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Abstract:

Aim: Oxidative stress is one of the main factors has been implicated in pathophysiology
of cataracts. Superoxide dismutase (SOD) can prepare the first line of defense versus
detrimental reactive oxygen species (ROS) and Sirtuin (SIRT) confers protection
against oxidative stress and retinal degeneration. Correlation of SOD1-50bp ins/del
and SIRT1-rs7895833 polymorphisms with risk of cataracts is not studied currently.
Therefore, we aimed to explore possible relationship between SOD1 (50bp ins/
del) and SIRT1 (rs7895833) polymorphisms with the risk of cataracts in Iranian
population.

Methods: Our study design consisted of 200 patients with age-related cataracts and
200 healthy individuals as a control group. After DNA extraction, the identification
of polymorphisms was conducted using PCR-based methods and data analysis was
done by SPSS software.

Results: A significant difference in SODI DD genotype distribution was observed
between studied groups (OR: 3.42, P:0.037), the D allele was more frequent in patients
in comparison with controls (OR: 1.68, P:0.009). Also, in the dominant genetic model
for the D allele (comparison between ID+DD vs. II), ID+DD genotypes increased
the risk of cataracts (OR: 1.62, P: 034). The association between SIRTI-rs7895833
polymorphism and cataract was significant in the AG genotype (OR: 2.37, P<0.001)
and G allele (OR: 1.97, P<0.001). The SIRTI-1 polymorphism increased the risk
of cataracts in the dominant tested inheritance model (OR: 2.34, P<0.001). In the
combined analysis of two polymorphisms, there is an additive effect of the high-risk
putative alleles about the risk of cataracts. Risk estimation according to the number of
high-risk alleles showed that ¥2 for linear trend for 0, 1, 2, 3 and 4 putative high-risk
alleles is equal to 20.10 (P<0.001).

Conclusion: The results showed that for the first time, SIRT rs7895833 and SOD1-
50bp ins/del gene variations had additive effects on the risk of cataracts.

as the main isoform for about 90% of the whole SOD

Cataracts have been recognized as the opacification
of the eye lens with the breakdown of the lens protein
microarchitecture that can harmfully influence the light
transmission on the retina (1). The WHO estimates that
over 94 million people suffer visual impairment due to
cataracts worldwide (2). Oxidative stress is currently
known as an initiating parameter in the pathogenesis
of cataracts. An imbalance between oxidative stress
processes, antioxidant protection and repair, promotes
cataracts (3). Superoxide dismutase (SOD) is the main
enzymatic antioxidant in the lens. SOD prepares the
first line of defence versus detrimental reactive oxygen
species (ROS) (4). In the lens, SOD1 was determined

activity. It is determined that specific SODI activity
can be reduced as a function of age in the cataract
patient’s blood (3, 5) as well as in human lenses (6).
Previous investigations determined that the decreased
activities of the SOD1 isoform in cataractous lenses
are commonly associated with protein expression
and reduced levels of mRNA transcripts (7). The
overexpression of SOD1 is demonstrated to prevent
ROS-induced oxidative loss for lenses together with
regulating cataract formation (8). In cataractous
lenses, impaired activity of SOD1 can be caused by
genetic polymorphisms in coding regions along with
noncoding regions of the SODI1 gene (9). Several
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studies showed an association of SOD1 gene variants
with diseases like cancer (10), type 2 diabetes (11), and
cardiovascular disease (12).

Sirtuin 1 (SIRT1) is another protein which can
protect cells against oxidative stress, regulates glucose
or lipid metabolism, and enhances the stability of
DNA by binding and deacetylating many substrates
(13). The protein of SIRT1 has been reported as a
member of the Silent Information Regulator 2 (Sir2)
protein family (i.e., a group of nicotinamide adenine
dinucleotide (NAD+)-dependent histone deacetylases)
(14). This protein can enhance cell survival using the
inhabitation of cellular senescence or may apoptosis
due to stress, consisting of DNA damage as well as
oxidative stress (15). It is richly divided into different
tissues together with organs and is determined in the
cytoplasm and nucleus of cells from whole the ocular
structures consisting of the retina, iris, lens, cornea and
ciliary body (16). SIRT1 polymorphisms are associated
with many diseases consisting diabetes (17), cancers
(18), cardiovascular (19) and neurodegenerative (20)
diseases.

