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Abstract
Background: A significant number of diabetic
patients develops diabetic nephropathy and
correspondingly bring them at high risk for endstage renal disease and other long-term
complications. Antioxidant enzymes may protect
against the rapid onset and the progression of
diabetic
nephropathy.
Mutations
and
polymorphisms in genes encoding such enzymes
may, therefore, result in the predisposition to this
disorder. The main aim of the study was genetic
analysis of endothelial nitric oxide synthase
(eNOS) and manganese superoxide dismutase
Mn(SOD) in diabetic nephropathy.
Methods: The subjects had diabetic nephropathy
history of 4-6 years. Patients had albumin
excretion of >300 mg/24 h in two out of three
consecutive urine samples. The study included
end-stage renal disease (ESRD) patients who were
maintained on hemodialysis for 1.5 to 2 years. The
average time from the commencement of ESRD to

the time of this study was 3.8-5.5 years. The
polymorphism for manganese superoxide
dismutase Mn(SOD) and endothelial nitric oxide
synthase (eNOS) was compared with sex and agematched healthy volunteers. SPSS version 19
(Statistical Software) was used for the assessment
of significance of genotypes distribution among
healthy controls and patients.
Results: The results of Ala(-9)Val polymorphism
showed that the frequency of Val/Val, Val/Ala,
Ala/Ala were 8.5, 50.5 and 41.0% in healthy
controls and 10, 51.7 and 38.3% in diabetic
nephropathy patients. This suggests that the Ala(9)Val polymorphism in the Mn-SOD gene is not
associated with a risk in the development of
diabetic nephropathy. The polymorphism of
endothelial nitric oxide synthase elucidated that
the frequencies of eNOS4b/b, eNOS4b/a,
eNOS4a/a were 80, 20 and 0.0% in control group,
71.7, 23.3, 5% in ESRD other than diabetic
nephropathy and 85, 15 and 0.0% in diabetic
nephropathy patients. This observation indicates
that polymorphism in eNOS intron 4 is risk factor
for ESRD in non diabetic renal disease. eNOS
(exon) Glu298Asp mutation was increased in
patients with diabetic nephropathy (25.0%) as
compared to that in controls (7.5%). The results
demonstrate that patients with renal diseases,
including diabetes mellitus with Glu298Asp
mutation, are at high risk. Statistical analysis of
genotype eNOS (exon) gene showed significant
differences in genotypes between patients and
control groups as heterozygous (df 39; 95%CI
(0.055-0.395); p=0.011).
Conclusion: Heterozygote G/T allele was present
in patients more frequently as compared to
control
while
homozygote
T/T
allele
polymorphism was not found in the study
samples.
Keywords: (eNOS), Mn(SOD), Polymorphism,
Diabetic nephropathy
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Introduction
Diabetes mellitus is a group of metabolic diseases
characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action, or both.
The chronic hyperglycemia of diabetes is
associated with long-term damage, dysfunction,
and failure of various organs, especially the eyes,
kidneys, nerves, heart, and blood vessels.1
Diabetic nephropathy is the leading cause of
chronic renal failure. About 30–40% of all diabetic
patients develop diabetic nephropathy putting
them at high risk for end-stage renal disease
(ESRD) and, in parallel, for severe micro and macro
vascular complications.2 Although type 1 and type
2 diabetes mellitus (insulin-dependent diabetes
mellitus [IDDM] and non insulin dependent
diabetes mellitus [NIDDM], respectively lead to
ESRD, the great majority of patients are those
with NIDDM.3 Several studies have suggested that
reactive oxygen species (ROS) are implicated in
the etiology of type 1 diabetes.4 Excess generation
of ROS such as super oxide (O2), hydrogen
peroxide (H2O2), hydroxyl radical (OH) and
reactive nitrogen species such as nitric oxide
oxidizes target cellular proteins, nucleic acids, or
membrane lipids and damage their cellular
structure and function.5 Hyperglycemia stimulates
