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Abstract: 

Background: Transcription factor 7-like 2 (TCF7L2) gene polymorphisms are known risk factors 

for type 2 diabetes mellitus (T2DM). However, the relationship between TCF7L2 polymorphism and 

diabetic nephropathy (DN) is inconclusive. Objectives: to explore the association of TCF7L2 

rs7903146 (C/T) gene polymorphism and DN in T2DM  Egyptian patients. Methods: 80 patients 

with T2DM (40 patients without DN and 40 patients with DN) were enrolled in the study. Genotyp-

ing for the rs7903146 (C/T) polymorphism in TCF7L2 gene was performed by real time PCR. 

Results: The frequency of rs7903146 genotypes in diabetic patients without DN was ( CC: 57.5%; 

CT: 37.5%; TT: 5%), while in diabetic patients with DN was (CC: 2.5%; CT: 40%; TT: 57.5%). Pa-

tients with DN were exposed to the TT 25.7 times more than who didn’t develop DN  (OR= 25.7, 

95% CI= 0.43-94, P= 0.001**). Upon examining the allelic discrimination, C allele was present in 

77.5%  of patients without DN versus 23.8%  of patients with DN, While T allele was found in 

22.5%  of patients without DN versus 76.3%  of patients with DN. Patients with DN were exposed to 

the T allele  11 times more than who didn’t develop nephropathy (OR=11, 95% CI= 5.3-23.1 , 

P=<0.001**). Conclusion: rs7903146 TCF7L2 gene polymorphism may be significantly associated 

with the susceptibility to DN in Egyptian T2DM patients. 

Keywords: Type 2 diabetes mellitus, diabetic nephropathy, TCF7L2 gene, rs7903146, polymor-

phism, Egypt.  
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1. Introduction:  

Diabetes mellitus (DM) is a major challeng-

ing worldwide health disease. The global diabe 

tes prevalence in 2019 is estimated to be 9.3% 

(463 million people), rising to 10.2% (578 mil-

lion) by 2030 and 10.9% (700 million) by 2045. 

The prevalence of DM  is higher in urban 

(10.8%) than rural (7.2%) areas, and in high-

income (10.4%) than low-income countries 

(4.0%)[1]. Type2DM (T2DM) seems to result 

from a complicated interplay of genetic and en-

vironmental factors influencing a number of in-

termediate traits of relevance to the diabetic 

phenotype (e.g., insulin secretion, insulin action, 

fat distribution, obesity)[2]. 

Over the past 2 decades there has been great 

progress in our understanding of the genetics of 

both type 1 diabetes and type 2 diabetes. This 

has been driven principally by genome-wide 

association studies (GWAS) which started to 

emerge in the literature around 2005, and such 

efforts have progressively advanced the field of 

diabetes genetics. Prior to GWAS, only a small 

number of loci were established for type 1 and 

type 2 diabetes [3].  GWAS have now revealed  

>240 loci for type 2 diabetes, corresponding to 

>400 independent association signals [4].  The 

Transcription factor 7-like 2 (TCF7L2) locus 

was  the strongest and most statistically signifi-

cant GWAS association signal in type 2 diabetes 

[5]. 

TCF7L2 gene also known as T-cell factor 4 

(TCF4), is a member of TCF/lymphoid- 

 

enhancing factor family. TCF7L2 spans a 

215,863 bases and is located on chromosome    

10q25.3 [6].  It encodes a transcription factor 

with a high-mobility box.  TCF7L2 serves as a 

nuclear receptor for β-catenin, and functions in 

gene activations related to downstream events of 

the Wnt/β-catenin  pathway [7].  Selective dis-

ruption of TCF7L2 in the pancreatic β cell im-

pairs secretory function and lowers β cell mass 

[8]. One of the genes transcriptionally regulated 

by Wnt/β-catenin pathway is proglucagon, 

which encodes the insulinotropic hormone glu-

cagon-like peptide 1 (GLP-1) [9].  

