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Abstract  
Certain TCF7L2 (T-cell factor 7-like2 transcription factor) gene polymorphisms render significant 

susceptibility for type 2 diabetes mellitus (T2DM). TCF7L2 rs7903146 and rs290487 are single 
nucleotide gene polymorphisms whose association with T2DM was demonstrated in several ethnic 
groups. The aim of the study was to analyze for the first timethe association between TCF7L2 rs7903146 
and rs290487 gene polymorphisms in a Romanian population. rs7903146 and rs290487 gene 
polymorphisms were genotyped in 83 subjects (53 diabetic patients and 30 normoglycemic controls) by 
using direct pyrosequencing of genomic DNA.Significant differences of allelic combinations frequency 
for rs7903146 between T2DM and control groups were observed. For rs7903146 polymorphism 
the dominant model was predictive for T2DM, when adjusting for age and gender. By contrast, for 
rs290487 polymorphism any significant association between T2DM riskwas not find and any genetic 
model and no T2DM prediction could be calculated. In conclusion, the study confirmed the association 
between TCF7L2 rs7903146 gene polymorphism and the risk for T2DM in a Romanian population, but 
could not find any significant association between the rs290487 gene polymorphism and T2DM. 
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1.  Introduction 

Diabetes mellitus (DM) is a heterogeneous syndrome that involves a complex disturbance 
of the energetic metabolism (C. IONESCU-TIRGOVISTE [1], C. GUJA & al. [2]). Type 2 DM 
(T2DM), characterized either by a deficient insulin secretion on an insulin resistance background 
or by insulin resistance in the presence of a certain deficiency of insulin secretion, affects 
the vast majority (90-95%) of DM patients. The different prevalence of DM in various 
populations point towards a genetic predisposition for T2DM and recent data showed that T2DM 
is a polygenic disease with non-Mendelian inheritance, but the environmental factors also play an 
important role in the phenotypic expression of the genetic defects (S.K. DAS & al. [3]).  

TCF7L2 (T-cell factor 7-like2 transcription factor) transcription factor participates 
in Wnt signaling, an important pathway involved in development and many regulatory 
mechanisms (T. JIN [4]). TCF7L2 gene is considered a significant T2DM susceptibility gene 
(I. PROKOPENKO & al. [5]). Several mechanisms may explain the association between the 
TCF7L2 genetic variants and T2DM: pancreatic β cell mass reduction, alterations in insulin 
processing and release, alteration of glucagon like peptide-1 (GLP-1) signaling in pancreatic β 
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cells, liver insulin resistance and alteration of chromatin structure (W. IP & al. [6],  
K.J. GAULTON & al. [7], E.R. PEARSON [8], D.T. VILLAREAL & al. [9]). 

Human TCF7L2 gene is localized on chromosome 10q25.3 and consists of 17 exons. 
Five single nucleotide polymorphisms (SNPs) in a large intronic region around the exon 5 
were associated with T2DM risk in various ethnic groups (W. IP & al [6]). TCF7L2 gene 
polymorphism rs7903146 is the most important genetic marker associated with T2DM and 
gestational diabetes (T. JIN & al. [10], C. ZHANG & al. [11]) and with latent autoimmune 
diabetes in adults (B. SZEPIETOWSKA & al. [12]). Other studies have shown that other 
TCF7L2 gene polymorphisms such as rs290487 seem to be associated with predisposition for 
T2DM (S. SHOKOUHI& al. [13], J. WANG & al. [14]). The current study analyzed for the 
first time the association between these two gene polymorphisms and the diabetic status in 
the Romanian population. 

 
2.  Materials and methods 

Patients Selection 
The study was conducted during January 2015-March 2015 on 83 Caucasian, ethnic 

Romanian subjects. This study was carried out in accordance with the principles from the 
Declaration of Helsinki (The Code of Ethics of the World Medical Association, last updated 
at the 64th WMA General Assembly, Fortaleza, Brazil, October 2013) for experiments involving 
humans. Patients were enrolled upon informed written consent, respecting anonymity and 
privacy rights. The study included diabetic patients aged between 18 and 75 years, diagnosed 
with T2DM according to American Diabetes Association criteria 2015 and healthy subjects who 
sought nutritional counseling. Exclusion criteria were: body mass index (BMI)<18 kg/m², 
malignancy, autoimmune diseases, severe renal impairment (estimated glomerular filtration 
rate, eGFR<30mL/min/1.73m²), severe hepatic impairment, presence of hepatitis B or C virus, 
HIV infection, pregnancy, incapacity to understand and sign the informed consent. Patients 
group included subjects diagnosed with T2DM and the control group included subjects who 
did not meet T2DM criteria. 

