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Llenb uccnenoBaHuA: M3ydeHue reHeTUYeCKMX accoumaumili BO3pacTHOM MaKynapHoi aereHepauuu (BMA) ¢ nonmmopodusmamm reHos MMPI, CYP
eNOS ¢ ucnonb3oBaHNEM COBPEMEHHBIX METOA0B MOJIEKYIAPHOW FEHETUKU ANA OLLEHKM UX BKaJa B pa3BuUTMe 3a60N1eBaHUA U BbIABNEHUA BO3MOMX-
HbIX NPOrHOCTUYECKMX MapPKEPOB.

Matepuan n meTtoabl: UcciefoBaHve BKAoYano 60 nauveHtos ¢ BMZ 1 100 350poBbix Cy6bHEKTOB B Ka4ecTBe KOHTPO/IbHOM rpynmbl. OLeHKa reHeTu-
yeckux nonnmopdv3moBs bbina NpoBeseHa C UCNONb30BaHUEM METOAA NOAMMEPa3HOM LEeNHOW peakuum ¢ nocieayolmm cekBeHupoBaHmem (PCR-
SSP). B uccnepoBaHue 6biaM BKIKOYEHbI caegytowwme nonmmopdusmsl: MMPY (rs17576), CYP (rs1799998), eNOS (rs2070744, rs1549758). ns oueHKn
accoumaumin UCNoNb30BaUCh CTaHAAPTHbIE CTATUCTMYECKME METO/bI, BKAKOYAA PacyéT oTHoLWeHUs waHcos (OL) n 95% foBepuTenbHbI UHTEpBan
(95% OM).

Pe3ynbTathl: BbIABNEHA CTAaTUCTUYECKM 3HAYMMasn accoumaums nonumopdusma CYP rs1799998 co cHuKeHMem pucka passutua BMJ (OLL=0,53; 95%
[n: 0,29-0,95, p=0,016). lfeHoTtun TT B nonnmopduame eNOS rs2070744 6bin cBA3AH C NMOBbILLEHHBIM PUCKOM 3360/1€BAHMA B PELLECCHBHON MOAENU
(OW=2,07; 95% AM: 1,10-3,91, p=0,026). Monumopdusmsl MMP9 rs17576 n eNOS rs1549758 He nokasanu 3HauMMbIX accoumaumii ¢ BMA (p>0,05).
[Lna MMP9 Habntofanach TeHAeHUMA K 6onbluiei yactote annens Ay nauueHtos ¢ BM/L, ofHaKo pasiMyme He AOCTUIO CTAaTUCTUYECKOM 3HAYMMOCTMY.
3aK0ueHue: NoayYeHHble Pe3ynbTaTbl NOAYEPKMBAOT 3HAUMMOCTb FrEHETUYECKMX NONMMOPPU3IMOB, TakMX Kak CYP rs1799998 n eNOS rs2070744, kak
NOTEHLMaNbHbIX MapKEpoB pucka BM/,. BbiaBneHHble accoupaLmm TpebyoT AanbHeNLWero NoaTBepKAeHNA Ha 6oee KpynHbIX BbIGOPKaX /1A OLEHKM
WX NPOrHOCTUYECKOM LLEHHOCTM U pa3paboTKM NepcoHaIM3MPOBAHHbBIX METOA0B NPOPUAAKTUKM U NeveHns 3aboneBaHus.

KntoueBble CNOBa: 803pacmHas MAKyAAPHAS 0e2eHepayus, 2eHemuveckue noaumopgusmel, CYP, eNOS, okucaumensHsili cmpecc.

Ana umtuposBanua: MnotHukos A0, Hukonaesa M. BansHue reHeTUUYECKUX NOMMOPOU3MOB HA PUCK PA3BUTMA BO3PACTHOM MAKyNAPHOM AereHepauuu:
ponb CYP n eNOS. BecmHuk AsuyeHHsl. 2026;28(2):386-92. https://doi.org/10.25005/2074-0581-2026-28-2-386-392
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Objective: To study genetic associations of age-related macular degeneration (AMD) with polymorphisms of the MMP9, CYP, and eNOS genes using
modern molecular genetic methods, in order to assess their contribution to disease development and identify possible prognostic markers.

Methods: The study included 60 patients with AMD and 100 healthy subjects as a control group. Genetic polymorphisms were assessed using polymerase
chain reaction followed by sequencing (PCR-SSP). The following polymorphisms were included in the study: MMP9 (rs17576), CYP (rs1799998), and eNOS
(rs2070744, rs1549758). Standard statistical methods were used to evaluate associations, including calculation of odds ratios (ORs) and 95% confidence
intervals (95% Cls).

Results: A statistically significant association was found between the CYP (rs1799998) polymorphism and a reduced risk of AMD development (OR=0.53;
95% Cl: 0.29-0.95; p=0.016). The TT genotype of the eNOS (rs2070744) polymorphism was associated with an increased risk of the disease in the recessive
model (OR=2.07; 95% Cl: 1.10-3.91; p=0.026). The MMP9 (rs17576) and eNOS (rs1549758) polymorphisms showed no significant associations with AMD
(p>0.05). For MMP9, a tendency toward a higher frequency of the A allele was observed in patients with AMD; however, the difference did not reach
statistical significance.

Conclusion: The results obtained emphasize the importance of genetic polymorphisms, such as CYP (rs1799998) and eNOS (rs2070744), as potential risk
markers for AMD. The identified associations require further confirmation in larger samples to assess their prognostic value and to develop personalized
approaches to disease prevention and treatment.
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BBEOEHMUE

Bo3pacTHas maKkynspHas aereHepauums (BM/) asnsetca ogHoi
13 OCHOBHbIX MPUYMH YTPaTbl LIEHTPa/IbHOTO 3PEHNA Y Ntofel cTaplue
65 NeT, 4To AenaeT eé akTya/lbHOM MefMKO-COLMaNbHOM Npobnemoi,
0cobeHHO B YCNI0BUAX CTapetoLLero Hacenerus [1, 2]. Hesasucumo ot
9KOHOMMYECKOTO YPOBHSA CTpaH, BM/], 3aHMMaeT anampyoLLyto nosu-
Lm0 cpesit NPUYMH CNenoThl y An, cTapue 55 neT u coctasnaet ot 6%
[10 9% Bcex cny4yaes cnenoTbl B mupe [3-5]. B Poccuitckoi Gepepaumm
pacnpocTpaHEHHOCTb 3a60/1eBaHMA COCTaBANAET NPUMePHO 15 cnyda-
eB Ha 1000 YyenoBek, a y 21% naumeHToB TPYAOCNOCOOHOrO BO3pacTa
OHO NPUBOAMT K MHBANMAHOCTU [6].

Mo nHpopmaLmm BcemnpHoii opraHM3aLmm 34paBooxpaHeHUs
W AaHHBIM 3NUAEMUONOTUYECKUX HabntogeHuin, BM/, npogonkaer
HabupaTb pacnpocTpaHeHWe Bo BCEM mupe. MporHosupyetcs poct
uucna 3aboneswmx ¢ 196 munnmoHos B 2020 rogy Ao 288 munamno-
HOB K 2040 roay. B Bo3pacTHoit rpynne ot 45 ao 85 net pacnpocTpa-
HEHHOCTb Bcex dopm 3abonesaHusa cocTaBasfeT B cpegHem 8,69%.
3NUAEMNONOTNYECKME AaHHble CBMAETENbCTBYIOT O BblPaXEeHHbIX
3THUYECKUX pa3nnumnax B pacnpoctpaHéHHoctn BMA. Cpean Hace-
NleHVA eBPONENCKOro npoucxoxaeHna 3abonesaHne BCTpeyaeTcs
noyt B Aga pasa vawe (12,33%), yuem B a3uaATCKUX NONYAALUAX
(7,38%). AmepurKaHCKMe MCCNef0BaHNUA MOKa3blBAOT, YTO EXKErod-
HaA 3abosneBaemocTb nosgHumu dopmamu BM[, cpeam 6enoro
HaceneHua ctapwe 50 net gocturaet 3,5 cnyyaes Ha 1000 yenosek
[7], yTo NoaTBep:KAAET 3aBUCMMOCTb TeYEHNS BONE3HM OT pPacoBOK
NPUHAANEKHOCTY.

