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ABSTRACT

Article type:

Introduction: The concept of diabetic nephropathy, as a metabolic disease, is now being replaced
by chronic low-grade inflammatory disease. Tumor necrosis factor alpha (TNF-α) is a proinflammatory cytokine that plays an important role in the pathogenesis and clinical outcomes of
diabetic nephropathy.
Objectives: This study aimed to determine the relationship between plasma and urinary levels of
TNF-α and chronic kidney disease (CKD) in patients with type 2 diabetes mellitus.
Patients and Methods: In this descriptive-analytical study, patients with type 2 diabetes mellitus who
referred to the endocrine clinic in Kashan (2016) were enrolled in the study and their clinical and
laboratory data were recorded. Albumin/creatinine ratio (ACR) and glomerular filtration rate (GFR)
were calculated. The patients were divided into three groups based on their GFR. Serum and urinary
levels of TNF-α were determined by ELISA and were compared between the studied groups.
Results: A total of 128 patients were evaluated. Of all, 35 patients (27.3%), 39 patients (30.4%),
and 54 patients (42.3%), respectively, were suffering from stage 1, stage 2, and stage 3 CKD. The
plasma levels of TNF-α in patients with stage 1, 2, and 3 CKD, were 66.20 ± 33.27 pg/mL, 67.47
± 42.98 pg/mL, and 77.32 ± 47.23 pg/mL respectively, since the difference among them was not
significant (P = 0.417). In addition, the urinary levels of TNF-α in patients with stage 1, 2, and 3
CKD, respectively, were 88.18 ± 26.66 pg/mL, 97.41 ± 57.76 pg/mL, and 101.18 ± 60.47 pg/mL,
since no significant difference was observed between the three groups (P = 0.957).
Conclusion: Based on the results of this study, with changing the stage of CKD, the serum and
urinary levels of the TNF-α increases too, although this increase is not significant. Moreover, the
plasma and urinary levels of the TNF-α have a direct and significant relationship with each other. It
is recommended to conduct further studies in this field.
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Implication for health policy/practice/research/medical education:
To determine the relationship between plasma and urinary levels of TNF-α and different stages of CKD in patients with type 2 diabetes
mellitus, we conducted a descriptive analytical study on 128 patients. The results showed that plasma and urinary levels of TNF-α had no
significant relationship with the stages of CKD. Based on the results of this study, with changing the stage of CKD, the serum and urinary
levels of the TNF-α increase as well, although this increase is not significant. Moreover, the plasma and urinary levels of the TNF-α have a
direct and significant relationship with each other.
Please cite this paper as: Soleimani A, Soleimani M, Farzadnejad F, Tamadon MR. The relationship between urinary and plasma levels
of tumor necrosis factor alpha and various stages of chronic kidney disease in patients with type II diabetes mellitus. J Nephropathol.
2020;9(1):exx. DOI: 10.15171/jnp.2020.xx.

Introduction
Diabetes mellitus is a disease with multiple causes,
which many different environmental and genetic factors

*Corresponding author: Forouz Farzadnejad; Email: foryfa@gmail.com

are involved in its etiology (1,2). The International
Association for Diabetes has predicted that the number
of people with diabetes in the world will exceed 439
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million people by 2030 (3). Complications associated
with diabetes are one of the most important health
problems worldwide. Diabetic nephropathy is one of
the most important medical complications of diabetes
mellitus. Nearly one-third of patients with diabetes are
diagnosed with diabetic nephropathy (4). Diabetes is the
most common cause of end-stage renal disease, which
causes many social and economic problems for patients
(5, 6). Many people with chronic kidney disease (CKD)
will also develop renal failure and end-stage renal disease
and require alternative renal procedures, such as dialysis
or kidney transplantation. Care services provided for
patients with end-stage renal disease are costly. For
instance, 14.6% of total health care budget in the United
States in 2006 was allocated to provide care services for
this group of patients. In addition to renal complications,
high serum creatinine is recognized as a potential risk
factor for cardiovascular diseases and death (7). Hence,
in recent years, many studies have been conducted to
identify pathophysiological processes leading to diabetic
nephropathy, and the knowledge on the disease has
dramatically increased. In the classic view, kidney damage
is caused by metabolic and hemodynamic changes that
increase systemic and glomerular pressure, as well as by
changes in molecules that occur in the presence of high
blood sugar levels. However, this view has changed into a
much more complex scenario in which the pathogenesis
of diabetic nephropathy is considered as a multifactorial
process that includes genetic and environmental factors;
this process triggers a complex set of pathophysiological
events (8-10). Moreover, oxygen reactive metabolites have
been proposed as a mechanism of injury to renal tubules
and interstitial tissue in animal models. In addition,
hyperlipidemia is thought to be involved in progressive
renal disease through proliferation and mesangial sclerosis.
The activation of the renin-angiotensin-aldosterone
system (RAAS) and the increase in transforming growth
factor beta (TGF-β) also play a critical role in the
progression towards kidney fibrosis (11,12). According
to recent evidence, subclinical chronic inflammation may
play a key role in the onset and progression of diabetic
nephropathy, as the infiltration of inflammatory cells in
the tubules and interstitial space is evident in the biopsy
of the kidneys of patients with diabetic nephropathy
(13,14). In previous studies, the relationship between the
serum levels of tumor necrosis factor alpha (TNF-α) and
diabetic nephropathy have been investigated; however,
most of the previous trials have been conducted using
anti-TNF-α drugs on animal samples.
Objectives
Since diabetic nephropathy is one of the debilitating
2

