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Abstract

Background: Many loci were found to be associated with type 2 diabetes mellitus
(T2DM) risk as single nucleotide polymorphism (SNP) at the transcription factor 7-like 2
gene (TCF7L2) locus on chromosome 10q (rs7903146) [C/T]. Aim: Estimation of the asso-
ciation of this gene polymorphism with T2DM and its complications in Egyptian popula-
tion. Patients and Methods: This study was done, using 90 Egyptian T2DM patients and
100 controls. This polymorphism was genotyped by conventional PCR. Measurement of
blood glucose, glycated hemoglobin (HbA,.), lipid profile, and microalbuminuria were
performed for the study subjects using standard methods. Body Mass index and fundus
examination for detection of diabetic retinopathy were also done. Results: The geno-
type and allele frequencies in TCF7L2 rs7903146 were nearly the same in the patient and
control groups (P > 0.05).0dds Ratio for the high risk allele (T) of (rs7903146) was (OR) =
0.97 with 95% confidence interval (Cl) from 0.61 to 1.54 with the P = 0.9. Conclusion: The-
se data suggest that the TCF7L2 SNP rs7903146 may not significantly contribute to T2DM
susceptibility in Egyptian population.
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Introduction

Type 2 diabetes mellitus (T2DM) is a
heterogeneous group of disorders
usually characterized by the incapabil-
ity of pancreatic B cells to increase in-
sulin secretion to compensate the in-
sulin resistance in peripheral tissuest:
T2DM is a multi-factorial disease, and
the susceptibility to it is determined by
several genetic and environmental

factors @, A large scale genome wide
association scan (GWAS) study re-
ported that some single nucleotide
polymorphisms (SNPs) in the TCF7L2
gene were strongly associated with
risk to T2DM in an Iceland case-control
sample(3). Afterwards, this association
has been replicated by numerous
groups among different ethnicities®.
Amongst the TCF7L2 variants, one
intronic SNP (rs7903146) (C/T) variant
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is closely associated with T2DM“9),
The TCF7L2 gene encodes a transcrip-
tion factor involved in the Wnt signal-
ing pathway, which plays an important
role in pancreatic islet development
and Adipogenesis"®. TCF7L2 forms
heterodimers with b-catenin, inducing
the expression of various genes, in-
cluding the insulinotropic hormone
glucagon-like peptide 1 (GLP-1) gene,
the insulin gene, and other genes that
encode proteins involved in pro-
cessing and exocytose of insulin gran-
ules™), As GLP-1 and insulin play a
key role in blood glucose homeostasis,
it was hypothesized that TCF7L2 vari-
ants may modify T2DM susceptibility
by indirectly reducing GLP-1 secretion
from entero-endocrine cells". On the
other hand, as the Wnt pathway
seems to be important for pancreas
development  during  embryonic
growth, it is also possible that the B-
cell mass, pancreatic B cell develop-
ment and/or B-cell function are also
affected by this pathway(™. However,
the exact molecular mechanism under-
lying the association of TCF7L2 poly-
morphisms with T2DM remains to be
enlightened™®"”). Because the fre-
quency of the TCF7L2 rs7903146 T al-
lele has been shown variable among
different populations™®*¥, we investi-
gated, in the present study, the poten-
tial association of the TCF7L2 rs79o0-
3146 (C/T) polymorphism with T2DM
and some of its complications, in
Egyptian diabeticsubjects.

Patients and Methods

Patients

A total of 190 unrelated subjects were
enrolled in this case-control study. The
diabetic sample comprised 90 T2DM

patients.T2DM was diagnosed accord-
ing to the American Diabetes Associa-
tion criteria®). The non-diabetic group
comprised 100 healthy volunteers at-
tending the blood donation facility at
Suez Canal University hospital. None
of these subjects reported presence of
diabetes or a family history of this dis-
ease. All study subjects underwent
physical examination and laboratory
evaluations. BMI was calculated as
weight (kg)/height square (meters).
Serum and blood from study subjects
were taken after a 10 hours of fasting
for laboratory analyses(zs). Plasma glu-
cose levels were determined using the
glucose oxidase method. HbA1c
measurements were performed by
Turbidimetric inhibition immunoassay
(TINAY®, Total plasma cholesterol,
HDL cholesterol and triglycerides were
assayed using enzymatic methods.
LDL cholesterol were calculated ac-
cording to Friedewald Formula. The
information obtained from the study
did not influence patients’ diagnosis or
treatment. The study protocol was
approved by the Ethic Committee in
Research from Suez Canal University
Hospital and all patients and non-
diabetic subjects provided written in-
formed consent.

