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Background and Aim: Superoxide dismutase 1 (SOD1) gene +35A>C (intron3/exon3) polymorphism
(rs2234694) has been found to be associated with SOD1 enzyme activity modulation. SOD1 is known as
free radical scavengers. Along with metabolic processes hyperglycemia also produces free radical particles.
Therefore, SOD1 +35A/C polymorphism may interplays in the development of complications of diabetes. The
present study has been aimed to investigate the association of this polymorphism in diabetic nephropathy (DN)
subjects of Bangladeshi population. Subjects and Methods: 150 DN, 109 type2 diabetes mellitus (T2DM)
subjects without nephropathy and 144 healthy control subjects were recruited in the study. Genomic DNA
was extracted from whole blood using commercial kit. SOD1 gene +35A>C (intron3/exon3) polymorphism
was investigated using polymerase chain reaction-restriction fragment length polymorphism method. Data
were analyzed using Statistical Package for Social Science for windows version 17. Results: The SOD1
A>C genotype frequencies (AA for wild and AC for heterozygous variant [Ht]) were 0.972 and 0.028 for AA
and AC in control subjects, 0.963 and 0.037 for T2DM and 0.907 and 0.093 for DN subjects, respectively.
These genotype frequency distribution between the groups have shown significant association in c2-test
(χ2=5.493; P = 0.019). Odds ratio (OR) of the genotypes between controls and DN have shown significant
(OR/P = 3.603/0.027; confidence interval=1.157-11.220). Genotypes of Ht in DN are male preponderance.
Conclusions: (a) +35A>C polymorphism in SOD1-gene possibly involve in the development of nephropathy
in Bangladeshi Type 2 diabetic subjects; (b) Male DN subjects of Bangladeshi population are preponderant for
+35A>C polymorphism in SOD1-gene.
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INTRODUCTION
Diabetes mellitus (DM) is the most prevalent metabolic,
non-communicable disorder in the world. Diabetes often
remains undiagnosed until its life-threatening complication(s)
developed and Diabetic nephropathy (DN) is the most
common complication of DM [1]. Oxidative stress has been
emerged as an important mechanism for the development of
DN [2]. Overproduction of free radicals i.e., oxidative stress
can cause oxidative damage to lipids, proteins and DNA,
eventually leading to many chronic diseases such as diabetes,
myocardial infarction, cardiovascular diseases, atherosclerosis,
stroke and other degenerative diseases in humans [3,4].
Moreover, hyperglycemia-induced generation of reactive
oxygen species (ROS) at the mitochondrial level is the initial
trigger of vicious cycle of oxidative stress in DM [5,6]. There
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are multiple sources of oxidative stress in diabetes including
non-enzymatic, enzymatic and mitochondrial pathways. ROS
can activate formation of advance glycation end products [7],
polyol pathway [8], hexosamine pathway and PKC [9], involved
in the pathogenesis of micro- and macro-vascular complications
in T2DM. The most important antioxidant enzyme, superoxide
dismutase (SOD), has three isoforms, SOD1 (CuZn-SOD),
SOD2 (Mn-SOD) and SOD3 (EC-SOD) where SOD3 expresses
only extra-cellularly. SOD1 appears to be expressed at relatively
higher levels in all cells, including blood vessels [10]. SOD1
or CuZn-SOD (EC 1.15.1.1) is a copper and zinc-containing
homodimer that acts as a scavenger of superoxide through
a two-step reaction involving reduction and re-oxidation of
the copper ion in its active site where zinc plays a structural
role of stabilizing the enzyme thermodynamically [11].
The dismutation of superoxide radical (•O2−) by SOD was
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characterized by McCord and Fridovich [12]. The human
SOD1 gene (Entrez Gene ID 6647) is located on chromosome
21q22.11. The coding region of SOD1 gene consists of five
exons interrupted by four introns. SOD1 has been found
in the cytoplasm, nuclear compartments, and lysosomes
of mammalian cells [13-16]. SOD1 gene which is highly
polymorphic has ethnic specificity and represents about 50-80%
of the total SOD activity [10,17] and is an excellent mechanism
against oxidative stress. SOD1catalyze the superoxide radical
(•O2−) into hydrogen peroxide (H2O2), has been found to be
associated with T2DM and advanced stages of nephropathy in
some population [18,19]. In SOD1, the +35A/C polymorphism
(rs2234694) is adjacent to the splicing point (exon3/intron3),
being related to the SOD1-activity - AA-genotype having the
higher SOD1-activity [18].