the expression of nitric oxide synthase (NOS) and
increases the production of nitric oxide, an
intracellular second messenger. Increased nitric
oxide generation favors the formation of
peroxynitrite, a highly reactive oxidant.
Antioxidant enzymes such as manganese
superoxide dismutase (MnSOD) and endothelial
nitric oxide synthase (eNOS) directly eliminate
ROS.6 The susceptibility of nitric oxide to
nephropathy and cardiovascular disease depends
to some extent on genetic factors, therefore,
polymorphisms in the gene coding for endothelial
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nitric oxide synthase 3 (NOS3) can affect the risk
of developing these diseases.7 Hohenstein et al.2
have reported the increased eNOS expression by
the renal endothelium in type 2 diabetic
nephropathy.
Mn(SOD) encoded by the superoxide
dismutase (SOD2) gene, is translocated into the
mitochondrial matrix where it scavenges
superoxide
radicals.
A
valine/alanine
polymorphism has been identified in the targeting
sequence of SOD2, and an in vitro study shows
that valine (Val) instead of alanine (Ala) results in
less efficient transport of MnSOD into the
mitochondrial matrix and can compromise the
ability to neutralize superoxide radicals in the
cell.8 In a Danish cohort of type 1 diabetes
patients, it was concluded that MnSOD V16A
polymorphism is involved in the development of
nephropathy caused by type1 diabetes and seems
to predict cardiovascular disease during follow
up.7
Smoking and homozygosity for the Mn(SOD)
Val allele was found to be associated with an
increased risk of diabetic nephropathy, which
supports the hypothesis that oxidative stress
contributes to the development of diabetic
nephropathy. Mn(SOD) protects the cells from
oxidative damage by scavenging free radicals. The
demand for antioxidants is increased by smoking,
which could disturb the balance between
antioxidants and reactive radicals.9
The overall aim of this study was to determine
the relationship of eNOS and manganese
superoxide
dismutase
Mn(SOD)
gene
polymorphisms in type 1 diabetic patients with
nephropathy and end-stage renal disease in
Pakistani population.
Material and Methods
Study subjects
The diagnosis of type 1 diabetes in patients was
established by the medical experts of Shaikh
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Zayed Hospital, Lahore. The subjects had diabetic
nephropathy history of 4-6 years. Patients having
albumin excretion of >300 mg/24 h in two out of
three consecutive urine samples, presence of
retinopathy and absence of other kidney or
urinary tract diseases were defined as diabetic
nephropathy cases.10 The study included ESRD
patients who were maintained on hemodialysis at
dialysis centers in Shaikh Zayed Hospital, Lahore
for 1.5 to 2 years. The information about
occupation and diabetic nephropathy family
history was obtained from each patient. The
polymorphism for manganese superoxide
dismutase Mn(SOD) and endothelial nitric oxide
synthase (eNOS) was compared with sex and agematched healthy volunteers (control) who visited
the hospital along with their patients for their
treatment during this study period. The average
time from the commencement of ESRD to the
time of this study was 3.8-5.5 years. The
creatinine clearance rates of ESRD patients were
20.5±13.6 mL/min and were hemodialysed 1-3
times in a week. The patients had a mean age of
50.3 ± 10.5 years. Informed consent was obtained
from all patients and healthy volunteers
participating in this study.
Extraction of DNA from Peripheral Blood
Peripheral blood from each patient was collected
in EDTA vacutainer tubes and stored at -20°C.
Genomic DNA was isolated from peripheral blood
using conventional phenol-chloroform method. In
an eppendorf tube, 0.75 mL blood and 0.75 mL of
solution A (0.32 M sucrose, 10 mM Tris HCl
(pH7.5), 5 mM MgCl2, Triton X100 1% v/v) were
mixed by inverting the tubes 4 to 6 times and left
at room temperature for 5 to 10 min. The
supernatant obtained after centrifugation was
