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Abstract: Aims: The purpose of this study was to investigate the association between superoxide dismutase 1 
(SOD1) rs2070424, rs4998557 polymorphisms and the susceptibility of Alzheimer’s Disease (AD) in Chinese Han 
population. Methods: Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used 
to determine genotypes of SOD1 polymorphisms in 98 patients with AD and 105 healthy persons. The differences 
of gentoype, allele and haplotype frequencies between cases and controls were detected by the chi-square test, 
and the relative risk of AD was expressed by odds ratio (OR) and 95% confidence interval (CI). Hardy-Weinberg 
equilibrium (HWE) in the control group was also checked by χ2 test. The linkage disequilibrium (LD) and haplotype 
analyses were carried out with haploview software. Results: For rs2070424, AA genotype had a significantly higher 
frequency in AD patients than that of the healthy controls (P=0.021), and the results showed that people carrying 
AA genotype were easier to be attacked by AD than GG genotype carriers (OR=2.618, 95% CI=1.212-5.657). The 
frequency of A allele of rs2070424 in the case group was also significantly higher than the controls and it can in-
crease the onset risk of AD (OR=1.677, 95% CI=1.133-2.484, P=0.010). However, no significant differences were 
found in rs4998557 polymorphism between two groups. Ars2070424-Ars4998557 and Ars2070424-Grs4998557 haplotypes signifi-
cantly associated with the increased risk for AD (P=0.009, OR=2.670, 95% CI=1.258-5.664; P=0.042, OR=1.530, 
95% CI=1.014-2.309). Conclusion: Rs2070424 polymorphism in SOD1 might be associated with AD susceptibility 
in Chinese Han population, but rs4998557 was not. Additionally, haplotypes can also affect the occurrence of AD.
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Introduction

Alzheimer’s disease (AD), also known as senile 
dementia, is a kind of degenerative disease of 
the central nervous system characterized by 
progressive cognitive impairment and memory 
impairment. Clinical manifestations is that cog-
nitive and memory functions are deteriorating, 
the ability of daily living is reduced, and there 
are a variety of mental symptoms and behavior 
disorders [1]. A clinical evaluation for a commu-
nity population has showed that, the preva-
lence rate of AD is estimated to be 10.3% of 
those over the age of 65 years old and it inc- 
reases remarkably with the age [2]. The subse-
quent global research has also indicated that 
the number of people affected by dementia will 
double every 20 years and most people with 
dementia live in developing counties [3]. China 
is the largest developing country in the world, 
with its aging population, the prevalence of AD 

is increasing significantly, which may be affect-
ed by sex, education, occupation or age [4]. The 
prevalence of AD in China has been reported to 
be comparable with that in Western countries 
[5]. However, there is not effective treatment 
although several licensed treatments may alle-
viate symptoms of AD [6]. More seriously, in 
developed countries, AD has also become the 
fourth leading cause of death after heart dis-
ease, cancer and stroke. With the increasing of 
per capita life expectancy, the threat of AD to 
the health of human life is becoming more and 
more prominent. Therefore, there is an urgent 
need to improve our understanding of patho-
genesis of AD, and search for methods for 
effective treatment or diagnosis.

Cu/Zn superoxide dismutase, also known as 
superoxide dismutase 1 (SOD1), is one of three 
human superoxide dismutases which has been 
reported to be implicated in apoptosis and amy-
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otrophic lateral sclerosis (ALS) [7, 8]. Its encod-
ing gene, SOD1 gene, is located on chromo-
some 21q22. The full length of the SOD1 gene 
is 12 Kb, containing 5 exons, encoding 153 
amino acids, and forming 33 ku metal enzyme 
proteins, with the function of scavenging free 
radicals and antioxidant. What is more, SOD1 is 
a 32 kDa homodimer which forms a β-barrel 
and contains an intramolecular disulfide bond 
and a binuclear Cu/Zn site in each subunit. This 
Cu/Zn site holds the copper and a zinc ion and 
is responsible for catalyzing the disproportion-
ation of superoxide to hydrogen peroxide and 
dioxygen [9, 10]. Moreover, the SOD1 enzyme is 
an important constituent in apoptotic signaling 
and oxidative stress, most notably as part of 
the mitochondrial death pathway and cardiac 
myocyte apoptosis signaling [11].