Genetic polymorphisms are introduced as rather
affecting the genetic risk elements for cataracts and
enhancing efforts were focused on detecting the
associations among cataract susceptibility and genetic
polymorphisms (21). Based on the previous reports,
we hypothesized that polymorphisms in the genes of
SOD1 and SIRT1 can be associated with susceptibility
to cataracts. A number of polymorphisms are specified
in SOD1 and SIRT1 genes, which affect gene
regulatory regions consisting of promoter. Therefore,
in this study for the first time, we selected two common
promoter polymorphisms, SOD1 50bp ins/del and
SIRT1 rs7895833, to assess their association and
genotype combination with age-related cataract in an
Iranian population and calculate the additive effect of
these two polymorphisms about the susceptibility to
age-related cataract.

MATERIAL AND METHODS
Sample collection

This study was conducted following approval
from the Ethics Committee of Arsanjan Islamic Azad
University (approval ID number: IR.IAU.SHIRAZ.
REC.1402.274). In this research, 200 age-related
cataract patients and 200 age and sex-matched-healthy
individuals are recruited. The control group consisted
of subjects without any ocular disorders. Informed
written consents are achieved from all participants.
Blood samples are collected from cataract patients at
Mirhosseini Hospital of Shiraz city (Fars province-
Iran). Cataract status was confirmed through a slit
lamp examination by a specialist. With the inclusion
criteria of: (I) patients aged >60 years old; (II) patients
diagnosed with age-related cataracts; (III) clinical
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data of patients was complete and true. Subjects
were excluded from the study if they suffered from
any metabolic disorder or secondary cataracts due to
diabetes or trauma. Also, patients with corneal, fundus,
or other diseases that affect vision, i.e., other than
cataracts, were excluded.

DNA extraction and Genotyping

DNA was isolated from whole blood by utilizing the
salting out method as described in the previous study
(22). Analysis of SIRT1 polymorphism was carried
out by the Tetra-ARMS PCR method. The polymerase
chain reaction is done in a total reaction volume equal
to 12.5 pl including 6.25 ul PCR master mix, DNA
template of 1 pl (400 ng/ml), 1 pl of each forward and
reverse internal primers (10 pm/pl), 0.25 pul of each
forward and reverse outer primers (2.5 pm/ul), and
2.75 ul H,0. For detection of SOD1 polymorphism,
polymerase chain reaction was performed in a total
reaction of 12.5 ul volume consisting of 6.25 ul PCR
master mix, 1 pl DNA template (400 ng/ml), 0.5 pl of
each forward and reverse primers (5 pm/ul), and 3.25
ul H,O. The details of primer sequences are shown in
Table 1.

STATISTICAL ANALYSIS
SPSS software version 18.0 was utilized to analyse
data. Demographic characteristics and Hardy-

Weinberg equilibrium were assessed using the Pearson
x> test. Odds ratios with a 95% confidence interval
were calculated to examine the relationship between
gene polymorphisms and cataract risk. P values less
than 0.05 were attended as significant.

RESULTS

The comparison of general data between cataract
patients and controls is shown in Table 2. The average
age of patients and controls was 64.18+8.83 years. and
63.9849.03 yrs, respectively. There was no significant
difference in mean age between case and control groups
(P=0.82).

The distribution of SOD1 50bp ins/del and SIRT1-
rs7895833 polymorphisms in cataract patients and
healthy individuals is shown in Table 3 and Table 4,
respectively. No significant deviations from Hardy-
Weinberg equilibrium were found for SOD1 50bp ins/
del (y>=0.33, df=1, P=0.56) and SIRT1 rs7895833 (y*=
0.15, df=1, P=0.70) in control group.

Our results showed that there was a significant
association between SOD1-DD genotype and cataract
susceptibility (OR: 3.42, 95%CI: 1.1-10.8, P: 0.037).
Also, in the dominant genetic effect of the D allele
(comparison between ID+DD vs. 1), ID+DD genotypes
increased the risk of cataracts and the D allele, as a
putative high-risk allele, was associated with increased
risk of cataract (OR: 1.68, 95%CI: 1.14-2.48, P: 0.009).
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Tablel.Details of primers using for genotyping SIRT1 and SOD1 polymorphisms.