It has been postulated that TCF7L2 gene 

variants may affect the susceptibility to T2DM 

by indirectly altering GLP-1 levels [10].  

TCF7L2 is also involved in vascular remodeling 

through the regulation of smooth muscle cell 

proliferation and endothelial cell growth [11]. 

rs7903146 variant is one of the commonest sin-

gle nucleotide polymorphisms (SNPs) that are 

connected to T2DM risk in different ethnic 

groups. 

 Diabetic nephropathy (DN) is a major 

microvascular complication developing in pa-

tients suffering from diabetes mellitus type 1 

or 2, defined as albuminuria, worsening of 

glomerular filtration and arterial hypertension. 

Currently, approximately 40% of patients with 

diabetes develop kidney disease, making it the 

most prevalent cause of end-stage renal dis-

ease (ESRD)worldwide[12].  The prevalence 
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of DN has grown recently due to growing 

global prevalence of type 2 diabetes [13]. The 

pathogenesis of DN is very complicated and 

many different cells, molecules, metabolic and 

molecular factors are involved in this process 

[14]. Metabolic factors, such as hyperglycemia 

and subsequent advanced glycation end (AGE) 

production, oxidative stress, and the activation 

of several signaling pathways are thought to be 

the driving force  in the injury of renal cells 

and of extracellular matrix overproduction in 

DN [15]. 

 Despite extensive studies, the progno-

sis of  patients with DN is still hard to predict 

owing to differences in disease progression 

and a lack of effective prognostic parameters. 

In addition, current treatments, including ren-

in-angiotensin system blockade as well as 

strict  glycemic, lipid, and blood pressure con-

trol, are very limited, and none of these ap-

proaches can completely prevent the progres-

sion to end stage renal disease (ESRD). There-

fore, it is essential to explore the molecular 

mechanisms of DN in order to establish accu-

rate diagnostic tools and treatment modality 

regimens [16]. The current study aim was to 

investigate the effect of the rs7903146 poly-

morphisms of the TCF7L2 gene as a risk fac-

tor for development of DN in T2DM Egyptian 

patients. 

 

 

2. Materials and Methods: 

2.1. Patients: This case-control study was 

conducted on 80 patients with T2D of more 

than 10 years diabetes duration. The patients 

were recruited from the Diabetes Outpatient 

Clinic at Beni-Suef University Hospitals in 

upper Egypt during the period from April to 

October 2019. 

This study was approved by the local 

research ethical committee in Beni-Suef uni-

versity Hospital. The procedures followed 

were in accordance with the ethical standards 

of the responsible committee on human exper-

imentation (Faculty of Medicine, Beni-Suef 

University) and with the Helsinki Declaration 

of 1975, as revised in 1983. All participants 

provided informed consent to participate in 

this study. 

Inclusion of the patients was based on 

the diagnosis of T2D according to the 2003 

American Diabetes Association diagnostic cri-

teria [17], and all the patients were on oral hy-

poglycaemic drugs.  

Patients with type 1 diabetes mellitus, 

secondary diabetes mellitus due to other endo-

crinal diseases that affect glucose metabolism 

,chronic pancreatitis, pregnancy, females with 

polycystic ovary syndrome (PCOS)  and pa-

tients on hormonal treatment or drugs like 

(corticosteroids, beta- blockers and thiazide 

diuretics) were excluded from the study.  
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Patients were further subclassified into 

2 groups according to the urinary  albu-

min/Creatinine ratio into: 40 patients without 

DN who had normoalbuminurea (<30 μg/mg 

creatinine) and 40 patients with DN who had 

micro-albuminuria or macro-albuminuria (>30 

μg/mg creatinine).  

All the patients were subjected to thor-

ough history taking and proper clinical exami-

nation.  Biochemical analysis was done for the 

measurement of haemoglobin (HB) level, so-

dium(Na), potassium (K), fasting blood glu-

cose (FBG) level, haemoglobin A1c (HbA1c), 

serum urea, serum creatinine and urinary al-

bumin/creatinine ratio. 