complications in diabetic patients, its prevention helps to
reduce the illness and mortality of patients and decrease
the costs of treatment as well. The aim of this study was
to investigate the relationship between plasma and urinary
levels of TNF-α and the stages of CKD in patients with
type 2 diabetes mellitus. Proving a significant relationship
between these two will provide evidence to verify whether
anti-TNF-α drugs play an important role in preventing
diabetic nephropathy or not.
Patients and Methods
Study population
In this descriptive analytical study, patients with type
2 diabetes mellitus referring to the endocrine clinic of
Shaheed Beheshti hospital in Kashan were enrolled in the
study (2016).
To calculate the sample size, we used the sample size
formula to compare the two mean values in two domains,
with a reliability of 95%, strength of 90%, and the mean
(standard deviation) TNF-α obtained from a study by
Lampropoulou et al (15). The minimum number of
samples required for each group was 22 patients, however
considering the possibility of sample loss, a minimum of
35 patients were enrolled in each group. The minimum
sample size was 105 patients. The inclusion criteria were
as follows: primary diagnosis of type 2 diabetes mellitus
over the age of 30 years, passing at least one year after the
primary diagnosis of type 2 diabetes mellitus, and giving
consent to participate in the study. On the other hand,
patients with infectious diseases, liver disease, autoimmune
diseases, stages 4 or 5 CKD, heart failure, tumors, patients
with a history of taking antibiotic, non-steroidal antiinflammatory drugs, corticosteroid, and cytotoxic drugs,
and patients who were reluctant to continue the study
were excluded from the research. After selecting the
samples, the patients were divided into three groups based
on the level of glomerular filtration rate (GFR) and the
stages of CKD. The first group included patients with
stage one CKD with GFR ≥ 90 ml/min/1.73m2. The
second group included patients with stage 2 CKD with 60
≤ GFR <90 mL/min/1.73 m2. The third group included
patients with stage 2 CKD with 30 ≤ GFR <60 mL/
min/1.73 m2. Blood samples were taken from the patients
to measure the plasma levels of the TNF-α, BUN, LDLC,
HDL-C, and triglyceride. In addition, urine samples were
also taken and used to determine albumin/creatinine ratio
(ACR) and the urinary level of the TNF-α.
To conduct the tests, 10 mL of blood was centrifuged at
1300 rpm for 10 minutes and the supernatant was stored
in a freezer at 20°C until performing the ELISA test.
Moreover, 10 mL of urine was centrifuged at 1500 rpm
for 10 minutes and the supernatant solution was stored in
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the freezer at 20°C until performing the ELISA test. After
the completion of the sampling process, the samples were
stored out of the freezer to reach the ambient temperature
and then used for the ELISA test. To perform the ELISA
tests for measuring the TNF-α levels we used Eastbiopharm
kit (Nano Zist Kala Fanavaran Diana Company, China)
with a kit sensitivity of 5 pg/mL (with enough sensitivity
to determine TNF-α in urine) and urine micro-alumina
kits prepared by the Pishtaz Teb Company.
The data on patients including sex, age, and duration
of type 2 diabetes mellitus were recorded through using a
questionnaire.
Ethical issues
The research followed the tenets of the Declaration of
Helsinki. All patients signed a written informed consent
form to participate in the study. This study was approved
by the Ethics Committee of Kashan University of Medical
Sciences (ethical code #Ir.kaums.res.1395.134). This
study was extracted from the internal medicine residency
thesis of Forouz Farzadnejad at this university.
Statistical analysis
The data were entered into and analyzed by SPSS-16
software. Kolmogorov-Smirnov test was used to determine
the normality of the data. First, the variables of the three
groups were described. Central and dispersion indices
were presented for quantitative variables. Absolute and
relative frequency and frequency distribution tables were
presented for qualitative variables. To analyze the data, the
mean values of quantitative variables of the three groups
were determined using one-way ANOVA after checking
parametric conditions; otherwise they were calculated
using the Kruskal–Wallis test. The significance level was