Clinical and biological evaluation of the subjects  
A standard questionnaire was used to collect information on gender, age, age at diagnosis 

of the disease, family history of cardiovascular and metabolic diseases, treatments followed, 
smoking status, alcohol consumption, physical activity, presence of other pathologies. Information 
gained from the study did not influence treatment of the patients. Participants were trained on 
blood sample collection methodology: 12 hour-nocturnal fasting, ceasing smoking and alcohol 
and coffee consumption and avoiding excessive physical effort after 10 PM the day before 
examination. All participants underwent a clinical examination and a laboratory evaluation. 
Clinical assessment included: measurements of waist circumference, body weight, systolic and 
diastolic blood pressure, neurological evaluation to detect autonomic or sensory neuropathy, 
ophthalmological examination, and cardiacexamination. Obesity was stated for BMI ≥ 30 kg/m². 
Central obesity was defined for waist circumference ≥ 102 cm (men) and ≥ 88 cm (women). 
Patients who constantly smoked at least one cigarette/day were enrolled as smokers. Patients 
with at least one hour of physical activity per week were considered physically active. 
Hypertension was defined as blood pressure ≥ 140/90 mmHg at initial visit or in two visits 
within a month. A patient was recorded as having hypertension if this was documented or if (s)he 
were under antihypertensive therapy. Venous blood was collected after 12 hour-overnight 
fast by venipuncture. Urine samples were collected for analysis and microalbuminuria 
determination. eGFR was calculated as previously described (A.S. LEVEY & al. [15]).  
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DNA Isolation and Genotyping 
Genomic DNA was prepared with a commercially available kit (Promega), according 

to manufacturer’s instructions, on a Maxwell®16 Instrument (Promega). Amplification and 
pyrosequencing primers were designed with Pyromark Assay Design software (Qiagen), 
utilizing the genomic DNA sequences spanning the polymorphisms of interest (from 
www.ncbi.nlm.nih.gov/snp). The sequences of the primers (synthesized by Qiagen) are given 
in Table 1. Representative pyrograms for each genotype are presented in Figure 1. 

 
Table 1. Primers used for pyrosequencing the gene polymorphisms rs290487 and rs7903146. 

Primer Sequence 
rs290487 primer F (5’-biotinylated) 5’-GTGAGTCTTCCAACCCAGTACA 
rs290487 primer R 5’-ACCTACTCTTGGCCCATCTG 
rs290487 sequencing primer 5’-TCTCATTTTCAATTTTGC 
rs7903146 primer F 5’-TTCTCTGCCTCAAAACCTAGC 
rs7903146 primer R (5’-biotinylated) 5’-CTGAAAACTAAGGGTGCCTCATA 
rs7903146 sequencing primer 5’-AGCTAAGCACTTTTTAGAT 

 

 
Figure 1. Representative pyrograms for each genotype for TCF7L2 rs7903146 (A-C) and TCF7L2 rs290487 
(D-F). The sense strand is analyzed for rs7903146, and antisense for rs290487; thus, for rs290487 on the 
pyrogram the polymorphism C/T is determined as A/G, C/C as G/G and T/T as A/A. 
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The polymorphic regions were amplified by PCR in the presence of 2.0 mM MgCl2 with 
a program consisting of: denaturation (94°C, 15'); amplification-45 cycles (denaturation: 
94°C, 30''; annealing: 58°C, 30''; elongation: 72°C, 30''); final elongation (72°C, 10'). 
The specific amplification of the desired PCR products was confirmed by agarose gel 
electrophoresis and staining with Midori Green (Nippon Genetics Europe). In each reaction, 
50 ng DNA was used in a total volume of 15 µL. The biotinylated strand of the PCR product 
was captured on Streptavidin Sepharose (GE Healthcare) and pyrosequencing was performed 
using PyroMark Gold Q24 Reagents kit (Qiagen) on a Pyromark24 instrument (Qiagen). 

Statistical analysis  
Data were processed using IBMSPSS 18 software. The threshold for a statistical significance 

was set at p<0.05. Ordinal data were presented as percentage and numerical data as mean ± 
standard deviation (SD). The test values were detailed for the significant comparisons, 
according to the statistical software output. Allele frequencies were determined by gene 
counting and the change of Hardy-Weinberg equilibrium was assessed by χ2 test. Clinical and 
laboratory characteristics were compared using t test, or the general linear model, or χ2 test, 
depending on the fulfilled criteria. For χ2 test, odds ratio (OR) and 95% confidence intervals 
(CI) were reported. Multivariate logistic regression was used to determine the association of 
each polymorphism with T2DM risk, with adjustments for the effects of age and gender 
(used as covariates in the statistical model). 
 
3.  Results 

Clinical and biological characteristics of individuals in the control group and T2DM 
patients are given in Supplemental Table 1. Accordingly with the data provided, statistically 
significant differences (p<0.05) were reported for the following parameters: age, fasting blood 
glucose, glycated hemoglobin, triglycerides, eGFR, systolic blood pressure, central obesity, 
arterial hypertension and ischemic heart disease, as described in Supplemental Table 1.  

Genotype and allele frequencies were calculated for each gene polymorphism and we 
analyzed the association between T2DM risk and a particular genetic model for each TCF7L2 
polymorphism. 