MaTtoreHes BM/, npeactasnset coboi CNOXHOe B3aumopew-
CTBME 3K30TEHHbIX (AaKTOPOB, BO3PACTHbIX M3MEHEHWI WM Hacnep-
CTBEHHOM NpeapacnonoeHHocT. OcobeHHO 3HaYMMa reHeTYecKan
KOMMOHEHTa NPW NO3AHWX CTaauMAX 3aboneBaHWA — e€ BKiag, No AaH-
HbIM 6G1M3HELOBbIX UCCNef0BaHUM, focTUraeT 71% C nokasatenem
aAAMTUBHOTO reHeTMYeckoro addekTa cabiwe 0,7 [8]. Brarogaps mac-
WTAabHbIM MONHOrEHOMHbIM MCCNeA0BaHUAM accoumaumii (GWAS)
6bIIM MAEHTUOMLMPOBAHBI KNtOYeBble TeHETUYECKMe MapKépbl 3a-
6oneBaHus, cpeay KOTopbix 0coboe 3HayeHne nmetoT SIoKycbl CFH n
ARMS2-HTRA1 [9, 10], cyLLeCcTBEHHO BANAIOLLME HA MHAMBUAYANbHDIN
PUCK Pa3BUTUA NATONOTUN.

Tem He meHee, HECMOTPSA Ha 3HAUMTE/bHBIN NPOrpecc B W3y-
YyeHun reHeTukn BM/J, eé monekynapHaa apxuTeKkTypa A0 KOHLA He
pacKpbITa. 3TO OrpaHMYMBAET BO3MOMKHOCTM PaHHEN AWMArHOCTUKM,
cTpaTUdUKaLMM pUCKa U Pa3paboTKM NepcoHaNU3MPOBAHHbLIX MOA-
XO[08 K sieyeHnto U npodunaktuke. Ocobblit MHTEPEC BbI3bIBAET W3-
y4eHMe reHoB, BOBIEYEHHDIX B PEryNALMIO OKUCUTENBHOTO CTpecca,
aHrnoreHesa, BocnaneHusa u metabonmsma sutamuHa D — npoueccos,
UrPaoLLMX BAXKHYIO PO/b B MaToreHese 3abonesaHus. AHanu3 nonu-
MOPdU3MOB TaKMX reHOB, Kak peuentop ButamuHa D (VDR), maTpukc-
Has meTtannonpotenHasa-9 (MMP9), sHgoTtenmanbHaa NO-cuHTasa
(eNOS) v untoxpom CYP11B2, moKeT cnocobcTBoBaTb YrybnéHHOMY
NOHUMaHMIo natodmsmonornm BM/ 1 co3gaHunio HOBbIX MONEKYNAp-
HbIX MULLEHeW Ans Tepanuu. M3ydyeHue BAUAHUA 3TUX TEHETUYECKMUX
BapMaHTOB OTKPbIBAET NepPCrneKTMBbl Kak A1 BblABAEHNA MapKEPoB
PU1CKa, TaK W An5 pa3paboTku NepcoHann3npoBaHHbIX NOAXOA0B K Jie-
YeHmio 3a601eBaHUA B COOTBETCTBUM C NPUHLMMAMM NPEBEHTUBHOW U1
TOYHON MeULMHBI.

LLENb UCCNEQOBAHUA

M3y4eHne reHeTUYECKMX accoLMaLmii BO3PacTHOM MaKynspHOM
ZereHepaumu (BMA) ¢ nonumopdusmamu reHos MMP9, CYP n eNOS
C UCNONb30BAHMEM COBPEMEHHbIX METOLO0B MOJIEKYIAPHOMN TEHETUKM
L1 OLLEHKU UX BKNaAa B pa3BUTUE 3a00N1eBaHUA U BbIABIEHUA BO3-
MOKHbIX MPOrHOCTUYECKUX MAPKEPOB.

INTRODUCTION

Age-related macular degeneration (AMD) is one of the lead-
ing causes of central vision loss in people over 65 years of age,
making it an important medical and social problem, particularly as
populations age [1, 2]. Regardless of a country's economic level,
AMD ranks among the leading causes of blindness in individuals
over 55 years of age and accounts for 6% to 9% of all cases world-
wide [3-5]. In the Russian Federation, the prevalence of the disease
is approximately 15 cases per 1,000 people, and in 21% of work-
ing-age patients, it leads to disability [6].

According to the World Health Organization and epidemio-
logical observations, the prevalence of AMD continues to increase
worldwide. The number of affected individuals is projected to rise
from 196 million in 2020 to 288 million by 2040. In the age group
from 45 to 85 years, the average prevalence of all forms of the dis-
ease is 8.69%. Epidemiological data indicate marked ethnic differ-
ences in AMD prevalence. Among populations of European origin,
the disease occurs almost twice as often (12.33%) as in Asian pop-
ulations (7.38%). American studies show that the annual incidence
of late AMD among the white population over 50 years of age
reaches 3.5 cases per 1,000 people [7], confirming the dependence
of disease course on racial background.

The pathogenesis of AMD involves complex interactions
among exogenous factors, age-related changes, and hereditary pre-
disposition. The genetic component is particularly significant in the
late stages of the disease: according to twin studies, its contribution
reaches 71%, with an additive genetic effect exceeding 0.7 [8]. Large-
scale genome-wide association studies (GWAS) have identified key
genetic markers of the disease, among which the CFH and ARMS2-
HTRA1 loci are particularly important [9, 10], substantially influenc-
ing an individual's risk of developing the pathology.

Nevertheless, despite significant progress in the study of AMD
genetics, its molecular architecture has not yet been fully elucidat-
ed. This limits the possibilities for early diagnosis, risk stratification,
and the development of personalized approaches to treatment
and prevention. Of particular interest is the study of genes involved
in the regulation of oxidative stress, angiogenesis, inflammation,
and vitamin D metabolism — processes that play an important role
in the pathogenesis of the disease. Analysis of polymorphisms in
genes such as the vitamin D receptor (VDR), matrix metallopro-
teinase-9 (MMP9), endothelial nitric oxide synthase (eNOS), and
cytochrome CYP11B2 may contribute to a deeper understanding of
AMD pathophysiology and the creation of new molecular targets
for therapy. Studying the influence of these genetic variants offers
opportunities to identify risk markers and develop personalized ap-
proaches to disease treatment in line with the principles of preven-
tive and precision medicine.

PURPOSE OF THE STUDY

To study genetic associations of age-related macular de-
generation (AMD) with polymorphisms of the MMP9, CYP, and
eNOS genes using modern molecular genetic methods, in order
to assess their contribution to disease development and identify
possible prognostic markers.