set at P <0.05.
Results
In this study, 128 patients with type 2 diabetes mellitus
were investigated to determine the relationship between
plasma and urinary levels of TNF-α and CKD. Of all, 35
patients (27.3%), 39 patients (30.4%), and 54 patients
(42.3%), respectively, were suffering from stage 1, stage
2, and stage 3 CKD. The mean age of the patients was
47.02 ± 10.94 years in the first group, 55.82 ± 8.42 years
in the second group, and 65.59 ± 8.46 years in the third
group. There was a statistically significant difference
between the three groups in terms of age (P < 0.001). In
addition, 88.58%, 56.42%, and 57.41% of the patients
in the first, second, and third group were female, and a
statistically significant difference between the three groups
in terms of gender was seen (P = 0.004). Table 1 presents
the frequency distribution of gender and mean age of the
patients in the three groups.
Table 2 shows the mean plasma and urinary levels of
TNF-α and renal function of patients in different stages
of CKD. Plasma level of TNF-α in the first, second, and
third stages of CKD was 66.20 ± 33.27 pg/mL, 67.47 ±
42.98 pg/mL, and 77.32 ± 47.23 pg/mL, respectively,
while the difference was not significant (P = 0.417).
Moreover, the urinary level of TNF-α in the first, second,
and third stages of CKD was 88.18 ± 26.66 pg/mL, 97.41
± 57.76 pg/mL, and 101.18 ± 60.47 pg/mL, respectively
and there was no significant difference between the three
groups (P = 0.957).
Table 3 shows the relationship between the studied
variables. As shown, there was a significant relationship
between the plasma and urinary levels of TNF-α.

Table 1. Frequency distribution of sex and mean age of the patients in the three groups
Variable

First group (n = 35)

Second group (n = 39)

Third group (n = 54)

P value

Age (year)

47.02 ± 10.94

55.82 ± 8.42

65.59 ± 8.46

<0.001

Male

4 (11.42%)

17 (43.58%)

23 (42.59%)

Female

31 (88.58%)

22 (56.42%)

31 (57.41%)

Gender
0.004

Table 2. GFR, ACR, mean plasma and urinary levels of TNF-α, and renal function of patients in different stages of CKD
Variable
GFR (mL/min/1.73 m2)
ACR (mg/mmol)

First group (n = 91)

Second group (n = 93)

Third group (n = 14)

P value

108.33 ± 16.35

74.13 ± 9.97

44.33 ± 8.31

<0.001

0.36 ± 1.59

0.17 ± 0.80

0.17 ± 0.44

0.620

Plasma level of TNF-α (pg/mL)

66.20 ± 33.27

67.47 ± 42.98

77.32 ± 47.23

0.417

Urinary level of TNF-α (pg/mL)

88.18 ± 26.66

97.41 ± 57.76

101.18 ± 60.47

0.957

Abbreviations: GFR, glomerular filtration rate; ACR, albumin/creatinine ratio; TNF-α, tumor necrosis factor alpha.
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Table 3. Relationship between age, ACR, GFR, plasma level of TNF-α, and urinary level of TNF-α
Variable

GFR

GFR

-

Age
ACR
Plasma level of TNF-α
Urinary level of TNF-α

r = - 0.696
P = 0.001
r = 0.031
P = 0.719
r = 0.112
P = 0.183
r = 0.115
P = 0.173

Age
r = - 0.696
P = 0.001
r = - 0.012
P = 0.887
r = - 0.051
P = 0.543
r = 0.067
P = 0.428