Oxidative stress affects aging, as well as 
numerous age-related diseases, including AD. 
Casado A et al. have found impaired antioxidant 
defense system (ADS) enzymes expression or 
activity in AD patients, which confirms that oxi-
dative stress plays an important role in the 
brain damage for AD [12]. SOD1, as an ADS-
related enzyme, probably plays a vital role in AD 
development. However, only few studies have 
been performed to evaluate the importance of 
ADS gene polymorphisms for AD risk.

Therefore, in this study, we investigated the 
association of SOD1 gene polymorphisms 
rs2070424, rs4998557 with genetic suscepti-
bility to AD in a Chinese Han population. And 
through this study, we hoped to provide some 
theoretical foundations for the mechanism of 
AD

Materials and methods

The case and the control groups

This study was aimed at testing the correlation 
between SOD1 polymorphisms and AD with the 

municative Disorders and Stroke-Alzheimer’s 
disease and Related Disorders Association 
(NINCDS-ADRDA) [13]. Exclusion criteria: ① Va- 
scular dementia, systemic diseases and deme- 
ntia caused by material poisoning; ② Pseudo 
dementia caused by depression; ③ Other neu-
rological diseases and cerebrovascular diseas-
es; ④ The acute phase of patients in the heart, 
lung, liver, kidney and other major physical dis-
ease and patients with malignant tumor.

The healthy control group covered healthy peo-
ple who had a medical examination also in the 
same hospital during the same period. There 
were a total of 105 people, including 59 men 
and 46 women, aged from 40 to 89 years old, 
with the average age of 69.58±5.12. The 
research objects were all Chinese Han popula-
tion and they had no blood relationship with 
each other.

Both the patients with AD and healthy controls 
knew about this research process and signed 
the informed consent. And the basic informa-
tion of the objectives was detailedly recorded 
by specially trained epidemiological investiga-
tors. This research was examined and approved 
by the Ethics Committee of Harrison Interna- 
tional Peace Hospital. The process of sample 
collection complied with the national ethics cri-
teria of human genome research.

DNA extraction

3 ml fasting peripheral blood were extracted 
from the patients and the healthy controls into 
anticoagulative tube with ethylene diamine 
tetra acetie acid (EDTA). The peripheral blood 
leucocyte genome DNA of all samples was 
extracted using Beijing TIANGEN biochemical 
blood genome DNA extraction kit, according  
to the manufacturer’s instructions, and then 
stored in -20°C refrigerator for standby applic- 
ation.

Table 1. Primer sequences of SOD1 gene in 
rs2070424, rs4998557

SNP Primer sequence Product 
length

rs2070424 For. 5’-TTCTTCCCAGAGCATTAG-3’ 45 bp
Rev. 5’-CTTCAAACAAGGCTTCAC-3’

rs4998557 For. 5’-TGTATGTAGCCACGGAGCA-3’ 238 bp
Rev. 5’-ACAGGCGTAAGCCACCAC-3’

method of case-control study. All 98 AD 
patients of case group were recruited from 
department of Neurology, Harrison Inter- 
national Peace Hospital from July, 2013 to 
December, 2014, including 55 males and 
43 females. Their age ranged from 45 to 
88 years old, with the average age of 
71.23±4.15. These cases are in line with 
“probable AD” diagnostic criteria in Nati- 
onal Institute of Neurological and Com- 
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The determination of genotypes in SOD1 poly-
morphisms

Polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) was applied 
for the genotyping of SOD1 rs2070424, rs49- 
98557 polymorphisms. Primer sequences for 
SOD1 rs2070424, rs4998557 polymorphisms 
were designed by Primer Premier 5.0 software, 
complying with general primer design princi-
ples, and synthesized by Sangon Biotech (Sh- 
anghai, China). The detailed sequences were 
listed in Table 1.