As illustrated in Table 2 and Supplemental Table 2, for TCF7L2 rs7903146 gene 
polymorphism, we observed significant differences of allelic combinations frequency between 
the two groups in the associative model (χ2 (2) = 8.1, p = 0.017). We also found significant 
association for the following genetic models: (i) dominant (χ2 (1) = 6.91, p = 0.009), (ii) co-dominant 
(χ2 (1) = 7.72, p = 0.005), and (iii) heterozygous (χ2 (1) = 8.11, p = 0.004). No association was 
noticed for the recessive and homozygous models. The distribution of the C and T alleles 
between the diabetic and the control groups were significantly different (χ2 (1) = 4.12,  
p = 0.042). Since OR<1, we concluded that C allele has a protective role in T2DM risk.  

 
Table 2. Analysis of genetic models and allele frequency for rs7903146 gene polymorphism 

Genetic models OR (95% CI) p 
Association (C/C vs C/T vs T/T)  0.017 
Dominant (C/T+T/T vs C/C) 3.587 (1.354-9.506) 0.009 
Recessive (T/T vs C/T+C/C) 0.943 (0.208-4.231) 0.933 
Co-dominant (C/T vs C/C+T/T) 4.464 (1.484-13.429) 0.005 
Homozygous (C/C vs T/T) 0.627 (0.134-2.944) 0.552 
Heterozygous (C/C vs C/T) 0.209 (0.068-0.643) 0.004 
Allele (C vs T) 0.455 (0.211-0.983) 0.042 

As shown in Table 3 and Supplemental Table 3, for rs290487 gene polymorphism we 
did not find any significant differences of allelic frequency combinations between the two 
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groups in the associative model (p = 0.982). No significant association was determined 
between T2DM and any genetic model (p>0.05). The distribution of the C and T alleles 
between T2DM and control groups was not significantly different (p = 0.859). 

 
Table 3. Analysis of genetic models and allele frequency for rs290487 gene polymorphism 

Genetic models OR (95%CI) p 
Association(C/C vs C/T vs T/T)  0.982 
Dominant (C/T+T/T vs C/C) 0.944 (0.364-2.450) 0.906 
Recessive (T/T vs C/T+C/C) 0.840 (0.132-5.332) 0.853 
Co-dominant (C/T vs C/C+T/T) 0.987 (0.358-2.721) 0.980 
Homozygous (C/C vs T/T) 1.200 (0.185-7.792) 0.848 
Heterozygous (C/C vs C/T) 1.029 (0.369-2.871) 0.957 
Allele (C vs T) 1.075 (0.484-2.388) 0.859 

 

Further, we analyzed T2DM prediction based on the gene polymorphisms in control 
group and T2DM patients. 

We used a logistic regression (LR) model/analysis to predict T2DM, using rs7903146 
genotype as categorical covariate and with adjustments for age and gender. Data described in 
Table 4 fit to a final LR model containing the three variables. This proposed model was 
statistically significant, χ2 (4, N = 83) = 17.54, p = 0.002, and thus could differentiate between 
T2DM patients and control individuals. By adjusting for the effects of age and gender, the LR 
model explained 19.1%- 26.1% of the variance of T2DM and correctly classified 71.1% of 
the cases, thus the rs7903146 gene polymorphism was predictive for T2DM (p=0.026). 
Compared with C/C genotype carriers, the C/T genotype carriers were 5.13 times more likely 
to present T2DM when the other variables in the LR model were kept constant. Instead, we 
found no differences between T/T genotype and C/C genotype regarding the predictive capability 
of T2DM (p = 0.833). We could not build a predictive model based on additive or recessive 
models of rs7903146 (p = 0.550, respectively p = 0.933). We further used logistic regression 
analysis to predict T2DM, based on the dominant model of rs7903146 gene polymorphism. 
The final LR model was statistically significant, χ2 (1, N = 83) = 7.13, p = 0.008, indicating 
that the proposed model could differentiate between individuals diagnosed with diabetes or 
not. This model explained 8.2%-11.3% of the variance of T2DM and correctly classified 
63.9% of the cases. The rs7903146 dominant model is predictive for T2DM, p=0.010. 
Compared with C/C genotype carriers, the (C/T + T/T) genotype carriers were 3.58 times 
more likely to present T2DM when other variables in the model are kept constant. 

 
Table 4. T2DM prediction based on rs7903146 gene polymorphism 

 T2DM 
(n=53) 

Controls 
(n=30) 

p OR (95%CI) 

Genotype 
C/C 23 (43.4%) 22 (73.3%) 1 
C/T 25 (47.2%) 5 (16.7%) 5.137 (1.558; 16.939) / 0.007 
T/T 5 (9.4%) 3 (10.0%) 

0.026 

1.194 (0.229; 6.229) / 0.833 
Additive model 
C/C 23 (82.1 %) 22 (88.0%) 0.550 1.594 (0.340;7.482) / 0.554 
T/T 5 (27.9 %) 3 (12.0 %)  1 
Recessive model 
C/C-C/T 48 (90.6 %) 27 (90.0%) 0.933 1.067 (0.236;4.814) / 0.933 
T/T 5 (9.4%) 3 (10.0%)  1 
Dominant model 
C/C 23 (43.4 %) 22 (73.3%) 0.008 3.587 (1.354;9.506) / 0.010 
C/T-T/T 30 (56.6 %) 8 (26.7 %)  1 
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As described in Table 5, starting from rs290487 gene polymorphism minor genotype we 
could not create a prediction for T2DM, p=0.836. We could not build a predictive model based on 
any of the genetic models, either additive (p=0.849), recessive (p=0.854), or dominant (p=0.907). 

