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ABSTRACT 

Objective: To find an association between SNP (rs4880) in SOD-2 gene with Diabetic Nephropathy.  
Study Design: Case Control Study. 
Place & Duration of study: Department of Biochemistry and Molecular Biology, Army Medical College Rawalpindi and 
Armed Forces Institute of Urology, Rawalpindi Pakistan, from Nov 2020 to Mar 2021. 
Methodology: A total of 60 peoples were enrolled including 30 healthy individuals and 30 patients of diabetic nephropathy. 
Both males and females aged 35-85 years were enrolled. Baseline biochemical tests were performed to ascertain diagnosis and 
exclude comorbidities. DNA was extracted using kit method and sequence of interest was amplified using PCR. Amplified 
product of genomic DNA of each individual was subjected to restriction fragment length polymorphism (RFLP) analysis.  
Data was analyzed using SPSS version 22.  
Results: The frequency of TT genotype (40%) was higher among type 2 Diabetes Mellitus (T2DM) patients with nephropathy 
than CT (33.3%) and CC (26.6%) genotypes however the odds ratio for TT with 95% confidence interval (CI) was 2.53(0.69-
9.25) with p=0.35 which is statistically non-significant. The association value for genotypes was 1.29 (p-value=0.52) hence not 
significant. 
Conclusion: There was no significant association present between SNP (rs4880) in SOD-2 gene which causes Val16Ala 
polymorphism in superoxide dismutase 2 gene, with nephropathy in type 2 Diabetes Mellitus (T2DM) patients. 
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INTRODUCTION 

Diabetic nephropathy (DN) is a major health con-
cern affecting 50% of patients with diabetes mellitus. It 
is marked by the presence of persistent proteinuria and 
gradual decline in kidney function leading to glomeru-
losclerosis.1 The prevalence of type 2 Diabetes Mellitus 
(T2DM) in Pakistan is 16.98% and the patients suffe-
ring from diabetic nephropathy are 24.4% of these, the 
major  micro-vascular complication of diabetes.2 DN is 
a major cause of end stage renal disease and leads to 
1.6 million global annual deaths.3,4 

Superoxide dismutase 2 is a key antioxidant enzy-
me in the mitochondria, encoded by SOD2 gene, provi-
des antioxidant defense against superoxide radicals by 
scavenging free reactive oxygen species.5 In diabetic 
nephropathy the pro-oxidant levels increase and antio-
xidant enzyme activity decreases which not only-
perpetuates glomerular/interstitial injury, but also 
contributes to endothelial dysfunction.6 Production of 
reactive oxygen species in hyperglycemia is the main 
pathogenesis behind T2DM and its complications as it 

affects the metabolism of lipids, proteins and causes 
vascular damage.7 Super oxide Dismutase (SOD2) 
converts superoxide radicals to hydrogen peroxide and 
diatom oxygen.8 Thus slows down the process of 
development of diabetes and complications. Gene for 
this enzyme (SOD2 gene) is located on chromosome 
number 6 (6q25.3) with 10 exons. Single nucleotide 
polymorphism Val16Ala registered as SNP rs4880 on 
exon 2 at 16th amino acid position may be associated 
with T2DM and its complications as it can affect the 
transport of superoxide dismutase 2 enzyme inside 
mitochondria leading to decreased scavenging activity 
and raised oxidative stress 7.5,9 The major allele C 
codes for alanine and minor allele T codes for Valine. 
When valine to alanine substitution takes place the 
mobilization of this enzyme from cytosol to mitoc-
hondria may get affected. This is likely to increase free 
radical burden causing oxidative stress.9  

Lipid profile derangements are common among 
diabetic patients. Both insulin deficiency and resistance 
affect the lipid metabolic pathways causing dyslipi-
demia i.e. hypertriglyceridemia, decreased HDL and 
raised LDL levels. It is caused by altered role of lipo-
protein lipase enzyme causing raised TG levels and 
low HDL levels, which may cause vascular and renal 
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cell damage.10 Lipid profile parameters were also 
assessed and analyzed in control and diabetic groups 
in this study 

This study primarily aimed to determine whether 
SNP (rs4880) Val16Ala polymorphism in SOD2 gene is 
a factor associated with the development of DN among 
local Pakistani population of the region. The focus was 
to determine the genotype distribution and its possible 
role in disease occurrence and progression.  