Table 1: Sequences of primers for PCR and recognition site of
Hha I

In the present study, we have investigated the distribution of
SOD1 +35A>C (rs2234694) gene polymorphism in diabetic
and DN subjects of Bangladeshi population.

PCR was carried out in 10 μl reaction volume. Product size for
the above-mentioned primer set is 278 bp. Three μl of PCR
product has been checked for amplification in 2% agarose gel.
The optimum size of the product was ascertained comparing
it with 100 bp DNA ladder. Restriction enzyme digestion was
performed using standard digestion protocol. Genotypes of
SOD1 were determined after digestion with Hha I restriction
enzyme for the +35A>C (intron3/exon3) polymorphism
[Figure 1].

MATERIALS AND METHODS
Subjects
A total number of 403 unrelated subjects (109 type 2 diabetes,
150 DN and 144 healthy controls without family history of
diabetes) of Bangladeshi population were recruited in this
study. Male-female distribution in the DM group was 64 and
45, DN group 100 and 50 respectively and in the control 71 and
73 respectively. DM and DN patients (age range 30-60 years)
were consecutively recruited from the outpatient department,
BIRDEM Hospital, a referral center for diabetes in Bangladesh
and the central Institute of Diabetic Association of Bangladesh
(DAB). Healthy control subjects were recruited through personal
communication from the friend circle of the patients and were
confirmed as non-diabetic through Oral Glucose Tolerance
Test. The theme of the study was explained to the subjects and
written consent was taken from all the volunteers. The study
was approved by the Ethical Review Committee of DAB.

Methodology
Anthropometric measurements were taken using standard
methods. Fasting and postprandial serum Glucose were
measured using glucose-oxidase method. Genomic DNA was
extracted from peripheral blood leucocytes obtained from 200 μl
of EDTA anticoagulated blood samples using FavorPrep™ DNA
Extraction Kit (FAVORGEN®, Taiwan). DNA yield for each
sample was checked by agarose gel (1%) electrophoresis.

SOD1 Gene Polymorphic Marker Analyses
SOD1 gene polymorphic marker was analyzed by polymerase
chain reaction (PCR) followed by restriction fragment length
polymorphism method using the primers specific for SOD1
gene amplification [18] and the restriction enzyme Hha I
shown in Table 1.
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Polymorphism

SOD1+35 A>C (refSNP ID: rs2234694)

Sequence of used
primers (location)

Forward primer:
5’-CTATCCAGAAAACACGGTGGGCC-3’
(Exon 3)
Reverse primer:
5’-TCTATATTCAATCAAATGCTACAAAAC-3’
(Intron 3)
55°C
Hha I
5′…G C G↓C…3′
3′… C↑G C G…5′
C allele 71 bp and 207 bp
A allele 278 bp

Annealing temperature
Restriction endonuclease
Recognition site
Restriction fragments

PCR: Polymerase chain reaction

Statistical Analyses
Statistical analyses were performed using Statistical Package
for Social Science (SPSS Inc. USA) software for Windows
version 17. Data were expressed as mean ± standard deviation,
number (percentage) as appropriate. Difference between two
groups was determined by unpaired Student’s t-test and Chisquare test where applicable.

RESULTS
Anthropometric and Biochemical Characteristics of the
Total Study Subjects
Age (years), body mass index (BMI) (kg/m2), systolic blood
pressure (SBP) (mm-hg) and diastolic BP (DBP) (mm-hg)
were significantly higher in DN subjects compared to control
subjects (P = 0.001) [Table 2]. Diabetic subjects did not show
significant differences of these variables.

SOD 1 Gene +35 A>C Genotype of the Total Study
Subjects
The Hardy-Weinberg equilibrium analysis among the control,
DM and DN subjects has not shown any statistical significance
[Table 3]. The genetic polymorphisms in SOD1 gene (+35
A>C) has been investigated, and the genotypes are shown in
Figure 1. The SOD1 A>C genotype frequencies (wild AA and
heterozygous variant [Ht] AC) in control were 0.972 and 0.028
for AA and AC; 0.963 and.037 for DM and 0.907 and 0.093 for
DN group respectively. These genotype frequency distribution
between the groups have shown statistical significant association
53
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Table 2: Anthropometric and biochemical characteristics of the total study subjects
Variables
Age (years)
BMI (kg/m2)
BFM (%)
SBP (mmHg)
DBP (mmHg)

t /P values

Control
(n=144)

T2DM
(n=109)

DN
(n=150)