2.2. TCF7L2 Genotyping Genotyping of 

TCF7L2 gene polymorphism, rs7903146 was 

determined using real-time PCR allelic discrim-

ination assays using Taq-Man_ SNP Genotyp-

ing Assays(Applied Bio systems Inc)*. Reac-

tions were carried out according to the Manu-

facture’s protocol.  

The assay was done in the following 

steps: Ι- DNA extraction: DNA extraction was 

done from EDTA anti-coagulated whole blood 

using QIAamp DNA Mini Kit. * 

II-Amplification of the target genes by (RT-

PCR): The region of of TCF7L2rs7903146 en-

compassing the SNP was amplified using Taq-

Man® 5- nuclease chemistry for amplifying and 

detecting specific polymorphisms in purified 

genomic DNA samples. 

The TaqMan® MGB probes/extension primers 

were (VIC TAGAGAGCTAAGCACTTTTTA-

GATA ) to detect  allele 1 sequence and (FAM  

TATATAATTTAATTGCCGTATGAGG ) to 

detect allele 2 sequence.  

The successive cycles of DNA synthesis 

result in an exponential amplification of the tar-

get DNA sequence leading to a 105 to106 folds 

increase in the amount of DNA sequence of in-

terest [18]. The total PCR reaction volume was 

20 µL:  40ng/ul gDNA, 10µL 2x universal 

TaqMan master mix II * ,0.5µL 20xSNP assay 

mix and adjusted to a final volume of 20µL us-

ing nuclease free water. 

The PCR was performed by Step-one re-

al time PCR applied biosystem; under the fol-

lowing conditions:  initial enzyme activation at 

95 o C for 10  min, followed by 40 cycles of 

amplification; denaturation at 95o C for 15 secs, 

annealing / extension for 1 min. at 60 o C. Flo-

rescence data collection at annealing / extension 

step for 6 FAM and VIC dye. 

 

III- Post – PCR plate read and analysis: In-

terpretation of data was done using allelic dis-

crimination plot. 

Life Technologies real-time instrument software 

plots the results of the allelic discrimination data 

as a scatter plot of Allele 1(VIC® dye) Versus 

Allele 2 (FAM day).  

 

 

 

 



Egyptian Journal of Medical Research (EJMR), Volume 2, Issue2, 2021 (Medicine) 

 

 

2.3. Statistical analysis: 

Analysis of data was performed using SPSS v. 

25 (Statistical Package for Social science) for 

Windows. 

Description of variables was presented 

as follows: Description of quantitative variables 

was in the form of mean, standard deviation 

(SD), median and range (min-max). Description 

of qualitative variables was in the form of num-

bers (No.) and percent’s (%). Chi square was 

used to detect the difference between both 

groups regarding categorical variables. One way 

ANOVA was used to detect the difference be-

tween groups regarding the scale variables.The 

significance of the results was assessed in the 

form of P-value that was differentiated in-

to:Non-significant when P-value > 0.05, Signif-

icant when P-value ≤ 0.05 and Highly signifi-

cant when P-value ≤ 0.001. 

 

3- Results: 

General characteristics of study groups 

The mean age of DM patients without DM was ( 

53.5±7.3) years, and in patients with DN was ( 

55.8±7.6) years. The age and sex of the 2 pa-

tients studied groups were matched with no sta-

tistically significant difference. 

Different clinical and la boratory characteristics 

of both groups are shown in table (1).

