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Ananus 3kcnpeccun MUKpoPHK B ceTyaTKe Kpbic Sheck

Ha paHHUX CTaAuAX pa3BUTUA PETUHONATUU

0.C. KoeBHukoBa*, H.I". Konocosa

WHcTUTYT umTonorum u reHetukn Cubmpekoro otnenenna Poccuiickoii akagemum Hayk, HoBocubumpek, Poccniickan Qefiepauma

AHHOTALMA

BospacTtHan MakynspHana pereHepauma (BM[L) — HeipopereHepaTvBHoe 3abofieBaHue a3 — ABNAETCA BedyLLen npu-
UMHOW CenoTbl BO BCEM MUPe, NopaxKaloLLen Nofei noxunoro Bospacta. MukpoPHK npepcTaBnsioT coboi Knacc ogHo-
LenoyeyHbix Hekogupylowmx PHK anvHoM okono 22 HyKNneoTWOB, KOTOpPbIE MPEMMYLLECTBEHHO HEraTUBHO PErynupyioT
JKcnpeccuio reHoB. MaMeHeHua cogepanna MUKpoPHK npu passuTtum BML MoryT cnocobcTBoBaTh paHHEMY BbISIBNEHUIO
3aboneBaHnA M MOHUTOPUHTY eé nporpeccupoBaHnA. OQHaKo CBEAEHWA 0 3aKOHOMEPHOCTAX aKcnpeccun MUKpoPHK B ceT-
yaTKe Ha paHHuX cTagmax passutua BM[I otcytctByloT. WccnenoBaHWe MONEKyNAPHLIX MEXaHW3MOB, NeXallyx B 0CHOBE
BO3paCcTHOM [iereHepaLmm CeT4yaTku, Ha paHHeN cTaguu U 10 NPOABNEHUA NePBbIX MPU3HAKOB MOMKET [aTb NOACKA3KM OT-
HOCWTENbHO MOMEKYNAPHBIX COBBITMI, 3anycKalolmx HeobpaTtuMyto ctaguio. Y Kpbic OXYS ¢ yCKOpeHHbIM CTapeHUeM CroH-
TaHHO K BO3pacTy 3 MecALEB BOCMPOM3BOAATCA OCHOBHbIE MpU3HaKK cyxon ¢opmbl BM[: guctpoduyeckme msMeHeHmA
PI13, MCTOHYEHME HEMPOPETUHBI, HAapYLLIEHUE XOPUOMZANbHOM MUKpoLMpKYnAaumu [1]. B naHHow paboTe Mbl npoBeny cpas-
HWUTENbHBIA aHanu3 akcnpeccum MUKpoPHK B ceTuatke Kpbic OXYS B Bo3pacte 20 AaHel (BOKNMHUYECKanA CTaguMA peTUHoNa-
TUM) 1 3 MecALeB (CTaamnA MaHUecTaumum peTMHONaTUM) U KOHTPOJbHBIX KpbiC BrcTap MeTooM cekBeHMpoBaHWA — small
RNA-seq — Ha nnat¢popme DNBSEQ.

CornacHo aHanusy auddepeHumanbHoit-akenpeccun (DESeq2, g-value <0,05) B Bospacte 20 gHeit y Kpbic OXYS no cpaBHe-
HUIO C KpbicamMm BucTap 6bina n3MeHeHa akenpeccus 2 MuKpoPHK, a B 3 Mecaua y kpbic OXYS oTHocuTenbHo Buctap bbina
“3MeHeHa sKcnpeccua 16 MUKpOPHK: ypoeHb 7 MUPHK 6bin noBbileH, a 9 — cHUMeH. AHanMU3 BO3pacTHbIX M3MEHEeHUM
aKcnpeccum MUPHK nokasan, uto B cetyatke Kpbic OXYS ¢ 20 gHer go 3 MecAueB u3aMeHsncs ypoeHb 134 MMPHK: no-
BoiwancA y 59 MUPHK n cumanca y 75 MuPHK. B cetuatke Kpbic Buctap ¢ 20 gHen fo 3 MecAueB M3MeHANCA YpoBeHb
94 MUPHK: noblwanca y 48 MPHK u cHukanca y 46 MuPHK. [na ouddepeHumansHo npeacraeneHHbix MUPHK Mexay
rpynnamu NpoBeféH NOMCK FreHOB-MULLEHEN ¢ noMoLbio nporpaMM RNAhybrid, miRanda u TargetScan u ux aHanus ren-
HbIX oHTONoruM. MeHbl-Muwenn 3 MUPHK B 20 gHewt y Kpbic OXYS no cpaBHeHuio ¢ BucTap 3HauMMo npeacTaBrieHb
B KaTeropuAxX «afre3voHHblE KOHTAKTbI» M «LUMKA CUHANTUYeCcKOM Be3uKyfbl». [eHbl-MuweHn MUPHK ¢ noHWKeHHbIM
ypoBHeM B 3 MecALeB Yy Kpbic OXYS no cpaBHeHMto ¢ BucTap 3HauMMo 060oralleHbl B KaTeropusx: pa3BeTB/IEHME COCYOB,
BHEK/IETOYHaA 0praHM3aLua MaTpuKca, agresus, oeyobuksuTMHUpoBaHue 6enkos v ap. Tapretom ana MUPHK ¢ noBbiweH-
HbIM ypoBHeM B 3 MecAua y Kpbic OXYS no cpaBHeHMio ¢ Buctap 3HaunMMo npeAcTaBneH B curHanbHbix nytax mTOR, MAPK,
VEGF, TupeouaHoro ropMoHa u ap. [1na aHanu3a TapretoMa, perynvpyeMoro Mosiekynamm MUKpoPHK ¢ n3MeHEHHOM aKc-
npeccuen, BblIbMpany TapreTHble reHbl, ABNAIOWMECA 06LMMM MULLEHAMM Kak MUHMMYM anA 10 MukpoPHK. Wcnonb3ys
3Ty OTCeYKY, nonyyeHsbl TapretoMbl (0T 400 go 600 reHo) ana MUKPOPHK NOBLILLAIOWMX M CHUMKAIOLLMX YPOBEHD Y KpbiC
OXYS n Buctap ¢ 20 gHen o 3 MecAaueB. lpeacTaBnaeTcA UHTEPeCHbLIM 060ralleHne 3TUX TapreToMOB N0 KaTeropuaAM aK-
COHOreHes, 06pa3oBaHwe CNOA CeTYaTKM, BU3yanbHoe obyyeHue, poKanbHan agre3va U aHOoUMTo3. [InA BepudmKaumm pe-
3ynbtatoB small RNA-seq nposefieHo npodunuposanue 84 MukpoPHK cetuatkm Kpbic OXYS v Buctap B Bospacte 20 gHen
u 3 Mecaues ¢ noMmowbio MNUP-naHenet (Qiagen). AHanu3 noKasan BbICOKYK CX0OMMOCTb Pe3ynbTaToB CEKBEHUPOBaHUS
n MNLP-naHenen. B 3aknoyeHre Mbl npegnonaraeM, 4to 16 MuKpoPHK ¢ n3MeHEHHOM aKcnpeccuent B ceTyaTke Kpbic OXYS
npencTaBnAioT cobov NoTeHuManbHble 6OMapKepbl M HOBbIE MULLIEHW ANA U3y4eHuA naToreHesa BM[.
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Analysis of microRNA expression in rat retina
at the early stages of retinopathy development
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ABSTRACT