ACR
r = 0.031
P = 0.719
r = - 0.012
P = 0.887
-

Plasma level of TNF-α
r = 0.112
P = 0.183
r = - 0.051
P = 0.543
r = 0.002
P = 0.977

r = 0.002
P = 0.977
r = - 0.016
P = 0.846

-

Urinary level of TNF-α
r = 0.115
P = 0.173
r = 0.067
P = 0.428
r = - 0.016
P = 0.846
r = 0.798
P <0.001

r = 0.798
P <0.001

-

Abbreviations: GFR, glomerular filtration rate; ACR, albumin/creatinine ratio; TNF-α, tumor necrosis factor alpha.

Discussion
The aim of this study was to determine the relationship
between plasma and urinary levels of TNF-α and different
stages of CKD in patients with type 2 diabetes mellitus.
The results showed that plasma and urinary levels of
TNF-α had no significant relationship with the stages of
CKD.
Hasegawa et al showed that in diabetic rats, as compared
with non-diabetics, stimulated the production of more
amounts of TNF-α and IL-1 by macrophages cultured
in peritoneal fluid (16). Experimental studies have always
shown an increase in mRNA encoding TNF-α gene and
protein levels in proximal and glomerular tubule cells in
diabetic rats (17-23). In normal mode, the plasma level of
TNF-α is 3-30 pg/mL; in addition, with the progress of
nephropathy, the plasma levels of inflammatory molecules
that contain pro-inflammatory cytokines increased in
diabetic patients (24-26). The factors that inhibit TNF-α
have been successfully used in induced diabetes in animals.
For instance, DiPetrillo et al showed that the treatment
of diabetic rats by an anti-TNF-α agent reduced urinary
excretion of TNF-α and prevented urinary retention and
renal hypertrophy (27). Similarly, inhibiting TNF-α by
infliximab significantly reduced albuminuria and urinary
excretion of TNF-α in streptozotocin-induced diabetic
rats (28). Previous studies also demonstrated the effect of
pentoxifylline in the treatment of diabetic nephropathy
through inhibiting TNF-α. However, the mechanisms
that are used to treat and reduce albuminuria by inhibiting
TNF-α remain unclear (29-32).
Conclusion
Based on the results of this study, with changing the
stage of CKD, the serum and urinary levels of the TNF-α
increase as well, although this increase is not significant.
Moreover, the plasma and urinary levels of the TNF-α
have a direct and significant relationship with each other.

4

Limitations of the study
The limitations of this study were the small sample size,
the lack of an examination on the effect of anti-TNF-α
drugs, and the lack of evaluation of other effective factors.
Therefore, it is suggested to conduct further studies to
determine the effect of anti-TNF-α agents in different
stages of CKD in patients with type 2 diabetes mellitus. It
is also necessary to simultaneously consider other factors
affecting the serum and urinary levels of TNF-α and
follow up the patients and re-measure serum and urinary
levels of TNF-α to determine its effect on control therapy
of diabetes.
Authors’ contribution
FF and AS conducted the research. FF prepared the
primary draft. MS and MRT revised and prepared the
final manuscript. All authors read and approved the final
paper.
Conflicts of interest
The authors declared no competing interests.
Ethical considerations
Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by
the authors.
Funding/Support
This study was supported by Kashan University of
Medical Sciences. This study was extracted from the
internal medicine residency thesis of Forouz Farzadnejad
at this university.
References
1.

Journal of Nephropathology, Vol 9, No 1, January 2020

Duman BS, Öztürk M, Yılmazer S, Çağatay P, Hatemi
H. Apolipoprotein B gene variants are involved in the
determination of blood glucose and lipid levels in patients
with non‐insulin dependent diabetes mellitus. Cell Biochem

www.nephropathol.com

TNF-α in the various stages of CKD

2.

3.

4.

5.

6.

7.
8.

9.

10.

11.
12.

13.

14.

15.