METHODOLOGY 

The case control study was carried out at Depar-
tment of Biochemistry and Molecular Biology, Army 
Medical College, National University of Medical 
Sciences, Rawalpindi Pakistan, in collaboration with 
Armed Forces Institute of Urology (AFIU), Rawalpindi 
Pakistan, from November 2020 to March 2021. The 
ethical approval was taken from the institutional 
Ethical Review Committee, Army Medical College 
(ERC/ID/78, Dated 12-11-2020). Subjects who were 
part of research had signed a written informed consent 
form. Sample size was calculated by WHO calculator 
using 95% confidence interval, 80% power of study 
with anticipated minor allele frequency (MAF) of 0.09 
in control group and 0.55 in patients with type 2 diabe-
tes mellitus.7 Calculated sample size was 20 indivi-
duals in each group. In order to eliminate the chances 
of dropout we enrolled 30 persons in each group. 

Inclusion Criteria: Both males and females between 
the ages of 35-85 years were included. Group-І inclu-
ded 30(16 male and 14 female) healthy control indivi-
duals while Group-II included 30 patients (18 male and 
12 female) of T2DM patients with nephropathy, 
properly diagnosed by a nephrologist. Known diabe-
tics were enrolled in patient group if they had ≥7 
mmol/l of fasting blood glucose levels or ≥6.5% 
HbA1C levels and estimated glomerular filtration rate 
(eGFR) <60 mL/min/1.73m2 or raised urinary albumin 
to creatinine ratio i.e. > 3mg/mmol.11  

Exclusion Criteria: The patients with type І diabetes, 
non-diabetics with kidney disease, females with 
gestational diabetes, patients with chronic thyroid and 
other endocrine disorders were excluded. 

Non-probability purposive sampling technique 
was used. Biochemical parameters estimation was carr-
ied out using commercially available laboratory kits 
implying photometric methods and ELISA for HBA1c. 
DNA extraction was done from the collected venous 
blood sample by Thermo scientific (Walton, MA, USA) 
DNA extraction kit (Gene JET) and the purified DNA 

was stored at -20°C. Quality of extracted DNA was 
analyzed on 1% agarose gel electrophoresis with 1kb 
DNA ladder (Fermentas-Gene ruler). The gene sequ-
ence was downloaded from human genome data base 
(ensemble) and primers were designed using the 
online primer designing tool Primer 3 plus available at 
(https://www.bioinformatics.nl›cgi-bin›primer3plus). 
The sequences of forward and reverse primers used 
are as under:  

Forward primer: 5'_CTGACCGGGCTGTGCTTTCT_3' 

Reverse primer: 5'_CAACGCCTCCTGGTACTTCT_3' 

The PCR program was optimized for 25μL 
reaction mixture at 59.9°C annealing temperature for 
40 seconds. The constituents of PCR mixture were 2.5μl 
of 1x Taq Buffer, 1.7μl of MgCl₂, 0.5μl of dNTPs, 0.8μl 
of Forward and Reverse primer each, 0.5units of Taq 
DNA polymerase, 1μl of sample DNA and NF water to 
amplify the desired bands of target sequence in exon 2. 
PCR reaction was run using following protocol: 94°C 
for 4 minutes followed by 35 cycles of 94°C for 30 
seconds, primer annealing at 59.9°C for 40 seconds, 
72°C for 35 seconds with a final extension at 72°C for 
12 minutes and the amplified product was analyzed 
using 2% agarose gel electrophoresis. The genotype 
SNP (rs4880) in SOD2 gene was determined by restric-
tion fragments length polymorphism (RFLP) technique 
using restriction endonuclease enzyme BsaWI (New 
England Bio labs). 0.5ul (10000units/ml) of the 
restriction enzyme was added to 15ul amplified DNA 
product along with 3ul restriction buffer. The reaction 
mixture was incubated at 60°C in water bath for 60 
minutes. The respective genotypes were identified       
and documented according to the digested fragment 
lengths. RFLP reaction was confirmed through the 
analysis of digested fragments length on 3% agarose 
gel, against the molecular weight marker. CC genotype 
had 225bp undigested single fragment, CT genotype 
had three fragments sized 225bp, 175bp and 50bp, and 
TT genotype was supposed to have 2 fragments of 
175bp and 50bp length as shown in Figure-1.  

