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Abstract

Geographic and ethnic differences impart an immense influence on the genetic susceptibility to Type 2 diabetes
(T2D) and diabetic nephropathy (DN). Transforming growth factor-beta1 (TGF-b1), a ubiquitously expressed
pro-fibrotic cytokine plays a pivotal role in mediating the hypertrophic and fibrotic manifestations of DN. The
present study is aimed to study the association of TGF-b1 g.869T > C (rs1800470) and g.-509C > T (rs1800469)
polymorphism in T2D and end stage renal disease (ESRD) cases from the two geographically and ethnically
different populations from North India. A total of 1313 samples comprising 776 samples from Punjab (204 with
ESRD, 257 without ESRD, and 315 healthy controls) and 537 samples from Jammu and Kashmir (150 with
ESRD, 187 without ESRD, and 200 controls) were genotyped for TGF-b1 (rs1800470 and rs1800469) using
ARMS-PCR. The CC genotype of rs1800470 increased ESRD risk by 3.1–4.5-fold in both populations.
However, for rs1800469, the TT genotype provided 5.5-fold risk towards ESRD cases from Jammu and
Kashmir and no risk for the cases from Punjab. The haplotype C-T conferred nearly a 2–3-fold risk towards
T2D and ESRD and diplotype CC-CT conferred a 4-fold risk towards ESRD. Our results conclude that TGF-b1
(rs1800470) may increase the risk of both ESRD and T2D in both populations, but TGF-b1 (rs1800469)
provided risk for only ESRD in the population of Jammu and Kashmir. The present study is one of the large
sample sized genetic association studies of T2D and ESRD from Indian population and adds to the scholarship
on global health omics.

Introduction

Type 2 diabetes (T2D) is a common, chronic, and
complex disorder that is rapidly growing globally

(Stumvoll et al., 2005). Diabetic nephropathy (DN) is the
leading cause of end stage renal disease (ESRD) and one of
the main mechanisms by which diabetes results in increased
mortality (Lui et al., 1999; Paniagua et al., 2007). T2D and
its related complications are more common among Indians,
and it tends to impose a significant health care burden and
reduces the overall quality of life (Unnikrishnan et al., 2007).
Moreover, because of the high cost of both dialysis and
transplantation, only countries with robust economies can
meet the challenges of treating ESRD patients (Coresh et al.,
2007).

There is a steep rise in the prevalence of T2D and DN in the
population of Punjab, and Jammu and Kashmir attributed to
the changing lifestyle and consumption of high fat diet
(Bhatti et al., 2007, Mahajan et al., 2013). The two popula-
tions have widely different geographical distribution and
environmental conditions that influence the genetic suscep-
tibility to lifestyle diseases such as T2D and DN. There is
strong evidence that genetic susceptibility factors are asso-
ciated with T2D and DN, and several single nucleotide
polymorphisms (SNPs) have also been linked with its in-
creased likelihood (McDonough et al., 2011, Wheeler and
Barroso, 2011).

Transforming growth factor-beta1 (TGF-b1), a widely
expressed pro-fibrotic cytokine, plays a pivotal role in me-
diating the hypertrophic and fibrotic manifestations of DN
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(Sharma and Ziyadeh, 1995). The multiple mediators in the
diabetic milieu upregulate TGF-b1-induced glomerular fi-
brogenesis, which accompanies disease progression from
incipient to overt nephropathy and finally results in renal
function decline among diabetic cases (Katz et al., 2002). The
presence of SNPs in certain loci of the TGF-b1 gene affect its
regulation and expression levels, among these, g.-509C > T,
g.915G > C (Arg25 Pro, codon 25), and g.869T > C (Leuci-
ne10Proline, codon 10) are the most frequently studied
polymorphisms (Dixon et al., 2003; Park et al., 2005; Shah
et al., 2006).

Numerous studies have examined the association of these
SNPs with diabetes, obesity, and inflammatory diseases
(Ahluwalia et al., 2009; Dixon et al., 2003; Kumar et al.,
2007; Park et al., 2005; Vettor et al., 2005). The exonic
(g.869T > C) and promoter (g.-509C > T) polymorphisms
have been associated with DN traits (Coll et al., 2004; Khalil
et al., 2005; Prasad et al., 2007). As the public health impact
of DN is expected to grow in the years to come due to the
increasing prevalence of diabetes (Vinod, 2012) and more-
over keeping in view the role of genetic predisposition for
the development of these diseases, the present study aimed
to determine the association of TGF-b1 g.869T > C and
g.-509C > T polymorphisms in T2D and ESRD cases derived
from T2D in the two geographically and ethnically different
populations of North India.

