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TGF-p1. In addition a genotyping of TGF-B1 was done. Results: our results
showed a statistical difference in TGF-B1 levels in all groups, also a positive
correlation between hyperglycemia and HbAlc with TGF-B1 level was
detected. According genotype, only 869T/C genotypes are involved in
susceptibility to T2DM and diabetic nephropathy. Both TC and CC genotype
are higher in T2DM patients compared with control (P<0.05), while only CC
is higher in diabetic nephropathic patients compared with uncomplicated
T2DM (P<0.05). Conclusion: an increase TGF-B level may be involved in
processes of T2DM development and its nephropathic complication. In
addition, the TC and CC genotypes of TGF-B1 869T/C are more susceptible
to T2DM, while only CC genotype to diabetic nephropathy.

Introduction:-

Type 2 diabetes mellitus (T2DM) is still one of the most public health problems distributed all over the world.
Sedentary lifestyle and obesity are the major risk factors triggering the development of this problem. Family history
and genetic factor appear as additional risk factors besides obesity and lifestyle (Alhazmi et al., 2015). Multiple
genes polymorphisms have been concluded by several studies to be a factor that influences the development of
T2DM and its complications as nephropathy (Yih-Hsin et al., 2009). Previously, several studies reported that
Chronic inflammation and immune system imbalance play a significant role in T2DM development. Pro-
inflammatory and anti-inflammatory cytokines are expressed in a different manner during insulin resistance and
T2DM stages (Navarro-Gonzalez and Mora-Fernandez, 2008). Transforming growth factor-p is an anti-
inflammatory cytokine which inhibits the activation of macrophages. It is a family composed of 33 cytokines that
exert their effects through a formation of type | and type Il complex seriene/therionine kinase receptor (Heldin et al.,
2009). This complex phosphorylates Smad family (mainly Smad 4), which translocate to the nucleus and regulate
genes expression involved in growth arrest, angiogenesis, cell differentiation, and immune control (Qian et al.,
2008). TGF-B1 is a member of TGF-p superfamily and is one of the most prominent fibrotic factor. Previous studies,
found that elevated TGF-p1 in T2DM patients compared with control and a its level is positively correlated with
fasting blood sugar. Moreover, in vitro studies showed that both high glucose and insulin concentrations stimulate
the expression of TGF-B1 in cell culture. The T2DM reports as a primary cause of ESRD resulting from progressive
nephropathy (Manabe, 2011; Goldberg, 2009). Diabetic nephropathy is a result of glomerular, tubular, interstitial,
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and vascular lesions. Clinical evidence suggests that TGF-p plays a significant role in a final pathway that involves
glumerolonecrosis and interstitial fibrosis which leads to end-stage renal disease (ESRD) (Qian et al., 2008). In vitro
studies showed that TGF-B1 triggers hypertrophy and extracellular matrix deposition in tubular cells. The TGF-f1
gene present on chromosome 19, contains seven exons and large introns, and more than ten polymorphisms
distributed in them (Bendicho et al., 2012). The previous study found that the 869 T/C polymorphism of TGF-f1
gene that involves the substitution of leucine for proline is associated with T2DM development among the Chinese
population. They found that the genotype CC/CT was higher in T2DM compared with the control group (Wong et
al., 2003). This polymorphism induces the production of TGF-B1, leading to a higher level of TGF-f1 compared
with wild type. This higher level of TGF-B1 is associate with T2DM and the development of diabetic nephropathy
(Herder et al., 2009). According to the genotype, the TGF-B1 869 T/C genotypes are associated with high risk of
diabetic nephropathy and ESRD (Karina et al., 2014; Wang et al., 2005; Egger et al., 1997). This work was aimed to
investigate the association of TGF-B1 genes polymorphism with T2DM and its nephropathic complication in Saudi
males.

