAT TAG AGA GCT AAG CAC TTT TTA GGT A-3' (forward) and 5'-TTT CAC
TAT GTA TTG TTG CCA GTC AGC AAA CAC-3' (reverse). The length of the amplified
fragment was 266 bp. The cycling conditions were as follows: 94°C for 5 min; 35 cycles of
94°C for 5 s, 63°C for 30 s, and 72°C for 30 s; and a final extension step at 72°C for 10 min.
The amplified products were digested with Rsal restriction enzyme. To determine purity and
integrity, PCR products were separated using 3% agarose gel electrophoresis and visualized
by ultraviolet light.

Statistical analysis

Demographic, lifestyle, and clinical characteristics of type 2 diabetes mellitus
patients and control subjects were compared by independent samples #-tests or chi-
square tests. The distribution of TCF7L2 rs7903146 genotypes in the two groups was
analyzed using chi-square tests. Deviation of genotype distributions from Hardy-Weinberg
equilibrium (HWE) was assessed in the patient and control groups using the goodness-
of-fit chi-square test. The association between TCF7L2 rs7903146 and type 2 diabetes
mellitus was examined using logistic regression analyses, and odds ratios (OR) and 95%
confidence intervals (95%CI) were calculated. Statistical analysis was conducted using
SPSS 16.0 (SPSS Inc., Chicago, IL, USA). P values less than 0.05 were considered
statistically significant.

RESULTS

The demographic and lifestyle characteristics of type 2 diabetes mellitus patients
and control subjects are shown in Table 1. Chi-square tests showed that patients and controls
were comparable in terms of age (chi-square = 0.15, P = 0.70), sex (chi-square = 1.51, P =
0.22), BMI (chi-square = 3.33, P = 0.07), tobacco smoking (chi-square = 0.45, P = 0.50),
and alcohol consumption (chi-square = 0.28, P = 0.60). However, individuals with type 2
diabetes mellitus were more likely to develop hypertension (chi-square = 4.39, P = 0.04)
and have higher levels of fasting glucose (1 = 5.73, P < 0.05), fasting insulin (¢ = 38.39, P <
0.05), TC (¢ =23.46, P <0.05), TG (¢ =31.43, P < 0.05), HDL-C (¢ = 2.34, P < 0.05), and
LDL-C (¢=17.30, P <0.05).

The distribution of TCF7L2 rs7903146 genotypes in the two groups is presented
in Table 2. In the type 2 diabetes mellitus patient group, 125 (50.40%), 73 (29.44%), and
50 (20.16%) individuals carried the CC, CT, and TT genotypes, respectively. In the control
group, these genotypes were found in 165 (61.80%), 74 (27.72%), and 28 (10.49%) subjects,
respectively. A chi-square test revealed a statistically significant difference between type 2
diabetes mellitus patients and control subjects (chi-square = 10.49, P = 0.005) regarding these
distributions. TCF7L2 rs7903146 genotype frequencies deviated from HWE in both study
groups, with P values less than 0.001.
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Table 1. Demographic and lifestyle characteristics of type 2 diabetes mellitus patients and control subjects.

Characteristic Patients (N = 248) % Controls (N = 267) % Chi-square P
Age, years

<50 137 55.24 143 53.56

>50 111 44.76 124 46.44 0.15 0.70
Gender

Female 90 36.29 111 41.57

Male 158 63.71 156 58.43 1.51 0.22
BMI

<24 148 59.68 180 67.42

>24 100 40.32 87 32.58 3.33 0.07
Tobacco smoking

No 165 66.53 185 69.29

Yes 83 33.47 82 30.71 0.45 0.50
Alcohol consumption

No 157 63.31 175 65.54

Yes 91 36.69 92 34.46 0.28 0.60
Hypertension

No 192 77.42 226 84.64

Yes 56 22.58 41 15.36 4.39 0.04
Fasting glucose (mM) 8.43+2.47 4.82+1.35 5.73 <0.05
Fasting insulin (mM) 59.12 + 14.65 51.6+15.11 38.39 <0.05
TC (mg/dL) 184.55+£17.35 154.53 £11.25 23.46 <0.05
TG (mg/dL) 174.26 £ 14.12 131.50 £ 16.55 31.43 <0.05
HDL-C (mg/dL) 47.82 +1.81 46.10 +11.42 2.34 <0.05
LDL-C (mg/dL) 134.26 £ 11.64 118.71 + 8.63 17.30 <0.05

BMI = body mass index, TC = total cholesterol, TG = triglycerides, HDL-C = high-density lipoprotein cholesterol,
LDL-C = low-density lipoprotein cholesterol.

Table 2. Distribution of T7CF7L2 rs7903146 polymorphism genotypes in type 2 diabetes mellitus patient and

control groups.