discarded and resuspended the pellet in 400 µL of
solution A. The nuclear pellet obtained after
centrifugation was resuspended in 400 µL of
solution B (10mM Tris HCl (pH 7.5), 400mM NaCl,
2Mm EDTA, 12 µL of 20 % SDS and 5 µL of
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protinase K). The mixture was incubated at 37°C
for overnight.
Five hundred µL of solution C (phenol pH 8.0,
0.1% hydroxyquinoline, 0.1MTris HCl (pH 8) and
solution D (chloroform, isoamyl alcohol; 24:1) was
added, inverted and centrifuged at 13,000rpm for
10 min. The upper phase was collected in a new
tube and added equal quantity of solution D. The
aqueous phase (upper layer) obtained after
centrifugation was transferred in a new tube and
DNA was precipitated by adding 55 µL of sodium
acetate and equal volume of isopropanol. Tube
was inverted gently to precipitate DNA. The DNA
pellet was washed, dried, dissolved in 150 µL of
autoclaved distilled water and stored at 4°C.
PCR-RFLP analysis of Mn (SOD) gene
Manganese superoxide dismutase Mn( SOD) gene,
containing Age I restriction site, was amplified
from genomic DNA by polymerase chain reaction
(PCR). The forward and reverse primer sequences
were as follows: 5′-CCAGCAGGCAGCTGGCACCG-3′
and
5′-TCCAGGGCGCCGTAGTCGTAGG-3′,
respectively. Amplifications were carried out in a
total reaction volume of 25 μL containing 20 ng
genomic DNA, 50 pM of each primer, 2 mM
dNTPs, 2 mM MgCl2 and 5 U Taq polymerase
(Fermentas). PCR was performed in a
thermalcycler (Bio-Rad, Inc., USA) under the
following conditions: initial step of denaturation
at 95°C for 5 min, followed by 35 cycles at 94°C for
60 seconds, 60°C for 45 seconds (annealing) and
at 72°C for 45 seconds (extension). PCR was
completed by a final extension cycle at 72°C for 10
min. For RFLP analysis, 10 µL of PCR product, 19
µL of PCR water, 2 μL of buffer 0 and 2 μL of Age I
restriction endonuclease (1U/μL) were mixed and
incubated at 37°C for 16h. Ten μL of digested DNA
fragments were electrophoresed on a 3% agarose
gel and visualized by ethidium bromide staining.
PCR-RFLP analysis of eNOS gene
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Intron of eNOS gene fragment was amplified by
polymerase chain reaction with the forward and
reverse primers 5'-AGGCCCTATGGTAGTGCCTTT-3'
and 5'-TCTCTTAGTGCTGTGGTCAC-3', respectively
(Fermantas). The PCR amplification was carried
out with 20 ng DNA, 2 mM MgCl2, 2 mM dNTPs,
50 pM of each primer and 5 U of Taq polymerase
in a total volume of 25 µL. Amplification was
performed with an initial denaturation step at
94°C for 1 min, annealing at 60°C for 1 min,
extension at 72°C for 2 min. Predenaturation was
done at 94°C for 4 min, and final extension for 7
min. Exon of the eNOS gene, which contains Ban II
restriction site, was amplified with the following
primers:
forward
5'TCCCTGAGGAGGGCATGAGGCT-3' and reverse: 5'TGAGGGTCACACAGGTTCCT-3'. Amplification was
carried out in a total reaction volume of 20 μL
containing 20 ng genomic DNA, 50 pM of each
primer, 2 mM dNTP, 2 mM MgCl2 and 5 U of Taq
polymerase. Cycling conditions were denaturation
at 94°C for 1 min, annealing at 71°C for 45 sec,
and extension at 72°C for 45 sec. Final extension
cycle was performed at 72°C for 10 min. For RFLP
detection, 33 µL of reaction mixture was prepared
by mixing 10 μL of amplification product, 2 μL of
restriction endonuclease (1U/μL), 2 μL of buffer O
and 19 µL PCR water. The mixture was incubated
at 37°C for 18 h and an aliquot of 5 µL of digested
mixture was analyzed by electrophoresis on a 3%
agarose gel containing 0.5 µg/mL ethidium
bromide as fluorescent tag and photographed.
Statistical Analysis
SPSS version 19 (Statistical Software) was used for
the statistical analysis. X2 test was performed to
determine the association and significance of
different genotypes. X2 test was applied on allele
and genotype frequencies between patient’s
group and controls for the association study. The
Probability value of P<0.05 was considered as
statistically significant.
Results