Count versus T2DM

Count versus DN

42.0±10.5
24.9±4.34
28.9±7.88
114±13
76±9

44.5±9.15
25.3±3.56
28.8±7.58
116±14
77±10

56.2±10.1
22.4±4.10
27.2±7.38
150±16
89±9

−1.901/0.058
−0.609/0.543
0.121/0.903
−1.135/0.257
−1.127/0.261

−11.707/0.001
5.255/0.001
1.983/0.048
−21.070/0.001
−12.118/0.001

Results are expressed as mean±standard deviation, statistical comparison between groups was performed using unpaired Student’s t-test, P<0.05 was
considered statistically significant level. BMI: Body mass index, BFM: Body fat mass, SBP: Systolic blood pressure; DBP: Diastolic blood pressure,
DN: Diabetic nephropathy, T2DM: Type 2 diabetes mellitus

Table 3: Hardy Weinberg equilibrium of the control, T2DM
and DN subjects
Groups Total
Control 144
T2DM 109
DN
150

Obs
Obs
Obs
AA, (n) AC, (n) CC, (n)
140
105
136

4
4
14

0
0
0

P

q

χ2/P

0.9861 0.0138 0.02856/0.86578
0.9816 0.0183 0.03808/0.84528
0.9533 0.0466 0.35943/0.54882

DN: Diabetic nephropathy, T2DM: Type 2 diabetes mellitus

Figure 1: Superoxide dismutase 1 gene +35A>C candidate marker
analysis by Hha I restriction enzyme digestion

(χ2=5.493; P = 0.019). Also allele frequency distribution
among the groups have shown statistical significant association
(χ2=2.358; P = 0.019) [Table 4].

Clinical Characteristics According to SOD 1 Gene A>C
Genotype
Age, BMI, body fat mass and BP of the study subjects were
analyzed according to SOD1 +35 A>C genotype (homozygous
wild [AA] and Ht [AC]) and no differences have been found
among DM, DN and control subjects [Table 5].

SOD 1 Gene A>C Genotype According to age, Gender
and BP
Again the genotype frequencies were analyzed according to age
group, gender and BP in control, DM and DN subjects. On the
basis of age (years), the study population was divided into four
groups as: <35 years, 35-45 years, 46-55 years and >55 years.
The genotype frequency distribution among these groups did
not shown any statistical significance association.
Frequency distribution of genotypes in male and females have
showed significant association in DN subjects (χ2 = 7.72,
P = 0.005) but not in DM subjects. Control subjects have also
shown significance association (χ2 = 4.23, P = 0.040).
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On the basis of SBP and DBP the study subjects of each group
has been divided into two categories as normal and high. The
genotype frequency distributions of SBP and DBP in the control
group showed statistical significance but not in DM and DN
groups [Table 6].

DISCUSSION
DN is a micro-vascular complication which results from long
term uncontrolled blood glucose and it is the leading cause of
end-stage renal disease (ESRD) throughout the world. Although
this disease progressively imposes an increased burden on the
health care system, its pathological basis still remains poorly
understood. In addition to the environmental factors, genetic
susceptibility has been postulated in its development [20].
About 10-21% of Type 2 DM (T2DM) patients are found
to present with renal functional abnormalities at the time of
diagnosis [21]. However renal function deteriorates progressively
with the duration of diabetes in both Type 1 and Type 2 varieties.
About 50% of T1DM patients are found to have ESRD (80% of
overt nephropathy) after 10-15 years of diagnosis [21]. In case
of T2DM 20% (from 20 to 40% of overt nephropathy) of patient
developed ESRD after 20 years of onset of the disease [21].
Although uncontrolled diabetes attributed to the most likely
risk factor, but it is known that a portion of T1DM and T2DM
with more than 25 years are likely to develop DN irrespective
of hyperglycemia [22]. This suggests a possible genetic
susceptibility, if not anything else, contribute its pathogenesis.
Possible likely genetic susceptibility largely implicated in the
both grounds of familial clustering of nephropathy case within
the families [23]. Genome-wide linkage scans identified several
chromosomal regions likely to contain DN susceptibility genes,
and association analyses have evaluated positional candidate
genes under linkage peaks. One of the most promising candidate
genes susceptibility to DN is SOD1 gene. The SODs are the
most important line of antioxidant enzyme defense systems
against ROS and particularly superoxide anion radicals [24].
SODs are metalloenzymes that catalyze superoxide radical
•O2− into H2O2. SOD1 is a key enzyme in DN because its
renal level is decreased in this disease [25]. Involvement of low
levels of SOD1 in DN, the existence of some polymorphisms
which diminish SOD1-activity and the evidence of genetic
susceptibility for diabetic kidney disease [26-29], render the
study of SOD1-gene functional mutations as risk factors for
DN. As oxidative stress is a common pathogenic factor for
the dysfunction of beta and endothelial cells, polymorphisms
J Mol Pathophysiol ● 2014 ● Vol 3 ● Issue 4
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Table 4: SOD1 gene+35 A>C genotype and allele frequency of the total study subjects
Control (n=144)

