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Abstract: We aimed to investigate whether the EC-SOD rs2536512, rs8192291 and rs1799895 polymorphisms 
and haplotypes are associated with T2DM in a Chinese Han population. A total of 540 Chinese Han patients with 
T2DM and 562 healthy subjects were enrolled in our study since October 2013, and all of them had no blood 
relationship. An iPlex GLOD SNP genotyping analysis of the EC-SOD rs2536512, rs8192291 and rs1799895 was 
carried out in a 384 well plate format using the Sequenom MassARRAY® System (Sequenom, Inc. San Diego, USA). 
We observed that the CT (OR=1.58, 95% CI=1.20-2.08) and TT (OR=15.27, 95% CI=4.34-53.75) genotypes of 
rs8192291 were associated with T2DM susceptibility compared with the CC genotype. In dominant and reces-
sive models, rs8192291 was correlated with a moderate statistically increased susceptibility of T2DM compared 
with the reference genotype. The GTC, GCC and GCG haplotypes were associated with risk of T2DM. In summary, 
rs8192291 polymorphism and haplotypes may become a useful biomarker for prediction of the susceptibility of this 
disease. Further experiments are necessary to validate our results.
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Introduction

Type 2 diabetes mellitus (T2DM), a chronic and 
complex disease, is the most common type of 
endocrine disease worldwide [1, 2], and its 
prevalence is increasing in recent decades and 
reaching epidemic proportions in China. 
Mortality from diabetes doubles during the last 
two decades increased to 1.3 million deaths 
worldwide [3]. It is estimated about 113.9 mil-
lion adults with diabetes and 493.4 million with 
prediabetes in China [4]. The pathogenetic 
mechanisms of T2DM are still debated and 
require a long term process. Currently, many 
factors contribute to the pathogenesis of 
T2DM, including aging, family history impaired 
glucose tolerance, previous gestational diabe-
tes, nourishment, obesity or overweight, and 
poverty [5, 6]. However, the prevalence of 
T2DM showed discrepancies in different popu-
lation even when they exposed to similar risk 
factors, suggesting that genetic characteristics 

may be involved in the pathogenesis of T2DM. 
However, the exact molecular mechanism of 
developing T2DM is not fully understood.

Superoxide dismutase (SOD), an antioxidant 
enzyme with a high activity on catalytic dismu-
tation of superoxide radical anion, is involved in 
many biological processes caused by oxidative 
stress (OS) [7]. SOD changes harmful reactive 
compounds into oxygen and water, and removes 
stress from oxidation state [7]. Three forms are 
presented in SOD in human body, including 
CuZn SOD or SOD1 in the plasma, Mn SOD or 
SOD2 in mitochondria, and EC-SOD or SOD3 in 
extracellular matrix. EC-SOD is primarily local-
ized in the pancreas, skeletal muscles and 
blood vessels, and it is the main cleaner for oxy-
gen free radicals. The genes encoding the 
EC-SOD are located on chromosome 4 (4p16.3-
q21) with a length of 5900 bp and 720 bp in 
coding region, and consist of three exons and 
two introns.
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Low EC-SOD activity induces high alloxan sus-
ceptibility of beta-cells, and then it attributes to 
a high susceptibility to superoxide radicals 
caused by activated inflammatory leukocytes 
and hyperglycemia [8]. An in vivo study has 
reported that EC-SOD is associated with the 
altered metabolic state in diabetic skin, which 
can increase the reactive oxygen species [9]. In 
this gene, three common SNPs have been 
observed on the 2 and 3 extrons, including 
rs2536512 (Ala40Thr), rs8192291 (Arg213- 
Gly) and rs1799895 (Leu53Leu). Currently,  
only a few studies reported the association 
between EC-SOD polymorphisms and risk of 
T2DM, but the results are inconsistent [10, 11]. 
Given that oxidative stress with an imbalance in 
the oxidant and antioxidant activity seems to 
contribute to the pathogenesis of T2DM [12, 
13], the aim of this study was to investigate 
whether the EC-SOD rs2536512, rs8192291 
and rs1799895 polymorphisms and haplo-
types are associated with T2DM in a Chinese 
Han population.

Patients and methods

Ethics

The study protocol was approved by the ethics 
committee of Zhengzhou Central Hospital. All 
subjects involved in this study signed the 
informed consents prior to enrollment, and 
agreed to participate into our study voluntarily. 

Patients and controls

A total of 540 Chinese Han patients with T2DM 
were selected from the department of dndocri-
nology of Zhengzhou Central Hospital since 
October 2013, and all of them had no blood 
relationship. All patients were primarily diag-
nosed by laboratory evaluations based on crite-
ria from the World Health Organization-In- 
ternational Diabetes Federation (WHO-IDF) 
[14]. Exclusion criteria were those with autoim-
mune disease, malignant cancers, or serious 
liver or kidney diseases.