E-ISSN:1791-809x │hsj.gr
P a g e | 364

RFLP for Screening of Mn(SOD) mutation
Genotypes, age group and gender of patient
groups and control were examined using X2 test.
X2 test was used to find out the association
between two variables. Table 1 presents genotype
and allele frequencies for Mn-SOD. No association
was observed between ESRD patients group and
controls in terms of gender as shown by statistical
analysis result (X2 = 7.424; d.f. = 1; (p = 0.064) but
significant difference was found in the age
distribution between patients group and control
as (X2 = 7.111; d.f. = 1; (p = 0.01)). It was obvious
from the data that patients falling between the
ranges of 45-70 year faced increased risk of
disease.
The amplified product of Mn(SOD) (91bp) on
treatment with
Age I restriction enzyme
produced three bands of 91 bp, 74 bp, and 17 bp
size indicating that samples were heterozygous
for Val and Ala as shown in Fig. 1. However, lane
3, 4 and 6 showed a single band of 91 bp
demonstrating that subjects were homozygote for
Ala. Lane 7 revealed two bands at 74 bp and 17 bp
positions and found to be homogenous for Val.
Genotype distribution of Mn(SOD) gene was not
significantly different from controls but the
restriction pattern was dissimilar in diabetic
nephropathy patients and healthy subjects (Table
2). Even though, T allele frequency was greater in
diabetic nephropathy patients than controls,
however, this difference was statistically non
significant (p>0.05).
Genotype analysis and allele frequencies for eNOS
gene
PCR amplification for eNOS (intron) gene gave two
bands of 420 bp and 393 bp molecular sizes are
shown in Fig. 2. Amplified product of 420 bp
indicates 4b allele (five tandem repeats) while 393
bp 4a allele (four tandem repeats). Samples
showing a single band at 420 bp position indicated
the presence of 4b allele. Amplification of eNOS
(exon) produced a 457 bp fragment in all the
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patients and the controls as shown in Fig. 3. RFLP
assay of amplified product with Ban II restriction
enzyme revealed two bands of 320 bp and 137 bp
indicating that patients were homozygous for
(GG). The appearance of three bands of 457 bp
(mutant), 320 bp and 137 bp on agarose gel
demonstrated heteroztgosity as shown in Fig. 4.
Statistical analysis of genotype distribution of
eNOS (intron) gene indicates that there is a
significant difference in genotypes (ab) between
non-diabetic ESRD patients and control (X2 =13.3;
95%CI; p= 0.01). However, there is no significant
difference in genotypes (ab) between diabetic
nephropathy patients and control (X2 =0.049;
95%CI; p= 0.656). Heterozygous allele ab was
more frequent in non-diabetic ESRD patients as
compared to that in diabetic nephropathy
patients and healthy controls (Table 3). Statistical
analysis of genotype eNOS (exon) gene showed
significant differences in genotypes between
patients and control groups as heterozygous (df
39; 95%CI (0.055-0.395); p=0.011). Heterozygote
G/T allele was present in patients more frequently
as compared to that in control while homozygote
T/T allele polymorphism was not found in the
study samples as shown in Table 4.
Discussion
The association of proteinuria with diabetes was
first recognized in the eighteenth century;
however, Kimmelstiel and Wilson11 defined the
condition by describing the glomerulosclerosis
and the association with proteinuria and
hypertension in type 2 diabetes. These features
represent a late stage in the progression of the
condition. Subsequent work, mainly on type 1
diabetes, led to the definition of several distinct
phases in the evolution of the disease.12 The
pathology
of
diabetic
nephropathy
is
characterized by glomerular basement membrane
thickening and mesangial expansion with
increased extracellular matrix deposition. Patients
with type 1 diabetes are at the highest individual
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risk of nephropathy, but those with type 2
diabetes are at significant risk.13 There is evidence
that the incidence of renal failure in diabetes type
1 may be decreasing, perhaps due to better
preventive treatment.14
In Val-9Ala polymorphism of Mn(SOD), 91 bp
amplified product with the T allele (Val) yielded
two fragments of 74 and 17 bp molecular size
after digestion with Age I. The PCR product with
the C allele (Ala) produced a single fragment,
since the amplified product was not cut with the
restriction enzyme. For the heterozygosity of Val
(GTT) at codon (-9), the restriction of amplified
product produced three DNA fragments having
molecular sizes of 91 bp, 17 bp and 74 bp. For
homozygosity of Val alleles (Val/Val), the digestion
resulted in two DNA products, with only one
bright band of 72 bp. These observations are in
accordance with El Masry et al.15 Our findings
showed that the frequency of Val/Val, Val/Ala,
Ala/Ala were 8.5, 50.5 and 41.0% in healthy
controls and 10, 51.7 and 38.3% in diabetic
nephropathy patients, respectively. There was no
significant difference in the frequency of the
Ala/Ala and homozygous Val/ Val genotype. The
results suggest that the Ala(-9) Val polymorphism
in the Mn(SOD) gene is not associated with a risk
of the development of diabetic nephropathy. El