T2DM (n=109)

DN (n=150)

Count versus DM

Count Versus DN

Genotype
Wild AA, % (n)
Ht AC, % (n)

0.972 (140)
0.028 (4)

0.963 (105)
0.037 (4)

0.907 (136)
0.093 (14)

χ2/P=0.161/0.688
OR/P=1.333/0.689
95% CI=0.326-5.455

χ2/P=5.493/0.019
OR/P=3.603/0.027
95% CI=1.157-11.220

Allele frequency
A
C

0.986
0.014

0.982
0.018

0.954
0.047

0.478/0.633

2.358/0.019

Variables

Data are presented as frequency (number of subjects), Chi-squared (χ2) test (Fisher’s Exact) was performed to calculate statistical association, P<0.05
was considered statistically significant level, SOD 1: Superoxide dismutase 1; DN, Diabetic nephropathy, Ht, Heterozygous variant

Table 5: Anthropometric and Biochemical characteristics of the total study subjects according to SOD1 gene+35A/C genotype
Variables
Age (years)
BMI (kg/m2)
BFM (%)
SBP (mmHg)
DBP (mmHg)

Controls

T2DM

DN

Wild AA

Ht AC

P value

Wild AA

Ht AC

P value

Wild AA

Ht AC

P value

42±10
24.9±4.4
29±8
114±13
76±9

51±7
24.5±2.8
25±4
122±19
84±12

0.076
0.847
0.318
0.195
0.075

45±9
25.2±3.6
29±8
116±14
77±11

43±11
27.2±3.1
32±7
115±6
75±6

0.660
0.267
0.451
0.884
0.643

56±10
22.3±4.3
27±8
150±16
89±9

59±14
22.9±1.2
25±6
152±17
87±6

0.218
0.617
0.235
0.640
0.405

Results are expressed as mean±standard deviation, statistical comparison between groups was performed using unpaired Student’s t-test, P<0.05 was
considered statistically significant level. BMI: Body mass index; BFM: Body fat mass; SBP, Systolic Blood Pressure; DBP: Diastolic blood pressure

Table 6: SOD1+35A>C genotype frequencies (number) of the study subjects on the basis of BP
Variables
Age group
<35 years
35-45 years
46-55 years
>55 years
Gender
Male
Female
SBP
Normal
High
DBP
Normal
High

Control

T2DM

DN

AA (n)

AC (n)

χ2/P

AA (n)

AC (n)

χ2/P

AA (n)

AC (n)

χ2/P

1.0 (39)
0.982 (54)
0.970 (32)
0.875 (14)

0
0.018 (1)
0.030 (1)
0.125 (2)

6.863/0.076

0.947 (18)
1.0 (19)
0.959 (47)
0.955 (21)

0.053 (1)
0
0.041 (2)
0.045 (1)

0.932/0.818

1.0 (1)
0.909 (20)
0940 (47)
0.883 (68)

0
0.091 (2)
0.060 (3)
0.117 (9)

1.266/0.737

0.944 (67)
1.0 (73)

0.056 (4)
0

4.23/0.040

0.969 (62)
0.956 (43)

0.031 (2)
0.044 (2)

0.130/0.718

0.86 (86)
1.0 (50)

0.14 (14)
0

7.72/0.005

0.979 (137)
0.75 (3)

0.021 (3)
0.25 (1)

7.52/0.006

0.956 (86)
1.0 (8)

0.044 (4)
0

0.375/0.543

0.923 (48)
0.898 (88)

0.077 (4)
0.102 (10)

0.253/0.615

0.979 (138)
0.667 (2)

0.021 (3)
0.333 (1)

10.59/0.001

0.951 (77)
1.0 (17)

0.049 (4)
0 (0)

0.875/0.350

0.899 (107)
0.933 (28)

0.101 (12)
0.067 (2)