A total of 562 healthy subjects were enrolled 
from healthy volunteers attending the normal 
physical examination in Zhengzhou Central 
Hospital during the same period, and they 
formed the control group. The controls were 
confirmed to be free of T2DM, other metabolic 
disorders, autoimmune disease, malignant 

cancers and end-stage liver or kidney diseases. 
The mean age of patients and controls were 
62.5±9.9 and 61.6±10.6, respectively. There 
were 206 (38.1%) males and 334 (61.9%) 
females in patients with T2DM, and 250 
(44.5%) males and 312 (55.5%) females in 
controls.

Demographic and lifestyle characteristics were 
collected from self-reported questionnaires, 
including sex, age, family history of T2DM, his-
tory of tobacco smoking and alcohol drinking, 
physical activity, weight (kg) and height (m). The 
body mass index (BMI) is calculated by dividing 
weight in kilograms by height in meters squared.

Tobacco smoking was categorized into non-
smokers and ever smokers. The definition of 
ever smokers was defined as those smoking at 
least one cigarette per day for more than six 
months. Alcohol drinking was divided into non-
drinkers and ever drinkers. Ever drinkers were 
defined as those who consumed at least one 
alcoholic drink a day for at least six months. 

The blood pressure, plasma glucose levels, 
serum urea, cholesterol, triglyceride, high-den-
sity lipoprotein-cholesterol (HDL-c) and low-
density lipoprotein-cholesterol (LDL-c) were col-
lected from medical records. 

Genotype analysis

Blood samples (5 ml) were collected from each 
participant after 12 hour fast (between 7:00 
and 9:00 am), and then stored in ethylenedi-
aminetetraacetic acid (EDTA) containing tubes 
for DNA extraction and measurement of clinical 
variables. Genomic DNA was extracted from 
EDTA blood samples by a standard extraction 
procedure, using Tiangen DNA Blood Mini Kit 
(Tiangen Biotech Co., Ltd., Beijing, China). The 
primers and probes of polymerase chain reac-
tion (PCR) amplification and single base ex- 
tension assays for the EC-SOD rs2536512, 
rs8192291 and rs1799895 were designed 
using MassARRAY® Assay Design 3.1 Software 
(Sequenom, Inc. San Diego, USA). An iPlex 
GLOD SNP genotyping analysis of the EC-SOD 
rs2536512, rs8192291 and rs1799895 was 
carried out in a 384 well plate format using the 
Sequenom MassARRAY® System (Sequenom, 
Inc. San Diego, USA). The DNA fragment were 
amplified in a 5-μL mixture containing 2.8 μL 
HPLC grade water, 0.5 μL 10 × PCR buffer with 
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MgCl2 of the 20 mM, 0.4 μL MgCl2 of the 25 
mM, 0.1 dNTP Mix of 25 mM, 0.5 μL forward 
and reverse primers Mix, 0.2 μL PCR Enzyme of 
the 5 U/μl, and 1 μL DNA samples of the 10 ng/
μL. Then the SAP and iPLEX reactions were per-
formed. The PCR samples are desalted, and 
then dispensed to a SpectroCHIP and analyzed 
with MALDI-TOF MS.

Statistical analysis

The continuous variables were expressed using 
mean ± standard deviation (SD), and categori-

Statistics for Windows, Version 21.0. (IBM Corp, 
Armonk, NY, USA). Two-tailed and P<0.05  
was adopted as statistical significance in this 
study.

Results

The demographic information of patients and 
controls were summarized in Table 1. When 
compared with non-diabetic normal controls, 
patients had significantly higher age (χ2=4.61, 
P=0.03), SBP (t=5.90, P<0.001), DBP (t=9.72, 
P<0.001), BMI (χ2=92.83, P<0.001), FPG (t= 

Table 1. Demographic, lifestyle and clinical characteristics of investi-
gated subjects

Variables
Patients  
N=540

Controls  
N=562 t value or 

χ2 value P value
N % N %

Age, years
    <60 203 37.59 247 43.95 
    ≥60 337 62.41 315 56.05 4.61 0.03
Gender
    Female 206 38.15 250 44.48
    Male 334 61.85 312 55.52 4.56 0.03 
SBP, mmHg 137.63±18.43 131.38±16.75 5.90 <0.001
DBP, mmHg 83.56±11.18 77.20±10.55 9.72 <0.001
BMI, kg/m2