Subjects and Methods:-

Subjects:-

This study consisted of 220 Saudi males classified into two groups; the first group includes 120 diabetic type 2
patients recruited from the Diabetic Center of King Abdul-Aziz specialist hospital in Taif city. All patients
diagnosed according to the World Health Organization criteria (fasting blood glucose >126 mg/dL or 2-hour
postprandial blood glucose >200 mg/dL). The second group was used as a control including 100 healthy Saudi male
without any signs of diabetes mellitus with fasting blood sugar <110 mg/dl. The diabetic type 2 patients group was
further subclassified into; 1- diabetic type 2 patients complicated with nephropathy and 2- diabetic type 2 patients
without nephropathy based on a questionnaire and laboratory results of blood albumin and creatinine and urine
albumin (Howell and McAnulty, 2006).

Samples collection:-

Six mL of venous blood was drawn from each individual included in the study (diabetic type 2 patients and healthy
control) under complete aspect condition after an overnight fasting. Three mL was collected in EDTA containing
tube for separation of peripheral blood mononuclear cells (PBMCs) for determination of TGF-1 genotypes. The
other three mL of the blood was collected in anticoagulant-free tubes used for separation of serum to detect TGF-p1,
blood sugar, urea, creatinine, triglyceride, cholesterol, C-HDL, and HbAlc concentrations. Moreover, the urine
sample was collected from only diabetic patients for measurement of microalbuminuria.

Methods:-

Biochemical analysis:

After sample collection, sera were separated immediately and stored at -20°C. Blood glucose, urea, creatinine,
cholesterol, triglyceride, C-HDL were measured by spectrophotometric method using chemistry autoanalyzer
(Biomerieux, France). TGF-B1 blood level was measured by high sensitivity enzyme-linked immunosorbent assay
(ELISA) (Halil et al., 2010). Microalbuminuria was detected by a quantitative nephelometric assay (Roche) through
the measurement of microalbumin in 24 hour urine sample (American Diabetes Association, 2010).

DNA isolation:-
Genomic DNA was extracted from EDTA whole blood sample using a spin column method according to the
protocol (QlAamp Blood Kit; Qiagen GmbH, Hilden, Germany) (Perrey et al., 1999).

Amplification of TGF-$1 (869 T/C) and (509 C/T) gene polymorphisms:-

Both 869 T/C and 509 C/T were analyzed by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) including amplification by thermal cycler and digestion with a site-specific restriction enzyme. The
forward and reverse primers for 869 C/T were 5-TTCCCTCGAGGCCCTCCTA-3' and 5'-
GCCGCAGCTTGGACAGGATC-3" respectively, while for 509 C/T the forward primers was 5'-
GAGCAATTCTTACAGGTGTCTGC-3' and the reverse was 5-GAGGGTGTCAGTGGGAGGAG-3'. The PCR
amplification protocol was composed of 35 cycles comprising three steps each: 75 s at 96 °C, 75sat 62 °Cand 75 s
at 73 °C. The PCR products were digested with MspA1l for 869 C/T and with Eco81I for 509 C/T. All the products
run on a 3% ethidium bromide-stained agarose gel (Pushplata et al., 2007).
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Results:-

