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Momueayus u yenv: Bo3pacTHas  MakynspHas ~ JereHepauus, HauOolee
pacmpocTpaHeHHas MpUYMHA T[OTEPH 3PEHHs, TMPEICTaBIsieT COOOH CIOXKHOE
MHOro(akTopHOe 3a00JieBaHHE, B IaTOI€HE3Ee KOTOPOrO0 WIPAOT pOjb CTapeHHe,
OKpyXaromasi cpema/obpa3 JKM3HH W TeHETHYECKHe/dNHUreHeTHYecKue (HaKTOpHI.
[TontHOr€HOMHBIE ACCOIMATUBHBIC MCCJICAOBAHMS IMOKa3aidu, 4yTo B maroreHeze BM/JI
MOTYT OBbITh 3alefiCTBOBaHBI pa3lIWYHbIE T€HETHYECKHE JIOKYCHI, COAEPIKAIINE TEHBI
TpeX OCHOBHBIX IIyTei: IyTH KOMIUIEMEHTa, MeTaboiu3Ma JHUIOHUAOB H
pPEMOJICIMPOBAaHNSl BHEKJIETOYHOIO MaTpHuKca. BapuaHTBl 3THX T€HOB MOTYT
B3aMMO/JIEHCTBOBATH, U X 3()(HEKT MOKET MOIYTUPOBaThCS PakTopamu pricka BM/I.
[omumopdusmer 1s10490924 (ARMS2), rs800292 (CFH) u rs6677604 (CFH) tecHo
CBs13aHbl ¢ o9KceygatuBHOM BMJI B poccuiickoi INOIyJsLiMA, a OTBET Ha
AHTHAHTHOTEHHYIO TEPAIUIO pa3inyalicid B 3aBUCHUMOCTH OT KOHKPETHOTO T'€HOTHUIa
1s2285714 (CFI) n 152230199 (C3) manuenta [1].

Ilenp wuccremoBanuss — mnpoBecTH aHamu3 N SilicO QyHKIMOHATBHOrO 3HAYCHHS
nonmumMopdHbIX JokycoB reHoB PLA2G12A (rs2285714), CFH (rs800292, rs6677604),
ARMS?2 (rs10490924) u C3 (rs2230199), accorupoBaHHbIX ¢ 0TBeTOM Ha aHTH-VEGF
tepanuo BM/JI.

Memoowr u areopummer: Ha ocroBanmu 6a3 nmansbeix (SIFT, SNPinfo, PolyPhen-2,
HaploReg, GTExportal, RegulomeDB) mnpoBeneHa omeHka (yHKIMOHAIBHOTO
3HAQUEHUS]  ATUX  HOJIMMOPGHBIX  JIOKYCOB  (HECHHOHUMHYECKHE  3aMEHBI,
snHUreHeTHueckue d(QeKTsl, CBA3b € OKCOpPEcCHEd TEHOB, acCOLUaluu C
aJIbTEPHATUBHBIM CIIJIACMHIOM TPAaHCKPHUIITOB T€HOB).