Material and Methodology

Study design and sampling

The present case-control association study has been ap-
proved by the Ethics Committee of Guru Nanak Dev Uni-
versity, Amritsar. The power of the study is more than 80%,
and to accomplish the proposed objectives a total of 1313
blood samples were collected, comprising of 776 samples
from Punjab and 537 samples from Jammu and Kashmir.
Samples from Punjab comprised of 461 T2D cases (204 with
ESRD and 257 without ESRD) and 315 healthy controls.
Samples from Jammu and Kashmir constituted 337 T2D
cases (150 with ESRD and 187 without ESRD) and 200
controls. A written informed consent was obtained from all
individuals. T2D without ESRD cases were diagnosed ac-
cording to the criteria given by American Diabetes Asso-
ciation, 2011; these cases were without any microvascular
and macrovascular complication. Diagnosis for T2D with
ESRD cases was made as per Levey et al., (2011). ESRD
cases with T2D as a primary disease were only included to
analyze the effect of T2D on renal complications. ESRD
cases with other microvascular and macrovascular compli-
cations such as diabetic retinopathy, neuropathy, and car-
diovascular diseases were excluded from the study. The
healthy controls selected were gender matched and above the
age of 40 years with no family history of T2D. The techniques
used for anthropometric measurements and biochemical
analysis has been defined earlier by Raina et al., (2014).

SNP selection and genetic analysis

TGF-b1 gene SNPs rs1800469 (g.-509C > T) and
rs1800470 (g.869T > C) selected for the present study are
recorded in the public dbSNP database and have been re-
ported to influence the etiology of T2D and ESRD. Peripheral

blood samples obtained from the study participants were
collected in tubes containing EDTA. Total genomic DNA
was isolated from the venous blood using inorganic method
(Miller et al., 1988). Genotyping of TGF-b1 g.869T > C and
g.-509C > T polymorphisms was based on amplification re-
fractory mutation detection system-polymerase chain reac-
tion (ARMS-PCR). Primer sequences for TGF-b1 g.869T > C
polymorphism were as described in Perrey et al., (1999), and
primers for TGF-b1 g.-509C > T polymorphism were de-
signed by web-based allele specific primer (WASP) software
(Wangkumhang et al., 2007). 10% of the samples were ran-
domly chosen and re-analyzed to assess reliability of the
genotyping.

Statistical analysis

Statistical analyses were performed using statistical
package for social science program (version 16.0; SPSS Inc.,
Chicago, IL). The power of the study was calculated using the
CaTS power calculator (Skol et al., 2006). The continuous
variables are represented as mean – standard deviation (SD).
Genotypes and allele frequencies (represented as percent-
ages) were calculated by gene counting method. Genotypes
were tested for the Hardy Weinberg Equilibrium (HWE)
using chi square analysis. The distribution of genotype and
allele frequencies in cases and controls were compared by
using 3 · 2 and 2 · 2 chi-square contingency tables and the
extent of association was determined by Odd’s ratio (OR) at
95% confidence interval (CI). Binary logistic regression
analysis was used for correction of confounding variables
such as age, sex, BMI, and WHR. The continuous data were
compared using Student’s t-test. Levene’s test for measuring
equality of variances was used to obtain the significance
values for corresponding difference in means. Haplotype
frequencies and pairwise linkage disequilibrium (LD) for the
two TGF-b1 (869 and -509) polymorphisms among both
studied populations were estimated using Haploview soft-
ware. All results were considered significant at p < 0.05. The
p-value given in t-test (Bonferroni correction) and in model
analysis (confounding factors) is corrected.

Results

Comparison of clinical characteristics
of studied populations

The comparison of various demographic, clinical, and
biochemical parameters between the studied disease groups
and controls among the populations of Punjab and Jammu
and Kashmir is given in Table 1, while comparison of various
parameters of cases and controls between the two studied
population groups is shown in Table 2.