This project was performed on 150 T2DM Saudi male patients enrolled into the Diabetic Centre in King Abdulaziz
specialized hospital during 2015. A hundred Saudi healthy men were used as a control group. Table 1 showed a
comparison between T2DM patients and the control group by using t-test in BMI, blood glucose, HbAlc,
triglyceride, cholesterol, HDL-C, urea, creatinine, and TGF-B1 levels. It showed highly significant differences in
BMI, glucose, HbAlc, and TGF-B1 in type 2 diabetic patients group (31.22+5.9, 8.45+2.56, 8.76+2.13 and
141.15+22.48 respectively) compared with the control group (23.30%£2.3, 4.66+0.84, 5.33+4.20 and 21.36+6.5
respectively) (P<0.01). Also, significant differences were observed in blood cholesterol, triglyceride and HDL-C
(6.60+3.43, 2.62+3.87 and 0.68%0.07 respectively in T2DM group) and (5.22+1.43, 1.17+1.04 and 1.43+0.09
respectively in control group) between the two groups (P<0.05). Table 2 represents a correlation by using
Spearman’s test between BMI, glucose, HbALc, triglyceride, cholesterol, HDL-C, urea, creatinine, and TGF-f1. The
TGF-B1 showed positive correlations with glucose (P<0.05) and HbAlc (P<0.01). Table 3 showed statistical
differences in creatinine, urea, albumin, microalbuminuria, and TGF-B1 between complicated diabetic patients
(nephropathic) (129.56+36.53, 5.21+2.15, 2.85+0.45, 98.22+32.24 and 138.15+ 20.87 respectively) compared with a
noncomplicated one (79.05+10.11, 2.84+0.99, 4.20+0.39, 75.13+12.09 and 98.55+14.50 respectively) (P>0.01). The
TGF-B1 genotypes statistics of both 689 T/C and 509 C/T in type 2 diabetic patient and control group are
represented in table 4. The TC and CC genotypes of 869 T/C showed higher frequencies in T2DM patients
compared with a control group (P<0.05). Also, the results showed a higher frequency of C allele in T2DM patients
group compared with the control group (P<0.05). According to 509 C/T genotypes, there was no significant result
observed. Table 5 represents the frequencies of the same TGF-B1 genotypes in T2DM with and without
nephropathy. The CC genotypes of 869 T/C has a higher frequency in T2DM patients with nephropathy compared
to T2DM patients without nephropathy (P<0.05). Moreover, the C alleles has a higher frequency in T2DM patients
with nephropathy than without nephropathy (P<0.05). There is no significant differences between T2DM patients
with and without nephropathy in 509 C/T genotypes.

Table 1: Comparison between biochemical parameters of control and type 2 diabetic patients

Parameters Control(n=100) Diabetic type 2 patients(h=150) P value
BMI (Kg/m?) 23.30+2.3 31.22+5.9 0.004**
Glucose (mmol/L) 4.66 +0.84 8.45 + 2.56 0.003**
HbAlc 5.33£4.20 8.76 £2.13 0.002**
Cholesterol (mmol/L) 5.22+1.43 6.60 + 3.43 0.040*
Triglyceride (mmol/L) 1.17+1.04 2.62 +3.87 0.047*
HDL-C (mmol/L) 1.43+0.09 0.68 £ 0.07 0.031*
Creatinine (umol/L) 69.05 + 22.11 76.27 + 36.53 0.215
Urea (mmol/L) 2.70 £ 0.93 2.82+2.15 0.091
TGF-B1 (Pg/mL) 21.36 + 6.5 141.15 + 22.48 0.007**

** P <(0.01 *P <0.05
Table 2: correlation between biochemical parameters of diabetic type 2 patients
BMI | Glucose | HbAlc | Cholesterol | Triglyceride | HDL-C | Creatinine | Urea TGF-B1

BMI 0.008 0.005
Glucose 0.001 0.04 0.03
HbAlc 0.008
Cholesterol 0.004 0.001
Triglyceride 0.002
HDL
Creatinine 0.003
Urea
TGF-B1
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Table 3: Comparison between biochemical parameters of diabetic type 2 patients with and without

nephropathy

Parameters T2DM without T2DM with nephropathy(n=70) P value

nephropathy(n=80)
BMI (Kg/m?) 28.31+1.3 31.87+2.9 0.041*
Glucose (mmol/L) 7.55+1.84 7.48 £2.02 0.083
HbAlc 7.23+3.45 7.76 +3.11 0.092
Cholesterol (mmol/L) 6.38 + 1.88 6.60 + 3.43 0.144
Triglyceride (mmol/L) 2.62 +1.37 2.72+2.24 0.249
HDL-C (mmol/L) 0.72+0.29 0.75+0.17 0.189
Creatinine (umol/L) 79.05+10.11 129.56 + 36.53 0.008**
Urea (mmol/L) 2.84+0.99 5.21+2.15 0.009**
Albumin (g/dL) 4.20+0.39 2.85+0.45 0.007**
Microalbuminuria mg/24 75.13+12.09 98.22 £32.24 0.007**
hours
TGF-B1(Pg/mL) 98.55 + 14.50 138.15+ 20.87 0.008**
** P <(0.01 *P <0.05

