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AHHOTALMA

Bospact — Begywmin ¢akTop pucka bonesnu Anburevimepa (BA) — caMoi pacnpocTpaHEHHOM NMporpeccupyloLLen ce-
HWNBHOM [AEMEHLMN U BO3PACTHON MaKynapHoi fereHepaumnn (BM), Kotopas CTaHOBMTCA OCHOBHOM MPWUYMHOM NoTepu
3peHun y niopein ctapwe 60 net. IGdeKTUBHLIX CNOCOBOB NPOPUNAKTUKM U NEYEHUS ITUX HeMpOLereHepaTUBHbIX 3abone-
BaHWM HET, 4T0 06YCNOBNEHO HEMOMHOTOM 3HaHWK UX NaToreHe3a. [epeKpbIBalOTCA GaKTopbl pUCKa (KypeHue, TUnepToHuA,
rUNepxonecTepuHeEMis, aTePOCKIEPO3, OXMPEHME, HENPaBUIbHOE NMUTaHWE) U MexaHW3Mbl natoreHesa bA u BM[, cpeau
KOTOPbIX YCUIEHHbIA OKUCTIUTESIbHBIA CTPECC, BOCMANEHWE, HapyLUEHUe MUTOXOHAPUANbHBLIX GYHKUMIA UM NoAAepHaHusA
npoTeocTasa, NPOABNEHNEM KOTOPOr0 CTAHOBATCA NaTofoOrMyeckan arperaums 1 HakomnjaeHne aHoMasbHbIX BHEKETOUHbIX
OTNOKEHUAX — CEHWSIbHBIX bnALLKax B Mo3re maumeHToB ¢ BA, u B apy3ax 6onbHbix BM[. Pa3BuTue 3TUX OTKNOHEHWI
MOMKeT bbITb accoLMMPOBaHO C HapyLleHneM ¢ BopactoM perynauum MATK curHanbHbix nyTen. Bknag HapyweHva nepe-
[auun CUrHanoB B 3TMX NyTAX B natoreHe3 bA noAaTBepAEH pesynbTaTaMu MHOMOYMCIEHHbIX UccnegoBaHuni, u MATK
paccMaTpMBaETCA KaKk MoTeHLUManbHaa MULLEHb ANA TepaneBTUYECKUX BO3OEWCTBUN, B TO BPeMA Kak MHdopMauuma 06 mx
M3MEHEHMAX C BO3PACcTOM OrPaHUYEHa, a fiaHHbIX 0 COCTOSHWUM B CETHYaTKe Npu pasuTumn BMJ npaktnyecku Her.

Lenb uccneposanua. CpasHeHne M3MeHeHUN akTMBHOCTU EPK1/2 u p38MAMK curHambHbIX NyTel B CTPYKTypax Mo3ra
M ceTyaTKe C Bo3pacToM v npu passutim BA n BM[L. Pabota BbinonHeHa Ha Kpbicax Buctap u OXYS — Mogenu npexaes-
PEMEHHOr0 CTapeHusA, 0QHUM U3 NPOABNIEHWIA KOTOPOr0 CTAaHOBUTCA OHOBPEMEHHOE pa3BuTue npusHakos bA u BM[.