 

Table (1)  clinical and laboratory date of the two studied groups 

Characteristics  Groups P-value 

               DM(40) DN(40) 

Hb (gm/dl)** 

 

 

            11.2±1.2 

 

               9.6±1.7 

 

<0.001* 

HbA1C (%)** 

 

            7.7±1.8 

 

               7.5±0.9 

 

0.912 

Na (mEq/L)** 

 

           136.6±1.9 

 

             136.6±5.4 

 

0.999 

K (mEq/L)**              3.9±0.3 

 

              4.6±0.84 

 

<0.001* 

Urea  (mg/dl)** 

 

             27.4±2.3 

 

            112.9±64.7 

 

<0.001* 

Creatinine 

(mg/dl)** 

            0.95±0.1 

 

                 4.6±3 

 

<0.001* 
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A/C ratio***           24.5(18-30)           737.5 (33-6900) 

 

<0.001* 

 

DM: type 2 diabetes without diabetic nephropathy ,DN: type 2 diabetes with diabetic nephropathy, 

HbA1C:haemoglobinA1C, A/Cratio:albumin creatinine ratio, **mean±SD and ***(IQR), *P value 

<0.05 is considered significant 

  

Genotyping and allele distribution of TCF7L2   rs7903146 SNPs in the two studied groups are 

demonstrated in table (2). 

Table (2) Genotype and Allele frequency of TCF7L2 rs7903146 in the two studied groups 

TCF

7L2 

Groups P-value X
2 

OR (95% CI) 

DM(40) DN(40) 

CC 23(57.5%) 1(2.5%) <0.001** 29.2 Reference category 

CT 15(37.5%) 16(40%) 0.819 0.053 1.1(0.5-2.7) 

TT 2(5%) 23(57.5%) <0.001** 28.94

4 

25.7(0.43-94) 

 

The frequency of rs7903146 genotypes in dia-

betic patients without DN was ( CC: 57.5%; 

CT: 37.5%; TT: 5%), while in diabetic pa-

tients with DN was (CC: 2.5%; CT: 40%; TT: 

57.5%). Patients with DN were exposed to the 

TT 25.7 times more than who didn’t develop 

DN  (OR= 25.7, 95% CI= 0.43-94, P= 

0.001**).  

Upon examining the allelic discrimina-

tion, C allele was present in 77.5%  of patients 

without DN versus 23.8%  of patients with 

DN, While T allele was found in 22.5%  of 

patients without DN versus 76.3%  of patients 

with DN. Patients with DN were exposed to 

the T allele  11 times more than who didn’t 

develop nephropathy (OR=11, 95% CI= 5.3-

23.1 , P=<0.001**). 

 

DM:type 2 diabetes without diabetic nephropathy ,DN: type 2 diabetes with diabetic nephropathy, 

Values are n(%). **P value <0.05 is considered significant, 95% CI=95% confidence interval, 

OR=odds ratio 
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Comparing laboratory parameters with 

detected TCF7L2 rs7903146 genotypes in DN 

patients, no statistically significant difference 

could be detected between the 3 genotypes as 

displayed in table (3).  

 

 

 

Table (3) The correlation between TCF7L2 genotype and the laboratory parameters in pa-

tients with diabetic nephropathy group: 

DN N Mean Std. Deviation P-value 

Hb(gm/dl) CC 1 7.400 . 0.368 

CT 16 9.825 1.4126 

TT 23 9.452 1.8964 

NA (mEq/L) CC 1 135.00 . 0.196 

CT 16 138.50 4.115 

TT 23 135.35 6.005 

K(mEq/L) CC 1 3.800 . 0.640 

CT 16 4.625 .6817 

TT 23 4.617 .9514 

UREA(mg/d

l) 

CC 1 103.00 . 0.818 

CT 16 121.06 63.619 

TT 23 107.77 67.743 

Creatinine 

(mg/dl) 

CC 1 7.700 . 0.583 

CT 16 4.400 2.8612 

TT 23 4.617 3.1863 

HbA1C (%) CC 1 7.200 . 0.520 

CT 16 7.340 1.4777 

TT 23 8.017 2.0841 

A/C Ratio CC 1 225.00 . 0.639 

CT 16 1158.38 1242.480 

TT 23 1473.13 1717.174 
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DN: type 2 diabetes with diabetic nephropathy , HbA1C:haemoglobinA1C, A/C ratio:albumin creat-

inine ratio,N:number

 

 

4. Discussion: 

DN is a chronic kidney disease and is a 

major microvascular complication of diabetes 

mellitus. The pathogenesis of DN is very 

compli cated and many different cells, mole-

cules, and multifactors are involved in this 

process [19].   