Age-related macular degeneration (AMD), a neurodegenerative eye disease, is the primary cause of blindness globally,
especially affecting the elderly population. MicroRNAs, a type of single-stranded, non-coding RNAs of about 22 nucleotides
in length, primarily regulate gene expression negatively. Alterations in the miRNA profile during AMD’s development could
potentially aid in early detection and progression monitoring of the disease. However, no data are available on the microRNA
expression patterns in the retina during the early stages of AMD. Investigating the molecular mechanisms that underlie
age-related retinal degeneration at an early stage, prior to the manifestation of any symptoms, could provide insights
into the molecular events that initiate the irreversible stage. In the case of OXYS rats with accelerated aging, dystrophic
changes in the RPE, neuroretinal thinning, and impaired choroidal microcirculation — the primary indicators of the dry
form of AMD — spontaneously occur by the age of 3 months [1]. A comparative analysis was conducted in this study on
microRNA expression in the retinas of OXYS rats at two different stages of retinopathy — 20 days (preclinical) and 3 months
(manifestation) — as well as in control Wistar rats. Small RNA-seq sequencing was performed on the DNBSEQ platform.
According to differential expression analysis (DESeq2, g-value <0.05), at 20 days of age, 2 microRNAs exhibited altered
expression in OXYS rats compared to Wistar rats. Similarly, at 3 months of age, the expression of 16 microRNAs in 0XYS
rats was altered compared to Wistars, with 7 miRNAs showing increased levels and 9 miRNAs showing decreased levels.
Analysis of age-related changes in miRNA expression demonstrated that in the OXYS rat retina between 20 days and
3 months, the levels of 134 miRNAs altered: 59 miRNAs increased, and 75 miRNAs decreased. Over the course of 20 days
to 3 months, 94 miRNAs underwent alterations in the retinas of Wistar rats. Among these, the level of 48 miRNAs increased
while the level of 46 miRNAs decreased. The RNAhybrid, miRanda, and TargetScan programs were used to search for
target genes of differentially presented miRNAs among different groups. Following this, gene ontologies were studied. In
comparison to Wistar rats, “adhesion contacts” and “synaptic vesicle cycle” categories are noticeably populated with target
genes of miRNA DE at 20 days in OXYS rats. MiRNA target genes with lower levels at 3 months in OXYS rats compared to
Wistar rats are significantly enriched in categories such as vascular branching, extracellular matrix organization, adhesion,
and protein deubiquitination. Target genes with increased miRNA levels at 3 months in OXYS rats, compared to Wistar
rats, are significantly represented in various signaling pathways, such as mTOR, MAPK, VEGF, and thyroid hormone. Target
genes, which serve as common targets for at least 10 microRNAs (miRNAs), were chosen for analysis of the targetome
subject to regulation by miRNA molecules exhibiting modified expression. Targetomes containing 400 to 600 genes were
obtained for miRNAs that increased or decreased levels in both OXYS and Wistar rats between 20 days and 3 months.
Notably, these targetomes were enriched in categories such as axonogenesis, retinal layer formation, visual learning, focal
adhesion, and endocytosis. Profiling of 84 miRNAs of the retina of OXYS and Wistar rats at the age of 20 days and 3 months
was carried out using PCR panels (Qiagen) to verify the results of small RNA-seq. Our analysis revealed highly convergent
results between sequencing and PCR panels. Thus, 16 miRNAs showing altered expression in OXYS retina may serve as
potential biomarkers and new targets for studying AMD pathogenesis.
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