    <24 193 35.74 364 64.77 
    ≥24 347 64.26 198 35.23 92.83 <0.001
Smoking
    Never 217 40.19 281 50.00 
    Ever 323 59.81 281 50.00 10.71 0.001 
Drinking
    Never 169 31.30 244 43.42 
    Ever 371 68.70 318 56.58 17.26 <0.001
Physical activity
    Less 154 28.52 161 28.65 
    Moderate 226 41.85 252 44.84 
    Heavy 160 29.63 149 26.51 1.52 0.47 
Family history of T2DM
    No 480 88.89 534 95.02 
    Yes 60 11.11 28 4.98 14.08 <0.001
Serum urea, µnmol/L 330.99±105.27 326.60±104.48 0.70 0.49
FPG, mmol/L 8.50±2.11 4.95±1.02 35.75 <0.001
TC, mmol/L 4.53±1.07 4.54±1.08 -1.09 0.28
TG, mmol/L 1.76±0.93 1.41±0.97 6.09 <0.001
HDL-c, mmol/L 1.11±0.40 1.36±0.46 -9.58 <0.001
LDL-c, mmol/L 3.72±1.42 3.07±0.41 10.48 <0.001
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BMI: Body mass index; FPG: 
fasting plasma glucose; TC: total cholesterol; TG: triglyceride.

cal variables were dis-
played using percentag-
es and frequencies (%). 
Comparison of continu-
ous and categorical vari-
ables between the two 
study groups was carried 
out by Chi-square (χ2) 
test or student t test. The 
genotype distributions of 
EC-SOD rs2536512, rs- 
8192291 and rs1799- 
895 between groups we- 
re compared by Chi-squ- 
are (χ2) test. Hardy-Wein- 
berg equilibrium (HWE) 
of the effectiveness of 
the SNP allele frequency 
was evaluated by a go- 
odness-of-fit Chi-square 
test. The association of 
EC-SOD rs2536512, rs- 
8192291 and rs17998- 
95 with risk of T2DM was 
analyzed by binary logis-
tic regression analyses, 
adjusting for potential 
confounding factors. Th- 
ree genetic models were 
used for analysis, includ-
ing co-dominant, domin- 
ant and recessive mode- 
ls. The linkage disequili- 
brium and haplotype an- 
alyses of EC-SOD SNPs 
were analyzed by SHEsis 
software. Interaction bet- 
ween SNPs and environ-
mental factors was ana-
lyzed by Chi-square test. 
Data analyses were car-
ried out by IBM SPSS 
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35.75, P<0.001), TG (t=6.09, 
P<0.001) and LDL-c (t=10.48, 
P<0.001), and lower HDL-c (t=-
9.58, P<0.001). Patients with 
T2DM were more likely to be 
males (χ2=4.56, P=0.03), ever 
smokers (χ2=10.71, P=0.001) 
and ever drinkers (χ2=17.26, 
P<0.001), and have a family his-
tory of T2DM (χ2=14.08, P< 
0.001).

The genotypes of EC-SOD rs25- 
36512, rs8192291 and rs179- 
9895 were shown in Table 2. 
The frequencies of CC, CT and TT 
genotypes in rs8192291 were 
significantly different between 
patients and controls (χ2=40.20, 
P<0.001). However, the geno-
type frequencies of EC-SOD 
rs2536512 and rs1799895 did 
not show significant differences 
between patients and control 
subjects. Moreover, the allele 
frequencies of rs2536512 met 
the requirements of HWE in both 
patients and controls (P>0.05), 
while rs8192291 and rs1799- 
895 were not (P<0.001).

We observed that the CT 
(OR=1.58, 95% CI=1.20-2.08) 
and TT (OR=15.27, 95% CI=4.34-
53.75) genotypes of rs8192291 

Table 2. Genotype distributions of EC-SOD rs2536512, rs8192291 and rs1799895 between T2DM 
patients and controls

Patients Controls χ2 value P value Patients Controls
SNP N=540 % N=562 % χ2 for HWE P value χ2 for HWE P value
rs2536512
    GG 391 72.41 429 76.33
    GA 135 25.00 124 22.06
    AA 14 2.59 9 1.60 2.88 0.24 0.33 0.57 0.01 0.99
rs8192291
    CC 244 45.19 322 57.30
    CT 259 47.96 237 42.17
    TT 37 6.85 3 0.53 40.20 <0.001 8.37 <0.001 33.55 <0.001
rs1799895
    CC 509 94.26 501 89.15
    CG 39 7.22 33 5.87
    GG 14 2.59 6 1.07 3.33 0.29 81.59 <0.001 29.77 <0.001