However, the pathogenesis of DN is still un-

clear.  It has been known since 2006 that 

Transcription factor 7-like 2 (TCF7L2) gene is 

strongly associated with occurrence of T2DM 

and that its relative strength is higher than 

most other GWAS-implicated common loci 

reported to date [3].  

Accumulating studies have shown that 

Wnt/β-catenin signaling, a multifunctional 

pathway, is involved in renal cell injury, in-

cluding mesangial cells, podocytes, and tubu-

lar cell damage as well as in tubular interstitial 

fibrosis in DN [20]. Wnt/β-catenin signaling 

pathway can cross talk with transforming 

growth factor-β (TGF-β)/Smad, Notch path-

ways and connective tissue growth factor 

(CTGF). These interactions play a pivotal role 

in embryonic proliferation, differentiation, cell 

adhesion, cell survival and apoptosis and is 

involved in organ development and diseases, 

including various kidney diseases, particularly 

diabetic nephropathy [21]. 

TCF7L2  has attracted intense interest 

in the exploration and elucidation of the effect 

of Wnt/β-catenin signaling in DN progression. 

However, the relationship between TCF7L2 

polymorphism and DN is still inconclusive.  

The first study to examine TCF7L2 

rs7903146 correlation with  T2DM in Egyp-

tians was done on 2016. They showed that 

TCF7L2 rs7903146 polymorphism was  asso-

ciated with T2DM.  rs7903146 variant T allele 

was associated with 1.6-fold increased risk for 

T2DM and TT genotype carriers were at 2.3-

folds higher risk than wild genotype (CC) car-

riers [22]. On the contrary, subsequent study 

was done by Mandour et al.,2018 showed that 

T allele of TCF7L2 rs7903146 was associated 

with lower risk of T2DM in Egyptian popula-

tion , and that TT genotype frequency was 

higher in healthy subjects [23]. Based on this 

knowledge, this study was designed to assess 

TCF7L2 rs7903146 gene polymorphism in a 

group of T2DM patients with and without DN 

in order to emphasize its possible role as a risk 

factor and an early predictor of  susceptibility 

to DN in Egyptian population. 

Our results showed that there was an 

association between TCF7L2  rs7903146 pol-

ymorphism and DN  patients. TT genotype 

frequency was significantly higher in diabetic 

patients with DN than those without DN 

(57.5% versus 5% respectively). T allele was 

found in 76.3%  of patients with DN versus 

22.5% of patients without DN. Patients with 
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DN were exposed to the T allele  11 times 

more than who didn’t develop nephropathy 

(OR=11, 95% CI= 5.3-23.1 , P=<0.001**), 

suggesting that T allele has a role as a risk al-

lele for DN occurrence. 

These results were in agreement with 

the study conducted by Zhuang et al., on Chi-

nese Han population [23]. They found that pa-

tients carrying TT genotype of rs7903146 

were more easily to be attacked by DN than 

CC genotype carriers (P = .02, OR = 4.26, 95% 

CI = 1.12–16.24). Meanwhile, T allele also 

showed 1.85 times risk to suffer from DN 

compared with C allele (OR = 1.85, 95% 

CI = 1.02–3.10). They concluded that TCF7L2 

rs7903146 polymorphism may be associated 

with the susceptibility to DN in Chinese Han 

population. Additionally,T haplotype is also a 

risk factor for DN. 

A meta analysis result provided a new 

evidence that TCF7L2 rs7903146 gene poly-

morphism was associated with DN risk. In the 

subgroup analysis by ethnicities, the result in-

dicated that TCF7L2 gene polymorphism was 

associated with DN risk in Asian and Cauca-

sian, but not in Negroid [25]. They presumed 

that the limited studies and sample size of sub-

ject might be the reason on this inconsistency.  

