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Abstract

Polymorphisms in the gene coding for transcription factor 7 like 2 (TCF7L2) are recognized as the
strongest common genetic risk factors for Type 2 Diabetes Mellitus (T2DM) across multiple eth-
nicities. This study was conducted to evaluate an association between TCF7L2 variants and di-
abetes susceptibility in the population of Juana Koslay, San Luis, Argentina. We genotyped 2 single
nucleotide polymorphisms (SNP) rs7903146 and rs12255372 in controls and diabetic subjects.
Association with T2DM was found for both SNPs rs7903146 and rs12255372 in the whole sample
(under a dominant genetic model, the odds ratios (OR) were 3.43, 95% CI [1.879 - 6.255], p <
0.0001 and OR = 4.40, 95% CI [2.318 - 8.351], p < 0.0001, respectively). The risk conferred by ho-
mozygotes is much higher than the heterozygote carriers and it is marked in case of rs7903146.
The haplotype that consisted of two minor alleles (TT) or the haplotypes carrying at least one of
the minor alleles at SNP rs7903146 or rs12255372 (i.e. CT or TG) were more frequent in the group
of T2DM. The impact of TCF7L2 variation on T2DM risk in Juana Koslay population is compatible
with that demonstrated by a range of studies conducted in various ethnic groups.
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1. Introduction

Type 2 diabetes mellitus (T2DM) represents the most common major form of diabetes, which results from a
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defect in insulin secretion, almost always with a major contribution from insulin resistance. The incidence and
prevalence of T2DM have reached epidemic proportions all over the world. It is predicted that there will be at
least 350 million people in the world with T2DM by the year 2030, unless appropriate action is taken [1].

The highest incidence of T2DM is seen in developing countries where 80% of deaths occur due to diabetes
[2]. The increased prevalence of type 2 diabetes is thought to be due to environmental factors, acting on geneti-
cally susceptible individuals. The heritability of T2DM is one of the best established among common diseases [3]
[4], and consequently, genetic risk factors for T2DM have been the subject of intense research [5]. Recently, re-
search on genetic factors in T2DM has become more and more frequent and there is no doubt that the transcrip-
tion factor 7-like 2 (TCF7L2) emerges as one of the strongest T2DM susceptibility genes among the possible
candidate genes.

The most significant genetic T2DM association within TCF7L2 was detected for two intronic single nucleo-
tide polymorphisms (SNPs), rs7903146 and rs12255372, located 50 kb from each other within a 92 kb linkage
disequilibrium (LD) block spanning exon 4 and parts of introns 3 and 4 [6]-[20]. All exons of TCF7L2 were se-
quenced in multiple patients and controls but no coding variation was identified [6] suggesting that T2DM risk
is associated with a non-coding variation. Genetic variations may affect levels of expression and splicing archi-
tecture of mMRNA transcripts [21] [22] thus several studies have tested the relationships between TCF7L2 mRNA
expression and genotypes of rs7903146 and rs12255372 in human tissues [23] [24].

The Argentina population is genetically heterogeneous. Aside from the native indigenous population, nearly
all Argentinean or their ancestors immigrated within the past five centuries. Therefore, most Argentinean are of
European descent, and are either descendents of colonial-era settlers and/or of the 19th and 20th century immi-
grants from Europe. Therefore over 90% of the population is of ethnic European descent. Variants of TCF7L2
gene have not previously been investigated in any population from Argentina.

Here, we aimed to investigate rs7903146 and rs12255372 polymorphisms in TCF7L2 in a case-control study
of a well known Argentinean population, who reside in Juana Koslay-San Luis Province, to confirm the associa-
tion of these 2 polymorphisms in TCF7L2 and T2DM. This population is particular because of its ethnic back-
ground, mainly Native-South American Hispanic.

2. Research Design and Methods
2.1. Subjects

The present study was carried out in accordance with the guidelines of the Helsinki Declaration. A total of 196
volunteers (108 patients with type 2 diabetes and 88 healthy age-matched controls) participated in this investiga-
tion. Criteria published by the American Diabetes Association were used to diagnose T2DM [25]. These patients
reside in Juana Koslay, San Luis, Argentina. The protocol for this study was approved by the local Institutional
Review Board, and a written informed consent was obtained from each patient to be enrolled. During an initial
interview with each patient, they were asked for diseases, medication and smoking histories. Exclusion criteria
included liver, kidney and thyroid diseases, as well as the use of anti-lipemic drugs.