Genotyping

DNA was extracted from peripheral
blood leucocytes of EDTA anti-
coagulated blood using QIAamp® DNA
Mini and Blood Mini Handbook 2010.
TCF7L2 rs7903146 (C/T) SNP was geno-
typed using primers (metabion, Ger-
many) according to the manufactur-
er's protocol. The allele-specific for-
ward primers (rs7903146 C or
rs7903146 T) and the reverse primer
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(rs7903146 R) were combined in two
parallel PCR reactions as previously
reported®®. Sequences of primers
were: GAACAATTAGAGAGCTAAGCACT
TTTTAGAAAC (Forward primer of al-
lele C), GAACAATTAGAGAGCTAAGCA
CTTTTTAGAGAT (Forward primer of
allele T), and GATGAAATGTAGCAGT
GAAGTC (Common reverse primer R).
Reactions were conducted in 36-well
plates. For each sample, two PCR reac-
tions were run in parallel, each con-
taining 5 pg of genomic DNA, 4 ul of
5x HOT FIREPol® Blend Master Mix
Ready to Load, 0.5 ul Forward primer
(10 pmol/ul), 0.5 ul Reverse primer (10
pmol/ul), and Up to 20 pl H20. Ampli-
fication was performed on real time
thermal cycler and the cycling condi-
tions were as follows: initial denatura-
tion for 3 min at 94 °C; followed by 32
cycles of 1 min at 50 °C, and 1 min at 72
°C; and final extension for 5 min at 72
°C. The PCR products were analyzed by
electrophoresis on 3% Tris-borate-
EDTA/ethidium bromide agarose gels,
visualized under ultraviolet illumina-
tion and the presence of a 205-bp
band in PCR C or T indicated the pres-
ence of the allele. A sample was con-
sidered negative for a particular allele
when the amplicon was absent.

Statistical Analyses

The magnitude of associations of the
TCF7L2 rs7903146 SNP with T2DM
were estimated using odds ratio (OR)
with 95% confidence interval (Cl). Re-
gression analyses were performed to
assess the independent association of
this SNP with T2DM complications.
Results for which the P value was un-
der 0.05 were considered statistically

significant. These statistical analyses
were performed using SPSS version
16.0 (SPSS, Chicago, IL).

Results

The diabetic sample comprised 90
T2DM patients. The main characteris-
tics of the T2DM patients were: mean
age was (48.28"14.04) years, mean
glycated hemoglobin (HbA1c) was
(8.92%2.22%), and mean body mass in-
dex (BMI) was (31.4°4.69) kg/m2 (ta-
ble 1). Males comprised (24.5%) of the
sample. The non-diabetic group com-
prised 100 healthy volunteers, mean
age (46.12°14.30) years; males (25%).
Table 1 summarizes the clinical and la-
boratory data for T2DM patients ac-
cording to the different genotypes of
the rs7903146 SNP. There were signifi-
cant differences among the three
rs7903146 SNP genotypes in terms of
total cholesterol, LDL cholesterol,
HbA1c, Fasting blood glucose, post-
prandial blood glucose, creatinine al-
bumin ratio, and diabetic retinopathy,
but there were no significant differ-
ences in BMI, triglycerides, and HDL
cholesterol. A representation of
rs7903146 C/T Genotype by allele-
specific PCR is found in figure 1. For
each sample, two PCR reaction were
performed, one with primes C and R
(PCR Q) and a second with primers T
and R (PCR T), and run side by side on
an agarose gel. A 205-bp band indicat-
ed the presence of the allele; amplifi-
cation failure indicated the absence of
the allele. In the gel, the first lane
shows the product from the size-
standard sample; for the other lanes, C
and T indicate the product from PCR C
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and PCR T, respectively, amplified
from negative control (water) and
from selected DNA sample of each

possible genotypes [1 (CC), 2 (CT) and
3(TN)].

Table 1: Clinical and laboratory characteristics of patients and controls

patients Control P value
BMI (kg/m?) 31.4+4.6 23.98 +3.59 o*
Cho (mg/dl) 207.51£46.54 151.91+15.91 o*
TG (mg/dI) 157.91+81.25 61.44%17.76 o*
HDL (mg/dl) 44.84%13.2 53.78£13.19 o*
LDL (mg/dl) 130.87+39.12 80.84%21.94 o*
FBS (mg/dl) 185.93% 84.49 85.7214.19 o*
PP (mg/dl) 286.59%108.5 114.82+5.76 o*
HbA1C (%) 8.92+2.22 5.12+0.23 0¥
Alb/ Cr mg/mg 429.72%236.4 19.66%5.26 o*
Retinopathy 50(55.5% 13 (13%) o¥*
* P value significant
A Ho  1(cC) 2T 3(T)
mw ¢ T C T C T © T

00 bp
200 ke

100 bp

4 bp

Figure 1: A representation of the genotyping by allele specific PCR.