 

Table 5. T2DM prediction based on rs290487 gene polymorphism 
 T2DM  

(n=53) 
Controls 
(n=30) 

p OR (95%CI) 

Genotype 
C/C 36 (67.9%) 20 (66.7%) 1 
C/T 14 (26.4%) 8 (26.7%) 1.411 (0.444; 4.481) / 0.559 
T/T 3 (5.7%) 2 (6.7%) 

0.836 

1.242 0(0.172; 8.983) / 0.830 
Additive model 
C/C 36 (92.3 %) 20 (90.9 %) 0.849 0.833 (0.128; 5.411) / 0.849 
T/T 3 (7.7%) 2 (9.1%)  1 
Recessive model 
C/C-C/T 50 (94.3 %) 28 (93.3 %) 0.854 1.190 (0.188; 7.556) / 0.853 
T/T 3 (5.7%) 2 (6.7%)  1 
Dominant model 
C/C 36 (67.9%) 20 (66.7%) 0.907 1.059 (0.408; 2.747) / 0.906 
C/T-T/T 17 (32.1 %) 10 (33.3 %)  1 

 
Then we analyzed the clinical and biological features of the study subjects depending 

on the rs7903146 and rs290487 associated genotypes (given in Supplemental Table 1). For 
rs7903146 gene polymorphism, we applied a separate linear model and we found no 
significant differences between the corresponding genotypes (p> 0.05). For rs290487 gene 
polymorphism, the same model indicated no significant differences between the associated 
genotypes (p>0.05), except for the BMI. For rs290487 genotypes no differences in T2DM 
patients regarding the mean BMI were observed (p=0.282). For the control group, we noticed 
that the mean BMI according to the genotypes is significantly different (F (2.27) = 6.044, 
p=0.007). We further investigated this result with posthoc test with Sidak adjustment for 
multiple comparisons, and we noticed that there were significant differences between the C/C 
and C/T groups with a mean difference 9.91kg/m2, p=0.020. Also, the interaction between the 
two groups in the rs290487 gene polymorphism with respect to BMI is low, but statistically 
significant (p=0.045).We then analyzed the relationship between the T2DM risk factors and 
genotypes associated with the studied polymorphisms. For rs7903146 and rs290487 gene 
polymorphism, we applied a separate linear model for T2DM patients and controls, and we 
noticed that, in terms of risk factors, no significant differences exist between studied 
polymorphisms (p>0.05). We also tested the interaction between the group and polymorphism 
classes, and their interaction in terms of risk factors is not significant (p> 0.05). 

 
Supplemental Table 1. Clinical and biological characteristics of the subjects from the two groups.  

The statistically significant differences are bold-faced (p<0.05). 

Clinical and biological characteristics Non-diabetic subjects T2DM 
patients 

  

 Mean ± SD N Mean ± SD N p 
Number of subjects  30  53  
Age (years) 53.9 ±11.5 30 60.7 ± 8.2 53 0.007 
Gender (female) (%) 46.7 14 50.9 27 0.708 
Family history of metabolic diseases (%) 66.7 20 71.7 38 0.631 
Family history of cardio-vascular diseases (%) 60.0 18 60.0 32 0.973 
Smoking status (%) 20.0 6 24.5 13 0.637 
Regular physical activity (%) 36.7 11 34.0 18 0.804 
Alcohol consumption (%) 30.0 9 41.5 22 0.298 
Age at diagnosis (years)   52.9 ±  9.3 53  
Duration of the disease (years)   7.7 ± 5.5 53  
BMI (kg/m²) 27.9 ± 5.3 30 30.1 ± 4.6 53 0.063 
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Central circumference (cm) 99.7 ± 14.1 30 107.4± 12.8 53 0.013 
Obesity (%) 33.3 10 49.1 26 0.165 
Central obesity (%) 60.0 18 90.6 48 0.001 
Diet-only therapy (%)   3.8 2  
Oral therapy (%)   86.8 46  
Insulin therapy (%)   15.1 8  
Fasting plasma glucose (mg/dl) 93.2 ± 14.4 30 148.8 ± 51.6 53 <0.001 
HbA1C% 5.5 ±0.3 30 7.3 ± 1.4 53 <0.001 
Total Cholesterol (mg/dl) 197.5±39.6 30 194.6 ± 49.0 53 0.783 
LDL-Cholesterol (mg/dl) 122.5±36.2 30 115.7 ± 45.9 53 0.488 
HDL-Cholesterol (mg/dl) 52.2 ±12.6 30 48.5 ± 12.7 53 0.203 
Triglycerides (mg/dl) 114.3±49.4 30 152.0 ± 57.8 53 0.003 
Creatinine (mg/dl) 0.76 ±0.17 30 0.85 ±0.30 53 0.086 
Uric acid (mg/dl) 5.4 ±1.3 30 5.2 ±1.2 53 0.597 
eGFR (ml/min/1.73m²) 96.8 ±13.5 30 86.5 ±21.4 53 0.009 
Microalbuminuria>30mg/l (%) 0.0 0 22.6 12  
Stage of renal impairment     0.228 
  1 (%) 70 21 60.4 32  
  2 (%) 30 9 26.4 14  
3A (%) 0 0 7.5 4  
3B (%)  0 0 5.7 3  
Hypertension (%) 56.7 17 83.0 44 0.009 
Systolic blood tension (mmHg) 130.3±15.2 30 144.7 ±21.1 53 0.002 
Diastolic blood tension (mmHg) 75.3 ±10.7 30 78.9 ±10.7 53 0.139 
Cardiovascular autonomic neuropathy (%)   0.0 0  
Diabetic polyneuropathy (%)   66.0 35  
Peripheral arterial disease (%)   17.3 9  
Diabetic retinopathy (%)   17.0 9  
Cardiovascular disease (%) 10.0 3 26.4 14 0.075 
Ischemic heart disease (%) 20.0 6 47.2 25 0.014 