2.2. Anthropometric and Clinical Data

For each subject enrolled, height (meters) and weight (kg) measurements were acquired. Height and weight were
measured to the nearest 0.5 cm and 0.1 kg, respectively. The body mass index (BMI) was calculated as weight
divided by height squared (kg/m?).

2.3. Blood Sampling

Venous blood samples for glucose, lipid, and lipoprotein analysis were collected into EDTA-containing (1
g/liter) tubes from all subjects after a 12-h overnight fast at the beginning of the study. Blood was also collected
to extract DNA (see below).

2.4. Biochemical Measurement

Fasting plasma glucose (FPG) was measured by using a glucose oxidase method with a commercial enzymatic
kit (Wiener Lab, Rosario, Argentina) and Glycated hemoglobin (HbALc) concentration was measured with a
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coupled ionic-exchange chromatography/spectrophotometric assay (BioSystems, Barcelona, Spain) in a Bayer
Express Plus Chemistry Analyzer (Bayer Diagnostics, Siemens, Germany). Total cholesterol (TC), triglycerides
(TG) and HDL-c concentrations were measured using commercial kits by following manufacturer’s instructions
((Wiener Lab, Rosario, Argentina) in a Bayer Express Plus Chemistry Analyzer (Bayer Diagnostics, Siemens,
Germany). Low density lipoprotein-cholesterol (LDL-c) was calculated with the Friedewald formula: LDL-c =
total cholesterol (mg/dL) — HDL-c (mg/dL) — triglycerides (mg/dL)/5 [26].

2.5. Genotyping and SNPs Analysis

Genomic DNA was isolated from diabetic patients and healthy volunteers using conventional protocol by Qia-
gen kits (Qiagen, Inc., Valencia, CA). DNA concentration was detected by UV-VIS spectroscopy and diluted to
a final concentration of 20 ng/uL. The TCF7L2 polymorphisms rs12255372 (G/T) and rs7903146 (C/T) were
analyzed by Tetra Primer AMRS-PCR [27]. Nucleotide sequence and SNP details were obtained from NCBI
website (www.ncbi.nih.gov/nucoore/KJ892257.1). The primers were designed “in silico” in a free access web
(http://cedar.genetics.soton.ac.uk) and then checked for specificity (http://blast.ncbi.nim.nih.gov/Blast.cgi). Each
PCR reaction was carried out in a total volume of 35 pL, containing 200 ng of template DNA, 10 pmol of each
inner primer, 1 pmol of each outer primer (Table 1), 200 uM dNTPs, 2.5 mM MgCl,, 1X buffer, and 1 unit of
AmpliTaq Gold DNA polymerase (Perkin-Elmer). The template DNA was denatured for 3 minutes at 95°C be-
fore undergoing 35 cycles of denaturation for 1 minute at 95°C, primer annealing for 1 minute (annealing tem-
peratures for different PCRs are described in Table 1), and extension for 1 minute at 72°C, and final extension at
72°C for 3 minutes. The resultant products obtained after PCR were separated by electrophoresis on 2.5% aga-
rose gel containing GelRed. The image was visualized and photographed under UV transillumination. Allele
frequencies for SNPs were calculated by allele counting. Randomly selected 20% of samples were re-genotyped
for cross validating initial genotypes. In case of unclear genotyping results, the samples were repeated again in
duplicates till clear genotype was available. Unclear genotyping results, even after repetition was excluded from
the study. No genotyping error was observed during cross validation.

2.6. Statistical Analysis

Chi square test was used to check adjustment of the data to the Hardy-Weinberg equilibrium and to compare the
allelic frequencies between controls and diabetic subjects. Comparison of allele frequencies and genotype dis-
tributions between case and control samples were done by Pearson’s chi- square test. To analyze the association
between TCF7L2 genotypes, clinical and biochemical parameters a Student t-test was used when variables were
continuous, whereas a Fisher’s exact test was used for the categorical variables. Tests for association of each
SNP or haplotype with T2DM were performed by using the Haploview software. A p < 0.05 was considered to
be statically significant.

Table 1. PCR primers and conditions.