PCR amplification was performed in a volume 
of 25 μl reaction system, including 1.0 µl DNA 
template, each 2.0 µl of forward and reverse 
primers, 1.5 µl MgC12, 1.0 µl dNTPs, 2.0 µl 
10×Buffer, 2.0 µl Taq DNA polymerase, and 
13.5 µl sterilization ddH2O. PCR amplification 
conditions were as the following: 95°C pre-
denaturation for 15 min; followed by 38 cycles 
of 94°C degeneration for 30 s, 56°C annealing 
for 60 s, 72°C extension for 60 s, and finally 
72°C extension for 10 min. In the end, the prod-
ucts were preserved at 4°C. And the PCR prod-
ucts were checked in 1% agarose gel electro-
phoresis (AGE).

Enzyme digestion reaction system was a vol-
ume of 20 μl solution, including 10.0 µl PCR 
products, 2.0 µl restriction enzyme (HhaI for 
rs2070424 and AluI for rs4998557), 2.0 μl 
10×buffer solution, 6.0 μl double distilled 
water. The mixture was put in water bath of 
37°C for overnight for digestion. The enzyme-
digested products were separated by 3% AGE 

and the results were observed in imaging 
system.

Statistical analysis

PASW Statistics 18.0 software was used for 
data analysis. Linkage disequilibrium (LD) and 
its correlation coefficient (D’ value) between 
rs2070424 and rs4998557 SNPs were showed 
in Haploview software. And the frequencies of 
allele, genotype and haplotype in SOD1 poly-
morphisms were calculated by direct counting 
method. All data were represented by 

_
x±s or %. 

The χ2 test was used to check whether the gen-
otype distributions matched Hardy-Weinberg 
equilibrium (HWE) in the control group. The dis-
tribution differences of the genotype, allele and 
haplotype between the two groups were tested 
by chi-square test, too. The effect of SOD1 poly-
morphisms on AD was evaluated with odd ratio 
(OR) and 95% confidence interval (CI). And 
P<0.05 indicated that the difference had sta-
tistical significance.

Results

General conditions of research objects

98 patients with AD and 105 healthy controls 
were recruited into this study. In the case gro- 
up, the sex ratio in males and females was 
1.28:1.00 with the average age of 71.23±4.15. 
The controls included 56 males and 44 females 
with the ratio of 1.28: 1.00 and the average 
age was 69.58±5.12. There was no significant 
difference between the two group by gender 
and age (P>0.05). Furthermore, the genotypes 

Table 2. Frequency comparisons of genotypes and alleles in SOD1 gene polymorphisms
Genotype/allele Case n=98 (%) Control n=105 (%) χ2 P OR (95% CI) PHWE

rs2070424 0.81
    GG 22 (22.45) 32 (30.47) - - 1.00
    AG 40 (40.82) 53 (50.48) 0.072 0.788 1.098 (0.556-2.168)
    AA 36 (36.73) 20 (19.05) 6.114 0.013 2.618 (1.212-5.657)
    G 84 (42.86) 117 (55.71) - - 1.00
    A 112 (57.14) 93 (44.29) 6.704 0.010 1.677 (1.133-2.484)
rs4998557 0.14
    AA 29 (29.59) 36 (34.29) - - 1.00
    GA 49 (50.00) 57 (54.29) 0.042 0.837 1.067 (0.574-1.985)
    GG 20 (20.41) 12 (11.42) 2.744 0.098 2.069 (0.870-4.923)
    A 107 (54.59) 129 (61.43) - - 1.00
    G 89 (45.41) 81 (38.57) 1.947 0.163 1.325 (0.892-1.967)
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distribution of SOD1 polymorphisms conformed 
to HWE in the control group (P>0.05), which 
indicated our study groups had a good match-
ing degree and representativeness (Table 2).

