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Abstract

Purpose: Age-Related Macular Degeneration (AMD) is a complex
multifactorial disease, which consists of various genetic, environ-
mental and constitutional factors and is characterized by damage to
the macular zone of the retina. The AMD is one of the most common
causes of blindness and poor vision in people of a senior age group.
Aging is regarded as one of the most significant factors predisposing
to age-related macular generation. Sirtuins, in particular SIRT1, are
a family of signaling proteins that play an important role in the aging
process. The SIRT1 is the most studied protein in the topic of aging
and its level of expression plays an important role in the AMD de-
velopment. For these reasons, we evaluated the relationship of the
rs12778366 polymorphism with the risk of AMD.

Methods: The study used genomic DNA isolated and purified from
buccal epithelial cells from 384 people (192 AMD patients and 192
non-AMD patients). Genotyping of the selected polymorphisms was
conducted by real-time PCR using the TagMan competing probe
technology.

Results: The C allele in the additive inheritance model and the TC
heterozygous genotype in the codominant and recessive models
serve as the genetic factor predisposing to this disease (p<0,001,
OR: 2,121, 95% of Cl: 1.435-3.133; p<0.001, OR: 2.499, 95% of
Cl: 1.595-3.915; p<0.001, OR: 2.507, 95% of Cl: 1.612-3.900). In
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addition, the C allele was more common in women with AMD and in
AMD patients over 65 years of age, which may be associated with a
higher risk of AMD.

Conclusion: Our study discovered a significant association be-
tween rs12778366 polymorph locus in SIRT1 gene with AMD.

Keywords: Age-related macular degeneration; Gene polymor-
phism; SIRT1

Introduction

Age-Related Macular Degeneration (AMD) is a disease that is
characterized by the retinal macular zone impairment, which is the
most common cause of blindness among the elderly in medium and
high income countries [1,2]. The prevalence of AMD increases with
age of over 65 years. Women over the age of 75 have 2 times high-
er risk of obtaining the disease than men [3]. The disease incidence
ranges from 2% to 20%. This number is expected to grow as the world
population ages and to reach 288 million by 2040 [4]. In the Russian
Federation, the disease prevalence is 15 people per 1000 population
and every twentieth inhabitant is at risk for AMD [5]. Currently, the
disease onset becomes reported at a much earlier time and is now
diagnosed among middle-aged people, which results in a growing dis-
ability among the working population [1].

Aging is an inevitable physiological process and is regarded as
one of the most significant factors predisposing to age-related mac-
ular generation because this disease incidence increases among in-
dividuals older than 60. It was found by the empirical research that
sirtuins play an important role in the ocular aging and influence AMD
pathogenesis development [6-8].

Sirtuins (SIRT1-SIRT7) belong to the family of Class III his-
tondeacylases, their catalytic activity depends on NAD+ level and
NAD+/NADH changes over time [9]. The SIRT lis most studied mem-
ber of (SIRT1-SIRT7) family in the context of aging. Its expression
is known to decrease as a person becomes older, hence the change
in SIRT1 level may be the key intermediate link in the development
mechanism of a number of age-associated diseases [10-12]. SIRT1
catalyzes deacylation of various nuclear and cytoplasm proteins by
interacting with the transcription factors, such as PGC-1a, NFKB,
p53 and FoxO, which is crucial for the life functioning at the cellular
level and for controlling such biological processes as inflammation,
metabolism, redox homeostasis, DNA repair, cell proliferation and
aging [13,14]. SIRT1 is expressed in the ocular retina, including gan-
glion cells, photoreceptors and RPE cells, and its retinal expression is
variable [15,16]. Numerous studies suggest that impaired regulation
of SIRT1 activity is associated with retinal aging and such ocular dis-
eases as cataract, age-related macular degeneration, diabetic retinop-
athy and glaucoma [6,7,14].

The function of the SIRT1 protein is affected by the expression of
the SIRT1 gene, which is located on the 10" chromosome in the q21.3
region and contains 11 exons. Previous studies have shown that point
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mutations in promoters are more common than in coding regions of a
gene and can affect its expression [17].

The 1512778366 polymorphism in the SIRT1 gene promoter re-
gion, according to few studies, is associated with oncological, car-
diovascular and neurodegenerative diseases, type 2 diabetes mellitus,
macular degeneration and life expectancy [18-20].