Genetic ; Annealing . .
. Primer sequence Amplicon size
polymorphism temperature
Forward inner primer (T allele) .
5'CTGCCCAGGAATATCCAGGCAAGAGTT 3’ 58°C 362 bp (T allele)
Reverse inner primer (G allele)
5’ GAGGCCTGAGTAATTATCAGAATATGATC 3° 281 bp (G allele)
1$12255372 (GIT) Forward outer primer
5" GGCTGTATGAAGTCATTTGATGATTGTTT 3’ 587 bp (from two outer primers)
Reverse outer primer
5’ACGCTTTGAAGGTAGAGAGGACACACT 3’
Forward inner primer (C allele) 58°C 306 bp (C allele)

5’CAATTAGAGAGCTAAGCACTTTTTAGAGAC 3’

Reverse inner primer (T allele)
5’TGCCTCATACGGCAATTAAATTATAGAA 3’
Forward outer primer

5’ GTAATGCAGATGTGATGAGATCTCTG 3’
Reverse outer primer
5’AGAAAAATACAAAGACATGCAAAAGC 3’

172 bp (T allele)
rs7903146 (C/T)
420 bp (from two outer primers)
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3. Results
3.1. Subject Characteristics

The anthropometric and clinical characteristics of the subjects in our study are shown in Table 2.

3.2. Association Results

Both polymorphisms were found to be in Hardy Weinberg Equilibrium. In agreement with previous studies, the
minor allele of each SNP was significantly associated with type 2 diabetes (Table 3). The strongest association
was seen for the variant rs7903146, with an allelic OR of 4.17 (2.639 - 6.580, p < 0.0001).

3.3. Inheritance Model of TCF7L2 SNPs

For both SNPs, the association was consistent with a dominant model of inheritance (Table 4 and Table 5).

3.4. Association of TCF7L2 Variants with Clinical and Biochemical Subject Characteristics

Table 6 shows anthropometric and clinical characteristics by the TCF7L2 polymorphism rs7903146 in controls
and T2DM. Because of the small number of subjects, homozygotes for the minor allele T and heterozygotes

Table 2. Anthropometric and clinical characteristics of subjects studied.

Control subjects (n = 88) T2DM subjects (n = 108) p

Age (years) 55.45 £ 12.16 59.12+8.41 0.1808
Weight (kg) 71.33 £16.92 89.18 £ 13.73 0.0003
Height (m) 1.66 +0.08 1.75+0.08 0.0009
BMI (kg/m?) 24.29+3.28 30.82 £4.02 <0.0001
FPG (mg/dL) 87.50 + 14.05 180.59 + 84.49 <0.0001
HbAlc (%) 5.41+0.66 8.78 +2.95 <0.0001
TC (mg/dL) 166.79 £ 22.74 199.20 + 38.20 0.0037
HDL-c (mg/dL) 42.00 £ 6.54 36.50 £5.28 0.0057
LDL-c (mg/dL) 111.63 +27.38 139.50 + 24.72 0.0038
TG (mg/dL) 121.70 + 31.09 229.00 + 114.28 <0.0001

Data are shown as mean + SD.

Table 3. Association of TCF7L2 variants with type 2 diabetes mellitus.

Control T2DM Control T2DM

. & d d
SNP Allele Sukggcts Subggcts Genotype srl:kzijsgs srL:tz{')Zc;Es A(‘gg(')'/g 85 (gset;ogl) I(-gg&%l?)
C 0.75 0.54 CcC 48 (54.5) 28(25.9) 417 2.86 8.57
rs7903146 cT 36 (41.0) 60(55.6) (2.639-6.580) (1.532-5.327) (2.659 - 27.634)
T 0.25 0.46 TT 4(45) 20(185) p <0.0001 p =0.0012 p <0.0001
G 0.73 0.54 GG 44 (50.0) 20 (18.5) 2.29 4.18 6.60
rs12255372 GT 40 (45.4) 76 (70.4) (1.501-3.521) (2.176-8.030) (1.892 - 23.019)
T 0.27 0.46 TT 4(45) 12(111)  p<0.0001 p <0.0001 p=0.0033