Funct. 2006;24:161-7 doi: 10.1002/cbf.1218.
Perez-Luque E, Malacara JM, Garay-Sevilla ME, Fajardo
ME. Association of the TNF-α -308G/A polymorphism
with family history of type 2 diabetes mellitus in a Mexican
population. Clin Biochem. 2012;45:12-5. doi: 10.1016/j.
clinbiochem.2011.09.018.
Alberti G, Zimmet P, Shaw J, Bloomgarden Z, Kaufman
F, Silink M. Type 2 diabetes in the young: the evolving
epidemic: the international diabetes federation consensus
workshop. Diabetes Care. 2004;27:1798-811. doi: 10.2337/
diacare.27.7.1798.
Shahbazian H, Ehsanpour A, Ghorbani A, Golzari K,
Mousavi S, Hayati F, et al. Epidemiology of chronic kidney
disease in Iran and worldwide. Sci Med J. 2010;9:517-27.
Atkins RC. The epidemiology of chronic kidney disease.
Kidney Int Suppl. 2005;67:14-8. doi: 10.1111/j.15231755.2005.09403.x.
Ritz E, Rychlík I, Locatelli F, Halimi S. End-stage renal
failure in type 2 diabetes: a medical catastrophe of worldwide
dimensions. Am J Kidney Dis. 1999;34:795-808. doi:
10.1016/S0272-6386(99)70035-1.
Davison SN. Chronic kidney disease. Geriatrics. 2007;62:1723.
Martini S, Eichinger F, Nair V, Kretzler M. Defining human
diabetic nephropathy on the molecular level: integration
of transcriptomic profiles with biological knowledge. Rev
Endocr Metab Disord. 2008;9:267-74. doi: 10.1007/
s11154-008-9103-3.
Wolf G. New insights into the pathophysiology of diabetic
nephropathy: from haemodynamics to molecular pathology.
Eur J clin inves. 2004;34:785-96. doi:10.1111/j.13652362.2004.01429.x
Meng N, Zhang Y, Li H, Ma J, Qu Y. Association of
tumor necrosis factor alpha promoter polymorphism
(TNF-α 238 G/A and TNF-α 308 G/A) with diabetic
mellitus, diabetic retinopathy and diabetic nephropathy:
ameta-analysis. Curr Eye Res. 2014:39:194-203. doi:
10.3109/02713683.2013.834942.
London GM. Cardiovascular disease in chronic renal failure:
pathophysiologic aspects. Semin Dial. 2003;16:85-94.
Gautam A, Gupta S, Mehndiratta M, Sharma M, Singh K,
Kalra OP, et al. Association of NFKB1 gene polymorphism
(rs28362491) with levels of inflammatory biomarkers and
susceptibility to diabetic nephropathy in Asian Indians.
World J Diabetes. 2017;8: 66–73. doi: 10.4239/wjd.v8.i2.66.
Navarro-González JF, Mora-Fernández C, De Fuentes MM,
García-Pérez J. Inflammatory molecules and pathways in
the pathogenesis of diabetic nephropathy. Nat Rev Nephrol.
2011;7:327-40. doi: 10.1038/nrneph.2011.51.
Li X, Wu TT, Chen J, Qiu W. Elevated expression levels of
serum insulin-like growth factor-1, tumor necrosis factor-α
and vascular endothelial growth factor 165 might exacerbate
type 2 diabetic nephropathy. J Diabetes Investig. 2017;
8:108-114. doi: 10.1111/jdi.12542.
Lampropoulou I-T, Stangou M, Papagianni A, Didangelos T,
Iliadis F, Efstratiadis G, et al. TNF-α and microalbuminuria
in patients with type 2 diabetes mellitus. J Diabetes Res.