By reviewing related scientific literature, we hypothesize that car-
riers of different genotypes in polymorphic regulatory gene sites have
a different baseline level of SIRT1 gene expression and that SIRT1
gene 1512778366 polymorphism may serve as an important AMD pre-
dictor.

Materials and Methods
Research objects

The design of the study and the usage of human material were
approved by the Local Ethics Committee of the Research Institute of
General Pathology and Pathophysiology. The study was conducted
in accordance with the recommendations on strengthening research
reporting by the Genetic Association (STREGA), an extension of the
STROBE statement [21]. The study included patients who underwent
a standard ophthalmological examination in the ophthalmological
department of the State Medical University named after S.P. Botkin
DZM G. Moscow in 2019-2021. All respondents were Russian native
speakers of undetermined ethnicity (in accordance with the ethical
standards of the local medical register) and gave signed informed
consent forms in accordance with the Helsinki Declaration. The diag-
nosis of AMD was established in accordance with the recommenda-
tions of the American Academy of Ophthalmology (AAO) and based
on the criteria of the Russian national clinical guidelines “Age-related
macular degeneration: [1,2]. The exclusion criteria were: acute and
chronic diseases in the exacerbation stage of the visual organs, glau-
coma, uveitis of various etiologies, complete complicated cataract,
retinal detachment, iris rubeosis. The study did not include patients
with autoimmune and oncological processes of any localization. The
study did not include women with multiple pregnancies, other preg-
nancy complications, as well as disorders affecting glucose metab-
olism. QUANTO quantification software (Version 1.2.4, https://bio.
tools/QUANTO), which takes into account the frequency of SNPs in
the population and the prevalence of the disease [22]. In accordance
with the above parameters, a sample size of 136 case-control pairs
is required to identify the association between the selected polymor-
phisms and the risk of AMD.

The study included 192 patients with AMD older than 45 years.
The control group consisted of 192 people who had no ophthalmolog-
ical pathology during the examination corresponding age. There were
no significant differences in gender and age between patients with
AMD and controls (p > 0.05) (Table 1).

Group
Characteristic P value
AMD, n =192 Control, n =192
Men, n (%) 50 (26.04) 46 (23.9)
0.4468%*
‘Women, n(%) 142 (73.96) 146 (76.1)
Age, M £ S, years 70.96 +9.72 69.23 +11.91 0.4596*

Table 1: Demographic characteristics of the study population.

*not significant: p> 0.05

For analysis, the study population was divided into groups by gen-
der and according to their age: younger than 65 years; and 65 years
and older.

Genomic DNA extraction and polymerase chain reaction
(PCR)

The DNA was extracted from buccal epithelial cells and purified
with a genomic DNA extraction kit (Evrogen LLC, Russia) according
to the kit specification. The high-molecular DNA was stored at -20°C.

The quantity and quality of the isolated DNA was assessed using
NanoDrop 1000 spectrophotometer in accordance with accepted stan-
dards.

Genotyping was performed in real-time using the technology of
competing TagMan probes according to the method taken from the
literature. Primers and Tag-man probes were synthetically produced
by Evrogen LLC, Russia (Table 2).

Teotid
Fd tidetyp

SNP Oli

q'

Forward 1: CCCCACGCAACCAAAGAT
Revers: ATCGCTAAGGTCCTATCTACA
Taq-Man Probe for T allele: FAM-CTGGTCACCACTATTCATTTCT-
GA-BHQI
Tag-Man Probe for C allele: HEX-TGGTCACCACTGTTCATTCT-
GAA-BHQI1

rs12778366

Table 2: Sequences of oligonucleotides for RT-PCR of the rs12778366.

The reaction mixture for RT-PCR for one 25 pL sample contained
20ng DNA, 5 pL x5 gPCRmix-HS (Evrogen LLC, Russia), 200 uM
forward primer, 200 pM reverse primer, 100 pM each of Tag-man
probes.

Amplification was carried out in the CFX 96 programmable am-
plifier (Bio-Rad, U.S.A.) with the subsequent thermocycling param-
eters for rs12778366: initial denaturation for 5 minutes at 95°C; then
40 cycles including denaturation at 95°C for 30 seconds, at 60°C for
30 seconds, at 72°C for 30 seconds with subsequent fluorescence
pickup. The obtained data was examined using the CFX Manager TM
software (Bio-Rad).