Pezynomamur: Cpenu mnsiTM  uccinenoBaHHBIX mnonumopdusmoB 152285714 (CFI)
SBJISIETCS. CHMHOHUMMYHOHM 3ameHoil, momumopdusm 1s6677604 (CFH) Bapuantom
nHTpoHa, a 3 SNP rs800292 (CFH), rs2230199 (C3) n rs10490924 (ARMS2) sBnstoTcst
He cuHOHMMHUYHBIMH. [lomumopdusmbr 1s80029 w 152230199 He mnpuBOAAT K
CTPYKTYpHBIM H3MEHEHHsAM Oenka W HapymeHusMm ero ¢yHkmuw, a 1s10490924 mo
nanabiM  PolyPhen-2 BeposiTHO siBisieTcsi BpefoHOCHBIM ¢ mokazateiem (0,994
(ayBctBUTEnbHOCTE 0,69, cieuduunocts 0,97). [To nanabiM 6a3el qanHbIx HaploReg,
rs2285714 pacronoXeH B 3BOJIOIMOHHO KOHCepBaTUBHOW oOsactH, 152230199 — B
001acTH METOK IPOMOTOPHBIX THCTOHOB, a 16677604 1 rs2230199 — B o6macTu MeTOK
THCTOHOB DHXaHCepa B pa3nuHbIX TKaHsaX. [lomumopdusmel 1s6677604, rs10490924 n
rs2230199 3arparuBaror caiitel runepuyBctBuTenbHble K J{HKazel. Kaxnaeii us
NOIMMOP(HU3MOB 3aTparuBaeT peruoHsl peryistopabix MotuBoB JIHK memoro psapa
tkaneil. [Tomumopdusm rs6677604 3arparuBaer perynsaropHbie MOTHBBI Ets_knownl,
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GATA disc3, Hsf knownl, MZF1, RFX5 knownl u SPIB, a rs10490924 — AP-4_3,
Ascl2, HEN1 2 u LBP-1_2. Taxxe O0butn onpeneneasl SNP B cuinbHOM HEpaBHOBECHH
0 CIETUICHUIO ¢ M3y4eHHBIMH monuMopduzmMamu: oT 6 SNP mst 152230199 no Gomnee
30 SNP mms rs10490924. Ilo mamabiM 06a3bl maHHBIX SNPinfo, mommmopdu3Mer
1s2230199 C3 wu 152285714 CFl obnamatoT Hambosiee 3HAYMMBIM PEryJISTOPHBIM
rmoterraioMm (0,33 m 0,36 coorBercTBeHHO). Te ke SNP mMeroT cample BBICOKHE
nokazatenn BepositHocTr RegulomeDB (0,86 u 0,6). [IpumeuarensHo, uTo 06a SNP
pacmonioxkeHbl B 0o0nacTsax sHXaHcepa 3k3oHHOro cruiaiicunra (ESE) u caiinencepa
sK30HHOTO craiicura (ESS), a cnenoBarenbHo, MOTYT BIHSITE Ha MPOLECC CIUIAHCHHTA
U U3MEHATh YacTOTy ajbTEPHATHBHOTO cIUlalicuHra. Panee Hamm ObUIO MOKa3aHO
cHikeHue ypoBHs ¢aktopa FI, kogupyemoro renom CFI, Bo BHyTpUTria3HON KUAKOCTH
nanueHToB ¢ BM/I [1]. OnHoit u3 npuyuH 1aHHOTO 3P QeKTa MOKET OBbITh BIHUSHUEM
rs2285714 Ha TKaHecnenmupuyeckui cruraicuar. Ilo gaHHBIM  6a3el  TAHHBIX
GTExportal, Bce st SNP pricka AMD B 3HaUHTEIHHON CTENIEHHN BKIIIOUYEHBI B JIOKYCHI
JKCIIpeccur KonuyecTBeHHbIX MpusHakoB (eQTL), cBAzaHHble ¢ TpaHckpumueil 18
reHoB-mumeHeil. rs10490924 moxxer BauATH Ha dsKcmpeccuio Tpex reHoB (HTRAI,
PLEKHA1 u ARMS2). Taxxe rs10490924 otHOCHTCA K JOKycaMm CIDIaiiCHHTa
koinuecTBeHHbIX Npu3HakoB (SQTL) mns PLEKHA1 u ARMS2. rs2230199 umeer
3HaueHue nuc-eQTL, moTeHnmansHo Biustoiee Ha skcipeccuto renoB GPR108 u CTD-
3128G10.7. rs2285714 mmeer accolualii TKaHECHENH(PUIHBIX TPAHCKPHUIITOB ¢ 4
reramu (CASP6, MCUB, CFI u PLA2GA12A) u mpencraBmser coboit sQTL,
nMeroui oonslioe 3Hayenue i1t renoB CFI u PLA2A12A.

rs6677604 moxer BmuaATh Ha KommdectBo TpaHckpuntoB MPHK 4 renoB (CFHRI,
CFHR2, CFHR3, ZBTB41) Bo MHOTHX TKaHSX W opranax u otHocHutcs K sQTL mis
renoB CFH u CFHRI. rs800292 moxeT BiusaTh Ha 3kciipeccuio 5 renos (CFH, CFHR1,
CFHR3, CFHR4, KCNT2) u Bausier Ha crutaiicuar renoB CFH, CFHR1, CFHR2 u
F13B.

Buisoowi: [Tomumophu3Mbl accolMUPOBaHHbIC ¢ HeoBacKy IsIpHbIM BM/] B poccuiickoit
MOMyJIALIMA W OTBETOM Ha Tepamuio oOO0NaJaloT pEryIsSTOPHBIM MOTEHIMATIOM:
YYacTBYIOT B peaju3alMy 3MUTCHETHYECKHX MEXAaHM3MOB, y4YacTBYIOT B KOHTpPOJIE
9KCHPECCHU T'€HOB U aTbTEPHATUBHOIO CIUIAfiCHHTa.
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Motivation and Aim: Age-related macular degeneration the most common cause of
vision loss, This complex, multifactorial disease, a major role in its pathogenesis play
aging, different genetic/epigenetic factors, environment and lifestyle. Genome-wide
association studies indicate that various genetic loci containing genes for three major
pathways may be involved in the pathogenesis of AMD: the complement pathway, lipid
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metabolism, and extracellular matrix remodeling. Variants of these genes may interact
and their effect may modulate AMD risk factors. Polymorphisms rs10490924 (ARMS?2),
rs800292 (CFH) and rs6677604 (CFH) are closely associated with exudative AMD in
the Russian population, and the response to antiangiogenic therapy differed depending
on the specific genotype of rs2285714 (CFIl) and rs2230199 (C3) of the patient [1].
Purpose of the study: To conduct an in silico analysis of the functional significance of
the polymorphic loci of the PLA2G12A (rs (rs2285714 ), CFH (rs rs800292, rs6677604),
ARMS?2 (rs10490924 ) and C3 genes (rs2285714, rs800292, rs6677604, rs10490924 and
rs2230199) associated with response to anti-VEGF therapy in AMD.