Table 3. Association between EC-SOD rs2536512, rs8192291 
and rs1799895 polymorphisms and the risk of T2DM
SNPs β S.E. Wals OR1 95% CI P value
rs2536512
    Codminant
        GG 1.00 Reference
        GA 0.13 0.16 0.66 1.14 0.83-1.58 0.42 
        AA -0.27 0.50 0.30 0.76 0.29-2.02 0.59 
    Dominant
        GA+AA vs GG 0.12 0.16 0.54 1.12 0.82-1.53 0.46 
    Recessive
        AA vs GG+GA -0.32 0.49 0.42 0.73 0.28-1.90 0.52 
rs8192291
    Codminant
        CC 1.00 Reference
        CT 0.46 0.14 10.69 1.58 1.20-2.08 0.001 
        TT 2.73 0.64 18.03 15.27 4.34-53.75 <0.001
    Dominant
        CT+TT vs CC 0.56 0.14 16.65 1.76 1.34-2.30 <0.001
    Recessive
        TT vs CC+CT 2.51 0.64 15.48 12.25 3.52-42.68 <0.001 
rs1799895
    Codminant
        CC 1.00 Reference
        CG -0.23 0.29 0.65 0.79 0.45-1.39 0.42 
        GG -0.63 0.57 1.24 0.53 0.18-1.61 0.26 
    Dominant
        GC+GG vs CC -0.29 0.25 1.35 0.75 0.45-1.22 0.25
    Recessive
        GG vs CC+CG -0.66 0.56 1.35 0.52 0.17-1.57 0.25 
1Adjusted for age, sex, SBP, DBP, BMI, tobacco smoking, alcohol drinking and 
family history of T2DM.
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the TT genotype of rs8192291 and risk of 
T2DM (OR=12.25, 95% CI=3.52-42.68), when 
compared with the CC+CT genotype. However, 
there was no correlation between rs2536512 
and rs1799895 polymorphisms and the risk of 
T2DM (P>0.05).

Haplotype comparison analysis indicated that 
GTC haplotype with the order of rs2536512, 
rs8192291 and rs1799895 polymorphisms in 
gene position significantly increased the risk of 
T2DM (OR=1.55, 95% CI=1.26-1.91) (Table 4). 
However, GCC (OR=0.70, 95% CI=0.59-0.84) 
and GCG (OR=0.53, 95% CI=0.32-0.88) haplo-
types conferred a decreased risk to T2DM. We 
found no linkage disequilibrium among 
rs2536512, rs8192291 and rs1799895 (fig-
ures 1 and 2).

We performed an interaction between 
rs8192291 and environmental factors (age, 
gender, tobacco smoking, alcohol drinking, 
physical activity, family history of T2DM and 
BMI). We observed that the TT+CT genotype 
was correlated with higher risk of T2DM in indi-
viduals with older age (OR=1.87, 95% CI=1.37-
2.55), ever smokers (OR=1.81, 95% CI=1.31-
2.51), ever drinkers (OR=2.02, 95% CI=1.35- 
3.01) and a family history of T2DM (OR=1.60, 
95% CI=1.25-2.05) when compared with the 
reference groups (Table 5).

Discussion

T2DM is the most prevalent metabolic diseas-
es worldwide, and it is multi-factorial disorder 
that results from the interaction of individual’s 
hereditary factors with environmental factors. 
Therefore, understanding of susceptibility vari-
ants has become a critical way to investigate 
the etiology of T2DM. In this study, we demon-
strated that EC-SOD rs8192291 was associat-
ed with susceptibility of T2DM in all genetic 

Table 4. Haplotype analysis of EC-SOD rs2536512-rs8192291-
rs1799895

Haplotype Patients
N=1080 % Controls

N=1124 % P value OR 95% CI

ACC 96 8.89 106 9.43 0.33 1.16 0.87-1.55
ATC 35 3.24 50 4.45 0.06 1.52 0.98-2.36
GCC 730 67.59 614 54.63 <0.001 0.70 0.59-0.84
GCG 45 4.17 24 2.14 0.01 0.53 0.32-0.88
GTC 196 18.15 266 23.67 <0.001 1.55 1.26-1.91
Gobal results: Total Chi-square =29.81, df=4, P value <0.001.

Figure 1. D’ of the linkage disequilibrium tests for EC-
SOD rs2536512, rs8192291 and rs1799895.

Figure 2. r2 of the linkage disequilibrium tests for EC-
SOD rs2536512, rs8192291 and rs1799895.

were associated with T2DM 
susceptibility compared with 
the CC genotype (Table 3). In 
dominant model, the CT+TT 
genotype of rs8192291 was 
correlated with a moderate 
statistically increased sus-
ceptibility of T2DM compared 
with the CC genotype (OR= 
1.76, 95% CI=1.34-2.30). In 
recessive model, a heavy cor-
relation was found between 
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models, and the G-C-C, G-C-G and G-T-C haplo-
types could affect the risk of T2DM.

Expression of EC-SOD in vascular cells can be 
changed in response to a variety of stimuli in 
many pathological conditions such as hyper- 
tension, atherosclerosis and diabetes [15]. The 
EC-SOD rs8192291 substitution affects the 
heparin-binding domain of the enzyme. It dam-
ages the affinity for heparin and endothelial cell 
surface leading to an increased serum concen-
tration, therefore, the blood vessels’ wall might 
be deficient in EC-SOD activity [16]. The 
rs8192291 polymorphism was reported to be 
related to the development of many diseases, 
such as ischemic heart disease, familiar amy-
loidotic polyeuropathy type 1, diabetic polyneu-
rophathy and atherosclerosis of hemodialysis 
patients [17-20]. Moreover, diabetic patients 
with rs8192291 polymorphism showed an ele-
vated risk for ischemic heart and cerebrovascu-
lar disease [21].