www.nephropathol.com

2014;2014:394206. doi:10.1155/2014/394206.
16. Hasegawa G, Nakano K, Sawada M, Uno K, Shibayama Y,
Ienaga K, et al. Possible role of tumor necrosis factor and
interleukin-1 in the development of diabetic nephropathy.
Kidney Int. 1991;40:1007-12. doi: 10.1038/ki.1991.308.
17. DiPetrillo K, Coutermarsh B, Gesek FA. Urinary tumor
necrosis factor contributes to sodium retention and renal
hypertrophy during diabetes. Am J Physiol Renal Physiol.
2003;284:113-21.
18. Nakamura T, Fukui M, Ebihara I, Osada S, Nagaoka I,
Tomino Y, et al. mRNA expression of growth factors in
glomeruli from diabetic rats. Diabetes. 1993;42:450-6. doi:
10.2337/diab.42.3.450.
19. Navarro JJ, Milena FF, Mora C, León C, Claverie F, Flores
C, et al. Tumor necrosis factor-α gene expression in diabetic
nephropathy: relationship with urinary albumin excretion
and effect of angiotensin-converting enzyme inhibition.
Kidney Int.2005;68: 98- 102. doi:10.1111/j.15231755.2005.09918.x.
20. Navarro JF, Milena FJ, Mora C, León C, García J. Renal
pro-inflammatory cytokine gene expression in diabetic
nephropathy: effect of angiotensin-converting enzyme
inhibition and pentoxifylline administration. Am J Nephrol.
2006;26:562-70. doi: 10.1159/000098004.
21. Sugimoto H, Shikata K, Wada J, Horiuchi S, Makino
H. Advanced glycation end products-cytokine-nitric
oxide sequence pathway in the development of diabetic
nephropathy: aminoguanidine ameliorates the overexpression
of tumour necrosis factor-α and inducible nitric oxide
synthase in diabetic rat glomeruli. Diabetologia. 1999;
42:878-86. doi: 10.1007/s001250051241.
22. Gupta S, Mehndiratta M, Kalra S, Kalra OP, Shukla R,
Gambhir JK. Association of tumor necrosis factor (TNF)
promoter polymorphisms with plasma TNF-α levels and
susceptibility to diabetic nephropathy in North Indian
population. J Diabetes Complications. 2015;29:338-42. doi:
10.1016/j.jdiacomp.2015.01.002.
23. Katsuki A, Sumida Y, Murashima S, Murata K, Takarada
Y, Ito K, et al. Serum levels of tumor necrosis factor-α are
increased in obese patients with noninsulin-dependent
diabetes mellitus. J Clin Endocrinol Metab. 1998; 83:85962. doi: 10.1210/jcem.83.3.4618.
24. Pickup JC, Chusney GD, Thomas SM, Burt D. Plasma
interleukin-6 ,tumour necrosis factor α and blood cytokine
production in type 2 diabetes. Life Sci. 2000;67:291-300.
doi: 10.1016/s0024-3205(00)00622-6.
25. Pickup J, Mattock M, Chusney G, Burt D. NIDDM as a
disease of the innate immune system: association of acutephase reactants and interleukin-6with metabolic syndrome X.
Diabetologia. 1997;40:1286. doi:10.1007/s001250050822.
26. Umapathy D, Krishnamoorthy E, Mariappanadar V,
Viswanathan V, Ramkumar KM. Increased levels of
circulating (TNF-α) is associated with (-308G/A) promoter
polymorphism of TNF-α gene in Diabetic Nephropathy.
Int J Biol Macromol. 2018;107:2113-21. doi: 10.1016/j.
ijbiomac.2017.10.078.
27. DiPetrillo K, Gesek FA. Pentoxifylline ameliorates renal

Journal of Nephropathology, Vol 9, No 1, January 2020

5

Soleimani A et al

tumor necrosis factor expression, sodium retention, and renal
hypertrophy in diabetic rats. Am J Nephrol. 2004;24:352.
doi: 10.1159/000079121.
28. Moriwaki Y, Inokuchi T, Yamamoto A, Ka T, Tsutsumi Z,
Takahashi S, et al. Effect of TNF-α inhibition on urinary
albumin excretion in experimental diabetic rats. Acta
Diabetol. 2007;44:115-.8 doi: 10.1007/s00592-007-00076.
29. Doherty G, Jensen JC, Alexander H, Buresh C, Norton J.
Pentoxifylline suppression of tumor necrosis factor gene
transcription. Surgery. 1991;110:192-8.
30. Han J, Thompson P, Beutler B. Dexamethasone and

pentoxifylline inhibit endotoxin-induced cachectin/tumor
necrosis factor synthesis at separate points in the signaling
pathway. J Exp Med.1990;172:391-4. doi: 10.1084/
jem.172.1.391.
31. Zhao Y, Yang J, Zhang L, Li Z, Yang Y, Tang Y, et al.
Association between TNF-α-308G/A polymorphism and
diabetic nephropathy risk: a meta-analysis. Int Urol Nephrol.
2013;45:1653-9. doi: 10.1007/s11255-013-0490-3 .
32. Peng Y, Li LJ. TNF-α-308G/A polymorphism associated
with TNF-α protein expression in patients with diabetic
nephropathy. Int J Clin Exp Pathol. 2015; 8:3127-31.

Copyright © 2020 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

6

Journal of Nephropathology, Vol 9, No 1, January 2020

www.nephropathol.com