Table 4: genotypic and allelic frequencies of TGF-Blgene polymorphism in T2DM patients and control
subjects.
Genotype (869T/C) Control n (%) T2DM n (%) X? P value
TT 70 (70) 63 (42.00) 0.103 0.390
TC 28 (28) 71 (47.33) 4.891 0.041*
CC 2(2) 16 (10.66) 4.099 0.049*
Allele
T 168 (84.00) 197 (65.66) 0.027 0.654
C 32 (16.00) 103 (34.33) 4.113 0.047*
Genotype (509C/T) Control n (%) T2DM n (%) X? P value
CC 68 (68%) 96 (64%) 0.098 0.960
CT 29 (29%) 48 (32%) 0.0910 0.980
TT 3 (3%) 6 (4%) 0.086 0.890
Allele
C 165 (82.25%) 240 (80%) 0.012 0.761
T 35 (17.5%) 60 (20%) 0.023 0.702

** P <0.01 *P <0.05
Table 5: genotypic and allelic frequencies of TGF-p1gene polymorphism in T2DM patients with and withou
nephropathy.
Genotype (869T/C) T2DM without N n (%) T2DM with N n (%) X? P value
TT 40 (50%) 23 (32.86%) 0.202 0.390
TC 37 (46%) 34 (48.57%) 0.652 0.128
CcC 3 (4%) 13 (18.57%) 4.011 0.036*
Allele
T 117 (73.13%) 80 (57.14%) 0.301 0.654
C 43 (26.69%) 60 (42.86%) 3.165 0.049*
Genotype (509C/T) T2DM without N n (%) n (%) T2DM with N n (%) X2 P value
CcC 51 (63.75%) 45 (64.28%) 0.088 0.933
CT 25 (31.25%) 23 (32.86%) 0.084 0.980
TT 4 (5%) 2 (2.86%) 0.081 0.890
Allele
C 127 (79.38%) 113 (80.71%) 0.022 0.807
T 33 (20.63%) 27 (19.29%) 0.029 0.722