The genotype distributions of SOD1 polymor-
phisms in case and control groups

The results of genotype and allele distributi- 
ons in SOD1 rs2070424, rs4998557 SNPs bet- 
ween the case and control groups were dis-
played in Table 2. The frequencies of GG AG 
and AA genotype in rs2075876 were 22.45%, 
40.82%, 36.73% in case group and 30.47%, 
50.48%, 19.05% in healthy control group res- 
pectively. The G, A allele frequencies were res- 
pectively 42.86%, 57.14% and 55.71%, 44.29% 
in the case and control groups respectively. The 
frequencies of AA genotype and A allele inc- 
reased in case group compared with control 
group, and the differences had statistically sig-
nificance (P=0.013, P=0.010). It suggested 
that SOD1 rs2070424 was associated with AD 
susceptibility and the mutation of A to G might 
be protective against the AD onset risk (AA vs. 
GG, OR=2.618, 95% CI=1.212-5.657; A vs. G, 
OR=1.677, 95% CI=1.133-2.484).

Referring to rs4998557, the AA, GA, GG geno-
type frequencies were respectively 29.59%, 
50.00%, 20.41% in cases and 34.29%, 
54.29%, 11.42% in controls. And A, G allele fre-
quencies were 54.59%, 45.41% and 61.43%, 
38.57% in case and control groups, respective-
ly. Although GG genotype and G allele frequen-
cies increased in cases compared with con-
trols, the differences were not statistically 
significant (P>0.05). These results all demon-
strated that rs4998557 was not associated 
with the susceptibility to AD.

Haplotype analysis between SOD1 rs2070424, 
rs4998557 polymorphisms

The LD and haplotype analysis of SOD1 
rs2070424 and rs4998557 were performed by 
haploview software (D’=1.0, r2=0.981), and 

three haplotypes were identified in our popula-
tion formed by rs2070424 and rs4998557, 
namely G-A, A-G, A-A (Table 3). The frequency  
of G-A, A-G, A-A haplotypes were 42.860%, 
45.41%, 11.73% in the case group and 55.71%, 
38.57%, 5.72% in the control group. The fre-
quency of A-A haplotype in the case group was 
markedly higher than that of the control group 
(P=0.029), which indicated that it could incre- 
ase the risk of AD occurrence (OR=2.670, 95% 
CI=1.258-5.664). Meanwhile, the A-G haplo-
type also significantly associated with the 
increased AD risk (P=0.042, OR=1.530, 95% 
CI=1.014-2.309).

Discussion

Alois Alzheimer, an German neuropathologists 
who is considered to be a founding father of 
neuropathology, has firstly presented the clini-
cal and neuropathological characteristics of AD 
in 1906, which is subsequently named after 
him by Emil Kraepelin [14, 15]. AD is the most 
common disease of brain degeneration, and 
has become the third main reasons for the 
death of the elderly [16]. The general pathologi-
cal changes include extensive atrophy of the 
cortex, cerebral groove broadening, and enlar- 
gement of the ventricles (memory, language, 
hippocampus area), microglia and astrocyte 
reaction, vascular amyloid degeneration and a 
large number of neuron cell synapse loss [17-
19], in which the formation of Amyloid beta (Aβ) 
deposition into the brain is considered as a cru-
cial step in AD development [20]. Many theo-
ries about the pathogenesis of AD have been 
put forward, such as abnormal protein theory, 
gene mutation theory, synaptic inactivation 
theory, mitochondrial dysfunction theory and 
inflammatory reaction theory and others. But 
so far, the exact etiology and pathogenesis are 
not clearly. It is considered as a result of the 
combined effects of genetic and environmental 
factors. Up to now, several potential risk genes 
for AD have been identified, which indicates the 
important role of genetic factors for the patho-

Table 3. Analyses of LD and haplotypes in SOD1 rs2070424, rs4998557 polymorphisms
Haplotype SNP1-SNP2 Case group 2n=196 (%) Control group 2n=210 (%) χ2 P OR (95% CI)
GA 84 (42.86) 117 (55.71) - - 1.00
AG 89 (45.41) 81 (38.57) 4.128 0.042 1.530 (1.014-2.309)
AA 23 (11.73) 12 (5.72) 6.884 0.009 2.670 (1.258-5.664)
Note: SNP1: rs2070424; SNP2: rs4998557.