GTGGTAAAAGGCCTACAGGCAA

CTTGCTTCCTAATCTCCATTACGTTTAC 57

CCTAGCTGGTCTATCTCCCTTACCTC

GCACATCTGTGTATCCCCTAGAAAG

SIRT-1
rs7895833 RI
FO
RO

F: forward; R: Reverse; I: Inner; O: Outer; Temp: Temperature

Table2. Comparison of basic data between patient and control groups.

Gender

Family History

Smoking

NS: not significant

According  to  SIRTI1-rs7895833  genotype
distribution, the AG genotype was associated with
cataract susceptibility (OR: 2.37, 95%CI: 1.52-3.69,
P<0.001). Moreover, the frequency of the rs7895833G
allele was significantly higher in cases compared to
controls and this high putative allele was associated
with an enhanced risk of cataracts (OR: 1.97, 95%CI:
1.36-2.86, P < 0.0001).

1

[e]

To investigate whether the high-risk alleles of
SODI1 and SIRT1 had an additive effect on the risk of
age-related cataracts, we considered the association
between the combination of alleles and the risk of
cataracts. The reference group consisted of individuals
with the double low-risk alleles of SOD1 and SIRT1.
Data analysis showed that there were significant
associations between combined alleles and the risk of



Leila Kohan et al

Pers M ]

Table 3. SOD1-50bp ins/del polymorphism in cataract patients and Controls.

Polymorphism Cases (%) Controls (%) OR (95% CI) P-Value
Genotypes
I 136 (68) 155 (77.5) 1
ID 52 (26) 41 (20.5) 1.44 (0.9-2.31) 0.124
DD 12 (6) 4(2) 3.42 (1.1-10.8) 0.037
Alleles
I 324 (81) 351 (88) 1
D 76 (19) 49 (12) 1.68 (1.14-2.48) 0.009
Dominant model
I 136 (68) 155 (77.5) 1
ID+DD 64 (32) 45 (22.5) 1.62 (1.04-2.53) 0.034
Recessive model
11+ID 188 (94) 196 (98) 1
DD 12 (6) 4(2) 3.13 (0.99-9.86) 0.052

cataracts (Table 5). Also, there was a linear trend in
risk associated with 0, 1, 2, 3 & 4, alleles (y* 20.10,
P<0.001).

DISCUSSION

The genetic variations are one of the important
intrinsic factors can potentially affect many aspects
of disease management and its medical treatment.
Initially, our research focused on investigating
the correlation between genetic variations in the
promoter regions of SOD1 and SIRT1 genes and
the susceptibility to cataracts. Our findings suggest
that these genetic alterations may act as risk factors
influencing the development of age-related cataracts
in the Iranian population.We found that the G allele
of SIRT1-rs7895833 and the D allele of SOD1 50bp
ins/del, as high-risk alleles, were associated with an
increased risk of cataracts. However, a combination
study showed that there were significant associations
between combined high-risk alleles and the risk of
cataracts; it means that the high-risk alleles of these two
polymorphisms had additive effects about the risk of

cataracts. According to these results, we reported that
individuals with the high risk alleles in these studied
genetic variations and specially who had combination
of these high risk alleles, are marked for personalized
medicine; and these polymorphisms may help in
decision to the prevention, diagnosis, and treatment of
cataracts in future.

There have been several reports studying the
association between various genes as well as several
SNPs with cataracts (23, 24). Previous evidence
demonstrated that the generation of ROS leads to
cross-linking, and aggregation of lens proteins as
well as abnormal degradation and was consisted in
cataractogenesis (25). The oxidative damage during
cataractogenesis can be reduced by cellular defence
mechanisms in the eye; SOD1 and SIRT1 proteins play
important roles in this situation. As yet there are no
studies on the effect of SOD1 50bp ins/del and SIRT1
rs7895833 polymorphisms and the additive effect of
these polymorphisms on cataract susceptibility. It has
been shown that polymorphisms in promoter regions
could affect gene expression and enzyme activity (26,
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Table 4. SIRT1-rs7895833 polymorphism in cataract patients and Controls