Frequency distribution of TGF-b1 g.869T > C
and g.-509C > T polymorphisms

The comparison of genotype and allele frequencies of
TGF-b g.869T > C polymorphism between the different dis-
ease groups and controls among the two studied populations
is reported in Figure 1. The samples were categorized into
total T2D cases, T2D cases with ESRD, T2D cases without
ESRD, and controls. The genotypes in all the study groups
were observed to be in HWE. The minor allele frequency
(MAF) was significantly higher in cases than controls in both
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the population groups. However, in the case of genotype
distribution, significant difference could be attributed for
total T2D and T2D with ESRD cases, the same was not found
among T2D without ESRD group in both studied popula-
tions. Further, model analysis revealed that the TC + CC
genotype conferred 1.7-fold risk towards ESRD and 1.5-fold
risk towards T2D development, and the CC genotype provide
nearly 3-fold risk towards ESRD cases even after correcting
for confounding factors in the population of Punjab. In the
population of Jammu and Kashmir, in contrast to results in
population of Punjab, TC + CC and CC genotype attributed
risk towards only ESRD development and not towards T2D
(Table 3).

Figure 2 depicts the comparison of genotype and allele
frequencies of TGF-b g.-509T > C promoter polymorphism.
The group categorization was done in a similar manner as in
TGF-b 869T > C polymorphism. The frequency of T allele
and TT genotype was higher in cases than controls. However,
significant difference could be attributed only for allele fre-
quency distribution on comparing T2D with ESRD cases
with controls. In the population of Punjab, no significant
difference was observed under model analysis for any of
the groups after correction. Similarly, in the population of
Jammu and Kashmir, frequency of both T allele and the TT
genotype was higher in T2D with ESRD cases as compared to
other groups. A comparison of allelic and genotypic fre-
quencies revealed statistically significant difference between
cases and controls. Dominant model analysis revealed that
the CT + TT genotype provided 1.6–1.9-fold risk towards
ESRD and T2D development, respectively. Under the re-
cessive model, the TT genotype attributed 5.5-fold risk to-
wards ESRD and no risk towards T2D (Table 3).

Haplotype and linkage disequilibrium (LD) analysis

The distribution of haplotype frequency and measure of
LD for both the studied populations is depicted in Table 4.

The haplotype analysis was done to investigate whether a
specific haplotype is associated with T2D or with ESRD.
Based on measures of linkage disequilibrium (LD), it could
be inferred that two SNPs of TGF-b1 (g.869T > C and
g.-509C > T) were in slight LD among both T2D with and
without ESRD cases from Punjab [D¢ = 0.422, r2 = 112;
D¢ = 0.368, r2 = 0.087] and in T2D with ESRD cases from the
Jammu and Kashmir population [D¢ = 0.368, r2 = 0.075;
D¢ = 0.243, r2 = 0.032]. However controls from both popula-
tions were not in LD [D¢ = 0.152, r2 = 0.018; D¢ = 0.176,
r2 = 0.015] (Fig. 3). After analyzing haplotype combinations,
haplotype C-T conferred 1.6–2.2-fold risk in population of
Punjab and 1.86–2.8-fold risk in population of Jammu and
Kashmir towards development of T2D and ESRD. At the
same time, haplotype T-C provided 1.5-fold protection to-
wards ESRD cases from Punjab and 1.5–1.7-fold protection
towards T2D and ESRD cases from Jammu and Kashmir.
Further analysis after making diplotype combinations re-
vealed that CC-CT combination increased the ESRD risk by
nearly 4-fold in the population of Punjab, while in the
population of Jammu and Kashmir, TT-CC combination
conferred 1.5–2 fold protection towards T2D and ESRD
(Table 5).

Discussion

In this study we have evaluated that g.869T > C and
g.-509C > T polymorphisms of TGF-b1 are associated with
T2D and progression to ESRD among T2D cases. The present
report is the first study conducted in the population of Punjab
and Jammu and Kashmir evaluating the association of these
polymorphisms with the risk of developing ESRD in T2D
patients. Most of the previously reported studies have com-
pared T2D and DN with each other rather with healthy
controls, which can give inconclusive association and
moreover, the DN cases included were of all stages (from
glomerular hyperfiltration to ESRD) (Prasad et al., 2007;

FIG. 1. Distribution of allele and genotype frequencies of TGF-b1 g.869T > C polymorphism in two studied
populations.
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Valladares-Salgado et al., 2010). So the present study en-
rolled only the last stage DN cases with ESRD and compared
them with both T2D and healthy controls to get irrefutable
results.