SOD1 polymorphisms and Alzheimer’s disease

3521 Int J Clin Exp Pathol 2017;10(3):3517-3522

genesis of the disease. Among these, ApoE 
gene is the most consistently associated risk 
gene [21-23]. It is important significant to study 
the genetic susceptibility genes of AD for the 
prevention of targeted populations, and delay 
or prevent the occurrence of AD.

The most important endogenous ADS enzymes 
includes superoxide dismutases (SODs), cata-
lase and glutathione peroxidase 1 (GPx-1). 
Several studies have found impaired ADS 
enzymes expression or activity in AD patients 
[12]. The post-mortem and in-vivo examina-
tions have also showed an accumulation of 
products of free radical damage in the central 
nervous system and in the peripheral tissues of 
individuals with AD, which might be the reason 
for oxidative and nitrosative stress [24]. What is 
more, Aβ depositions, the pathologic hallmarks 
of AD, are thought to be related to oxidative 
stress [25].

Oxidative damage has been confirmed to be an 
important factor in the pathogenesis of AD, and 
SOD1 plays crucial roles in repairing oxidative 
damage. Human SOD1 gene is located on chro-
mosome 21, and is one of the three human 
superoxide dismutases. Spisak K et al. have 
explored the association of several SNPs of 
SOD1 gene, which suggests the risk role of 
rs2070424 polymorphism of the SOD1 gene for 
AD in Polish population [26]. But in china, few 
studies have been reported.

In present study, we aimed at two polymor-
phisms rs2070424 and rs4998557 in SOD1 
gene. The results showed that the genotype 
and allele distributions of SOD1 rs2070424 
polymorphism were significantly different bet- 
ween case and control groups. The data indi-
cated that AA genotype and A allele frequen-
cies of rs2070424 were higher in AD patients 
than that in the controls, which indicated A 
allele might be a risk factor for the occurrence 
of AD. In view of rs4998557, it is the first time 
to explore its effect on AD, but we didn’t find 
any significant difference between the case 
and control groups based on either genotypes 
or alleles frequencies. Yet, we also explored the 
association between haplotypes formed by 
SOD1 rs2070424 and rs4998557 polymor-
phisms and AD susceptibility. The results dem-
onstrated that Ars2070424-Ars4998557 and Ars2070424-
Grs4998557 haplotypes obviously increased the 
risk suffering from AD in old adults. So the out-

come of this article proved that SOD1 gene 
polymorphisms had a connection with the 
occurrence of AD. But so far there are not pub-
lished studies evaluating an association of the 
rs2070424 SNP of the SOD1 gene with risk of 
AD in China. Also genome-wide association 
studies (GWAS) for AD do not show that rs20- 
70424 SNP or any other region on the 21 chro-
mosome is associated with the disease, and in 
one study, SOD1 enzyme activity shows no sig-
nificant difference in individuals with different 
genotypes of the rs2070424 SNP [27]. Case-
control study is common method for searching 
genetic factors of diseases. But the results 
generally can not be replicated in independent 
populations. Therefore, it is essential to con-
firm our results replication in different popula- 
tions.

In conclusion, this study supported the correla-
tion between SOD1 polymorphisms and AD in 
Chinese Han population. But the results need 
to be confirmed by further studies, in order to 
achieve the aims of precaution, early diagnosis, 
and timely treatment because there are many 
limitations in our study, such as small sample 
size, ignoring the environmental factors.

Disclosure of conflict of interest

None.

Address correspondence to: Yan Wei, Department 
of Neurology, Harrison International Peace Hospital, 
Hengshui 053000, China. E-mail: oi3tbvdfkh@sina.
com

References

[1] Querfurth HW and LaFerla FM. Alzheimer’s dis-
ease. N Engl J Med 2010; 362: 329-344.