 
Supplemental Table 2. Genotype and allele frequencies for rs7903146 polymorphism 

Genetic 
models 

Total  Male Female 

Association T2DM Control p T2DM Control p T2DM Control p 
C/C     23  

(43.4%) 
    22 
(73.3%) 

    11 
(42.3%) 

     12 
 (75.0%) 

    12 
(44.4%) 

    10 
 (71.4%) 

C/T      25 
(47.2%) 

      5  
(16.7%) 

    13 
(50.0%) 

     2  
(12.5%) 

12 
(44.4%) 

3 (21.4%) 

T/T 5 
(9.4%) 

3 
(10.0%) 

0.017 

2  
(7.7%) 

2  
(12.5%) 

0.048 

3 
(11.1%) 

1 (7.1%) 

0.255 

Dominant          
C/C     23  

(43.4%) 
    22 
(73.3%) 

11 
(42.3%) 

12 
 (75.0%) 

12 
(44.4%) 

10  
(71.4%) 

C/T + T/T 30  
(56.6%) 

8  
(26.7%) 

0.009 

15 
(57.7%) 

4  
(25.0%) 

0.039 

15 
(55.6%) 

4  
(28.6%) 

0.100 

Recessive          
T/T 5 

(9.4%) 
3 
(10.0%) 

2 (7.7%) 2 (12.5%) 3 
(11.1%) 

1 (7.1%) 

C/C + C/T 48 
(90.6%) 

27 
(90.0%) 

0.933 

24 
(92.3%) 

14  
(87.5%) 

0.606 

24 
(88.9%) 

13  
(92.9%) 

0.685 

Co-dominant          
C/T 25  

(47.2%) 
5  
(16.7%) 

13 
(50.0%) 

2  
(12.5%) 

12 
(44.4%) 

3  
(21.4%) 

C/C + T/T 28  
(52.8%) 

25 
(83.3%) 

0.005 

13 
(50.0%) 

14  
(87.5%) 

0.014 

15 
(55.6%) 

11  
(78.6%) 

0.147 

Homozygous          
C/C 23 

 
(82.1%) 

22 
(88.0%) 

0.552 11 
(84.6%) 

12  
(85.7%) 

0.936 12 
(80.0%) 

10  
(90.9%) 

0.446 
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T/T 5 
(17.9%) 

3(12.0%) 2 
(15.4%) 

2 (14.3%) 3 
(20.0%) 

1 (9.1%) 

Heterozygous          
C/C 23  

(47.9%) 
22 
(81.5%) 

11 
(45.8%) 

12  
(85.7%) 

12 
(50.0%) 

10  
(76.9%) 

C/T 25 
(52.1%) 

5  
(18.5%) 

0.004 

13 
(54.2%) 

2  
(14.3%) 

0.015 

12 
(50.0%) 

3  
(23.1%) 

0.111 

Allele          
C 71 

(67.0%) 
49 

(81.7%) 
35 
(67.3%) 

26 
(81.3%) 

36 
(66.7%) 

23 
(82.1%) 

T 35 
(33.0%) 

11 
(18.3%) 

0.042 

17 
(32.7%) 

6 
(18.8%) 

0.164 

18 
(33.3%) 

5 
(17.9%) 

0.139 

 

 
Supplemental Table 3. Genotype and allele frequencies for rs290487 polymorphism 

Genetic 
models 

Total  Male Female 

Association T2DM Control p T2DM Control
s 

p T2DM Control p 

C/C     36 
(67.9%) 

     20 
(66.7%) 

13 
(50.0%) 

11 
(68.8%) 

23 
(85.2%) 

9 
(64.3%) 

C/T      14 
(26.4%) 

       8 
(26.7%) 

10 
(38.5%) 

4 
(25.0%) 