To eliminate genotyping errors, 30% of randomly selected sam-
ples were re-genotyped and the results obtained were additionally
evaluated.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 (SPSS, Chi-
cago, IL, USA). Continuous data were shown as mean + standard de-
viation (£SD) if normally distributed. The difference in age between
groups was analyzed using Student’s t-test. The Hardy—Weinberg
equilibrium test was performed using the chi-square test in cases and
controls separately for each variant before association analysis. The
variation in allele and genotype frequencies between groups was ana-
lyzed using Pearson’s chi-square test or the Fisher exact test. Logistic
regression analysis was used to evaluate associations between SNP
genotypes and alleles and GDM risk by calculating odds ratios (ORs)
and their 95% confidence intervals (Cls). The anticipated risk factor
was regarded as significant for pathology if OR adjusted by CI was
greater than 1. The level of significance was considered significant at
p <0.05.
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Results

The distribution of the analyzed frequencies of genotypes and al-
leles rs12778366 of the SIRT1 gene in AMD patients and the control
group corresponded to the Hardy-Weinberg equilibrium. The evalu-
ation of the polymorphism rs12778366 of the SIRT1 gene revealed

2,5-fold increase in the likelihood of developing AMD in the codom-
inant and recessive genetic models (p < 0.001) (Table 6). Allele C
increased the probability of developing AMD by 2,1 times according
to the additive model (OR = 2.121; CT: 1.435-3.133; p < 0.001).

<65 years >65 years
that the distribution of genotypes varies between AMD and control Genotypel | AMD Control » AMD Control »
groups (57.29%, 40.63% and 2.08% vs. 77.08%, 21.88% and 1.04%, Allele group group | yame |  group group value
p = 0.0002) (Table 3). (n=54), (n=80), (n=138), (n=112),
n (%) n (%) n (%) n (%)
AMD group, | Pvalue | Control group, | P value T 28 (51.85) | 50 (62.50) 82(59.42) | 98 (87.50)
Genotypesandalleles o o P value
n (%) HWE n (%) HWE TC 24 (44.45) | 29(3625) | 0.174 | 54(39.13) | 13(11.61) | <0.001
Genotypes
. 10(5729) 145 (7708 cc 2(3.70) 1(1.25) 2(1.45) 1(0.89)
TC 78 (40.63) 42 (21.88) 209
co 40208) > (os) T 80 (78.43) | 129 (71.67) 0208 2187898 | 150 | <o.001
Total 192(100) | 0288 192 (100) 0267 | 2 :10760060326 c 28 (21.57) | 31(28.33) 58(21.02) | 15(6.70)
p =0
Table 5: Frequency of SIRT1 rs12778366 genotypes and alleles in patients with
Alleles AMD and the control patients by age.
T 298 (77.61) 338 (88,02)
c 86(22.39) 46 (11.98) Bold values show statistical significance.
Table 3: Distribution of genotypes and alleles of polymorphisms rs12778366 of the - o
SIRT1 gene in the group of patients with AMD and the control group. (
Bold values show statistical significance. Model AMD Control OR (95% .
finheritance Genotypes | group, group, of CI) chi2 P
¢ n=192 | n=192
Comparison of the frequency of SIRT1 rs12778366 genotypes in - o Las 0.929 001 | 0933
men between patients with AMD and the control group revealed dif- 0.163-5282 | ]
ff:rel.mes w1tbout conﬁ@atlon .of .statllstlcal significance. Statistically Codominant e 5 " 15;.5429915 1639 | <0.001
significant differences in the distribution of genotypes were revealed 7
between women with AMD and women of the control group (56.34%, cc 4 5 2.691 138 | 0.240
0.484-14.956 | :
41.55% and 2.11% vs. 79.45%, 19.84% and 0.71%, p<0.001). The C
allele was more common in women with AMD (23.23% vs. 10.62%, Dominant TTgCTC/ 188/4 1902 | o 026435733 0.68 | 0.410
p < 0.001), which may be associated with a higher risk of AMD in —
women than in men (Table 4). Recessive TT/CTCC T nos2 | 14844 . 6?'25279 0o | 17:06 | <0.001
Men ‘Women T 298 338 o 3‘11.91(7]2697 14.64 | <0.001
Genotype/ AMD Control P AMD Control P Additive 2.121
Allele group, group, value group, group, value C 86 46 14353133 14.64 | <0.001
n=50, n n=46, n n=142,n n=146, n . .
(%) (%) (%) (%) Table 6: Association of genotypes of polymorphisms rs12778366 of the SIRT1 gene
116 with AMD.
T 30 (60.00) | 32(69.57) 80(5634) | 7g.45)
: Bold values show statistical significance.
0.599 <0.001
TC 19(38.00) | 13 (28.26) 58 (41.55) | 29 (19.84) N )
cc 1(2.00) 1(2.17) 32.11) 1(0.71) Discussion
T 79 (79.00) | 77 (83.69) (72613 6 (8%)6318)
0.405 - . <0,001 In the current study, we analyzed the association between
¢ 21100y | 153631 64(23.23) | 31(10.62) 1512778366 of the SIRT1 gene and the risk of AMD. We found that
Table 4: Frequency of SIRTI rs12778366 genotypes and alleles in patients with 1512778366 of the SIRT1 gene was associated with the risk of AMD
AMD and control group by gender. in our population. It was found that the heterozygous TC genotype is
Bold values show statistical significance. associated with a 2,5-fold increase in likelihood of developing AMD