**P<0.01

*P <0.05

N: nephropathy
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Discussion:-

Type 2 diabetes mellitus is a complex, chronic and rapidly growing disorder occurring due to either defect in insulin
secretion, action or both. It accounts for about 95% of diabetes worldwide (Stumvoll et al., 2005). The development
of T2DM is affected by multiple genetic and environmental factors (Ahlgvist et al., 2011). Several studies in the last
years focused on pro-inflammatory cytokines, and they found that these cytokines implicated in the development of
T2DM and its complication (Yih-Hsin et al., 2009). TGF-B is an anti-inflammatory cytokine which induces immune
tolerance and preventing autoimmune reactions (Li MO et al., 2006). Moreover, it diverse proliferation,
differentiation, survival of T cells and inhibits macrophages activation (24). TGF-B1 is a member of TGF-p
superfamily and several studies showed that hyperglycemia and hyperinsulinemia stimulate and increase TGF-f1
expression in vitro as well as in vivo (Sarafidis and Ruilope, 2006). Moreover, in vitro studies found that TGF-f1 is
responsible for development of mouse B-cells, and this may be explain the increase of TGF-f1 in T2DM which
result from increase insulin demand. Previously, several studies showed high TGF-B1 levels in T2DM (Yener et al.,
2008). Present study is similar to previous studies which shows higher TGF-B1 level in T2DM. Also, the TGF-$1
level is positively correlated with fasting blood glucose level and HbAlc, so this result may give us an idea about
the effect of hyperglycemia on the TGF-B1 level. In the past, many authors concluded that there is a correlation
between elevated TGF-B1 and diabetic nephropathy (Singh and Ramji, 2006). Nephropathy characterized by
deposition of extracellular matrix (ECM) and hypertrophy of glomerular cells followed by glomerulosclerosis.
These changes are followed by consequences of microalbuminuria, albuminuria, uremia, and finally ESRD
(Goldberg, 2009). The TGF-B1 has been considered to be involved in the development of diabetic nephropathy. It is
highly expressed in mesangial cells of diabetic glomeruli and its inhibition prevent glomerular fibrosis. Previous
studies conclude that increase TGF-B1 expression in mesangial, epithelial and tubular cells induced by
hyperglycemia and hyperinsulinemia (Anderson et al., 1997). In 1999, Rivarola and her colleague found a positive
correlation between albuminuria and urinary TGF-B1 level in diabetic patients complicated with nephropathy. Our
results are similar and showed elevation in serum TGF-B1 levels of diabetic nephropathic patients compared with
uncomplicated T2DM patients. In addition a positive correlation was present between albuminuria and serum TGF-
B1 levels in T2DM patients with nephropathy. The human TGF-£1 gene located on chromosome 19g13.1-13.3 (Fujii
et al., 1996), and there are several polymorphisms distributed along this gene (Watanabe et al., 2002). The TGF-p1
869 T/C polymorphism that resulted in a substitution of proline for leucine at tenth amino acid usually associated
with increases TGF-f1 gene expression in vitro (Awad et al., 1998). In 2013, Sherif's study found that there is an
association between TGF-B1 869T/C polymorphism and T2DM development. Moreover, another study done on
Chinese population showed that the TGF-pl 869 T/C is associated with increased TGF-B1 level and the
development of T2DM (Teresa et al., 2003). Our result showed that TC and CC have a high frequency in T2DM
compared with the control group. Also, the study showed that the C allele is more frequent in T2DM. TGF-f1 509
T/C genotypes did not show any statistical differences in T2DM patients compared with healthy group. According to
diabetic nephropathy, a recent study done by Raina et al., 2015 found that the CC genotype of TGF-1 869 T/C
increased the risk of nephropathy by 3.1-4.5-fold in Indian populations. Also, Sherif et. al., 2013 found an
association between TGF-B1 869 T/C polymorphism and T2DM development and severity of its nephropathy. They
found that the TT and TC genotypes were more susceptible to the development of T2DM. In association with the
risk of diabetic nephropathy, only TC is highly associated with diabetic nephropathy (Sherif et al., 2013). Teresa
study done upon Chinese population showed that TC and CC genotypes of TGF-B1 869 T/C have a higher
frequency in type 2 diabetic nephropathy compared with T2DM patients without nephropathy. Our result is in
accordance with Buraczynska et al., study done among Poland population which showed that only the CC genotype
of TGF-B1 869 T/C is more susceptible to T2DM nephropathy. Another studies done among Mexicans and
Cucasians didn't confirmed this association, and this may be related to ethical and race differences. According to
TGF-B1 509 C/T, Ng et al., 2003 study concluded that there is no association between 509 C/T polymorphism and
susceptibility to diabetic nephropathy. Wang et al., 2013 meta-analysis suggests that the TGF-1 gene 509 C/T
polymorphism would not be a risk factor for IgA nephropathy in Asians but might play a role in Europeans.
Recently, Raina et al., 2015 study done on Indian population found that the TT genotype provided 5.5-fold risk
towards ESRD cases from Jammu and Kashmir and no risk for the cases from Punjab. Our results upon TGF-B1 509
C/T is in agreement with Wang and Ng studies, which found no association between its genotypes and susceptibility
to diabetic nephropathy.

Recommendation and conclusion:-
Our study was done on a small sample size, so a large sample size in a different populations is recommended to give
a broad picture of involvement of these polymorphisms in T2DM and its nephropathic complication. Also, the study
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of other cytokines and its genes polymorphisms is recommended to give a broad picture of involvement of
inflammatory reaction in risk of T2DM and its complications. From our results, we can conclude that the increase
TGF-B level may involve in processes of T2DM development and its nephropathic complication. Moreover, the TC
and CC genotypes of TGF-B1 869T/C is more susceptible to T2DM, while only CC genotype to diabetic
nephropathy.

Acknowledgments:-
This study was supported by Taif University and done in the connection between King Abdul-Aziz Diabetic Center
and Faculty of Applied Medical Sciences.