3F = Allele frequency. "Genotype frequency expressed as number of individuals, n—values in parentheses indicate percentage. “OR = odds ratio, 95%
Cl = 95% confidence interval. ‘Genotype odds ratios calculated compared with homozygotes for common allele; Het OR = odds ratio for heterozyg-
ous genotype, Hom OR = odds ratio for minor allele homozygous genotype.
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Model? Genotype®
CcC
Co CT
TT
CcC
Do
CT-TT
CC-CT
Re
TT
CC-TT
Od
CT

Control subjects n (%)

48 (54.5)
36 (41.0)
4 (4.5)
48 (54.5)
40 (45.5)
84 (95.5)
4 (4.5)
52 (59.0)
36 (41.0)

T2DM subjects n (%)

28 (25.9)
60 (55.6)
20 (18.5)
28 (25.9)
80 (74.1)
88 (81.5)
20 (18.5)
48 (44.4)
60 (55.6)

p

<0.0001

<0.0001

0.0037

0.045

OR® (95% ClI)

1

2.86 (1.532 - 5.327)

8.57 (2.659 - 27.634)
1

3.43 (1.879 - 6.255)
1

4.77 (1.566 - 14.550)
1

1.81(1.021 - 3.192)

%Inherintance models: codominant (Co), dominant (Do), recessive (Re), overdominant (Od). "Genotypes and their groupings for the variant rs7903146

(C > T). “OR = odds ratio, 95% CI = 95% confidence interval.

Table 5. Risk analysis of the variant rs12255372 according to the model of inheritance.

Model? Genotype® Control subjects n (%) T2DM subjects n (%) p OR° (95% CI)

GG 44 (50.0) 20 (18.5) 1

Co GT 40 (45.5) 76 (70.4) <0.0001 4.18 (2.176 - 8.030)

TT 4(4.5) 12 (11.1) 6.60 (1.892 - 23.019)
GG 44 (50.0) 20 (18.5) <0.0001 1

Po GT-TT 44 (50.0) 88 (81.5) 4.40 (2.318 - 8.351)
GG-GT 84 (95.5) 86 (88.9) 0.07 1

e TT 4(4.5) 12 (11.1) 2.93 (0.908 - 9.452)
GG-TT 48 (54.5) 32 (29.6) 0.0005 1

o GT 40 (45.5) 76 (70.4) 2.85 (1.582 - 5.136)

%Inherintance models: codominant (Co), dominant (Do), recessive (Re), overdominant (Od). °Genotypes and their groupings for the variant
rs12255372 (G > T). “OR = odds ratio, 95% CI = 95% confidence interval.

Table 6. Anthropometric and clinical characteristics by the TCF7L2 polymorphism rs7903146 in controls and T2DM.

BMI (kg/m?)
FPG (mg/dL)
HbALc (%)
TC (mg/dL)
HDL-c (mg/dL)
LDL-c (mg/dL)
TG (mg/dL)

Control subjects (n = 88)

CcC

2279271
89.09 +15.83

5.22+0.60
158.50 + 22.27
44,91 +7.62
106.10 + 27.47
120.90 + 28.09

CT-TT
25.46 +3.33
85.56 +12.16

5.66 + 0.69
176.00 + 20.61
38.80 + 2.97
117.78 + 27.53
122.50 +35.35

0.0907
0.6201
0.1642
0.0674
0.0138
0.3135
0.9097

T2DM subjects (n = 108)

CcC
32.66 +3.37
154.50 + 38.18
9.32+2.47
215.00 + 28.39
38.00 + 4.86
136.14 + 18.88
236.00 + 71.05

CT-TT
3025+415  0.1630
190.38 £ 9556  0.7399
861+3.14 03634
193.71+40.68  0.1195
35.86+549 02131
141312791 07813
226.00+130.82 03634

Data are shown as mean + SD. Abbreviations used: BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; TC, total
cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides.
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were grouped as carriers of the T allele (CT and TT). In diabetic patients, no differences in anthropometric and
clinical characteristics were detected in carriers of the allele T of the TCF7L2 polymorphism rs7903146, whe-
reas in controls the presence of the allele T was associated with an decrease in HDL-c and slight increase in
BMI and total cholesterol as compared with the CC homocygotes.