METHODS

The study included 160 patients who were treated and fol-
lowed up at the Professor E.V. Adamyuk Republican Clinical Oph-
thalmological Hospital. The participants were divided into two
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MATEPUAN U METOADbI

B pamkax uccnenosaHusa 6biav obcnenosaHbl 160 naumeHTos,
NPOXOAMBLUMX NeYeHue N HabntogeHue B PecnybiMKaHCKOM KAMHUYe-
CKol odTanbmonormyeckoit 6onbHuLe um. npodeccopa E.B. Agamio-
Ka. YYacCTHWMKM 6bian pasgeneHbl Ha ABe rpynnbl: B 0CHOBHyo (OF)
Bowu 60 naumeHToB ¢ AnarHoctTposaHHo BM/, cpeaHuii Bo3pact
KOTOpbIX cocTaBmAn 75,115 neT, a B KOHTpobHyto (KM — 100 nauveHToB
6e3 0dpTaNbMONOTMYECKMX NPU3HAKOB MATONOMMU MaKy/bl, CPEAHUN
BO3pacT — 65,418,75 ner.

[OvnarHo3 BM/, noaTsepAanca Ha OCHOBaHUM OQTasIbMOCKO-
MUYECKOTO UCCNIEA0BAHUA U PE3yNbTAaTOB ONTUYECKOW KorepeHTHOW
Tomorpadum. OTCyTCTBUE U3MEHEHMI HA YPOBHE CETYATKM ABASNOCH
KpuTepuem BratodeHuna 8 KI. [na monekynapHoO-reHeTM4ecKoro aHa-
N13a y BCEX UCMbITyeMbIX Hbln nponsseaéH 3abop ByKKasbHOTO anu-
TeIMA C UCNOb30BAHNEM CTEPUbHBIX OAHOPA30BbIX 30HAOB, COAEP-
aLLMX TPAHCMOPTHYIO cpedy, NpeAHas3HaYeHHYo ANA NpoBeAeHuA
MLP. C6op maTepurana BbINOAHANCA MYTEM ABYKPATHOIO COCKpebaHus
BHYTPEHHEeW MOBEPXHOCTU LLEK, MOCAE Yero 30HAbI MOMELLANUCh B
TPAHCMOPTHYIO cpedy. DKCTpakuma reHomHon [HK ocyuiecteasnach
COMNACHO CTAHAAPTHOW Npoueaype ¢ NpumeHeHnem Habopa pea-
reHtos «3[3M» (000 «[HK-TexHonorua», Poccus). MeTog, BKAtO-
Yan 3Tanbl KNETOYHOro NM3nca, TepMoobpaboTKM Npu TemnepaType
95°C B TeyeHne 10 MUHYT M NOCNEAYHOWEro LeHTPUYrMpoBaHNaA nNpu
10000g B TeyeHue 5 MMHYT. KoanyecTBeHHan 1 KayecTBEHHAA OLLeHKa
BblgeneHHon [HK npoussogunach cnekTpopoTOMETPUYECKM C AOMNY-
CTUMbIM 3HaY€HMEM OTHOLLEHUA OMNTUYecKon nnoTHoctn A260/A280
B npegenax 1,8-2,0.

[eHOTMNMPOBaHME MNOAMMOPOM3MOB TFeHa peLenTopa BWTa-
muHa D (VDR, rs2228570), maTpuKCHOW MeTannonpoTenHasbl 9
(MMP9, rs17576), sHpotennanbHoii NO-cuHTasbl (eNOS, rs2070744
n rs1549758) u reHa CYP11B2 (rs1799998) npoBoAMnOCb METOAOM
NONMMEPA3HOMN LENHOW Peakuuu B PEXMME PeasibHOro BPEMEHM C
Mcnonb3oBaHnem amnandukatopa CFX96 (Bio-Rad, USA). B coctas
PEaKLUMOHHON CMECUM BXOAUAM YHUBEPCaNbHbIM Bydep, cneundu-
yeckue npaimepbl n dayopecueHTHble 30HAb TagMan (FAM/HEX),
Tag-AHK-nonumepasa n nccnepyemas matpuuHasa JHK. Peakumna am-
nAvdMKaLMmM NPOBOAMAACE MO CNEAYIOWEMY TEMNEPATYPHOMY Mpo-
TOKOJy: NepBuUYHan AeHaTtypauma npu 95°C 8 TeueHue 3 MUHYT, Aanee
40 UMKNOB aMNANDUKALMM, KaXKabli M3 KOTOPbIX BK/KOYaN AeHaTypa-
umto npu 95°C B TeyeHne 15 ceKyHA, M OTKMI Npu TemnepaType 60-
63°C B TeyeHme 40 cekyHA,. [eHOTMNbI onpeaensaanch No pesynsTaTam
bNyopecLEeHTHOrO aHaM3a Ha KOHEYHOM TOYKE pPeaKLum.

Tuyeckoe 3ansneHue. Bece yyacTHVKM 106pPOBONBHO Nognuca-
M MHGOPMMPOBAHHOE COIIacKe Ha y4acTue B UcciefoBaHuu. MpoekT
noayunn ogobpeHune NIOKaNbHOTO 3TUYECKOTO KomuTeTa KasaHcKoro
rocy4apcTBeHHOro MeAMLMHCKOTo yHuBepcuTeTa (npoTtokon Ne 6 oT
21 vioHA 2022 roaa).

CratucTMueckan 06paboTka AaHHbIX BK/IKOYANa NPOBEPKY CO-
OTBETCTBUA pacrnpeseneHms reHoTUMNoB 3aKkoHy Xapau-BaitHbepra c
npUMeHeHVeM Kputepus X2 JN1A OLEHKM accouMaLmii MeXay reHe-
TUYECKMMM BapuaHTamMM U pUCKom passuTua BM/ paccumTbiBanuce
3HaYeHNA oTHoWeHMA WwaHcos (OLL) ¢ 95% aoBepuTenbHbIM MHTEPBA-
JIOM B paMKax LOMWHAHTHOM, PeLLeCCMBHOMN U aaAUTUBHOW Mogenein
HacnepoBaHumA. CTaTUCTUYECKMIA aHANN3 OCYLLECTBAACA C MOMOLLbIO
nporpamm jamovi Bepcum 2.3 n Gene-Expert. 3HauMMbIMK CYUTANUCD
pe3ynbTatbl Npu yposHe p<0,05.

PE3YNbTATbI

CpepgHuit Bo3pacT naumeHToB ¢ BM/ coctasun 75,15 ner, Tor-
[a Kak B KI'— 65,418,75 net. CpaBHUTENbHBINA aHaM3 NOMIOBOTO pac-
npeaeneHus NoKasan oOTCyTCTBME CTaTUCTUYECKM 3HAUMMBIX Pa3NNYNiA
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groups: the main group (MG) included 60 patients diagnosed with
AMD, with a mean age of 75.1+5 years, while the control group
(CG) included 100 patients without ophthalmological signs of mac-
ular pathology, with a mean age of 65.418.75 years.

The diagnosis of AMD was confirmed based on ophthalmo-
scopic and optical coherence tomography findings. The absence of
retinal changes was an inclusion criterion for the CG. For molecular
genetic analysis, buccal epithelial samples were collected from all
subjects using sterile disposable probes containing a PCR transport
medium. The material was collected by scraping the inner surface
of both cheeks twice, after which the probes were placed into the
transport medium. Genomic DNA was extracted according to the
standard procedure using the EDEM reagent kit (DNA-Technolo-
gy LLC, Russia). The method included cell lysis, heat treatment at
95°C for 10 minutes, and subsequent centrifugation at 10,000g for
5 minutes. Quantitative and qualitative assessment of the isolated
DNA was performed spectrophotometrically, with an acceptable
A260/A280 ratio of 1.8-2.0.