Masry et al.15 have also reported that in Egyptian
diabetic children Ala(-9)Val substitution in the
Mn-SOD2 gene is associated with diabetic
neuropathy (DN) but not a significant factor in
diabetic nephropathy patients. However, an
association between Val(-9) Ala polymorphism
and
schizophrenia
suggests
that
this
polymorphism
may
contribute
to
neurodegenerative disorders. Mn(SOD) gene may
not be involved in the pathogenesis of diabetic
nephropathy, but this mutation is more likely to
be involved in neurodegenerative disorders.16
Möllsten et al.7 have described that in a Danish
cohort of type 1 diabetes patients, MnSOD V16A
polymorphism is involved in the development of
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nephropathy caused by type 1 diabetes and
seems to predict cardiovascular disease during
follow up. On the other hand, Strokov et al. 17
showed that Ala(-9)-Val polymorphism in a
Russian population is associated with a high risk of
the development of neuropathy in type 1 diabetic
patients.
Nitric
oxide,
an
extensively
studied
endothelium derived relaxing factor is reported to
be very potent regulator of intra renal
haemodynamics.18 Nitric oxide is produced from
L-arginine by nitric oxide synthase. Two alleles
have been identified in intron 4; the one has five
tandem 27 bp repeats. The first three repeats
have A and the last two have G at the 19 base of
the 27 bp repeats, respectively. However, the
second allele has only four repeats, in which first
two repeats have A and the last two have G at the
19 base of the repeat, respectively. These two
alleles were denoted as eNOS4a for four repeats
and eNOS4b for five repeats.19 PCR of eNOS
(intron) amplified 420 bp and 39 3bp fragments.
Amplified product of 420 bp indicates 4b allele
and 393 bp 4a allele. The frequencies of
eNOS4b/b, eNOS4b/a, eNOS4a/a were 80, 20 and
0.0% in control group, 71.7, 23.3 and 5.0% in non
diabetic ESRD and 85, 15 and 0.0% in diabetic
nephropathy patients, respectively. Our study
suggests that the frequency of a allele in eNOS
intron 4 was significantly higher in non diabetic
ESRD patients as compared to that in healthy
subjects. These results agree with those of
Yokoyama et al.20 demonstrating that eNOS intron
4 polymorphism is a risk factor for ESRD in non
diabetic renal disease. However, Wang et al.21
have reported that a smoking dependent risk of
ischemic heart disease is associated with a
polymorphism ecNOS4a/b in intron 4 of the eNOS
gene
In this study, genotype distribution and the
allele frequencies of eNOS (exon) showed the
percentage of heterozygotes (GT) in diabetic
nephropathy patients was 25% as compared to
7.5% in control subjects. The results demonstrate
E-ISSN:1791-809x │hsj.gr
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that patients with renal diseases, including
diabetes mellitus, with Glu298Asp mutation, are
at higher risk. The eNOS (GT) genotype was found
to be associated with the rapid deterioration of
renal function and a risk factor for ESRD.
These findings reinforce the observation that
nitric oxide synthase activity is stimulated during
diabetic nephropathy, however, some reports
reveal either no or reduced eNOS expression.22
Our results are supported by several research
reports suggesting an association between eNOS
polymorphism
and
advanced
diabetic
23
24
nephropathy. Shin et al. reported that eNOS
genotype increases susceptibility to nephropathy
and influences the rate of progression in type 2
diabetic nephropathy in Korean patients.
The present study shows an important association
of Glu298Asp mutation with diabetes mellitus as a
cause of end stage renal diseases and
recommends that Glu298Asp variant of the eNOS
gene is a susceptible genetic risk factor for the
accelerated nephropathy in type 1 diabetes
mellitus. Large numbers of studies are available
which present data for worldwide association
between different genetic variants and diabetic
nephropathy. After proper identification of these
variants, susceptible diabetic nephropathy gene
can be replaced by means of advanced molecular
biology techniques. The information regarding
these disease vulnerable genes will help to
increase
the
understanding
of
disease
pathophysiology, prognosis and consequently
develop potential strategies for their treatment.
Conclusions
Our study suggests that the frequency of a allele
in eNOS intron 4 was significantly higher in the
patients from non diabetic ESRD as compared to
healthy subjects. The frequency of the eNOS 4a
allele was also significantly higher in dialyzed
patients than in healthy control subjects. Analysis
of genotype distribution of eNOS (intron) gene
indicates that there is a significant difference in
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genotypes (ab) between non diabetic ESRD
patients and control but there is no significant
difference in genotypes (ab) between diabetic
nephropathy patients and control. Genotype
eNOS (exon) gene showed significant differences
in genotypes between patients and control
groups.
The study of Ala(-9)Val polymorphism showed
that the Ala(-9)Val polymorphism in the Mn-SOD
gene is not associated with a risk in the
development of diabetic nephropathy.
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ANNEX