4 
(14.8%) 

4 
(28.6%) 

T/T      3 
 (5.7%) 

       2  
  (6.7%) 

0.982 

3  
(11.5%) 

1  
(6.3%) 

0.487 

0  
(00.0%) 

1  
(7.1%) 

0.188 

Dominant 
 

         

C/C     36 
(67.9%) 

    20 
(66.7%) 

13 
(50.0%) 

11 
(68.8%) 

23 
(85.2%) 

9 
(64.3%) 

C/T + T/T     17 
(32.1%) 

   10 
(33.3%) 

0.906 

13 
(50.0%) 

5  
(31.3%) 

0.233 

4  
(14.8%) 

5  
(35.7%) 

0.125 

Recessive 
 

         

T/T      3  
(5.7%) 

    2  
(6.7%) 

3  
(11.5%) 

1  
(6.3%) 

0  
(00.0%) 

1  
(7.1%) 

C/C + C/T     50 
(94.3%) 

    28 
(93.3%) 

0.853 

23 
(88.5%) 

15 
(93.8%) 

0.571 

27 
(100%) 

13  
(92.9%) 

0.160 

Co-dominant 
 

         

C/T     14 
(26.4%) 

     8  
(26.7%) 

10 
(38.5%) 

4  
(25.0%) 

4  
(14.8%) 

4  
(28.6%) 

C/C + T/T     39 
(73.6%) 

    22 
(73.3%) 

0.980 

16 
(61.5%) 

12 
(75.0%) 

0.369 

23 
(85.2%) 

10  
(71.4%) 

0.292 

Homozygous 
 

         

C/C    36 
(92.3%) 

    20 
(90.9%) 

13 
(81.3%) 

11 
(91.7%) 

23 
(100%) 

9 (90.0%) 

T/T      3 
 (7.7%) 

2 (9.1%) 

0.848 

3  
(18.8%) 

1  
(8.3%) 

0.436 

0  
(00.0%) 

1  
(10.0%) 

0.124 

Heterozygous 
 

         

C/C     36 
(72.0%) 

    20 
(71.4%) 

13 
(56.5%) 

11 
(73.3%) 

23 
(85.2%) 

9 (64.3%) 

C/T     14 
(28.0%) 

     8  
(28.6%) 

0.957 

10 
(43.5%) 

4  
(26.7%) 

0.294 

4  
(14.8%) 

4  
(30.8%) 

0.237 

Allele          
C     86 

(81.1%) 
    48 
(80.0%) 

36 
(69.2%) 

26 
(81.3%) 

50 
(92.6%) 

22 
(78.6%) 

T 20 
(18.9%) 

12 
(20.0%) 

0.859 

16 
(30.8%) 

6 
(18.8%) 

0.224 

4 
(7.4%) 

6 
(21.4%) 

0.066 
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4.  Discussion 
The present work analyzed for the first time in Romania the association of TCF7L2 

rs7903146 and rs290487 gene polymorphisms with the diabetic status in a sub-population 
sample from Bucharest region. 

Our study revealed for rs7903146 gene polymorphism a significant association between 
T2DM and minor T allele frequency, with the C allele having a protective role. In our study, 
we observed that the rs7903146 dominant model is predictive of T2DM. Compared with the 
persons with C/C genotype, the persons with (C/T + T/T) genotype were 3.58 times more 
likely to develop T2DM when other variables in the model were kept constant. Thus, TCF7L2 
rs7903146 gene polymorphism is predictive for T2DM in Romanian population. Our data are in 
agreement with those of Lyssenko et al., who reported a highly significant association between 
the CT/TT rs7903146 genotypes and T2DM risk in two independent cohorts and with enhanced 
rates of hepatic glucose production (V. LYSSENKO & al. [16]). Similarly, the group of Song 
and colab.demonstrated in a meta-analysis the association of rs7903146 with T2DM in 66 studies. 
They further observed significant differences in the minor T allele frequencies of this SNP in 
different populations: T allele was more frequent in all Caucasians, Africans and Hispanics 
(0.16-0.48%), but it was less frequent (0.02-0.04) in Eastern-Asian populations (Y. SONG & al. [17]).  

In 2013, Peng et al conducted a meta-analysis regarding the association between 
TCF7L2 and T2DM. Their study noticed that 42 out of 60 studies (70.0%) reported significant 
positive associations of rs7903146 polymorphism with T2DM risk in a random-effect model, 
but they also noticed that in some ethnic populations (American Pima Indian, Mexican 
and Brazil) no significant associations were found (S. PENG & al. [18]). Barra and colab. 
(G.B. BARRA & al. [19]) found in a small sample of the Brazil population (Central Western 
region of Brazil) a significant association between T/T genotype and T2DM risk. 