Genotyping of polymorphisms of the vitamin D receptor
gene (VDR, rs2228570), matrix metalloproteinase-9 (MMP9,
rs17576), endothelial nitric oxide synthase (eNOS, rs2070744 and
rs1549758), and the CYP11B2 gene (rs1799998) was performed by
real-time polymerase chain reaction using a CFX96 amplifier (Bio-
Rad, USA). The reaction mixture contained universal buffer, specific
primers and fluorescent TagMan probes (FAM/HEX), Tag DNA poly-
merase, and the test template DNA. The amplification reaction was
carried out according to the following temperature protocol: an
initial denaturation at 95°C for 3 minutes, followed by 40 amplifica-
tion cycles, each consisting of denaturation at 95°C for 15 seconds
and annealing at 60-63°C for 40 seconds. Genotypes were deter-
mined by fluorescence analysis at the reaction endpoint.

Ethical statement. All participants voluntarily signed informed
consent to participate in the study. The project was approved by
the Local Ethics Committee of Kazan State Medical University (Pro-
tocol No. 6 dated June 21, 2022).

Statistical data processing included testing the genotype
distribution for Hardy-Weinberg equilibrium using the x? test. To
assess associations between genetic variants and AMD risk, odds
ratios (ORs) with 95% confidence intervals were calculated under
dominant, recessive, and additive inheritance models. Statistical
analysis was performed using Jamovi version 2.3 and Gene-Ex-
pert software. Results were considered statistically significant at
p<0.05.

RESULTS

The mean age of patients with AMD was 75.115 years, where-
as in the CG it was 65.418.75 years. Comparative analysis of sex dis-
tribution showed no statistically significant differences between the
groups (p=0.592): in the MG, women accounted for 66.7% and men
for 33.3%; in the CG, the corresponding values were 56% and 44%.

The study assessed associations of four genetic polymor-
phisms — MIMP9 (rs17576), CYP (rs1799998), and eNOS (rs2070744,
rs1549758) — with the risk of AMD development. The genotypes, ex-
cept for rs17576 in the group of patients with AMD, demonstrated
compliance with Hardy-Weinberg equilibrium (x>=4.22, p<0.05). The
results of the analysis of genotype and allele distribution of the stud-
ied polymorphisms are presented in Tables 1 and 2, respectively.

The most significant results were obtained for the CYP11B2
(rs1799998) gene polymorphism, where the C allele was associat-
ed with a reduced risk of disease development (OR=0.53; 95% ClI:
0.29-0.95; p=0.016). The TT genotype in the dominant model, in con-
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mexay rpynnamu (p=0,592): B OF }KeHLLMHbI COCTaBNANM 66,7%, My K-
yuHbl — 33,3%; B KI — cooTBeTcTBEHHO 56% 1 44%.

B pamKax uccnenoBaHuA Obina NpoBeAeHa OLEHKa accoupa-
UM YeTbIPEX reHeTHYecknx noammopdusmos — MMPI (rs17576),
CYP (rs1799998), eNOS (rs2070744, rs1549758) — ¢ pUCKOM pa3Bu-
™a BM/. TeHoTunbl, 3a UcKAtoueHnem rs17576 B rpynne naumMeHTos
¢ BMJ, npoaemMoHCTpUpoBanu COOTBETCTBME PaBHOBECUIO Xapau-
BaitH6epra (x?=4,22, p<0,05). PesynbTaThl aHann3a pacnpeneneHus
reHOTUMOB M afnenei aHanM3npyemblx NOAMMOPGU3MOB NOKa3aHbI B
Tabn. 1 1 2, COOTBETCTBEHHO.

Hanbonee 3HauMmble pesynbTaTbl MNOJYYEHbI A8 MOAMMOP-
¢du3ma reHa CYP11B2 rs1799998, rae annenb C accoummpoBanca co
CHWXXEHVEM PUCKa pa3BuTUA 3abonesanua (OW=0,53; 95% AU: 0,29-
0,95, p=0,016). feHotTn TT B AOMWHAHTHOM MOAENM, HANPOTKB, Je-
MOHCTPMPOBAN CBA3b C yBeAnYeHuem pucka (OLWW=0,41, p=0,01), uto
YKa3bIBAET Ha NMOTEHLMABHYIO 3aLWUTHYIO ponb annena C.

AHanuz nonumopodusma eNOS rs2070744 BbiSBUA CTAaTUCTUYE-
CKM 3HauMmyto cBA3b reHoTuna TT ¢ BM/, B paMKax peLeccMBHON Mo-
adenn (OLW=2,07; 95% AM: 1,10-3,91, p=0,026), uTo cBMAETENLCTBYET
0 BAMAHUM annena T Ha NOBbILEeHWe NPeapacnoNoXKEeHHOCTU K 3a-
6onesaHuto. Monmmopdusmoel MMPI rs17576 n eNOS rs1549758 He
NPOAEMOHCTPMPOBANN CTaTUCTMYECKM 3HAYMMBIX accoLmaumii ¢ BMJ,
HU B aNN€NIbHOM, HU B TEHOTUMHOM aHanuse (p>0,05). Mpu aTom, ans
rs17576 Habntoganacb TeHAEHUMA K BonbLuel yacToTe annens Ay na-
umeHToB ¢ BM[, (65% npotne 60% B KOHTPOAE), OAHAKO pa3nume He
[OCTUINO CTaTUCTUYECKOM 3HauumocTy (OLL=1,29, p>0,05).

Tabnuya 1 CpasHeHue pacnpedesneHus 2eHomunoe
aHANU3UPYeMbIX NOAUMOPPUIMOB

fen/Monumopdusm TeHoTMN or, n
Gene/Polymorphism Genotype MG, n
cC 15
CYP11B2 rs1799998 CT 9
TT 23
cc 4
eNOS rs2070744 CT 17
TT 37
AA 27
MMP9 rs17576 AG 18
GG 10
CC 35
eNOS rs1549758 CT 18
TT 4

trast, demonstrated an association with an increased risk (OR=0.41,
p=0.01), indicating a potential protective role of the C allele.

Analysis of the eNOS (rs2070744) polymorphism revealed a
statistically significant association of the TT genotype with AMD
within the recessive model (OR=2.07; 95% Cl: 1.10-3.91; p=0.026),
indicating the influence of the T allele on increased susceptibility
to the disease. The MMP9 (rs17576) and eNOS (rs1549758) poly-
morphisms did not demonstrate statistically significant associa-
tions with AMD in either allelic or genotypic analysis (p>0.05). At
the same time, for rs17576, a tendency toward a higher frequency
of the A allele was observed in patients with AMD (65% versus 60%
in controls); however, the difference did not reach statistical signifi-
cance (OR=1.29, p>0.05).

The obtained data emphasize the importance of using differ-
ent inheritance models — dominant and recessive — when analyz-
ing genetic associations, since this approach makes it possible to
identify hidden effects of individual genotypes on the risk of AMD
development. The identified associations require further confirma-
tion in larger samples to clarify their prognostic value.