Table 7 shows anthropometric and clinical characteristics by the TCF7L2 polymorphism rs12255372 in con-
trols and T2DM. Because of the small number of subjects, homozygotes for the minor allele T and heterozy-
gotes were grouped as carriers of the T allele (GT and TT). In diabetic patients, no differences in anthropometric
and clinical characteristics were detected in carriers of the allele T of the TCF7L2 polymorphism rs12255372,
whereas in controls the presence of the allele T was associated with an increase in BMI and slight decrease in
HDL-c as compared with the GG homocygotes.

3.5. Association of TCF7L2 Haplotypes with T2DM

The two SNPs (rs7903146 and rs12255372) defined four haplotypes. Estimated frequencies of the four common
haplotypes with respect to the presence of T2DM are shown in Table 8. The haplotype that consisted of two
minor alleles (TT) or the haplotypes carrying at least one of the minor alleles at SNP rs7903146 or rs12255372
(i.e. CT or TG) were more frequent in the group of T2DM. Conversely, the haplotypes that consisted of two
common alleles at SNP rs7903146 and rs12255372 (GC) were more frequent in the control subjects than in
T2DM subjects.

4. Discussion

TCF7L2 gene which spans about 215.9 Kb with 17 exons is a high mobility group box containing transcription
factor involved in the WNT signaling pathway, playing a key role in cell development and regulatory mechanisms.

Table 7. Anthropometric and clinical characteristics by the TCF7L2 polymorphism rs12255372 in controls and T2DM.

Control subjects (n = 88) T2DM subjects (n = 108)

GG GT-TT P GG GT-TT P
BMI (kg/m?) 22.15+2.33 25,57 £3.16 0.0268 29.05+0.91 31.36 £4.47 0.6235
FPG (mg/dL) 90.40 £ 16.04 84.60 + 11.85 0.3625 169.25 £ 77.10 183.11 £87.93 0.7656
HbAlc (%) 529+0.61 554 +0.72 0.3960 7.28 £2.06 9.13£3.06 0.2263
TC (mg/dL) 163.80 + 24.62 170.11 £ 21.42 0.4592 193.20 + 44.89 201.68 £ 37.43 0.6186
HDL-c (mg/dL) 4455+7.81 39.20 £ 3.26 0.0744 38.00 £ 4.69 36.13+5.49 0.2538
LDL-c (mg/dL) 110.80 + 25.09 112.56 + 31.26 0.8415 132.50 + 31.27 141.25+23.71 0.5703
TG (mg/dL) 122.00 + 29.25 121.40 £ 34.42 0.9698 196.75 + 82.68 237.06 £121.77 0.2012

Data are shown as mean + SD. Abbreviations used: BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; TC, total
cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides.

Table 8. Estimated frequency of common haplotypes and their associations with T2DM.

Haplotype
Control subjects F? T2DM subjects F* OR (95%ClI)° p
rs7903146 C>T rs12255372G>T
C G 0.7954 0.1852 1 -
C T 0.0833 0.3518 22.17 (10.973 - 44.778) <0.0001
T G 0.0909 0.3518 16.22 (8.734 - 31.645) <0.0001
T T 0.0454 0.1111 10.50 (4.381 - 25.166) <0.0001

3F = Haplotype frequency. "OR = odds ratio, 95% CI = 95% confidence interval were calculated by chi-squared tests by comparing each haplotype to
the more common haplotype.
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WNT activity is important for lipid and glucose metabolism, pancreatic beta cell proliferation and function and
for production of incretin hormone GLP-1 [28]. WNT signaling is also critical for glucagon like peptide-1
(GLP-1) secretion by the intestinal endocrine L-cells [29]. Thus, alteration in this pathway could lead to reduced
secretion of GLP-1 which, in turn, could have effect on insulin secretion. The GLP-1, in concert with insulin,
plays a critical role in blood glucose homeostasis. It has been postulated that TCF7L2 gene variants may confer
susceptibility to T2DM indirectly by altering GLP-1 levels [30].

After a common microsatellite in the TCF7L2 gene region (DG10S478) was found to be associated with
T2DM and this finding was convincingly replicated by Grant in 2006 [6] by using non-coding SNPs rs7903146,
rs12255372, and rs11196205 that were in strong linkage disequilibrium with DG10S478, many other epidemio-
logical study groups have detected a consistent association between these SNPs and T2DM.