Ha nepBoM 3atane aHanM3MpoBany YpoBHM 3KCMpeccum reHoB, BoBneyéHHbIX B EPK1/2 1 p38MAIK curHanbHble nyTu, cpas-
HWBaA TpaHCKPUNTOMbI (daHHble RNA-seq) ceT4aTku, npeppoHTanbHOM Kopbl U runnokamna Kpbic 0XYS u BucTap B BospacTte
20 pHew, Koraa y Kkpbic OXYS npusHaku BM[ v BA otcytcTBytoT, B nepuog Ux MaHudecTaumm (BospacT 3—5 MecALeB) U ak-
TUBHOW nporpeccuu (Bospact 18 MecALeB). YCTaHOBNEHO, YTO M3MEHEHMA IKCMPECCUM FeHOB, KOTopble, cornacHo Rat Genome
Database, oTHocaTca K EPK1/2 [1] n p38MATK curHanbHbIM NyTAM, TKaHeCmeUM@UYHbI U 3aBUCAT OT FeHOTUMA HMBOTHBIX.
B cetyaTKe KonmM4ecTBO reHoB, BoBeYEHHbIX B EPK1/2 1 p38MATK, ¢ Bo3pacToM CHUMKANOoCh KaK y Kpbic BucTap, Tak 1y Kpbic
OXYS 1 B 18 MecALeB 6b1110 MUHUMaNbHBIM. MaKcMMarbHble MeIMHENHbIE Pa3finimnA B YPOBHE 3KCMPECCUM 3TUX FeHOB Bbinn
BbIABNEHbI B Bo3pacTe 20 AHei, Ha «OOKAMHUYECKOM» cTagum passutia BM-nopobHon natonorum y Kpbic OXYS. Cpeam
avbdepeHumanbHo sKkcnpeccupytowwmxca reHos (031 ¢ noBbilweHHbIM ypoBHeM MPHK 6binu Kak aKkTuBaTopbl, Tak U WMHIMM-
6uTopbl akTMBHOCTU EPK1/2 1 p38MATK curnanbHbix nytei. K Bospacty 3 MecAueB KonuyectBo [3 cHuKanoch, npu 3ToM
Cpeau reHoB C NoBbILLEHHBIM ypoBHeM MPHK npeobnapanu reHbl-aktuBatopbl. M Tonbko B Bo3pacTe 18 MecALeB B ceTyaTke
Kpbic OXYS 6binv BbIABMEHBI NPU3HAKN CHUMKEHUA aKTUBHOCTM CUTHAbHBIX NMYTe Ha YPOBHE 3KCMPECCUM TeHOB.

B cTpyKTypax Mo3ra KpbiC 06eMX NMHWUIA XapaKTep M3MEHEHUW C BO3pacTOM MPOPUAA KCMPECCUM TeHOB, BOBMEYEHHBIX
B EPK1/2 [2] v p38MAIK [3, 4] curHanbHble nyTw, y Kpbic Buctap otnuuancs ot Toro, Yto Mbl Habnioganu B ceTyaTke.
B npedpoHTancHoM Kope, KaKk 1 B TUMNNoKaMne, ¢ BO3pacToM YBENMYMBANIOCh KOIMYECTBO FEHOB, SKCMPECCUA KOTOPbIX pas-
nmyanachb y Kpblc OXYS 1 Buctap, Ho NpU3HaKOB 3HAUMTESNIbHOM aKTUBALMM CUrHANbHOMO MYTY BbIABNIEHO He HbINo.
YpoBeHb pochopunmpoBanua Knioyesbix KMHa3 EPK1/2 n p38MANK curHanbHbix nyTe — 06BEKTMBHBIN NoKasaTenb X
aKTUBHOCTW. [lanee Mbl OLEHWNM ero Ha 6enKoBOM ypoBHe METOAOM BecTepH-6/oT aHanmsa. Bo Bcex uccnenoBaHHbIX
TKaHAX — B CETYaTKe, NpedpoHTaNbHOM KOPe M FMMNOKaMre — BbISBMIEHO 3HAYMTENIbHOE YBENMUEHWE COAepHaHua doc-
dopunumpoBaHHbix dopm EPK1/2 n p38MAIK ¢ Bo3pacToM y Kpbic 06emx nuHMiA. Mpu aToM y Kpbic OXYS ux HakonneHwe
npoucxoamnno 6onee akTMBHO M YCUNMBANOCL No Mepe nporpeccuu npusHakos bA n BM[.

TakvM 06pa3oM, Halum pe3ynbTaTbl MOKa3anu, 4To NPy GU3MONOrMYECKOM CTapeHUn Kpbic Buctap 1 npu npexaeBpeMeH-
HOM cTapeHuu Kpbic 0XYS B ceTuaTke 1 CTPYKTYpaX Mo3ra 3HauMUTesbHbIX M3MeHeHUI akTuBHocTM ERK1/2 n p38MAIK cur-
HasbHbIX KaCKa[l0B KaK Ha YpOBHE 3KCMPEeCcCUM FeHOB, Tak U Ha 6eNIKoBOM YpoBHe HeT. [1p1 3TOM YCTaHOBJIEHO, YTO KaK Ma-
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HudecTaums, TaK 1 nporpeccua npmsHakos bA n BM[ y kpeic OXYS npoumcxogat Ha GoHe ycuneHHoro ¢pochopmnmpoBaHmua
ERK1/2 n p38MAIIK, uto no3BonseT paccMaTpuBaTh NoBbiLLeHWe akTUBHOCTM MATTK curHanbHbix nyTei Kak obLymii Mexa-
HU3M pa3ButnA bA 1 BM[] yKe Ha paHHMX CTagmMAX 3TUX 3ab0neBaHUN.