References:-

1. Ahlgvist E., Ahluwalia T., and Groop L. (2011): Genetics of type 2 diabetes HMGA1, a novel locus for type 2
diabetes mellitus. Clin. Chem., 57: 241-254.

2. Alhazmi A. S, Hussein Y. M., Elaskary A., Alomary A., Demiati L. (2015): Association of TNF-a, TNFRII,
IL-4 and IL-4Ra Gene Polymorphisms in Type 2 Diabetic Saudi Patients. KASMERA., 2(1): 64-76.

3. American Diabetes Association (ADA). Standards of Medical Care in Diabetes (2010): Diabetes Care, 33: 11—
61.

4. Anderson P., Zhang X., and Tian J. (1996): Insulin and angiotensin 1l are additive in stimulating TGF-beta 1
and matrix mRNAs in mesangial cells. Kidney. Int., 50: 745-753.

5. Awad M., EI-Gamel A., Hasleton P., Turner D., Sinnott P., and Hutchinson 1. (1998): Genotypic variation in the
transforming growth factor-bl gene: association with transforming growth factor-bl production; fibrotic lung
diseases; and graft fibrosis after lung transplantation. Transplantation, 66: 1014-1020.

6. Bendicho M., Guedes J., Silva N., Santana G., Dos Santos R., Lyra A., and Lyra L. (2012): Polymorphism of
cytokine genes (TGF-betal;IFN-gamma; IL-6; IL-10; and TNF-alpha) in patients with chronic pancreatitis.
Pancreas, 30: 333-336.

7. Egger M., Davey S., Schneider M., and Minder C. (1997): Bias in meta-analysis detected by a simple, graphical
test. B. M. J., 315: 629-634.

8. Fujii D., Brissenden J., Derynck R., and Francke U. (1996): Transforming growth factor beta gene maps to
human chromosome 19 long arm and to mouse chromosome 7. Somat Cell Mol Genet; 12: 281-288.

9. Goldberg R. (2009): Cytokine and cytokine-like inflammation markers, endothelial dysfunction, and
imbalanced coagulation in development of diabetes and its complications. Journal of Clinical Endocrinology
and Metabolism, 94(9): 3171-3182.

10. Halil G., Nuri K., Ucler K., Serkan T., llkin N., Alper S., and Teoman D. (2010): Transforming growth factor b
(TGF-Db) levels in otherwise healthy subjects with impaired glucose tolerance. Journal of Endocrinology, 61(6):
691-694.

11. Heldin M., Landstrom C., and Moustakas A. (2009): Mechanism of TGF-B signaling to growth arrest,
apoptosis, and epithelial mesenchymal transition. Current Opinion in Cell Biology, 21(2): 166-176.

12. Herder C., Brunner E., and Rathmann W. (2009): Elevated levels of the anti-inflammatory interleukin-1
receptor antagonist precede the onset of type 2 diabetes: the White hall 11 study. Diabetes Care, 32(3): 421-423.

13. Howell JE and McAnulty RJ. (2006). TGF-beta: its role in asthma and therapeutic potential. Curr Drug Targets;
7: 547-565.

14. Karina B., Kathryna F., and Ana F. (2014): The Role of Transforming Growth Factor-Beta in Diabetic
Nephropathy. International Journal of Medical Genetics, 6: 1-6.

15. Li M., Wan Y., Sanjabi S., Robertson A., Flavell R. (2006): Transforming growthfactor-p regulation of immune
responses. Annu. Rev. Immunol., 24: 99-146.

16. Manabe I. (2011): Chronic inflammation links cardiovascular, metabolic and renal diseases. Circulation Journal,
75(12): 2739-2748.

17. Navarro-Gonzalez J. and Mora-Fernandez C. (2008): The role of inflammatory cytokines in diabetic
nephropathy. Journal of the American Society of Nephrology, 19(3): 433-442.

18. Ng D., Warram J., and Krolewski A. (2003): TGF-beta 1 as a genetic susceptibility locus for advanced diabetic
nephropathy in type 1 diabetes mellitus: an investigation of multiple known DNA sequence variants. Nephro.,
41(1): 22-28.