The TGF-b1 polymorphisms (g.869T > C and g.-509
C > T) are often associated with circulating concentration of
TGF-b1 protein (Wong et al., 2003). The g.869T > C poly-
morphism at exon 1 position encoding the signal peptide
results in the replacement of a leucine with proline at amino
acid position 10 in the signal sequence (Li et al., 1999). It is
speculated that this Leucine to Proline change (missense
mutation) results in modifications in amino acid composition
of the peptide, which affects its polarity and leads to differing
rates of protein export (Wood et al., 2000). The C allele
(proline) of this polymorphism was responsible 2.8-fold
higher secretion of TGF-b1 and was also associated with high
serum concentrations of TGF-b1. The g.-509C > T promoter
SNP of the TGF-b1 gene results in increased plasma levels of
TGF-b1, due to transcriptional suppression by activator
protein-1 (AP1) binding T allele of -509 TGF- b1. Increased
TGF-b1 levels are often associated with the -509T allele
because of the loss of negative regulation by AP1 (Shah
et al., 2006).

The analysis of TGF-b1 g.869T > C and g.-509C > T
polymorphisms in the present studied populations revealed
that MAF of TGF-b1 g.869T > C polymorphism was slightly
higher in the population of Jammu and Kashmir (24.8%) as
compared to that in the population of Punjab (23.0%). In
contrast for g.-509C > T promoter polymorphism, MAF was
higher in the population of Punjab (18.6%) in comparison to
the population of Jammu and Kashmir (13.5%). The disparity
was observed for both SNPs in different populations shown in
Table 6. This difference observed in the MAF could be at-
tributed to ethnic heterogeneity and population diversity
(Cross et al., 2010).

In the present study, 869 C allele and the CC genotype
provided a risk for development of T2D and ESRD in both

population groups. Further genetic model analysis also re-
vealed that the CC genotype provided a higher risk as com-
pared to the TC + CC genotype combination for ESRD
manifestation. Similar trends were reported by a study on an
Egyptian population where frequency of C-allele was higher
in cases (both total T2D and T2D with ESRD) as compared to
controls, and the TC genotype was providing 2–2.7-fold risk
towards T2D and ESRD development (El-Sherbini et al.,
2013). TGF-b1 g.869T > C polymorphism was observed to
provide risk towards DN in Mexican (Valladares-salgado
et al., 2010) and Chinese populations (Wong et al., 2003) and
towards ESRD in a North Indian population (Mittal and
Manchanda, 2007). Contrarily, reports on German and
Spanish populations concluded that 869T allele rather than C
allele was associated with ESRD susceptibility (Babel et al.,
2006; Coll et al., 2004).

For TGF-b1 g.-509C > T polymorphism, the only signifi-
cant difference observed in the population of Punjab was for
alleles, when ESRD cases were compared with controls,
where the -509T allele provided significant risk for the de-
velopment of ESRD. However, in the population of Jammu
and Kashmir, the -509T allele provided risk for the devel-
opment of both T2D and ESRD and the -509TT genotype
conferred nearly 5-fold risk towards ESRD progression
among T2D cases. Similar results were reported by another
study on Punjab population where -509T allele and the TT
genotype frequency was higher in ESRD cases as compared
to controls; however, the significant difference could be at-
tributed only for genotypes (Kumar et al., 2007). Though a
study on Asian Indians revealed higher frequency of T allele
among chronic renal insufficiency patients, yet no significant
difference was attained (Prasad et al., 2007). Similarly, a
study on an Irish population also reported no significant as-
sociation of -509 alleles with disease susceptibility
(McKnight et al., 2007). These contrasting reports for both
the polymorphisms emphasize the need to carry out addi-
tional studies in other populations. Moreover, there is a

FIG. 2. Distribution of allele and genotype frequencies of TGF-b1 g.509C > T polymorphism in two studied
populations.
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paucity of studies that have compared the role of these
polymorphisms in T2D and DN.

Most recent studies have investigated the effect of haplo-
types and diplotypes in order to obtain a more comprehensive
analysis of the role of polymorphisms in the susceptibility to

T2D and DN (El-Sherbini et al., 2013; Valladares-Salgado
et al., 2010). The joint effect of TGF-b1 (869 and -509)
polymorphisms towards T2D and DN has also not yet been
studied. The haplotype C-T was observed to confer nearly a
2–3-fold risk towards T2D and ESRD whereas haplotype T-C

FIG. 3. LD plot showing the position of the two TGF-b1 polymorphisms and pair-wise D¢ values observed in the
populations of Punjab and Jammu and Kashmir.