[2] Evans DA, Funkenstein HH, Albert MS, Scherr 
PA, Cook NR, Chown MJ, Hebert LE, Hennek-
ens CH and Taylor JO. Prevalence of Alzheim-
er’s disease in a community population of old-
er persons. Higher than previously reported. 
JAMA 1989; 262: 2551-2556.

[3] Ferri CP, Prince M, Brayne C, Brodaty H, Frati-
glioni L, Ganguli M, Hall K, Hasegawa K, Hend-
rie H, Huang Y, Jorm A, Mathers C, Menezes 
PR, Rimmer E and Scazufca M. Global preva-
lence of dementia: a Delphi consensus study. 
Lancet 2005; 366: 2112-2117.

[4] Dong MJ, Peng B, Lin XT, Zhao J, Zhou YR and 
Wang RH. The prevalence of dementia in the 
People’s Republic of China: a systematic anal-

mailto:oi3tbvdfkh@sina.com
mailto:oi3tbvdfkh@sina.com


SOD1 polymorphisms and Alzheimer’s disease

3522 Int J Clin Exp Pathol 2017;10(3):3517-3522

ysis of 1980-2004 studies. Age Ageing 2007; 
36: 619-624.

[5] Zhang ZX, Zahner GE, Roman GC, Liu J, Hong 
Z, Qu QM, Liu XH, Zhang XJ, Zhou B, Wu CB, 
Tang MN, Hong X and Li H. Dementia subtypes 
in China: prevalence in Beijing, Xian, Shanghai, 
and Chengdu. Arch Neurol 2005; 62: 447-453.

[6] Ballard C, Gauthier S, Corbett A, Brayne C, Aar- 
sland D and Jones E. Alzheimer’s disease. Lan-
cet 2011; 377: 1019-1031.

[7] Milani P, Gagliardi S, Cova E and Cereda C. 
SOD1 Transcriptional and Posttranscriptional 
Regulation and Its Potential Implications in 
ALS. Neurol Res Int 2011; 2011: 458427.

[8] Rosen DR, Siddique T, Patterson D, Figlewicz 
DA, Sapp P, Hentati A, Donaldson D, Goto J, 
O’Regan JP, Deng HX, et al. Mutations in Cu/Zn 
superoxide dismutase gene are associated 
with familial amyotrophic lateral sclerosis. Na-
ture 1993; 362: 59-62.

[9] Estacio SG, Leal SS, Cristovao JS, Faisca PF 
and Gomes CM. Calcium binding to gatekeep-
er residues flanking aggregation-prone seg-
ments underlies non-fibrillar amyloid traits in 
superoxide dismutase 1 (SOD1). Biochim Bio-
phys Acta 2015; 1854: 118-126.

[10] Sea K, Sohn SH, Durazo A, Sheng Y, Shaw BF, 
Cao X, Taylor AB, Whitson LJ, Holloway SP, Hart 
PJ, Cabelli DE, Gralla EB and Valentine JS. In-
sights into the role of the unusual disulfide 
bond in copper-zinc superoxide dismutase. J 
Biol Chem 2015; 290: 2405-2418.

[11] Danial NN and Korsmeyer SJ. Cell death: criti-
cal control points. Cell 2004; 116: 205-219.

[12] Casado A, Encarnacion Lopez-Fernandez M, 
Concepcion Casado M and de La Torre R. Lipid 
peroxidation and antioxidant enzyme activities 
in vascular and Alzheimer dementias. Neuro-
chem Res 2008; 33: 450-458.

[13] McKhann G, Drachman D, Folstein M, Katzman 
R, Price D and Stadlan EM. Clinical diagnosis 
of Alzheimer’s disease: report of the NINCDS-
ADRDA Work Group under the auspices of  
Department of Health and Human Services 
Task Force on Alzheimer’s Disease. Neurology 
1984; 34: 939-944.

[14] Kircher T and Wormstall H. Origin of Alois Al-
zheimer’s interest in neurohistology. Am J Psy-
chiatry 1996; 153: 1369-1370.