DISCUSSION

The study revealed important genetic associations, under-
scoring the complexity of AMD pathogenesis. The polymorphisms
in the CYP11B2 and eNOS genes were the most significant, confirm-
ing their involvement in the regulation of key pathogenic processes

Table 1 Comparison of genotype distribution of the
analyzed polymorphisms

KT, n OLL (95% AM)
CG, n P OR (95% Cl)
28 =0.006 0.53 (0.29-0.95)*
44
28 0.41 (0.20-0.83)**
6 >0.05 2.07 (1.10-3.91)%**
48
46
36 >0.05 1.71(0.89-3.29)
47
17
54 >0.05 1.36 (0.72-2.56)
36
10

MprmeyaHus: p — cTaTUCTUYECKaA 3HAYMMOCTb pasnnumii meskay O u Kl (no Kputepuio xu-kBagpart); ¥ —annenb Cvs T, ** —annenb TT vs CC+CT; *** —annensb TT vs CC+CT
Notes: p — statistical significance of differences between the MG and CG according to the chi-square test; * — allele Cvs T; ** — TT vs CC+CT; *** — TT vs CC+CT

Tabauya 2 CpasHeHue pacnpedeneHus anneneli

Ten/Monnmopdusm Annenb Oor, n
Gene/Polymorphism Allele MG, n
CYP11B2 rs1799998 C 29

T 55
eNOS rs2070744 C 25
T 91
MMPS9 rs17576 A 72
G 38
eNOS rs1549758 C 88
T 26

Table 2 Comparison of allele distribution

KT, n OLL (95% AM)
G, n P OR (95% Cl)
100 0.016 0.53 (0.29-0.95)
100
60 >0.05 0.64 (0.37-1.10)
140
119 >0.05 1.29 (0.81-2.06)
81
145 >0.05 1.28 (0.75-2.19)
55

NpumeyaHwe: p — CTaTUCTUYECKasA 3HAUYMMOCTb pasanumii mexay OF v KT (no Kputepuio xu-KBaapar)
Note: p — statistical significance of differences between the MG and CG according to the chi-square test
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MonyyeHHble AaHHble NOAYEPKMBAOT 3HAYMMOCTb WMCMOAbL30-
BaHWA Pas3/NYHbIX MOAENEN HacNefoBaHWUA (LOMUHAHTHOM U pelec-
CMBHOI) NPY aHaNM3e reHeTUYECKMX aCCOoLMaLLMIA, MOCKObKY UMEHHO
TaKoM NOAXOA NO3BONAET BbIABUTb CKPbITble BAUAHUA OTAE/bHbIX re-
HOTUMOB Ha pUCK pa3BuTMA BM/,. BbisBneHHble CBA3M TPEOYIOT faNb-
Helwero noaTeep:AeHna B 6onee KpynHbix BbIOOPKax ANA yTOYHe-
HUWA UX NPOrHOCTUYECKOMN LIEHHOCTY.

OBCYXAEHUE

Pe3ynbTaTbl NPOBEAEHHOMO WCCNELOBAHUA BbIABUAM BaKHble
reHeTMYeCcKne accoumaLmm, CBUAETENLCTBYIOWME O CAOXKHOCTM Na-
ToreHesa BM/. Hanbonblee 3HayeHne nmenu noanmopodusmel re-
HoB CYP11B2 n eNOS, 4TO NOATBEPXKAAET UX yyacTue B perynauum
KNtOYEBbIX NAaTOrEHETUYECKMX MPOLLECCOB, TAKUX KaK OKUCIUTENbHbIN
CTpecc, IMNUAHbIN 06MeH 1 cocyauctan AuchyHKumA. Tak, nonMmop-
¢m3m CYP11B2 rs1799998 nokaszan 3almTHbIN adpdekT ana annens C
(OLL=0,53), 4uTo MOXKeET BbITb CBA3AHO C €70 BAUAHUEM Ha MeTabonn3m
JIUNUAO0B, KPUTUYECKM BaXKHbIN 418 NOALEPKaHMA rOMeocTasa ceT-
yaTku. Mpobnema HapyleHus paBHoBecus Xapau-BaiiHbepra B rpyn-
ne NaumMeHToB TpebyeT BHMMATENbHOM MHTEpPNpeTaLMm, NOCKOAbKY
3TO MOKET CBUAETENbCTBOBATb O CKPbITbIX NONYAALMOHHbIX 3GPeKTax,
TaKMX Kak cTpaTuduKauma uam otbop, 4To, B CBOIO OYEpesb, OrpaHu-
ymeaeT 060CHOBaHHOCTb 0606LLIEHNA PE3YNLTATOB.

Monnmopdusm reHa eNOS rs2070744 nokasan 3Ha4YMMyLo ac-
COLMALMIO C NOBbILEHHbIM PUCKOM pa3BuTua BM/, B peueccusHoOM
mogzenu (OW=2,07 ansa reHotvna TT), YTO MOKET CBUAETENLCTBOBATD
0 €r0 y4acTUM B HaPYLIEHUW MUKPOLIMPKYAALMM U ULLEMUYECKOM NO-
BPEXAEHNM MaKy/bl. eNOS UrpaeT KAUeBYHO POb B CUHTE3E OKCUAA
asota (NO), KoTopblit peryampyeT CoCyAMCTbIN TOHYC U MUKPOLMPKY-
NALMIO, @ TAKIKE y4acTByeT B npoLeccax Bocnanenus [11]. 3T aaHHble
OTKPbIBAOT HOBble BO3MOXKHOCTU B KOHTEKCTE UCMO/Mb30BaHUA npe-
napatos, BanAloWwmMx Ha NO-3aBUCMMbIE MYTW, TaKMX KaK aHTU-VEGF
cpeacTsa (Hanpumep, apambepuenTt U paHMBU3ymab), KoTopble, Kak
M3BECTHO, MOTYT MOAY/IMPOBATb akTMBHOCTL eNOS [12].

B 70 e Bpems, AN nonumopdusma rs1549758 He 6bino BbiAB-
NEHO 3HAYMMbIX accoumaumii ¢ BMJ, 4To MOXKET yKasbiBaTb Ha BO3-
MOMKHbIE 3MUTeHeTUYECKNE UK BHELLHME (aKTopbl, BAUAOWME HA
aKTUBHOCTb JAHHOTO reHa.

Monumopdusm reHa MMP9, HeECMOTPA Ha CBOK OXMAAEMYLO
ponb B AerpagaLMm BHEKNETOYHOMO MaTPUKCa U PEMOLENINPOBAHUN
COCYAMCTOM CTeHKM [13], He NOKa3an CTaTUCTUYECKM 3HAYUMBIX acCo-
umaumii c BM/. 3Tv gaHHble NPOTUBOPEYAT pesynbTaTam paga Apyrux
nccnefosaHuii [14], 4To MOXKeT BbiTb 06BACHEHO STHUYECKUMM pa3-
NMYMAMK B PacnpeseneHnm annenen A HefoCTaTOuHON CTaTUCTU-
YeCKOM MOLLHOCTbIO BbIOOPKM.

MHTepecHbIM acnekToM ABAAETCA TMMOTETUYECKas PoNb reHa
CYP11B2, KOTOpbIA KOAMPYET aNbA0CTEPOHCMHTA3y M y4acTByeT B
perynauumM AMnMaHoOro obmeHa M BOCMaNMTENbHbIX NpoLeccos. Ero
CBA3b C TaKMMM KOMOPOUAHbIMM haKTOpamMK, KaK runepteHsus [15]
W aTepockNepos [16], Koppennpyet ¢ puckom passutma BM/, ogHako
NpAMble TEHETUYECKME acCoLMaLIMM eLé He YCTaHoBNEHbI. BansHue
3TOrO reHa Ha COCYAMCTYIO MPOHULLAEMOCTb M OKUCAWUTE/IbHBIV CTpecc
[LeNaeT ero NepcreKkTMBHOM LeNbto 4R AabHENWNX UCCeL0BAHUN.
Hanpumep, MHMBUTOPbI aNbA0OCTEPOHA, KOTOPbIE YXKe UCMONb3YIOTCA
B JIGYEHWUMN TUNEPTEH3UM, MOTYT TEOPETUYECKM 3aMea/InTb Nporpec-
CMpoBaHMe 3ab0neBaHMA 3a CYET CHUMKEHMA MPOAYKLMM AKTUBHbIX
dopm Kncnopoga, Yto TpebyeT AONONHUTENIbHOTO SKCNEePUMEHTaNb-
HOrO NOATBEPKAEHMUS.