The patients and controls genotypes
were compared regarding TCF7L2
gene polymorphism rs7903146 and di-
vided into 3 subgroups according to
their genotype, the first group was
homozygous for the low risk allele (C)
and called (C/C), the second group was
homozygous for the high risk allele (T)
and called (T/T), and the third group
was heterozygous for both alleles (C)

and (T) and called (C/T). Genotype fre-
quencies of the rs7903146 SNP were
insignificantly associated with T2DM
(Table 2). The T allele was insignificant-
ly associated with risk for T2DM under
a dominant model of inheritance.
(P=0.9). Moreover, homozygosis for
the T allele was associated with a

higher risk for T2DM (P = 0.8) than the
presence of only one copy of this allele
(P=0.16). In the diabetic patients,
There was no statistically significant
difference in BMI between the groups
(P>0.05), but statistically significant
difference was found on assessment
of retinopathy by fundus examination
between groups, (P=0.001). Regarding
lipid profile, There was statistically sig-
nificant difference in cholesterol, and
LDL levels between subgroups
(p<0.05), being higher in the patients
who were homozygous for the T allele
of (rs7903146). But there were no sig-
nificant differences in the triglycerides
and HDL levels between subgroups (p
>0.05). Regarding glucose levels,
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There were statistically significant dif-
ference in FBS, PP, and HbA1c levels
between subgroups, being higher in
the patients who were homozygous

for the (T) allele of (rs7903146)
(P<0.05). There was statistically signif-

icant difference in  microalbumin
creatinine ratio levels between sub-
groups (P<0.05), being also higher in
the patients who were homozygous
for the (T) allele of (rs7903146).

Table 2: Genotype and allele frequencies of rs7903146 (C/T) SNP in
T2DM patients and non-diabetic subjects

Patients Control OR (95% Cl) P value
N =90 N =100
Genotype 25 (27.78%) 21(21%) 1
cc ; i 0.1
41(45.56%)  57(57%) 0.6 (0.2-1.2)
cT N N 0.8
T 24 (26.67%) 22 (22 %) 0.9 (0.4-2.07)
Allele 0.9
C 0.51 0.49 1
T 0.49 0.51 0.9 (0.6-1.5)
Dominant 0.2
cC 25 (27.78%) 21(21%) 1
TT 65 (72.23%) 79 (79%) 0.6 (0.3-1.3)

Data are presented as number (%) or proportion

Table 3: Clinical and laboratory characteristics of T2DM patients, broken down
by presence of different TCF7L2 rs7903146 (C/T) genotypes

TCF7L2 rs7903146 (C/T) genotypes P value

cC cT TT
Cho (mg/dl) 200.5%53 199.9 *44.7 227.75%37.03 0.007
TG (mg/dl) 147.8%76.7 151.0£75 180.13194.31 0.46
HDL (mg/dl) 43.2+13.14 45.76£12.6 45%+14.58 0.798
LDL (mg/dl) 130.1%£50 123.0%34.4 145.04%29.18 0.014
FBG (mg/dl) 156.7176.9 177.8+81.8 230.08%81.91 0.003
PP (mg/dl) 251+106.2 270%107.6 351.42+87.37 0.001
HbA1C (%) 7.94+2.08 8.74+1.86 10.24+2.37 0.003
Alb/Cr mg/mg 376%202.2 388.2+232 556.4+237.78 0.008
BMI (kg/m?*) 32.04+5.14 30.9%5.22 31.58+3.01 0.379
Diabetic retinopathy | 13 (52%) 16 (39%) 21(87.5%) 0.001

Data are mean®SD, or %. Cho: cholesterol; TG: triglycerides; BMI: body mass index; FPG:
fasting plasma glucose; PP: post prandial blood glucose; HbA1c: glycated hemoglobin;
T2DM: type 2 diabetes mellitus; Alb/Cr: albumin creatinine ratio. P < 0.05 is significant.