Genotypes

AG 79 (39.5) 44 (22) 2.37 (1.52-3.69) <0.001

Alleles

G 91 (23) 52(13) 1.97 (1.36-2.86)

<0.001

115 (57.5) 152 (76)

Recessive model

GG 91 (23) 52 (13) 1.51 (0.42-5.45) 0.52

Table 5. Risk estimation according to number of high risk allele

0 72 (36) 120 (60) Reference -

2 29 (14.5) 14 (7) 3.45 (1.71-6.96) 0.001

X2 for linear trend: 20.10, P<0.001

27). A 50bp ins/del polymorphism (rs36232792) has
been recognized in the SOD1 promoter region (1684
bp upstream of the start codon of ATG). Its role is
demonstrated with reduced promoter activity together
with low mRNA levels in cells can be caused due to the
loss of two Spl1 binding sites (28). Attending that the
Del allele causes to reduction of the promoter activity
of the SOD1. It may change the enzymes’ antioxidant

2

(=]

capacity which leads to synergistic effects with cataracts
induced by oxidative damage subsequently. The
results of the present case-control study demonstrate
that the risk of cataracts was associated with the Ins/
Del polymorphism of SODI1. Although there is no
published study regarding the effects of the SOD1 50bp
ins/del variant on cataract susceptibility, the role of
another genetic variant in the SOD1 gene has already
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been studied in the pathogenesis of cataracts. Zhang
et al. suggested that the SOD1-251A/G polymorphism
may be associated with an increased risk of cataracts
(9), also, Celojevic et al. found no correlation between
SODI intron variants (rs17881180, rs2234694) and
age-related cataract (29). Recently, Mahmood et al.,
reported that there was a significant association between
SOD1 rs2070424 polymorphism and the development
of cataracts in patients of Karachi, Pakistan (30).

It has been reported that up-regulation of SIRT1
in retinal cells protects cells from apoptotic death
induced by anti-retinal antibodies, while down-
regulation of SIRTI causes retinal damage through
multiple mechanisms and proposed that SIRT1 may
play a role in the retina and optic nerve protections
versus degeneration (31). In previous reports, Kilic et
al. observed that the oxidative stress index and SIRT1
protein level enhanced in older people [19]. Also, it has
been shown that SIRT1 plays crucial roles in regulating
longevity, ageing, or in the pathogenesis of age-
corresponded metabolic diseases (32). In addition, the
explanation of SIRT1 is observed in the lens epithelium
of patients along with age-related cataracts, adult
retinas, and corneal epithelium (33). Therefore, SIRT1
can protect the retinal cells from apoptotic retinal death
and oxidative stress-related retinal damage as well as
anti-inflammation (16).

The outcomes of the current investigation
demonstrated that the G allele of SIRT1-rs7895833
was associated with an enhanced risk of cataracts.
Chen et al. previously reported that SIRT1-rs12778366
could be implicated in the pathophysiology of age-
related macular degeneration (34). Furthermore, a
recent study by Kaikaryte et al. revealed that the SIRT1
polymorphisms rs7895833 and rs3818292 and also,
rs3818292-rs3758391-rs7895833  haplotype G-T-G
could be associated with the development of exudative
age-related macular degeneration (35). The correlation
of SIRT1-rs7895833 polymorphism with diabetes (36),
and neurodegenerative diseases, such as primary open-
angle glaucoma (37), metabolic syndrome (38), and
cardiovascular disease (39) have already been reported.

The results of the present research were influenced
by the limited number of controls and cases, which
represents a fundamental constraint in our study.
Therefore, further efforts, including expanding the
sample size and conducting functional experiments,
are necessary to elucidate the precise impact of SOD1
and SIRT1 polymorphisms on cataract development.

CONCLUSION

This study represents the initial evidence proposing
a potential link between the SIRT1-rs7895833 and
SOD1-50bp ins/del polymorphisms with the cataract
risk. To wvalidate our findings, additional studies
involving larger sample sizes across diverse ethnic
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groups are warranted.
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