OrpaHuyeHuns uccnegosaHua. OLHUM M3 OrPaHUYEHWI AAHHO-
ro UCCNef0BaHUA ABNAETCA OTHOCUTENbHO Masblil pasmep BbIGOPKHM,
a TaKKe OTCYTCTBME YYETA HEKOTOPbIX GAaKTOPOB, TaKMX KaK KypeHue
WK CONYTCTBYIOLLME CEPAEUYHO-COCYANUCTbIE 3ab0NeBaHMs, KOTopble
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such as oxidative stress, lipid metabolism, and vascular dysfunc-
tion. Thus, the CYP11B2 (rs1799998) polymorphism demonstrated
a protective effect for the C allele (OR=0.53), which may be associ-
ated with its influence on lipid metabolism, a process critically im-
portant for maintaining retinal homeostasis. The issue of deviation
from the Hardy-Weinberg equilibrium in the patient group requires
careful interpretation, as it may indicate hidden population effects,
such as stratification or selection, which, in turn, limit the validity
of generalizing the results.

The eNOS (rs2070744) gene polymorphism showed a signif-
icant association with an increased risk of AMD development in
the recessive model (OR=2.07 for the TT genotype), suggesting its
involvement in impaired microcirculation and ischemic damage to
the macula. eNOS plays a key role in the synthesis of nitric oxide
(NO), which regulates vascular tone and microcirculation and is
also involved in inflammatory processes [11]. These data open new
possibilities for using drugs that affect NO-dependent pathways,
such as anti-VEGF agents — for example, aflibercept and ranibi-
zumab — which are known to modulate eNOS activity [12].

At the same time, no significant association with AMD was
observed for the rs1549758 polymorphism, suggesting that epi-
genetic or external factors may influence the activity of this gene.

The MMP9 gene polymorphism, despite its expected role in
extracellular matrix degradation and vascular wall remodeling [13],
did not show statistically significant associations with AMD. These
data contradict the results of several other studies [14], which may
be explained by ethnic differences in allele distribution or insuffi-
cient statistical power of the sample.

An interesting aspect is the hypothetical role of the CYP11B2
gene, which encodes aldosterone synthase and regulates lipid me-
tabolism and inflammatory processes. Its association with such
comorbid factors as hypertension [15] and atherosclerosis [16]
correlates with the risk of AMD development; however, direct ge-
netic associations have not yet been established. The influence of
this gene on vascular permeability and oxidative stress makes it a
promising target for further research. For example, aldosterone in-
hibitors, already used in the treatment of hypertension, may theo-
retically slow disease progression by reducing reactive oxygen spe-
cies production, a hypothesis that requires additional experimental
confirmation.

Study limitations. One limitation of this study is the relative-
ly small sample size, as well as the lack of adjustment for certain
factors, such as smoking or concomitant cardiovascular diseases,
which may substantially affect the results. In addition, rare geno-
types, such as TT for eNOS (rs1549758), were represented in only
a few cases, reducing the statistical power of the analysis. These
limitations underscore the importance of conducting larger-scale
studies that account for multiple confounders and diverse popu-
lations, enabling a more complete characterization of genetic risk
factors for AMD.

CONCLUSION

Thus, the interaction between local retinal mechanisms and
systemic mechanisms, including vascular and metabolic pathways
mediated by the CYP and eNOS genes, forms a complex network of
pathogenetic processes that require further analysis. The develop-
ment of a strategy combining genetic risk stratification with targeted
correction of molecular abnormalities may become an important
step toward personalized treatment and improved prognosis for pa-
tients with AMD. The present study confirms the important roles of
the CYP and eNOS genes in the pathogenesis of AMD by modulating
oxidative stress, lipid metabolism, and vascular dysfunction.
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MOFYT CYLLECTBEHHO B/UATb Ha pe3ynbTaTbl. Kpome Toro, peakue re-
HOTWMbI, Takne Kak TT s eNOS rs1549758, 6blnn npeacTaBieHbl
B OrPAHWYEHHOM YUC/E C/Iy4YaEeB, YTO YMEHbLIAET CTaTUCTUYECKYHD
MOLLHOCTb aHa/IM3a. 3TV OrpaHMYeHNA NOAYEPKMBAIOT BaXKHOCTb NPO-
BeAeHun 6onee MaclITabHbIX UCCNeaoBaHUIM C YYETOM MHOMKECTBA
KOHbaYHAEPOB M PasNUYHbIX MONYAALMIA, YTO NO3BOAWT Hosee NoNHO
OXapaKTepn30BaTh reHeTu4eckne GakTopbl pucka BMA,.

3AKNIOMEHMUE

Takum 06pa3om, B3aMMOZENCTBME JIOKa/bHbIX (Ha YpoBHE CceT-
YaTKM) U CUCTEMHBIX (COCYAMCTbIX, METaboIMYECKMX) MEXaHU3MOB,

onocpesioBaHHbIX reHamu CYP u eNOS, GopmupyeT CNOXKHYI0 CeTb
NaToreHeTUYECKMX NPOLLECCOB, KOTOPble TPeOYIOT AanbHeWLwero aHa-
nu3a. PazpaboTka cTpaTernu, CoveTatoLLell reHeTUYECKyto cTpaTUdu-
KaLMIO PUCKA C TapreTHoW KoppeKuuei MONEKYNAPHbIX HapyLUeHWH,
MOMKET CTaTb Ba*KHbIM LIAroM Ha NyTU K NePCOHANN3MPOBAHHOMY Jie-
YEHMIO M YNYULLEeHWIO NPOrHo3a 414 nauverTos ¢ BM/J,. NMposeséHHoe
nccnefoBaHne NOATBEPKAAET BarKHy0 ponb reHos CYP n eNOS B na-
ToreHese BM/J], yepe3 moaynALMIO OKUCANTENbHOrO CTpecca, Mnua-
HOro MeTabosiM3ma 1 CocyanCToN anChyHKLMM.

NIUTEPATYPA

1. Fleckenstein M, Keenan TDL, Guymer RH, Chakravarthy U, Schmitz-Valckenberg
S, Klaver CC, et al. Age-related macular degeneration. Nat Rev Dis Primers.
2021;7(1):31. https://doi.org/10.1038/s41572-021-00265-2

2. 3deHamesa MX, Pyabko AC, Kapnunosa MA. Matodu3nonornyeckne acnekTbl
BO3PACTHOW MaKyNAPHON AereHepaLmn 1 mayKoMbl. HayuoHanbHell #ypHan
naykoma. 2016;15(3):81-92.