Methods and Algorithms: According to the databases (SIFT, SNPinfo, PolyPhen-2,
HaploReg, GTExportal, RegulomeDB), we assessed the functional significance of these
polymorphic loci (nonsynonymous substitutions, epigenetic effects, association with
gene expression, associations with alternative splicing of gene transcripts).

Results: Among the five studied SNP, rs2285714 (CFI) is a synonymous substitution,
the rs6677604 (CFH) polymorphism is an intron variant, and 3 SNPs rs800292 (CFH),
rs2230199 (C3) and rs10490924 (ARMS2) are non-synonymous. Polymorphisms
rs80029 and rs2230199 do not lead to structural changes in the protein or impairment of
its function, and rs10490924, according to PolyPhen-2, is probably damaging with a
score of 0.994 (sensitivity: 0.69; specificity: 0.97). According to the HaploReg database,
rs2285714 is located in an evolutionarily conserved region, rs2230199 is located in the
region of promoter histone marks region, and rs6677604 and rs2230199 are located in
the region of enhancer histone marks in various tissues. The rs6677604, rs10490924 and
rs2230199 polymorphisms affect DNasel hypersensitive sites. Each of the
polymorphisms affects regions of regulatory DNA motifs in a number of tissues. The
rs6677604 polymorphism affects the regulatory motifs Ets_knownl, GATA_disc3,
Hsf _knownl, MZF1, RFX5 knownl, and SPIB, and the rs10490924 affects AP-4 3,
Ascl2, HEN1 2, and LBP-1_2. SNPs in strong linkage disequilibrium with the studied
polymorphisms were also identified: from 6 SNPs for rs2230199 to more than 30 SNPs
for rs10490924. According to the SNPinfo database, the rs2230199 C3 and rs2285714
CFI polymorphisms have the most significant regulatory potential (0.33 and 0.36,
respectively). The same SNPs had the highest RegulomeDB probability scores (0.86 and
0.6). Notably, both SNPs are located in the exonic splicing enhancer (ESE) and exonic
splicing silencer (ESS) regions, and therefore can influence the splicing process and
change the frequency of alternative splicing. Previously, we showed a decrease in the
level of factor FI, encoded by the CFI gene, in the intraocular fluid of patients with AMD
[1]. One of the reasons for this effect may be the influence of rs2285714 on tissue-
specific splicing. According to the GTExportal database, all five AMD risk SNPs are
significantly included in the expression quantitative trait loci (eQTL) associated with
transcription of 18 target genes. rs10490924 might affect the expression of 3 genes
(HTRAL, PLEKHAL and ARMS?2). Also the rs10490924 refers to splicing quantitative
trait loci (sQTL) for PLEKHAL1 and ARMS2 genes. rs2230199 has the cis-eQTL
significance potentially affecting the expression of GPR108 and CTD-3128G10.7 genes.
rs2285714 has the tissue-specific transcript associations with 4 genes (CASP6, MCUB,
CFl and PLA2GA12A) and is sQTL with strong significance for CFl and PLA2A12A
genes. rs6677604 can affect mRNA transcript abundance of 4 genes (CFHR1, CFHR2,
CFHR3, ZBTB41) in many tissues and organs and refers to sQTL for CFH and CFHR1
genes. rs800292 might affect the expression of 5 genes (CFH, CFHR1, CFHR3, CFHR4,
KCNT2) and cause sQTL for CFH, CFHR1, CFHR2 and F13B genes.
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Conclusion: Polymorphisms associated with neovascular AMD in the Russian
population and response to therapy have regulatory potential: they are involved in the
implementation of epigenetic mechanisms, and participate in the control of gene
expression and alternative splicing.

Cnucox aumepamypwi/References

1. Kozhevnikova O.S., Fursova A.Z., Derbeneva A.S., Nikulich I.F., Tarasov M.S., Devyatkin V.A,,
Rumyantseva Y.V., Telegina D.V., Kolosova N.G. Association between Polymorphisms in CFH,
ARMS2, CFIl, and C3 Genes and Response to Anti-VEGF Treatment in Neovascular Age-Related
Macular Degeneration. Biomedicines. 2022;10(7):1658. doi 10.3390/biomedicines10071658

BGRS/SB-2024 2279