Recently study has reported that serum EC- 
SOD concentration could be considered as a 
sensitive biochemical marker of insulin resis-
tance [22]. Park H et al. reported serum con-
centration of EC-SOD was strongly related to 
HOMA-R concentrations (r=-0.452), and treat-
ment method could improve insulin sensitivity 
through increasing EC-SOD [22]. Adachi T et al. 
found an inversely association of EC-SOD level 
with fasting plasma glucose, BMI and homeo-
stasis model assessment-insulin resistance 
index [23]. The rs8192291 substitution is lo- 
cated in the amino-terminal domain of EC-SOD, 
where it is thought to have a function on the 
tetramerization of the enzyme. The rs8192291 
polymorphism was found to be correlated with 
the susceptibility to insulin resistance and 
hypertension in T2DM patients [11]. The genet-
ic mutation of EC-SOD rs8192291 could ele-
vate 8-15 folds levels of EC-SOD in serum, and 
decrease the affinity towards heparin and 
endothelial cells [21], while the EC-SOD 

Table 5. Interaction between EC-SOD rs8192291 polymorphism and environmental factors in T2DM 
risk

Variables
Patients Controls OR 95% CI

P valueCC  
N=244

TT+CT  
N=296

CC  
N=322

TT+CT  
N=240 TT+CT vs CC

Age
    <60 94 109 133 114 1.35 0.93-1.96 0.11
    ≥60 150 187 189 126 1.87 1.37-2.55 <0.001
Gender
    Female 92 114 142 108 1.63 1.12-2.36 0.01
    Male 152 182 180 132 1.63 1.20-2.23 0.002
Tobacco smoking
    Never 102 115 157 124 1.43 0.98-2.04 0.06
    Ever 142 181 165 116 1.81 1.31-2.51 <0.001
Alcohol drinking
    Never 69 100 142 102 1.40 0.97-1.87 <0.001
    Ever 175 196 180 138 2.02 1.35-3.01 0.07
Physical activity
    Less 76 78 92 69 1.36 0.88-2.13 0.17
    Moderate 109 117 140 112 1.34 0.94-1.92 0.11
    Heavy 59 101 90 59 1.60 0.83-2.41 0.14
Family history of T2DM
    No 219 261 306 228 1.86 0.75-4.61 0.18
    Yes 25 35 16 12 1.60 1.25-2.05 <0.001
BMI, kg/m2

    <24 83 110 199 165 1.60 1.12-2.27 0.009
    ≥24 161 186 123 75 1.90 1.33-2.71 <0.001



EC-SOD polymorphisms and risk of T2DM

11825	 Int J Clin Exp Pathol 2017;10(12):11819-11827

rs2536512 and rs1799895 genetic polymor-
phisms could not alter the capacity of affinity to 
heparin and enzymatic activity.

Currently, several studies have reported the 
relationship between EC-SOD polymorphisms 
and risk of T2DM [10, 11, 19, 24, 25]. Ukkola et 
al. firstly carried out a study with 239 patients 
with T2DM and 245 control subjects in a 
Caucasian population, but they did not find a 
relationship between Cu/Zn SOD and EC-SOD 
polymorphisms and risk of macroangiopathy in 
T2DM patients [25]. Tamai et al. performed a 
study with 205 T2DM patients and 220 non-
diabetic subjects, and they showed that EC-SOD 
rs2536512 was associated with insulin resis-
tance and the susceptibility to T2DM [11]. In a 
recent study, they reported an positive associa-
tion between EC-SOD rs2536512 and risk of 
T2DM in a Chinese population [10]. However, 
our study found that rs8192291 polymorphism 
was strongly associated with an increased risk 
of T2DM. Discrepancies of these results may 
be attributed to different sample size, ethnici-
ties and study designs.

We found the EC-SOD G-C-C, G-C-G and G-T-C 
haplotypes were associated with the risk of 
T2DM. One previous study reported that 
EC-SOD haplotypes might be a genetic markers 
for susceptibility to cerebral infarction, essen-
tial hypertension and acute lung injury [26-28]. 
However, no study reported the relationship 
between EC-SOD haplotypes and T2DM sus-
ceptibility. Therefore, further studies with large 
sample sizes and detailed gene-environmental 
data are greatly required to confirm our 
findings.