Comparison of the frequency of SIRT1 rs12778366 genotypes be-
tween patients with AMD younger than 65 years and the control group
revealed differences without confirmation of statistical significance (p
> 0.05). Statistically significant differences in the distribution of gen-
otypes were revealed between patients with AMD older than 65 years
and subjects of the control group of the same age (59.42%, 39.13%
and 1.45% vs. 87.5%, 11.61% and 0.89%, p < 0.001). The C allele
was more common in AMD patients over 65 years of age (21.02% vs.
6.7%, p < 0.001) (Table 5).

While analyzing associations using logistic regression analysis, it
was found that the heterozygous TC genotype is associated with a

in the codominant and recessive genetic models. The frequency of the
C allele 1512778366 was significantly higher in patients with AMD
compared to the control group. In addition, the C allele was more
commonly found in women with AMD and in AMD patients over 65
years of age. Therefore, we can suggest that the C allele can be asso-
ciated with a higher risk of AMD.

Age-related macular degeneration is a common multigenic disease
with autosomal dominant inheritance type, in which genetic, envi-
ronmental and lifestyle factors contribute to the disease risk. While
genetic factors have the significant influence of the former accounting
for up to 71% of the disease variability [23].
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According to the International AMD Genomics Consortium
(IAMDGC), 52 genetic versions are associated with the risk of AMD
late stage and localized in 34 loci, 16 of which were not regarded as
associated with AMD, have been identified so far [24]. Nowadays it is
considered that the pathogenesis of AMD is based on dysfunction of
RPE cells, which is caused by impaired metabolism in mitochondria,
oxidative stress, inflammation, changes in the extracellular matrix,
impaired lipid metabolism and angiogenesis in the retinal capillary
network [25-27]. Previous studies have shown the regulatory role of
SIRT1 in these pathological processes [28-32].

The 1512778366 of SIRT1 gene association with AMD is poorly
studied. At the moment, there are two research papers, which focus
on the relationship of this polymorphism with the disease risk. The
study by Chen et al., demonstrated that rs12778366 was associated
with AMD in the SIRT1 promoter region in homozygous carriers of
the C minor allele in the Chinese population of Hang (p=0.036) [18].
Liutkeviciene et al., discovered that there is a close to statistically sig-
nificant association with AMD in the Lithuanian population by the C
allele of SIRT1 gene rs12778366 polymorphism [33]. The association
between SIRT1 gene polymorph rs12778366 locus and AMD in the
Russian population has never been studied before.

Conclusion

Our study discovered a significant association between rs12778366
polymorph locus in SIRT1 gene with the disease in the codominant,
recessive and the additive models for AMD. The main limitation of
this study was the small sample size. However, our data indicates
the need for further research of the association between rs12778366
polymorphism in SIRT1 gene and AMD, with a simultaneous study
of other SIRT1 genetic variations that may also contribute to this dis-
ease onset. It will provide better assessment of the contribution of
rs12778366 polymorphism and other polymorphic loci of SIRT1 gene
into AMD origination.
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