KnioueBble cnoBa: cTapeHue; HelpopdereHepauus; 6onesHb AnbLrerMMepa; Bo3pacTHas MaKyNApHaA [ereHepauus;
MATK curiansHein nyTb; dochopunmposaHme; Kpbickl OXYS.
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Is alteration of ERK1/2 and p38MAPK signaling
pathways activity a general mechanism

of Alzheimer’s disease and age-related macular
degeneration development?
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ABSTRACT

Age is the primary risk factor for Alzheimer’s disease (AD), the most prevalent progressive senile dementia, and age-related
macular degeneration (AMD), the main cause of vision loss in individuals over 60. Effective prevention and treatment of these
neurodegenerative conditions are lacking due to incomplete knowledge of their pathogenesis. Risk factors such as smoking,
hypertension, hypercholesterolemia, atherosclerosis, obesity, and malnutrition intersect with the pathogenesis mechanisms
of both AD and AMD. Oxidative stress, inflammation, mitochondrial dysfunction, and impaired proteostasis maintenance are
among the pathological factors associated with the aggregation and accumulation of abnormal extracellular deposits —
senile plaques in the brains of AD patients and drusen in AMD patients. Alterations in the regulation of MAPK signaling
pathways with age may be associated to the emergence of these abnormalities. Impaired MAPK signaling was confirmed
as a significant contributor to the pathogenesis of AD through the results of numerous investigations. MAPK is a potential
target for therapeutic interventions. Information on its age-related changes, however, is limited. Virtually no data exist
on retinal MAPK activity during AD and AMD development. This study aims to compare changes in ERK1/2 and p38MAPK
signaling activity in brain and retina structures with age and AD/AMD progression. Wistar and OXYS rats were used as
models of accelerated aging that show concomitant signs of AD and AMD.

At the initial stage of the study, we examined the gene expression related to ERK1/2 and p38MAPK signaling pathways via
comparing the transcriptomes (RNA-seq data) of the retina, prefrontal cortex, and hippocampus of OXYS and Wistar rats.
The analysis was conducted when the rats were 20 days old and showed no signs of AMD and AD symptoms, during their
manifestation period (age 3—-5 months) and active progression stage (age 18 months). Changes in gene expression, involved
in EPK1/2 [1] and p38MAPK signaling pathways according to the Rat Genome Database, are tissue-specific and dependent
on the animal genotype. In the retina, the number of genes associated with ERK1/2 and p38MAPK decreased in both Wistar
and OXYS rats with age and was minimal at 18 months of age. The greatest differences in the expression levels of these
genes were detected when the rats were 20 days old, at the preclinical stage of AMD-like pathology development in OXYS
rats. Both activators and inhibitors of the EPK1/2 and p38MAPK pathways were present among the differentially expressed
genes (DEGs) with increased mRNA levels. At 3 months, the number of DEGs decreased, while activator genes predominated
among those with increased mRNA levels. At 18 months, the retina of OXYS rats displayed only signs of decreased activity
in signaling pathways at the gene expression level.

Age-related changes in gene expression profiles related to the ERK1/2 [2] and p38MAPK [3, 4] signaling pathways in Wistar
rats differed between brain structures and the retina. In the prefrontal cortex and hippocampus, the number of genes
increased with age, and the expression differed between OXYS and Wistar rats. However, no signs of significant activation
of the signaling pathway were observed.

The phosphorylation level of ERK1/2 and p38MAPK signaling pathway kinases serves as an objective indicator of their
activity. For protein level evaluation via Western blot analysis, we examined these levels in the retina, prefrontal cortex,
and hippocampus. In both rat strains, a significant increase in phosphorylated forms of ERK1/2 and p38MAPK was observed
with aging in all examined tissues. Simultaneously, accumulation of the substance became more active in OXYS rats and
increased with progression of AD and AMD symptoms.

Therefore, the results indicate that no significant changes in the activity of ERK1/2 and p38MAPK signaling cascades in
the retina and brain structures are observed during normal aging of Wistar rats and accelerated aging of OXYS, both at
the gene expression and protein level. AD and AMD pathological signs in OXYS rats were found to be associated with
increased phosphorylation of ERK1/2 and p38MAPK, suggesting that enhancement of MAPK pathways may be a common
mechanism for the early development of AD and AMD.
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