3. Zhangs, Ren J, Chai R, Yuan S, Hao Y. Global burden of low vision and blindness
due to age-related macular degeneration from 1990 to 2021 and projections for
2050. BMC Public Health. 2024;24(1):3510. https://doi.org/10.1186/s12889-
024-21047-x

4. Jonas JB, Cheung CMG, Panda-Jonas S. Updates on the epidemiology of age-
related macular degeneration. Asia Pac J Ophthalmol (Phila). 2017;6 (6):493-7.
https://doi.org/10.22608/AP0.2017251

5. Bukbos MM, Xanumos TA. ITuonaToreHe3 HEIKCCYAATUBHOM BO3PACTHOM
MaKysapHOi aereHepaupu (063op autepatypbl). Acta Biomedica Scientifica.
2022;7(1):96-105. https://doi.org/10.29413/ABS.2022-7.1.12

6. Cmonskosa ITl, Eropos BB, KoneHko OB, anunosa /N, Conosbésa tOb. Bos-
pacTHaA MaKynsapHas aereHepaums, cyxaa ¢opma. CoBpeMeHHble Noaxonbl K
NPOGUNAKTUKE U MeANKAMEHTO3HOMY iedeHuto. 30pasooxpaHeHue [anbHezo
Bocmoka. 2019;3:56-60.

7. Rudnicka AR, Kapetanakis VV, Jarrar Z, Wathern AK, Wormald R, Fletcher AE, et
al. Incidence of late-stage age-related macular degeneration in american whites:
Systematic review and meta-analysis. Am J Ophthalmol. 2015;160(1):85-93.
https://doi.org/10.1016/j.aj0.2015.04.003

8. Nguyen J, Brantley MA Jr, Schwartz SG. Genetics and age-related macular
degeneration: A practical review for clinicians. Front Biosci (Schol Ed).
2024;16(1):3. https://doi.org/10.31083/}.fbs1601003

9. Fritsche LG, Igl W, Bailey JN, Grassmann F, Sengupta S, Bragg-Gresham JL, et al.
A large genome-wide association study of age-related macular degeneration
highlights contributions of rare and common variants. Nat Genet. 2016;48(2):134-
43, https://doi.org/10.1038/ng.3448

10. Gorman BR, Voloudakis G, Igo RP Jr, Kinzy T, Halladay CW, Bigdeli TB, et al.
Genome-wide association analyses identify distinct genetic architectures for age-
related macular degeneration across ancestries. Nat Genet. 2024;56(12):2659-
71. https://doi.org/10.1038/s41588-024-01764-0

11. Cinelli MA, Do HT, Miley GP, Silverman RB. Inducible nitric oxide synthase:
Regulation, structure, and inhibition. Med Res Rev. 2020;40:158-89. https://doi.
0rg/10.1002/med.21599

12. De Cilla S, Farruggio S, Cocomazzi G, Mary D, Alkabes M, Rossetti L, et al.
Aflibercept and ranibizumab modulate retinal pigment epithelial cells function
by acting on their cross talk with vascular endothelial cells. Cell Physiol Biochem.
2020;54(2):161-79. https://doi.org/10.33594/000000212

13. Wang X, Khalil RA. Matrix metalloproteinases, vascular remodeling, and
vascular disease. Adv Pharmacol. 2018;81:241-330. https://doi.org/10.1016/
bs.apha.2017.08.002

14. Sohn EH, Han IC, Roos BR, Faga B, Luse MA, Binkley EM, et al. Genetic association
between MMP9 and choroidal neovascularization in age-related macular
degeneration. Ophthalmol Sci. 2021;1(1):100002. https://doi.org/10.1016/j.
x0ps.2020.100002

15. 3eneHckan EM, Kox HB, Kupeesa BB, AnapuuH KA, Jindwmy M. Accounaums
reHa CYP11B2 c puCKOM pa3BUTUA TMNEpTOHUYECKON BonesHn u atepoTpom-

REFERENCES

1. Fleckenstein M, Keenan TDL, Guymer RH, Chakravarthy U, Schmitz-Valcken-
berg S, Klaver CC, et al. Age-related macular degeneration. Nat Rev Dis Primers.
2021;7(1):31. https://doi.org/10.1038/s41572-021-00265-2

2. Efendieva MKh, Rudko AS, Karpilova MA. Patofiziologicheskie aspekty vozrast-
noy makulyarnoy degeneratsii i glaukomy [Pathophysiological aspects of age-re-
lated macular degeneration and glaucoma]. Natsional'nyy zhurnal Glaukoma.
2016;15(3):81-92.

3. Zhangs, Ren J, ChaiR, Yuan S, Hao Y. Global burden of low vision and blindness
due to age-related macular degeneration from 1990 to 2021 and projections for
2050. BMC Public Health. 2024;24(1):3510. https://doi.org/10.1186/s12889-
024-21047-x

4. Jonas JB, Cheung CMG, Panda-Jonas S. Updates on the epidemiology of age-re-
lated macular degeneration. Asia Pac J Ophthalmol (Phila). 2017;6 (6):493-7.
https://doi.org/10.22608/AP0.2017251

5. Bikbov MM, Khalimov TA. Etiopatogenez neekssudativnoy vozrastnoy makulyar-
noy degeneratsii (obzor literatury) [Etiopathogenesis of non-exudative age-re-
lated macular degeneration (literature review)]. Acta Biomedica Scientifica.
2022;7(1):96-105. https://doi.org/10.29413/ABS.2022-7.1.12

6.  Smolyakova GP, Egorov VV, Kolenko OV, Danilova LP, Solovyova YuB. Vozrastnaya
makulyarnaya degeneratsiya, sukhaya forma. Sovremennyye podkhody k pro-
filaktike i medikamentoznomu lecheniyu [Age-related macular degeneration, dry
form. Modern approaches to prevention and drug treatment]. Zdravookhrane-
nie Dal'nego Vostoka. 2019;3:56-60.

7. Rudnicka AR, Kapetanakis VV, Jarrar Z, Wathern AK, Wormald R, Fletcher AE, et
al. Incidence of late-stage age-related macular degeneration in american whites:
Systematic review and meta-analysis. Am J Ophthalmol. 2015;160(1):85-93.
https://doi.org/10.1016/j.aj0.2015.04.003

8. Nguyen J, Brantley MA Jr, Schwartz SG. Genetics and age-related macular de-
generation: A practical review for clinicians. Front Biosci (Schol Ed). 2024;16(1):3.
https://doi.org/10.31083/j.fbs1601003

9. Fritsche LG, Igl W, Bailey JN, Grassmann F, Sengupta S, Bragg-Gresham JL, et al. A
large genome-wide association study of age-related macular degeneration high-
lights contributions of rare and common variants. Nat Genet. 2016;48(2):134-43.
https://doi.org/10.1038/ng.3448

10. Gorman BR, Voloudakis G, Igo RP Jr, Kinzy T, Halladay CW, Bigdeli TB, et al. Ge-
nome-wide association analyses identify distinct genetic architectures for age-re-
lated macular degeneration across ancestries. Nat Genet. 2024;56(12):2659-71.
https://doi.org/10.1038/s41588-024-01764-0

11. Cinelli MA, Do HT, Miley GP, Silverman RB. Inducible nitric oxide synthase: Reg-
ulation, structure, and inhibition. Med Res Rev. 2020;40:158-89. https://doi.
0rg/10.1002/med.21599

12. De Cilla S, Farruggio S, Cocomazzi G, Mary D, Alkabes M, Rossetti L, et al. Af-
libercept and ranibizumab modulate retinal pigment epithelial cells function by
acting on their cross talk with vascular endothelial cells. Cell Physiol Biochem.
2020;54(2):161-79. https://doi.org/10.33594/000000212

13. Wang X, Khalil RA. Matrix metalloproteinases, vascular remodeling, and vas-
cular disease. Adv Pharmacol. 2018;81:241-330. https://doi.org/10.1016/
bs.apha.2017.08.002