Figure. 1 Restriction of manganese superoxide dismutase Mn(SOD) gene amplified product in different
diabetic nephropathy patient sample. Lane M: ultralow DNA ladder (Fermentas # SM 0613); lane 1: negative
control. Lane 2-7: patient’s samples.

Figure. 2 Amplification of endothelial nitric oxide synthase (eNOS) intron in patient samples. Lane M: 1 kb
DNA ladder (Fermentas # SM 1163); lane 1: negative control; lane 2-6: patient’s samples.
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Figure. 3 Amplification of endothelial nitric oxide synthase eNOS (exon). Lane M: 1 kb DNA ladder
(Fermentas # SM 1163); lane 1: negative control; lane 2-7: patient’s samples.

Figure. 4 Restriction of endothelial nitric oxide synthase eNOS (exon) amplified product. Lane M: 1 kb DNA
ladder (Fermentas # SM 1163); lane 1: negative control; lane 2-7: patient’s samples.
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Table 1- Characteristics of patients and controls in terms of age and gender.
Characteristics

ESRD Patients (n=160)

Controls (n=40)

P value

Gender
Male

108 (67.5 %)

Female

52 (32.5 %)

24 (60.0 %)

0.064

16(40.0 %)
Age(Years)

10-40

56 (35 %)

40-70

104 (75 %)

16 (40.0 %)

0.01

24 (36.7 %)

Table 2- Distribution of genotypes of manganese superoxide dismutase Mn(SOD) gene between diabetic
nephropathy patients and healthy controls.
Genotype

DN patients (%)

Controls (%)

n=120

n=40

T/T

12 (10.0%)

4 (8.5%)

T/C

62 (51.7 %)

20 (50.5%)

C/C

46 (38.3 %)

16 (41.0%)
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Table 3- Distribution of genotype endothelial nitric oxide synthase eNOS (intron) between diabetic nephropathy
patients, end-stage renal disease (ESRD) patients other than diabetes and healthy controls.

Genotype

Controls (%)
n=40

Non-DM ESRD (%)
n=120

DN patients (%)
n=40

bb

32 (80%)

86 (71.7%)

34 (85%)

ab

8 (20%)

aa

Nil

6 (15%)
28 (23.3%)

Nil

6.0 (5%)

Table 4- Distribution of genotypes of endothelial nitric oxide synthase eNOS (exon) gene between
diabetic nephropathy patients and healthy controls.

Genotype

DN patients
n = 120

Controls
n = 40

GG

90(75%)

37(92.5%)

GT

30 (25%)

3(7.5%)

TT

NIL

NIL
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