[15] Zilka N and Novak M. The tangled story of Alois 
Alzheimer. Bratisl Lek Listy 2006; 107: 343-
345.

[16] Brookmeyer R, Johnson E, Ziegler-Graham K 
and Arrighi HM. Forecasting the global burden 
of Alzheimer’s disease. Alzheimers Dement 
2007; 3: 186-191.

[17] Wenk GL. Neuropathologic changes in Al-
zheimer’s disease. J Clin Psychiatry 2003; 64 
Suppl 9: 7-10.

[18] Riley KP, Snowdon DA and Markesbery WR. Al-
zheimer’s neurofibrillary pathology and the 
spectrum of cognitive function: findings from 
the Nun Study. Ann Neurol 2002; 51: 567-577.

[19] Hardy J. A hundred years of Alzheimer’s dis-
ease research. Neuron 2006; 52: 3-13.

[20] Akiyama H, Barger S, Barnum S, Bradt B, Bau-
er J, Cole GM, Cooper NR, Eikelenboom P, Em-
merling M, Fiebich BL, Finch CE, Frautschy S, 
Griffin WS, Hampel H, Hull M, Landreth G, Lue 
L, Mrak R, Mackenzie IR, McGeer PL, O’Banion 
MK, Pachter J, Pasinetti G, Plata-Salaman C, 
Rogers J, Rydel R, Shen Y, Streit W, Strohmeyer 
R, Tooyoma I, Van Muiswinkel FL, Veerhuis R, 
Walker D, Webster S, Wegrzyniak B, Wenk G 
and Wyss-Coray T. Inflammation and Alzheim-
er’s disease. Neurobiol Aging 2000; 21: 383-
421.

[21] Achouri-Rassas A, Ben Ali N, Fray S, Kechaou 
M, Oudiaa Zakraoui N, Hadj-Fredj S, Cherif A, 
Anane N, Echebi S, Messaoud T and Belal S. 
Association study of apolipoprotein E promoter 
polymorphism (-427 T/C) and Alzheimer’s dis-
ease in a Tunisian population. Rev Neurol (Par-
is) 2016; 172: 127-31.

[22] Agarwal R and Tripathi CB. Association of apo-
lipoprotein E genetic variation in Alzheimer’s 
disease in Indian population: a meta-analysis. 
Am J Alzheimers Dis Other Demen 2014; 29: 
575-582.

[23] Gharesouran J, Rezazadeh M, Khorrami A, 
Ghojazadeh M and Talebi M. Genetic evidence 
for the involvement of variants at APOE, BIN1, 
CR1, and PICALM loci in risk of late-onset Al-
zheimer’s disease and evaluation for interac-
tions with APOE genotypes. J Mol Neurosci 
2014; 54: 780-786.

[24] Mangialasche F, Polidori MC, Monastero R, Er-
colani S, Camarda C, Cecchetti R and Mecocci 
P. Biomarkers of oxidative and nitrosative dam-
age in Alzheimer’s disease and mild cognitive 
impairment. Ageing Res Rev 2009; 8: 285-
305.

[25] Gabuzda D, Busciglio J, Chen LB, Matsudaira P 
and Yankner BA. Inhibition of energy metabo-
lism alters the processing of amyloid precursor 
protein and induces a potentially amyloidogen-
ic derivative. J Biol Chem 1994; 269: 13623-
13628.

[26] Spisak K, Klimkowicz-Mrowiec A, Pera J, 
Dziedzic T, Aleksandra G and Slowik A. 
rs2070424 of the SOD1 gene is associated 
with risk of Alzheimer’s disease. Neurol Neuro-
chir Pol 2014; 48: 342-345.

[27] Liu YM, Li XD, Guo X, Liu B, Lin AH and Rao SQ. 
Association between polymorphisms in SOD1 
and noise-induced hearing loss in Chinese 
workers. Acta Otolaryngol 2010; 130: 477-
486.