14. Sohn EH, Han IC, Roos BR, Faga B, Luse MA, Binkley EM, et al. Genetic associ-
ation between MMP9 and choroidal neovascularization in age-related macular
degeneration. Ophthalmol Sci. 2021;1(1):100002. https://doi.org/10.1016/].
x0ps.2020.100002

15. Zelenskaya EM, Kokh NV, Kireeva VV, Apartsin KA, Lifshits Gl. Assotsiatsiya gena
CYP11B2 s riskom razvitiya gipertonicheskoy bolezni i aterotromboticheskikh os-

391



Plotnikov DYu et al Age-related macular degeneration

AVICENNA BULLETIN
Vol 28 * No 2 * 2026

60TUYECKUX OCNOXKHEHWIA. KapouosackynspHAs mepanus u npoguaaKmuka.
2016;15(3):63-8. https://doi.org/10.15829/1728-8800-2016-3-63-68

16. Liu M, Gutierrez J. Genetic risk factors of intracranial atherosclerosis. Genetic
risk factors of intracranial atherosclerosis. Curr Atheroscler Rep. 2020;22(4):13.
https://doi.org/10.1007/s11883-020-0831-5

lozhneniy [Association of SIP11B2 gene with the risk of developing hypertension
and atherothrombotic complications]. Kardiovaskulyarnaya terapiya i profilakti-
ka. 2016;15(3):63-8. https://doi.org/10.15829/1728-8800-2016-3-63-68

16. Liu M, Gutierrez J. Genetic risk factors of intracranial atherosclerosis. Genetic
risk factors of intracranial atherosclerosis. Curr Atheroscler Rep. 2020;22(4):13.
https://doi.org/10.1007/s11883-020-0831-5

(i) CBELEHMA OB ABTOPAX

MnotHukos fleHnc OpbeBuY, KaHANAAT MEAMLMHCKMX HayK, 3aBedytomnii
nabopaTopueit WHTerpaTMBHOW anuaemuonornn LieHTpasbHOWM Hay4Ho-uc-
cNnefoBaTeNbCKOM 1abopaTopmm, KasaHCKMiA rocyAapCTBEHHbIA MeAULMHCKUI
yHUBEpCUTET

Researcher ID: AAO-3132-2021

Scopus ID: 57202400688

ORCID ID: 0000-0002-9950-8992

Author ID: 1192580

E-mail: denis.plotnikov@kazangmu.ru

Hukonaesa [imaHa MuxaiinoBHa, opavHaTop Kadeapbl NPodUNaKTUYecKom
MeaMLMHbI MO cneunanbHocT «/labopaTopHas reHeTuKa» MHcTuTyTa dyHaa-
MEHTaNbHON MeAMLMHbI U 6uonorum, KasaHckuii (MpueomKkckui) desepans-
Hbli yHMBEpCUTET

Researcher ID: NEU-6793-2025

ORCID ID: 0009-0007-0142-4349

E-mail: dianaaa.nikolaeva.1999@mail.ru

WHdopmauma 06 MCTOUHMKE NOAJEPIKKM B BUAE FPAHTOB, 060pyA0BaHMA,
JleKapCTBEHHbIX NpenapaTos

PaboTa BbinosHeHa 3a CYET rpaHTa AKaZemuu Hayk Pecnybavku TaTtapcTaH,
npesoCTaBNeHHOrO MOIOALIM KaHAMAATaM HayK (MOCTAOKTOPaHTaM) C LieNbto
33LUMTbI JOKTOPCKOM ANCCEPTALMUM, BbIMOHEHWUA HAaYYHO-UCCEL0BATENBCKNX
paboT, a TaK¥e BbINOAHEHUA TPyAOBbIX GYHKUMIA B HayyHbIX M 0bpa3oBa-
Te/bHbIX OpraHu3auuax Pecnybauku TatapctaH B pamkax locyaapcTBeHHOM
nporpammbl Pecnybavkum TatapcTaH «HayyHo-TexHoNOrMYeckoe passutue Pe-
cnybavkn TatapcTaH». PMHAHCOBOM NOALEPHKKM CO CTOPOHbI KOMNAHUIA-NPO-
u3BOAMTENEW NEKAapCTBEHHbIX NPenapaToB U MeAMLMHCKOrO 060pyAoBaHuA
aBTOPbI He Nonyyanu

KoH$AUKT nHTepecos: oTcyTcTayeT

<] ALPEC 4719 KOPPECMOHAEHLUMM:

MnotHukos [lenuc KOpbesuy

KaHOMAAT MEeAMUMHCKUX HayK, 3aBeaytolmii nabopatopueit MHTErpaTMBHOM
anuaemmnonorum LieHTpanbHo HayyHO-MCCNea0BaTeNbCKOM nabopatopuy, Ka-
3aHCKMIM roCYapCTBEHHbIN MEANLMHCKUIM YHUBEPCUTET

420012, Poccuiickas ®epepauns, r. KasaHb, yn. bytieposa, 49
Ten.: +7 (843) 2388371
E-mail: denis.plotnikov@kazangmu.ru

BKNAL ABTOPOB

Pa3paboTka KoHLEeNuWK 1 ausaitHa uccaeposanua: NAKO
Cbop matepuana: HAM

CraTucTyeckan 06pabotka gaHHbIX: HAM

AHan13 Noy4YeHHbIX gaHHblx: NAKO, HAM

MogrotoBKa Tekcta: HAM

Pepaktuposanwe: MNAKO

06was otBeTcTBEHHOCTL: MAKO, HAM

13.05.25
28.05.26

Mocmynuna
MpuHama 6 neyame

392

(i) AUTHORS' INFORMATION

Plotnikov Denis Yurievich, Candidate of Medical Sciences, Head of the Inte-
grative Epidemiology Laboratory, Central Research Laboratory, Kazan State
Medical University

Researcher ID: AAO-3132-2021
Scopus ID: 57202400688

ORCID ID: 0000-0002-9950-8992
Author ID: 1192580

E-mail: denis.plotnikov@kazangmu.ru

Nikolaeva Diana Mikhaylovna, Medical Resident in Genetics Laboratory, De-
partment of Preventive Medicine, Institute of Fundamental Medicine and Biol-
ogy, Kazan (Volga Region) Federal University

Researcher ID: NEU-6793-2025
ORCID ID: 0009-0007-0142-4349
E-mail: dianaaa.nikolaeva.1999@mail.ru

Information about support in the form of grants, equipment, medications

The study was supported by a grant from the Academy of Sciences of the Re-
public of Tatarstan, provided to young PhD-holders — postdoctoral researchers
— for the purpose of defending a doctoral dissertation, conducting research
work, and performing employment duties in scientific and educational institu-
tions of the Republic of Tatarstan within the framework of the State Program
of the Republic of Tatarstan “Scientific and Technological Development of the
Republic of Tatarstan”. The authors did not receive financial support from man-
ufacturers of medicines and medical equipment

Conflicts of interest: The authors have no conflicts of interest

<] ADDRESS FOR CORRESPONDENCE:

Plotnikov Denis Yurievich
Candidate of Medical Sciences, Head of the Integrative Epidemiology Labora-
tory, Central Research Laboratory, Kazan State Medical University

420012, Russian Federation, Kazan, Butlerov str., 49
Tel.: +7 (843) 2388371
E-mail: denis.plotnikov@kazangmu.ru

AUTHOR CONTRIBUTIONS

Conception and design: PDYu

Data collection: NDM

Statistical analysis: NDM

Analysis and interpretation: PDYu, NDM
Writing the article: NDM

Critical revision of the article: PDYu
Overall responsibility: PDYu, NDM

Submitted
Accepted

13.05.25
28.05.26