Genotype Patients % Controls % Chi-square P value P value for HWE
Patients Controls

cC 125 50.40 165 61.80

CT 73 29.44 74 27.72

TT 50 20.16 28 10.49 10.49 0.005 <0.001 <0.001

HWE = Hardy-Weinberg equilibrium.

Using unconditional logistic regression analysis, we established that the TT genotype
of TCF7L2 rs7903146 was significantly correlated with increased risk of developing type
2 diabetes mellitus compared to the CC genotype, with an adjusted OR (and 95%CI) of
2.31 (1.33-4.04; Table 3). Furthermore, we observed that the TCF7L2 rs7903146 genetic
polymorphism was significantly associated with susceptibility to this disease under dominant
(OR =1.58, 95%CI = 1.09-2.28) and recessive models (OR = 2.11, 95%CI = 1.25-3.62).

Table 3. Association between the 7CF7L2 rs7903146 polymorphism and risk of type 2 diabetes mellitus.

Model Patients % Controls % OR (95%CI)! P value
Co-dominant

cC 125 50.4 165 61.8 1.0 (Ref) -
CT 73 29.44 74 27.72 1.30 (0.86-1.98) 0.19
TT 50 20.16 28 10.49 2.31(1.33-4.04) 0.001
Dominant

cC 125 50.4 165 61.8 1.0 (Ref) -
CT+TT 123 49.6 102 38.2 1.58 (1.09-2.28) 0.01
Recessive

CC+CT 198 79.84 239 89.51 1.0 (Ref) -
TT 50 20.16 28 10.49 2.11 (1.25-3.62) 0.003

!'Adjusted for age, sex, hypertension, fasting glucose, fasting insulin, total cholesterol (¢ =23.46, P <0.05), triglycerides,
and high- and low-density lipoprotein cholesterol. OR = odds ratio; CI = confidence interval, Ref. = reference.
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DISCUSSION

In the present study, we investigated the role of the 7CF7L2 rs7903146 polymorphism in
the pathogenesis of type 2 diabetes mellitus. Our findings indicated that the TT genotype of this
variant significantly influences the development of this disease compared to the CC genotype, and
that the TCF7L2 rs7903146 polymorphism is associated with increased risk of type 2 diabetes
mellitus under the dominant and recessive models in the Chinese population examined.

TCF7L2 is a member of Wnt signaling pathway, and plays an important role in the
development of embryonic cellular (Cauchi et al., 2006). A previous experimental study has
indicated that this pathway is closely associated with insulin secretion (Papadopoulou et al., 2011).
Moreover, the TCF7L2 gene is involved in modifying the expression of insulin and glucagon
protein through Wnt signaling. A previous study has demonstrated a significant association
between high expression of TCF7L2 in pancreatic beta cells and glucose metabolism (Takamoto
et al., 2014). Zhou et al. (2014) reported that the T allele of rs7903146, associated with diabetes
risk, correlates with increased TCF7L2 expression and reduced insulin levels and secretion, thus
the affected protein may regulate insulin production and the pathogenesis of type 2 diabetes
mellitus. In a study of a healthy Chinese population, Wang et al. (2015) found that TCF7L2
genetic variation is significantly associated with fasting plasma glucose and triglyceride indexes.

To date, several studies have tested the association between 7CF7L2 genetic variations
and risk of developing type 2 diabetes mellitus (Assmann et al., 2014; Barros et al., 2014; Ouhaibi-
Djellouli et al., 2014; Guewo-Fokeng et al., 2015; Nanfa et al., 2015; Yang et al., 2015; Yao et al.,
2015). Assmann et al. (2014), Guewo-Fokeng et al. (2015), and Ouhaibi-Djellouli et al. (2014)
conducted investigations to assess the role of the TCF7L2 rs7903146 polymorphism in the
pathogenesis of this disease, reporting that this sequence variant is associated with susceptibility
to type 2 diabetes mellitus in Caucasians. In studies of Chinese populations, Yao et al. (2015)
and Yang et al. (2015) determined that the TCF7L2 rs12255372 polymorphism may also
contribute to the risk of developing this condition. However, some investigations have reached
inconsistent conclusions (Barros et al., 2014; Pourahmadi et al., 2015). For instance, Barros et
al. (2014) failed to establish a significant correlation between the TCF7L2 rs7903146 variant and
development of type 2 diabetes mellitus in Brazilian individuals. In addition, Pourahmadi et al.
(2015) conducted a study of 200 patients and 200 control subjects from an Iranian population, in
which they found no influence of the TCF7L2 rs7903146 and rs12255372 polymorphisms on the
incidence of this disease. The current work suggests that the TCF7L2 rs7903146 variation may
affect susceptibility to type 2 diabetes mellitus in a Chinese population.

In conclusion, we observed that the TCF7L2 rs7903146 genetic polymorphism is
independently associated with risk of developing type 2 diabetes mellitus under co-dominant,
dominant, and recessive models. Further studies involving a greater number of ethnicities and
larger sample sizes are greatly required to verify our findings.
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