Among the TCF7L2 SNPs investigated, four are well-studied, and included rs7903146, rs7901695, rs12255372,
rs11196205; of which rs7903146 and rs12255372 are the most investigated [6] [17] [31]. These variants are in
strong linkage disequilibrium (LD), which allowed the identification of specific TCF7L2 haplotypes based on
LD pattern [6] [17] [32].

Helgason et al. [17] reported that a TCF7L2 haplotype, characterized by the presence of the rs7903146 T al-
lele, is associated with decreased BMI in subjects with type 2 diabetes. These findings are not in agreement with
our results.

In this study, we replicated the association of two TCF7L2 SNPs with T2DM in the Argentinean population.
In our hands, significant association of minor alleles of rs7903146 (p = 0.029; OR = 2.58) and rs12255372 (p =
0.05; OR = 2.29) with T2DM was found. Thus our results reiterate TCF7L2 as the most promising T2DM sus-
ceptible gene that has been most universally replicated. While the risk allele of each of the two TCF7L2 SNPs
was highly significantly associated with T2DM, the greatest risk of developing the disease was conferred by
rs7903146, which is consistent with the findings from other studies, such as white Europeans, West Africans,
Mexicans, African Americans, Indians, and Japanese [6] [33] [34], with the exception of the study on Pima In-
dian populations, in which contradictory results have been reported [31].

Further, the risk conferred by homozygotes is much higher than the heterozygote carriers and it is marked in
case of rs7903146. Thus our study not only shows consistency with the earlier findings in case of the association
of risk alleles but also conforms to the pattern of multiplicative model of inheritance hypothesized by Grant et al.
[6] in which the risk conferred by homozygotes was higher than that of the heterozygotes for the two SNPs.

Despite TCF7L2 being the most promising T2DM susceptible gene, the precise mechanism of action of
TCF7L2 SNPs in the etiology of T2DM is still unclear as all the SNPs of TCF7L2 identified so far are found in
the intronic regions. It is necessary to understand how these intronic SNPs affect the expression of TCF7L2. In-
terestingly, none of the variants found in the exonic regions were associated with the T2DM. The underlying
mechanism by which intronic variations of the TCF7L2 gene without obvious function in gene regulation con-
tribute to the development of type 2 diabetes in most populations remains to be elucidated. One possibility is
that the association with type 2 diabetes reflects linkage disequilibrium with more distant functional alleles.

In the other hand, a recent study has shown that the rs7903146 polymorphism modifies an enhancer element
[35]. The stronger effects seen for rs7903146 when compared with rs12255372 in T2DM supports the hypothe-
sis that rs7903146 is a strong candidate for the functional variant.

Future studies are needed for unveiling additional variants in TCF7L2 gene, and their precise role in the regu-
lation of beta cell mass and function, and in determining long-term disease progression.

This is the first study that examined the association of two variants of TCF7L2 gene in Argentinean popula-
tion. Consistent with the functional relevance of this gene, the results from our investigation are well in line with
numerous other studies consistently showing that TCF7L2 variants rs7903146 and rs12255372 are associated
with T2DM and influence the risk of diabetes via pancreatic beta cell dysfunction [27] [36].

Given that the population of this region was not genetically explored hitherto for any of the complex genetic
disorders, T2DM in particular, it is necessary to assess the role of different candidate genes in the etiology of
T2DM in Juana Koslay and other regions of Argentina with high prevalence of T2DM, to gauge the heterogene-
ity in the susceptible genetic profile of the Argentinean population, in general, which is characterized by
enormous geographic, ethnic and genetic heterogeneity.

We consider that our study contributes to this end significantly, even if it appears to only reiterate the oft ob-
served strong association of the TCF7L2 SNPs with the risk of developing T2DM in the diverse populations of
the world, reiterating universality of its association across ethnic groups. Further, our study could have also
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helped in understanding the effect of ethnicity, if existent, on the T2DM susceptible genes.

5. Conclusion

In conclusion, our results add to the rapidly expanding body of evidence that implicates TCF7L2 as an important
risk factor for type 2 diabetes in multiple ethnic groups. Our research suggests that the TCF7L2 polymorphisms
can be a good clinical biomarker to predict the risk of Type 2 Diabetes Mellitus. Because TCF7L2 may affect
the patient’s ability to control glucose levels in serum, therefore the risk of developing diabetes could be reduced
by strict glycemic control and making intensive lifestyle changes (specifically nutrition and exercise counsel-

ing).
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