In this figure, left most lane is molecular marker, 
then control group lane. The next two lanes from the 
left, labelled CC show Ala/Ala wild type homozygous 
genotype. The next two lanes labelled CT show 
Ala/Val mutant heterozygous genotype. While last 
lane from the left labelled TT shows Val/Val mutant 
homozygous genotype. 

Gene Calculator (Gene Calc.) software was emp-
loyed to evaluate the obtained genotypic and allelic 
frequencies between two groups. The genotype frequ-
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ency distribution was compared using chi-square test. 
Data analysis was done on Statistical Package for 
Social Sciences (SPSS) version 22. The mean and stand-
ard deviation of biochemical parameters were calcula-
ted and significance of difference was determined by 
independent t-test. Statistically the p-value ≤0.05 
considered as significant.  

 

 
Figure-1: Gel Electrophoresis Restriction fragments of SOD2 
gene amplified products 

 

RESULTS  

The genotypic distribution was similar among  
the patient and control group. The gender was not 
associated with any specific genotype. In Group-I the 
frequency of CC and CT genotype were 12(40%) and 
11(36.7%) respectively, whereas TT genotype was 7 
(23.3%) in count. Among cases, the frequency of CC, 
CT and TT genotype was found as 8(26.6%), 10(33.3%), 
and 12(40%) respectively. as mentioned in Table-I. 
There was no significant association found between 
SNP rs(rs4880) in SOD2 gene and development of 
diabetic nephropathy in our cohort. 

 

Table I: Association analysis of genotypes between two 
groups (n=60) 

Geno-
types 

Group-I Group-II OR (95% CI) 
Chi 

Square X2 
p-

value 

CC 12(40%) 8(26.6%) - 

1.29 0.52 CT 11(36.7%) 10(33.3%) 1.36(0.39-4.69) 

TT 7(23.3%) 12(40%) 2.53(0.69-9.25) 

 

The allelic count for both the groups was obtained 
and assessed for the association of gene variant among 
study population as shown in Table-II. There was no 
association present for any genotype and allele among 
cases in our study population. 

Additionally, TC, HDL-C, LDL-C and TG showed 
significant difference (p <0.05) between the groups. 
Group II has deranged lipid profile as compared to 
group-I.  

Table II: Allelic frequency and association analysis between 
two groups (n=60) 

Alleles Group I Group II OR (95% CI) 
Chi- Square 

X2=2.13 
p-value 

C 35(58.3%) 26(43.3%) 1.83(0.89-3.78) 
0.144 

T 25(41.6%) 34(56.6%)  
 

Table III: Comparison of biochemical parameters between 
the groups (n=60) 

Variables 
(mmol/L) 

Group-I 
Mean±SD 

(n=30) 

Group-II 
Mean±SD (n=30) 