Our study revealed that EC-SOD Arg213Gly 
polymorphism had interaction with environ-
mental factors, such as age, smoking, drinking 
and family history of T2DM. Two previous stud-
ies suggested an interaction of EC-SOD poly-
morphism with smoking and drinking in the risk 
of oral cancer [29, 30]. Marklund et al. indicat-
ed that the plasma concentration of EC-SOD 
significantly increased with age and could be 
influenced by lifestyle factors, such as obesity 
and smoking [31]. Our results suggested that 
EC-SOD rs8192291 polymorphism had an 
interaction with age, smoking and drinking, 
which were in line with previous results.

There are two limitations in this study. First, 
since patients and controls were enrolled from 

only one place in China, which may bring in 
selection bias. Second, the sample size of this 
study was relatively small, which could cause 
low statistical power in determining the differ-
ences between groups. 

In summary, this study suggests that EC-SOD 
rs8192291 was positively associated with the 
risk of T2DM under all genetic models in Han 
Chinese individuals, and the EC-SOD G-C-C, 
G-C-G and G-T-C haplotypes contribute to the 
susceptibility of T2DM. Therefore, rs8192291 
polymorphism and haplotypes may become a 
useful biomarker for prediction of the suscepti-
bility of this disease. Further experiments are 
necessary to validate our results.

Acknowledgements

We thank the great help from staffs in 
Zhengzhou Central Hospital, and they help us 
to collect the blood samples for our analysis. 
This study was supported by scientific funding 
from Henan Health and Family Planning 
Commission (PJ2015116).

Disclosure of conflict of interest

None.

Address correspondence to: Qingchu Li, Department 
of Endocrinology, Zhengzhou Central Hospital, 
Zhengzhou University, Zhengzhou 450007, China. 
Tel: +86-371-67690909; Fax: +86-371-67690992; 
E-mail: jennyqchu@163.com

References

[1]	 Meyers JL, Parasuraman S, Bell KF, Graham JP 
and Candrilli SD. The high-cost, type 2 diabe-
tes mellitus patient: an analysis of managed 
care administrative data. Arch Public Health 
2014; 72: 6.

[2]	 Wilf-Miron R, Bolotin A, Gordon N, Porath A and 
Peled R. The association between improved 
quality diabetes indicators, health outcomes 
and costs: towards constructing a “business 
case” for quality of diabetes care--a time series 
study. BMC Endocr Disord 2014; 14: 92.

[3]	 Lozano R, Naghavi M, Foreman K, Lim S, 
Shibuya K, Aboyans V, Abraham J, Adair T, Ag-
garwal R, Ahn SY, Alvarado M, Anderson HR, 
Anderson LM, Andrews KG, Atkinson C, Bad-
dour LM, Barker-Collo S, Bartels DH, Bell ML, 
Benjamin EJ, Bennett D, Bhalla K, Bikbov B, 
Bin Abdulhak A, Birbeck G, Blyth F, Bolliger I, 
Boufous S, Bucello C, Burch M, Burney P, Cara-
petis J, Chen H, Chou D, Chugh SS, Coffeng LE, 

mailto:jennyqchu@163.com


EC-SOD polymorphisms and risk of T2DM

11826	 Int J Clin Exp Pathol 2017;10(12):11819-11827

Colan SD, Colquhoun S, Colson KE, Condon J, 
Connor MD, Cooper LT, Corriere M, Cortinovis 
M, de Vaccaro KC, Couser W, Cowie BC, Criqui 
MH, Cross M, Dabhadkar KC, Dahodwala N, De 
Leo D, Degenhardt L, Delossantos A, Denen-
berg J, Des Jarlais DC, Dharmaratne SD, Dors-
ey ER, Driscoll T, Duber H, Ebel B, Erwin PJ, 
Espindola P, Ezzati M, Feigin V, Flaxman AD, 
Forouzanfar MH, Fowkes FG, Franklin R, Fran-
sen M, Freeman MK, Gabriel SE, Gakidou E, 
Gaspari F, Gillum RF, Gonzalez-Medina D, Hala-
sa YA, Haring D, Harrison JE, Havmoeller R, 
Hay RJ, Hoen B, Hotez PJ, Hoy D, Jacobsen KH, 
James SL, Jasrasaria R, Jayaraman S, Johns N, 
Karthikeyan G, Kassebaum N, Keren A, Khoo 
JP, Knowlton LM, Kobusingye O, Koranteng A, 
Krishnamurthi R, Lipnick M, Lipshultz SE, 
Ohno SL, Mabweijano J, MacIntyre MF, 
Mallinger L, March L, Marks GB, Marks R, Mat-
sumori A, Matzopoulos R, Mayosi BM, McAnul-
ty JH, McDermott MM, McGrath J, Mensah GA, 
Merriman TR, Michaud C, Miller M, Miller TR, 
Mock C, Mocumbi AO, Mokdad AA, Moran A, 
Mulholland K, Nair MN, Naldi L, Narayan KM, 
Nasseri K, Norman P, O’Donnell M, Omer SB, 
Ortblad K, Osborne R, Ozgediz D, Pahari B, 
Pandian JD, Rivero AP, Padilla RP, Perez-Ruiz F, 
Perico N, Phillips D, Pierce K, Pope CA 3rd, Por-
rini E, Pourmalek F, Raju M, Ranganathan D, 
Rehm JT, Rein DB, Remuzzi G, Rivara FP, Rob-
erts T, De Leon FR, Rosenfeld LC, Rushton L, 
Sacco RL, Salomon JA, Sampson U, Sanman E, 
Schwebel DC, Segui-Gomez M, Shepard DS, 
Singh D, Singleton J, Sliwa K, Smith E, Steer A, 
Taylor JA, Thomas B, Tleyjeh IM, Towbin JA, Tru-
elsen T, Undurraga EA, Venketasubramanian 
N, Vijayakumar L, Vos T, Wagner GR, Wang M, 
Wang W, Watt K, Weinstock MA, Weintraub R, 
Wilkinson JD, Woolf AD, Wulf S, Yeh PH, Yip P, 
Zabetian A, Zheng ZJ, Lopez AD, Murray CJ, 
AlMazroa MA and Memish ZA. Global and re-
gional mortality from 235 causes of death for 
20 age groups in 1990 and 2010: a systematic 
analysis for the Global burden of disease study 
2010. Lancet 2012; 380: 2095-2128.