Discussion

T2DM is a multi-factorial disease, and
its susceptibility is determined by sev

eral genetic and environmental fac-
tors. SNPs at TCF7L2 gene locus on
hromosome 10q specially (rs12255372)
[G/T] and (rs7903146) [C/T] have been
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found to be associated with T2DM risk
in various populations and ethnic
groups®. The rs7903146 T allele is
probably the best marker to evaluate
the effect of this gene on T2DM risk.
This allele is thought to increase the
risk of T2DM in different populations
including Europeans 9, Japanese and
Indians®”, Latin Americans ©? and
West Africans 2. In this study, the pa-
tients were divided into three sub
groups’ according to their genotypes,
homozygous for the (C) allele or (T)
allele or heterozygous (CT) for
(rs7903146) to determine the associa-
tion of the three genotypes of this
gene with other laboratory and an-
thropometric measures in the Egyptian
population. In the present study, there
was no statistically significant differ-
ence in BMI between patients’ sub-
groups (p >0.05). This was consistent
with on Arabs®* and Algerian®* popu-
lations respectively, in contrast, Phil-
lips et al., 2011, reported that the risk
allele (T) was associated with higher
BMI on Americans®®. This controversy
might be due to the high prevalence of
obesity among Arabs especially Egyp-
tians®” and also the difference in diet
composition®® that might influence
the genetic effect of TCF7L2 polymor-
phisms®9. Also the (T) allele homozy-
gous patients had significantly higher
serum cholesterol and LDL than the
(CT) and (CC) subgroups in this study,
In consistence with Sanghera, et al.
(2008) who suggested a strong possi-
bility of indirect contribution of this
gene in affecting insulin resistance by
elevating cholesterol levels which
could be independent of obesity in In-
dia“. Sserum fasting, postprandial
glucose and HbA1c levels showed sta-

tistically significant difference be-
tween patients’ subgroups being
higher in the (T) allele carriers in the
present study. These results were sup-
ported by Song et al, 2012 meta-
analysis “” who quantified the associa-
tion of the rs7903146 SNP with
measures of beta-cell function among
35,052 non-diabetic subjects from 31
studies. They reported that T allele car-
riers had significantly higher fasting
glucose and 2h post-load glucose lev-
els when compared to C/C homozy-
gous. When comparison was done be-
tween patients’ sub groups,
microalbuminuria level was seen to be
statistically significantly higher in the
(T) allele carriers. This was in agree-
ment with Sale et al, 2007*?, who re-
ported the association of this gene
SNP with diabetic nephropathy (DN) as
indicated by persistent urine albuminu-
ria (>300 mg/mg creatinine) in two
consecutive measurements. In the
present study, Retinopathy was found
mainly in (T) allele carriers as 37 out of
50 cases of retinopathy carried the (T)
high risk allele. In agreement with
Melzer et al 2006*®, and Tais et al.,
2014 who reported that the (T) al-
lele carriers were more likely to have
microvascular complication as poor
renal function and retinopathy. Also,
Jing et al., 2013 reported that
TCF7L2, a key component of the Wnt-
signaling pathway, plays an important
role in pathological neo-vascular-
ization. This is in contrast to Buch-
binder et al.(2008)“® who reported
that there is no influence of this gene
in the pathogenesis of diabetes-
induced microvascular complications
as nephropathy and retinopathy and it
is mainly related to hyperglycemia. Us-
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ing the CC genotype as a reference®”,
the Odds ratio (OR) analysis showed
that the C/T, T/T, and C/T+T/T geno-
types were not associated with an in-
creased risk for T2DM in the popula-
tion studied (C/T: OR =0.6, 95%Cl = 0.29
-1.22, P =0.16); (T/T: OR =0.91, 95%Cl =
0.4 -2.07, P = 0.83); ((/T+T/T: OR = 0.7,
95%Cl = 0.35 — 1.34, P = 0.28). These da-
ta suggested that the TCF7L2 SNP
rs7903146 might not contribute to
T2DM susceptibility in this population.
In agreement with Alsmadi et al,
200834, who reported in his study on
Saudi Arabian population, that the
rs7903146T allele frequency of the
cases (0.415) was not different from
that observed in the controls (0.4).
(OR= 1.04, 95%Cl= 0.86-1.27, P =0.6).
The CT genotype frequency of the cas-
es he studied, was 0.485 compared to
0.468 among the controls, the differ-
ence was not significant when com-
pared to the CC reference genotype
(P= 0.57). TT genotype frequency of
both cases and controls was also com-
pared to the CC reference genotype
and resulted in a p value of 0.757, and
an OR of 1.065 with a 95% Cl of (0.71-
1.59). This indicated no difference be-
tween the cases and controls with re-
spect to CT and TT genotypes in his
study.

Conclusion

The TCF7L2 SNP rs7903146 may not
significantly contribute to T2DM sus-
ceptibility in this population. However,
these results may be due to the small
sample size of subjects and it cannot
rule out an effect of other SNPs in this
gene in diabetics.
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