Another study from south India 

demonstrated that the 'T' allele is associated 

with both diabetes (p = 0.049) and DN (p = 

0.024), but this association is not independent 

of T2DM [26]. In accordance with our study 

an association was observed in Caucasian 

population between rs7903146 and 

DN(p<0.001), with 22% of TT homozygotes 

in this subgroup vs. 11% in patients without 

DN(p=0.006, OR for TT 2.83, 95% CI 1.94-

4.13). Association was stronger in patients 

with early onset of diabetes (34% of TT vs. 

12% in the late onset, p<0.001). In DN group 

71% of TT homozygotes had an early onset 

(OR 7.64, 95% CI 4.98-11.73 vs. controls) 

[27]. Furthermore, recent study showed that 

the frequency of the T allele was significantly 

higher in patients with diabetic nephropathy 

versus non-diabetic renal disease (p = 0.007, 

OR 1.70, 95% CI 1.36-2.11) [28].   

This finding may be a reflection of the 

interplay between genetic and metabolic fac-

tors  in T2DM.  The Wnt/β-catenin signaling 

pathway has been shown to be activated under 

DN conditions, which was involved in the 

apoptosis and epithelial mesenchymal transi-

tion (EMT) formation of mesangial cells, po-

docyte dysfunction, and tubular cells EMT, 

subsequently resulting in renal fibrosis and 

interstitial fibrosis. Sustained Wnt/β-catenin 

expression is essential for its protective role 

against cellular damage, as TCF7L2 was re-

cently found to protect pancreatic cells against 

interleukin-1 and interferon induced cell apop-

tosis, stimulates cell proliferation and medi-

ates glucose stimulated insulin secretion [29], 

while abnormal activation of Wnt/β-catenin 

results in adverse effects and promotes the 

progression of DN [30].  

The specific purpose of Wu et al., 

work was to investigate the gene–gene interac-

tions in the hypothesis that small single-gene 
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effects could not be detected by single-locus 

studies. In their study, the TCF7L2 gene was 

not associated with DN in T2DM (in either 

genotypic test or odds ratio analysis) using 

single-locus analyses. However, by the  gener-

alized multifactor dimensionality reduction 

(GMDR) analyses, they further established 

interaction models among TCF7L2 and other 

candidate genes. This may be explained by 

that the TCF7L2 gene may contribute to the 

pathogenesis of DN in T2DM in an interactive 

manner with other genes [31].  

  study conducted by    ottgen et al., 

2008. demonstrated  association of TCF7L2  

rs7903146  T allele with chronic kidney dis-

ease (CKD) progression in individuals with 

diabetes as well as in individuals without 

known diabetes [32].  

This happens not only through their ef-

fect on diabetes but also possibly through oth-

er renal-specific mechanisms such as plei-

otropic effect. 

There is strong belief that novel type 2 

diabetes genes offer new promising therapeu-

tic opportunities, as has been seen previously 

with the peroxisomal proliferator–activated 

receptor γ (PP RG) gene with thiazolidinedi-

ones therapy [33], and with the KCNJ11 gene 

(encoding Kir6.2) in relation to sulfonylurea 

treatment [34]. Whether TCF7L2 gene could 

be a promising target gene for early prediction 

or as a treatment modality for DN needs fur-

ther research and intense work on larger 

groups of patients. 

 

5- Conclusion: 

The present study showed that there was a 

significant association between TCF7L2 

rs7903146 polymorphism and the risk of de-

veloping DN in Egyptian patients.  TT geno-

type and T allele were associated with higher 

risk of developing DN. 

Some limitations are found in our 

study. Firstly, the sample size was small to 

obtain enough results. Secondly, no healthy 

control group were included to verify whether 

the association of TCF7L2 with DN is directly 

related to renal affection or dependent on the 

occurrence of DM. Lastly,  interactions with 

other implicated factors affecting kidney func-

tions such as hypertension , glycemic control, 

smoking , obesity and others were not consid-

ered in this study. 
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