[4]	 Xu Y, Wang L, He J, Bi Y, Li M, Wang T, Jiang Y, 
Dai M, Lu J, Xu M, Li Y, Hu N, Li J, Mi S, Chen 
CS, Li G, Mu Y, Zhao J, Kong L, Chen J, Lai S, 
Wang W, Zhao W and Ning G. Prevalence and 
control of diabetes in Chinese adults. JAMA 
2013; 310: 948-959.

[5]	 Pearson ER. Dissecting the etiology of type 2 
diabetes in the Pima Indian population. Diabe-
tes 2015; 64: 3993-3995.

[6]	 Wen L and Duffy A. Factors Influencing the gut 
microbiota, inflammation, and type 2 diabetes. 
J Nutr 2017; 147: 1468S-1475S.

[7]	 McCord JM and Fridovich I. Superoxide dis-
mutase. An enzymic function for erythrocupre-

in (hemocuprein). J Biol Chem 1969; 244: 
6049-6055.

[8]	 Sentman ML, Jonsson LM and Marklund SL. 
Enhanced alloxan-induced beta-cell damage 
and delayed recovery from hyperglycemia in 
mice lacking extracellular-superoxide dis-
mutase. Free Radic Biol Med 1999; 27: 790-
796.

[9]	 Kim CH. Expression of extracellular superoxide 
dismutase protein in diabetes. Arch Plast Surg 
2013; 40: 517-521.

[10]	 Yang YM, Xie XR and Jin AL. Genetic polymor-
phisms in extracellular superoxide dismutase 
Leu53Leu, Arg213Gly, and Ala40Thr and sus-
ceptibility to type 2 diabetes mellitus. Genet 
Mol Res 2016; 15. 

[11]	 Tamai M, Furuta H, Kawashima H, Doi A, Ha-
manishi T, Shimomura H, Sakagashira S, Nishi 
M, Sasaki H, Sanke T and Nanjo K. Extracellu-
lar superoxide dismutase gene polymorphism 
is associated with insulin resistance and the 
susceptibility to type 2 diabetes. Diabetes Res 
Clin Pract 2006; 71: 140-145.

[12]	 Balbaa M, Abdulmalek SA and Khalil S. Oxida-
tive stress and expression of insulin signaling 
proteins in the brain of diabetic rats: role of ni-
gella sativa oil and antidiabetic drugs. PLoS 
One 2017; 12: e0172429.

[13]	 Rehman K and Akash MSH. Mechanism of 
generation of oxidative stress and pathophysi-
ology of type 2 diabetes mellitus: how are they 
interlinked? J Cell Biochem 2017; [Epub ahead 
of print].

[14]	 American Diabetes Association. Diagnosis and 
classification of diabetes mellitus. Diabetes 
Care 2013; 36 Suppl 1: S67-74.

[15]	 Faraci FM and Didion SP. Vascular protection: 
superoxide dismutase isoforms in the vessel 
wall. Arterioscler Thromb Vasc Biol 2004; 24: 
1367-1373.

[16]	 Adachi T, Yamada H, Yamada Y, Morihara N, 
Yamazaki N, Murakami T, Futenma A, Kato K 
and Hirano K. Substitution of glycine for argi-
nine-213 in extracellular-superoxide dismu- 
tase impairs affinity for heparin and endotheli-
al cell surface. Biochem J 1996; 313: 235-
239.