0.39/0.566

Data presented as frequency. Chi-square test was performed to calculate statistical association. A two-tailed P<0.05 was considered statistically
significant. SOD1: Superoxide dismutase, AA, Wild type, AC, Heterozygous variant (Ht), Normal value of systolic blood pressure 120 mmHg and
diastolic blood pressure 80 mmHg, DBP: Diastolic blood pressure, SBP: Systolic blood pressure, BP: Blood pressure

of SOD1 gene and oxidative stress become subject of intense
scrutiny for their association with DN.
BMI of DN subjects in the present study was significantly
lower compared to control subjects (P = 0.001). This may be
explained that long time uncontrolled diabetes develops DN
and at the same time decreases body weight. DN has a strong
correlation with BP [30,31]. Consistent with this, our study have
also documented that both SBP and DBP of DN subjects were
significantly higher compared to control subjects (P = 0.001
and P = 0.001 respectively). A previous study has been reported
hemodynamic factors that contribute to the development of
DN includes increased systemic and intra-glomerular pressure,
as well as activation of vasoactive hormone pathways including
the renin-angiotensin system and endothelin [32].
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Test for Hardy-Weinberg equilibrium of the study subjects
did not show any significant deviation which justifies the
lack of selection bias of this study subjects. Genotype
frequencies of SOD1 +35A>C variant were 0.972 and 0.028
for homozygous wild type (AA) and heterozygous (Ht) variant
(AC) respectively in the control group. In the T2DM group the
frequencies were 0.963 and 0.037, and in the DN group, 0.907
and 0.093 respectively. The genotype frequency distribution
between the groups showed statistical significant association
(χ2=5.493; P = 0.019; odds ratio = 3.60, P = 0.027). The
allele frequency distribution between the groups also show
statistical significant association (χ2=2.358; P = 0.019) which
may indicates that the mutations in +35SOD1 gene may
have links in the development of nephropathy in diabetic
population of Bangladesh. A study done in Romania on DN
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population [33] have supported our study where it has been
reported that +35A>C (intron3/exon3) polymorphism in
SOD1-gene confers a significant risk (P = 0.008) for diabetes
nephropathy.
The possible mechanism for this polymorphism over the
action of SOD1-activity may include the production of large
quantities of NO which lead to SOD1-activation in mesangial
cells in order to compensate an endothelial dysfunction [34].
This fact is also confirmed by the increase of SOD1-levels
in patients with ESRD where the endothelial dysfunction
is marked [35]. In addition, the circulating levels of SOD1
in adolescents with Type 1 diabetes seems to be protective
against endothelial dysfunction, the low SOD1-levels being a
susceptibility marker for diabetic vascular complications [36].
Tubular cell and podocyte apoptosis is an early event in DN,
and the simultaneous release of SOD1 and cytochrome C
regulates the mitochondrial apoptosis [37]. Hypertension
and the renin–angiotensin system are key factors in DN,
closely related to SOD1-levels [38]. The fibrosis mediated by
transforming growth factor-beta (TGF-β) is the corner-stone
of glomerulosclerosis in DN, and SOD1 is a strong antifibrotic
agent, lowering the TGF-β1-expression [39]. The insulin
resistance is increased in patients with nephropathy [40,41]
in inversely proportion to glomerular filtration rate [42] and
seems to be the most important predictor for the development
of DN [43-45]. It is hard to guess the mechanism through
which the decreased SOD1-expression and activity leads to the
development of nephropathy, but our results suggest that this
polymorphism (+35 A/C) with functional role in antioxidant
defense is associated with DN in Bangladeshi Type 2 diabetic
subjects.
Clinical studies have shown a decrease in SOD activity in aged,
African-Americans with hypertension and in T2DM subjects
compared to control subjects [46,47] but we failed to found
any association of SOD1 polymorphism with age of the studied
subjects. It has been found that increased systolic BP in diabetic
subjects may have associations with increased polymorphism
in SOD1 gene [10]. However, this study has not found any
association of this polymorphism with SBP or DBP i9n DM
or DN subjects. Although SBP and DBP in control subjects
have shown an association with this polymorphism, it may be
incidental (1 out of 4).
DN has been reported to more common in males (22.55%)
when compared to females (6.25%) [48]. Consistent with this,
the frequency distribution of +35A>C polymorphism in SOD1
gene between the male and female groups in the DN subjects
(14% of male) have shown statistical significant association
(χ2=7.72 and P = 0.005). In control subjects, 5.6% have also
shown this polymorphism.
From the viewpoint of above discussion it may be concluded:
(i) +35A>C polymorphism in SOD1-gene may involve in the
development of nephropathy in Bangladeshi Type 2 diabetic
subjects and (ii) Male subjects of Bangladeshi DN subjects are
preponderance for +35A>C polymorphism in SOD1-gene.
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