19. Perrey C., Turner SJ., Pravica V., Howell W., and Hutchinson V. (1999): ARMS-PCR methodologies to

determine IL-10, TNF-alpha, TNF-beta and TGF-beta 1 gene polymorphisms. Trans. PIl. Immunol., 7: 127-128.

1327


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ng%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=12500218
http://www.ncbi.nlm.nih.gov/pubmed/?term=Warram%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=12500218
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krolewski%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=12500218

ISSN 2320-5407 International Journal of Advanced Research (2016), Volume 4, Issue 4, 1322-1328

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pushplata P., Arun K., and Prasanna K. (2007): Association of TGFB1, TNFa, CCR2 and CCRS gene
polymorphisms in type-2 diabetes and renal insufficiency among Asian Indians. BMC Medical Genetics, 8(20):
1-6.

Qian Y., Feldman E., Pennathur S., Kretzler M., and Brosius F. (2008): From fibrosis to sclerosis: mechanisms
of glomerulosclerosis in diabetic nephropathy. Diabetes, 57(6): 1439-1445.

Raina P., Sikka R., Kaur R., Sokhi J., Matharoo K., Singh V., and Bhanwer A. (2015): Association of
Transforming Growth Factor Beta-1 (TGF-B1) Genetic Variation with Type 2 Diabetes and End Stage Renal
Disease in Two Large Population Samples from North India. Journal of Integrative Biology, 19(5): 306-317.
Sarafidis P. and Ruilope L. (2006): Insulin resistance, hyperinsulinemia, and renal injury: mechanisms and
implications. Am. J. Nephrol., 26: 232-244.

Sherif M., Samar M., Youssef M., Mohamed S., and Roba M. (2013): Gene polymorphism of transforming
growth factor-bl in Egyptian patients with type 2 diabetes and diabetic nephropathy. A. B. B. S., 33: 1-9.

Singh N. and Ramji D. (2006): The role of transforming growth factor-beta in atherosclerosis. Cytokine Growth
Factor Rev., 17: 487-499.

Stumvoll M., Goldstein B., and van Haeften T. (2005): Type 2 diabetes: principles of pathogenesis and therapy.
Lancet, 365: 1333 —1346.

Teresa Y., Peter P., Kai M., and Cheuk C. (2003): Association of transforming growth factor-beta T869C (Leu
10Pro) gene polymorphisms with type 2 diabetic nephropathy in Chinese. kidney international, 63: 1831-1835.
Wang W., Koka V., and Lan H. (2005): Transforming growth factor-g and Smad signalling in kidney diseases.
Nephrology, 10(1): 48-56.

Wang H., Li P., and Feng Z. (2013): Meta-analysis demonstrates association of the TGF-1 gene -C509T
polymorphism with susceptibility to IgA nephropathy in European but not in Asian populations. Genet. Mol.
Res., 12 (1): 434-442.

Watanabe Y., Kinoshita A., Yamada T., Ohta T., Kishino T., Matsumoto N., and Ishikawa M. (2002): A catalog
of 106 single-nucleotide polymorphisms (SNPs) and 11 other types of variations in genes for transforming
growth factor-b1 (TGF-b1) and its signaling pathway. J. Hum. Genet., 47: 478-483.

Wong T., Poon P., Chow K., Szeto C., Cheung M., and Li P. (2003): Association of transforming growth factor-
B T869C (Leu 10Pro) gene polymorphisms with type 2 diabetic nephropathy in Chinese. Kidney International,
63(5): 1831-1835.

Yener S., Comlekci A., and Akinci B. (2008): Serum transforming growth factor-beta 1 levels in
normoalbuminuric and normotensive patients with type 2 diabetes. Effect of metformin and rosiglitazone.
Hormones, 7: 70-76.

Yih-Hsin C., Chien-Ning H., and Ming Y. S. (2009): Cytokines, Metabolism, and Type 2 Diabetes Mellitus. J.
Biomed. Lab. Sci., 21: 112-117.

1328