[17]	 Juul K, Tybjaerg-Hansen A, Marklund S, 
Heegaard NH, Steffensen R, Sillesen H, Jensen 
G and Nordestgaard BG. Genetically reduced 
antioxidative protection and increased isch-
emic heart disease risk: the Copenhagen city 
heart study. Circulation 2004; 109: 59-65.

[18]	 Sakashita N, Ando Y, Marklund SL, Nilsson P, 
Tashima K, Yamashita T and Takahashi K. Fa-
milial amyloidotic polyneuropathy type I with 
extracellular superoxide dismutase mutation: 
a case report. Hum Pathol 1998; 29: 1169-
1172.



EC-SOD polymorphisms and risk of T2DM

11827	 Int J Clin Exp Pathol 2017;10(12):11819-11827

[19]	 Strokov IA, Bursa TR, Drepa OI, Zotova EV, 
Nosikov VV and Ametov AS. Predisposing ge-
netic factors for diabetic polyneuropathy in pa-
tients with type 1 diabetes: a population-based 
case-control study. Acta Diabetol 2003; 40 
Suppl 2: S375-379.

[20]	 Nakamura M, Ando Y, Sasada K, Haraoka K, 
Ueda M, Okabe H and Motomiya Y. Role of ex-
tracellular superoxide dismutase in patients 
under maintenance hemodialysis. Nephron 
Clin Pract 2005; 101: c109-115.

[21]	 Yamada H, Yamada Y, Adachi T, Fukatsu A, Sa-
kuma M, Futenma A and Kakumu S. Protective 
role of extracellular superoxide dismutase in 
hemodialysis patients. Nephron 2000; 84: 
218-223.

[22]	 Park H, Hasegawa G, Obayashi H, Fujinami A, 
Ohta M, Hara H, Adachi T, Tamaki S, Nakajima 
Y, Kimura F, Ogata M, Fukui M, Yoshikawa T 
and Nakamura N. Relationship between insu-
lin resistance and inflammatory markers and 
anti-inflammatory effect of losartan in patients 
with type 2 diabetes and hypertension. Clin 
Chim Acta 2006; 374: 129-134.

[23]	 Adachi T, Inoue M, Hara H, Maehata E and Su-
zuki S. Relationship of plasma extracellular-
superoxide dismutase level with insulin resis-
tance in type 2 diabetic patients. J Endocrinol 
2004; 181: 413-417.

[24]	 Samoila OC, Carter AM, Futers ST, Otiman G, 
Anghel A, Tamas L and Seclaman E. Polymor-
phic variants of extracellular superoxide dis-
mutase gene in a Romanian population with 
atheroma. Biochem Genet 2008; 46: 634-
643.

[25]	 Ukkola O, Erkkilä PH, Savolainen MJ and Kes-
äniemi YA. Lack of association between poly-
morphisms of catalase, copper-zinc superox-
ide dismutase (SOD), extracellular SOD and 
endothelial nitric oxide synthase genes and 
macroangiopathy in patients with type 2 diabe-
tes mellitus. J Intern Med 2001; 249: 451-
459.

[26]	 Naganuma T, Nakayama T, Sato N, Fu Z, Soma 
M, Aoi N, Hinohara S, Doba N and Usami R. 
Association of extracellular superoxide dis-
mutase gene with cerebral infarction in wom-
en: a haplotype-based case-control study. He-
reditas 2008; 145: 283-292.

[27]	 Naganuma T, Nakayama T, Sato N, Fu Z, Soma 
M, Aoi N and Usami R. A haplotype-based case-
control study examining human extracellular 
superoxide dismutase gene and essential hy-
pertension. Hypertens Res 2008; 31: 1533-
1540.

[28]	 Arcaroli JJ, Hokanson JE, Abraham E, Geraci M, 
Murphy JR, Bowler RP, Dinarello CA, Silveira L, 
Sankoff J, Heyland D, Wischmeyer P and Crapo 
JD. Extracellular superoxide dismutase haplo-
types are associated with acute lung injury and 
mortality. Am J Respir Crit Care Med 2009; 
179: 105-112.

[29]	 Zhang C, Guo L and Guo X. [Correlation of the 
polymorphism of EC-SOD and GSTM1 and 
smoking with oral cancer risk]. Wei Sheng Yan 
Jiu 2012; 41: 555-561.

[30]	 Dong TT, Wang LJ, Liu LZ and Ma SN. Suscepti-
bility to oral squamous cell carcinoma: correla-
tion with variants of CYP1A1-MspI, GSTT1, 
GSTM1, ALDH2, EC-SOD and lifestyle factors. 
Balkan J Med Genet 2016; 19: 61-70.

[31]	 Marklund SL, Nilsson P, Israelsson K, Schampi 
I, Peltonen M and Asplund K. Two variants of 
extracellular-superoxide dismutase: relation-
ship to cardiovascular risk factors in an un-
selected middle-aged population. J Intern Med 
1997; 242: 5-14.