For TCF7L2 rs290487 gene polymorphism we did not find a significant association 
between T2DM and any genetic model or a significantly altered distribution of C and T 
alleles in the two groups, in agreement with other studies (Y.C. CHANG & al. [20], M. YU & 
al. [21], H. QIAO & al. [22]). Peng et al observed in a meta-analysis of the studies on 
rs290487, involving 8982 subjects in the South of China and in the Henan province, that 
none of them reported a significant positive association between TCF7L2 rs290487 gene 
polymorphism and risk of type 2 diabetes in a random-effect model (S. PENG & al. 
[18]).Other studies regarding the association between the rs290487 polymorphism and T2DM 
found opposite results (S. SHOKOUHI & al. [13], J. WANG & al. [14], Q. REN & al. [23]). 
For T2DM prediction based on rs290487 gene polymorphism in our study we could not build 
a predictive model based on any genetic model. 

We also found no association between clinical and biological features and the rs7903146 
genotypes. Moreover, in our study we found no significant difference among genotypes of 
TCF7L2 rs290487 and clinical and metabolic characteristics of the controls and T2DM 
patients except for BMI. Other studies found similar results regarding the association of the 
two polymorphisms and clinical and biological features (J. WANG & al.[14]). 

Recent studies showed that the rs7903146 minor T allele is involved in secondary 
complications of T2DM such as diabetic nephropathy, neuropathy, diabetic retinopathy 
and cardiovascular disease (M. BURACZYNSKA & al. [24], C. CICCACCI & al. [25],  
A. MUENDLEIN & al. [26]). Analysis of the T2DM complications for each of studied TCF7L2 
gene polymorphism demonstrated that there were no significant associations of any genotype 
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and micro- and macro-vascular complications of T2DM. In a study performed on two 
independent populations from Brazil, Sousa et al. reported in 2009 no significant association 
between TCF7L2 rs7903146 gene polymorphism and one of the main vascular complications 
of T2DM, the coronary artery disease, in diabetic and non-diabetic subjects (A.G. SOUSA & 
al. [27]). In a study performed by TaisAssmann et al. there were no significant differences for 
TCF7L2 rs7903146 gene polymorphism and prevalence of diabetic retinopathy and diabetic 
nephropathy (TAÍS S. ASSMANN& al.[28]). In our study we found no interactions between 
the behavioral risk factors such as smoking, physical activity and alcohol drinking and SNPs 
in TCF7L2 gene in agreement with the reported data of Wang et al. (J. WANG & al. [14]). 

 
5.  Conclusions 

Our results suggest that C/T genotype of TCF7L2 rs7903146 is associated with T2DM. 
We also found that TCF7L2 rs290487 gene polymorphism has no impact on T2DM in a Romanian 
population. However, in order to fully evaluate the possible association between TCF7L2 
rs7903146 and T2DM complications, future studies including larger number of patients are required. 

 
6.  Acknowledgements 

This work was supported by personal contribution ofPhD student Alexandra Cătălina 
Bulgăr and Felix Mircea Brehar, PhDand by the Romanian Academy (Elena Valeria Fuior, 
PhD student and Anca Violeta Gafencu, PhD). We thank Dr. Loredan Niculescu from Institute of 
Cellular Biology and Pathology “N. Simionescu” for pertinent comments.   

 
References 

[1] C. IONESCU-TIRGOVISTE, For a new paradigm of diabetes, Rom J Intern Med, 45 (1), 3-15 (2007). 
[2] C. GUJA, R. LICHIARDOPOL, Update in diabetology, Maedica (Buchar), 6 (4), 341-342 (2011). 
[3] S.K. DAS, S.C. ELBEIN, The Genetic Basis of Type 2 Diabetes, Cellscience, 2 (4), 100-131 (2006). 
[4] T. JIN, The WNT signalling pathway and diabetes mellitus, Diabetologia, 51 (10), 1771-1780 (2008). 
[5] I. PROKOPENKO, M.I. MCCARTHY, C.M. LINDGREN, Type 2 diabetes: new genes, new 

understanding, Trends Genet, 24 (12), 613-621 (2008). 
[6] W. IP, Y.T. CHIANG, T. JIN, The involvement of the wnt signaling pathway and TCF7L2 in diabetes 

mellitus: The current understanding, dispute, and perspective, Cell Biosci, 2 (1), 28 (2012). 
[7] K.J. GAULTON, T. NAMMO, L. PASQUALI, et al., A map of open chromatin in human pancreatic 

islets, Nat Genet, 42 (3), 255-259 (2010). 
[8] E.R. PEARSON, Translating TCF7L2: from gene to function, Diabetologia, 52 (7), 1227-1230 (2009). 
[9] D.T. VILLAREAL, H. ROBERTSON, G.I. BELL, et al., TCF7L2 variant rs7903146 affects the risk of 

type 2 diabetes by modulating incretin action, Diabetes, 59 (2), 479-485 (2010). 
[10] T. JIN, L. LIU, The Wnt signaling pathway effector TCF7L2 and type 2 diabetes mellitus, 

MolEndocrinol, 22 (11), 2383-2392 (2008). 
[11] C. ZHANG, W. BAO, Y. RONG, et al., Genetic variants and the risk of gestational diabetes mellitus: 

a systematic review, Hum Reprod Update, 19 (4), 376-390 (2013). 
[12] B. SZEPIETOWSKA, D. MOCZULSKI, N. WAWRUSIEWICZ-KURYLONEK, et al., Transcription 

factor 7-like 2-gene polymorphism is related to fasting C peptide in latent autoimmune diabetes in adults 
(LADA), ActaDiabetol, 47 (1), 83-86 (2010). 