p- 
value 

TC  2.57±0.73 3.60±0.74 <0.01 

HDL-C 1.17±0.16 0.79±0.09 <0.001 

LDL-C  2.47±0.31 3.72±0.34 <0.01 

TG 1.46±0.29 2.14±0.67 <0.01 
 

DISCUSSION  

In this study there was no association found 
between the SNP rs4880 and TT genotype with risk of 
developing T2DM associated nephropathy in our small 
cohort of Pakistani population. However, the study 
provides molecular cognizance regarding suscep-
tibility of nephropathy and its association with this 
polymorphism because many other studies have found 
a positive relationship between TT genotype and 
development of diabetic nephropathy. A study carried 
out in 2016, postulated that 85.7% of the TT homo-
zygotes were diabetic while the percentage of patients 
was very in those having CC genotype. They conc-
luded that T allele has 78% more frequency of 
developing diabetic complications than C allele, which 
has 22% frequency of developing diabetic retinopathy 
and nephropathy. This study is partially consistent 
with our study as TT genotype is frequent among cases 
but this association was not significant.12 According to 
Da Cruz Jung et al. TT genotype was linked to the 
development of inflammatory state by enhancing the 
amount of interleukin levels in body, which further 
boost the oxidative stress in body.13 The SNP rs4880 
polymorphism is associated with both T1DM and 
T2DM with a genotype TT that is homozygous 
Val/Val and the CT genotype that is Val/Ala is more 
common among healthy individuals. They reported 
that Ala allele has a protective effect among Chinese 
population in the development of T2DM associated 
nephropathy while T allele is a risk allele common 
among cases.9 Another research undertaken in 2016 
stated that the patients having T2DM associated micro-
vascular complications i.e. diabetic neuropathy and 
nephropathy have high fasting blood glucose levels 
and low HDL-C levels along with that they have high 
mean serum urea levels which leads to progressive 
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renal and peripheral neuronal disease.14 T2DM is 
known to be a secondary cause of dyslipidemia which 
exacerbate the risk of development of atherosclerosis 
which leads to progressive decline of renal functions.15 

Hyperglycemia and hyperlipidemia generates 
Reactive Oxygen Metabolites,16 which are detrimental 
for DNA and promotes the instigation of micro and 
macro vascular complications.17 Predominant molec-
ular mechanisms which produce excess reactive meta-
bolites are increased synthesis of advanced-glycation-
products,18 enhanced production of glucose through 
polyol-pathway, hyperglycemia induced by elevated 
HMP-shunt and excessive formation of mitochondrial 
superoxide hydroxyl radicals.19 This causes mesangial 
expansion and thickness of mesangial basement (GBM) 
leading to glomerulosclerosis.20 The risk associated to 
its initiation and progression is polygenetic which 
varies among different ethnicities.21 

Moreover, a study conducted in 2019 reported 
that different polymorphisms are linked to develo-
pment of nephropathy in Chinese, Malaysians and 
Indians and four oxidative stress related genes inclu-
ding SOD2 (MnSOD-rs4880) are reported in this 
regard.5 Another analysis done by Banerjee et al. repor-
ted analogous results to our study that individuals 
with TT genotype at SNP rs4880 in SOD2 develop 
diabetic complications,22 though our findings were not 
significant. A similar study performed on SOD2 in Han 
Chinese population showed diabetic patients who had 
CC genotype of SNP rs4880 of SOD2 gene were prone 
to renal failure and had higher morbidity rate but the 
difference among distribution of genotypes was insig-
nificant 6 which  is a similar result to that of our study. 
This genotypic distribution is in contrary to common 
findings in other studies.  

A recent study on Sudanese population to 
identify link of this polymorphism with diabetic micro-
vascular complication i.e. retinopathy. Their genotypic 
analysis corresponds to our results because 20% cases 
showed CC genotype while this frequency was 50% in 
controls. It concluded CC as a protective allele and 
presence of T allele is associated with decreased SOD2 
activity and raised HbA1C level along with fasting 
blood glucose.23 

Hence, various ethnicities display varying patt-
erns of association of SNP rs4880 in SOD2 gene with 
microvascular complications of T2DM including 
nephropathy. It is the need of the hour to identify other 
genetic polymorphisms related to this gene and its 
association with nephropathy for timely risk identi-

fication and preclude further life threatening 
complications in Pakistani population. 

CONCLUSION 

There was no significant association of SNP rs4880 of 
SOD2 gene with diabetic nephropathy found in our study 
population. Risk association of minor allele in one popu-
lation may not necessarily be associated with the patho-
genicity in another population due to difference in genetic 
makeup. In our study population minor allele (VV genotype) 
was found in abundance among diseased group as compare 
to healthy group but this association was not statistically 
significant.  
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