Table 5. Risk of T2D and ESRD with Diplotype Combinations of TGF-b1 Gene in the Two Studied Populations

Punjab Jammu and Kashmir

T2D with ESRD
vs Control

T2D without ESRD
vs Control

T2D with ESRD
vs Control

T2D without
ESRD vs Control

Diplotype combination p OR(95% CI) p OR(95% CI) p OR(95% CI) p OR(95% CI)

(TGF-b 869)TT/CC(TGF-b-509) 0.070 0.71(049–1.03) 0.321 0.84(0.60–1.18) 0.002* 0.49(0.31–0.76) 0.043* 0.66(0.44–0.99)

(TGF-b 869)TT/CT(TGF-b-509) 0.184 0.69(0.40–1.19) 0.358 0.79(0.48–1.30) 0.399 1.32(0.69–2.50) 0.578 1.19(0.64–2.21)

(TGF-b 869)TT/TT(TGF-b-509) 0.303 0.44(0.09–2.12) 0.101 0.17(0.02–1.41) 0.740 0.66(0.06–7.40) 0.946 1.07(0.15–7.68)

(TGF-b 869)TC/CC(TGF-b-509) 0.738 0.93(0.59–1.45) 0.051 1.14(0.76–1.71) 0.886 1.04(0.63–1.70) 0.720 0.92(0.57–1.47)

(TGF-b 869)TC/CT(TGF-b-509) 0.097 1.54(0.93–2.58) 0.440 1.22(0.7–2.02) 0.186 1.55(0.81–2.95) 0.238 1.45(0.78–2.70)

(TGF-b 869)TC/TT(TGF-b-509) 0.284 1.83(0.61–5.53) 0.242 1.87(0.66–5.32) 0.838 1.34(0.08–21.53) 0.310 3.24(0.33–31.47)

(TGF-b 869)CC/CC(TGF-b-509) 0.547 1.30(0.55–3.07) 0.473 0.71(0.27–1.82) 0.720 1.20(0.45–3.18) 0.541 1.33(0.54–3.28)

(TGF-b 869)CC/CT(TGF-b-509) 0.012* 3.88(1.34–11.17) 0.062 2.77(0.95–8.09) 0.277 1.82(0.62–5.37) 0.253 1.83(0.65–5.13)

(TGF-b 869)CC/TT(TGF-b-509) 0.060 3.70(0.94–14.46) 0.325 2.06(0.49–8.72) – – –

* p < 0.05, OR- ODDs ratio, CI-Confidence interval.
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provided nearly a 2-fold protection towards development of
ESRD and T2D in the studied populations. Further, diplotype
analysis revealed that diplotype CC-CT conferred a 3.26-fold
risk towards ESRD and TT-CC provide a 2-fold protection
for T2D and ESRD in the population of Punjab and Jammu
and Kashmir, respectively.

The demographic and anthropometric distributions in the
two populations showed that anthropometric variables
among controls from Punjab population were significantly
higher as compared to Jammu and Kashmir. This difference
could be attributed to the increasing prevalence of obesity in
Punjab, even in healthy control individuals. This observation
was in line with the National Family Health Survey-3 Report,
which suggested higher prevalence of generalized as well as
central obesity in the population of Punjab than Jammu and
Kashmir (Arnold et al., 2009). Because of the detrimental
condition of ESRD cases, WC, HC, and WHR could not be
computed. Both populations documented the higher per-
centage of males affected with ESRD (67% in Punjab; 68% in
Jammu and Kashmir), which suggested the strong effect of
gender on the progression to ESRD. Men progress to ESRD
faster than postmenopausal women and these gender differ-
ences could be attributed to nephroprotective effects of fe-
male hormones, especially estrogen (Gluhovschi et al., 2012;
Yanes et al., 2008).

Conclusion

The findings of the present study suggest that the presence
of C-allele (869 T > C) is associated with a nearly 3–4-fold

risk towards ESRD in both populations. However, the pres-
ence of T-allele (-509 C > T) of TGF-b1 gene conferred
nearly a 5-fold risk towards ESRD cases from Jammu and
Kashmir, but no significant association was observed in cases
from Punjab. These variations could be due to geographical
and ethnic differences present in the two populations, further
emphasizing the role of environment in multifactorial dis-
eases such as T2D and DN. Our study is the first one to
analyze the combinatorial effect of TGF-b1 (869 and -509)
polymorphisms towards ESRD and T2D development by
suggesting the association of TGF-b1 haplotype and diplo-
type combinations with disease susceptibility. These findings
are important as both diseases are prominent sources of
morbidity and mortality in the Indian population. The present
study has provided the preliminary data for TGF-b1 poly-
morphisms in both studied populations, and further expres-
sion studies can help in validating the role of these TGF-b1
SNPs with regard to T2D and ESRD.
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