[13] S. SHOKOUHI, A. DELPISHEH, K. HAGHANI, et al., Association of rs7903146, rs12255372, and 
rs290487 polymorphisms in TCF7L2 gene with type 2 diabetes in an Iranian Kurdish ethnic group, Clin Lab, 60 
(8), 1269-1276 (2014). 

[14] J. WANG, L. LI, J. ZHANG, et al., Association of rs7903146 (IVS3C/T) and rs290487 (IVS3C/T) 
polymorphisms in TCF7L2 with type 2 diabetes in 9,619 Han Chinese population, PLoS One, 8(3), e59053 (2013). 



ALEXANDRA CĂTĂLINA BULGĂR, ELENA VALERIA FUIOR, ANCA VIOLETA GAFENCU,  ANDREEA CRISTIANA BREHAR, FELIX MIRCEA BREHAR, DIANA LORETA PĂUN, CONSTANTIN DUMITRACHE 
 

Romanian Biotechnological Letters, Vol. 22, No. 3, 2017 
 

12530

[15] A.S. LEVEY, L.A. STEVENS, C.H. SCHMID, et al., A new equation to estimate glomerular 
filtration rate, Ann Intern Med, 150 (9), 604-612 (2009). 

[16] V. LYSSENKO, R. LUPI, P. MARCHETTI, et al., Mechanisms by which common variants in the 
TCF7L2 gene increase risk of type 2 diabetes, J Clin Invest, 117 (8), 2155-2163 (2007). 

[17] Y. SONG, E. YEUNG, A. LIU, et al., Pancreatic beta-cell function and type 2 diabetes risk: quantify 
the causal effect using a Mendelian randomization approach based on meta-analyses, Hum Mol Genet, 21 (22), 
5010-5018 (2012). 

[18] S. PENG, Y. ZHU, B. LU, et al., TCF7L2 gene polymorphisms and type 2 diabetes risk: a 
comprehensive and updated meta-analysis involving 121,174 subjects, Mutagenesis, 28 (1), 25-37 (2013). 

[19] G.B. BARRA, L.A. DUTRA, S.C. WATANABE, et al., Association of the rs7903146 single 
nucleotide polymorphism at the Transcription Factor 7-like 2 (TCF7L2) locus with type 2 diabetes in Brazilian 
subjects, Arq Bras EndocrinolMetabol, 56 (8), 479-484 (2012). 

[20] Y.C. CHANG, T.J. CHANG, Y.D. JIANG, 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, 56 (10), 
2631-2637 (2007). 

[21] M. YU, X.J. XU, J.Y. YIN, et al., KCNJ11 Lys23Glu and TCF7L2 rs290487(C/T) polymorphisms 
affect therapeutic efficacy of repaglinide in Chinese patients with type 2 diabetes, Clin Pharmacol Ther, 87 (3), 
330-335 (2010). 

[22] H. QIAO, X. ZHANG, X. ZHAO, et al., Genetic variants of TCF7L2 are associated with type 2 
diabetes in a northeastern Chinese population, Gene, 495 (2), 115-119 (2012). 

[23] Q. REN, X.Y. HAN, F. WANG, et al., Exon sequencing and association analysis of polymorphisms 
in TCF7L2 with type 2 diabetes in a Chinese population, Diabetologia, 51 (7), 1146-1152 (2008). 

[24] M. BURACZYNSKA, A. SWATOWSKI, D. MARKOWSKA-GOSIK, et al., Transcription factor  
7-like 2 (TCF7L2) gene polymorphism and complication/comorbidity profile in type 2 diabetes patients, 
Diabetes Res Clin Pract, 93 (3), 390-395 (2011). 

[25] C. CICCACCI, D. DI FUSCO, L. CACCIOTTI, et al., TCF7L2 gene polymorphisms and type 2 
diabetes: association with diabetic retinopathy and cardiovascular autonomic neuropathy, ActaDiabetol, 50 (5), 
789-799 (2013). 

[26] A. MUENDLEIN, C.H. SAELY, S. GELLER-RHOMBERG, et al., Single nucleotide polymorphisms 
of TCF7L2 are linked to diabetic coronary atherosclerosis, PLoS One, 6 (3), e17978 (2011). 

[27] A.G. SOUSA, G.F. MARQUEZINE, P.A. LEMOS, et al., TCF7L2 polymorphism rs7903146 is 
associated with coronary artery disease severity and mortality, PLoS One, 4 (11), e7697 (2009). 

[28] TAÍS S. ASSMANN, GUILHERME C. K. DUARTE, et al. TCF7L2 rs7903146 (C/T) polymorphism is 
associated with risk to type 2 diabetes mellitus in Southern-Brazil, Arq Bras Endocrinol Metab., 58(9), 918-25 (2014). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


