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MEXAHHU3MbI HOPMAJIBHOT'O

N ITATOJIOTUYECKOTI'O PA3BUTUA
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BJIMSHUE DTUJIMETWITUAPOKCUTTUPUINH CYKLIMHATA
(“MEKCHUI0J1”) HA MEMOTUYECKOE CO3PEBAHUE OOIIMTOB,
WHTETPAJIBHYIO IIEJJOCTHOCTb TEHOMA,

A TAKXE U3BMEHEHUE DKCOPECCUM TEHOB B KYMYJIIOCHBIX
KJIETKAX MBIIIIEN B YCJIOBUAX CUCTEMHOTO
UMMYHOKOMILUIEKCHOTO MMOBPEXIEHUS
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Ha monenu akcrepuMeHTaIbHOTO CUCTEMHOTO MMMYHOKOMITJIEKCHOTO TTOBPEXACHUS (MHIYIIMPOBAHHOTO
JUIMTENIbHOM MMMyHU3alueit mpimeid tuHuu CBA Ob1ybuM CBIBOPOTOUYHBIM aiboymMuHOM (BCA)) Hamu
WCCIIEA0BAHO BIUSTHUE STUIMETWITUIpOoKcunupunuH cykuuHara (I'C, npenapar “Mekcunon’) Ha Meio-
TUYECKOE CO3peBaHUE OOLIUTOB, cTerieHb noBpexneHus JJHK, a Takxke akcrpeccrio B KyMYJTIOCHBIX KJIET-
Kax reHoB rpeminHa 1 (Grem1), ruanypoHancuHTasbl 2 (HAS2) u nuknookcureHassl 2 (COX2), KoTophie,
COIJIACHO COBPEMEHHBIM JaHHBIM, UTPAIOT KPUTUIECKN BaXKHYIO POJIb B OOTeHE3e U MOTYT XapaKTepr30-
BaTh KayecTBO oonutoB. Mcnonb3oBanue I'C okas3biBasio MpOTeKTUBHBIN 3 dekT Ha Mopdo-dyHKIIMO-
HaJIbHOE COCTOSIHME KJIEeTOK SMYHUKOB. BBenenue I'C ocnabiisiyio reHOTOKCUYECKMIA CTpecC, MHAYLIUPO-
BaHHBIN BCA, 4TO MPOSIBASIOCH B YMEHBIIIEHUN YMCIIa KyMYJIOCHBIX KJIETOK C CUJIBHBIM TTOBPEXICHUEM
JHK. OtmeueHo ycuieHre SKCIPEeCCUU UCCIIeIOBAaHHbBIX Te€HOB: yBeaudeHue KoandyectBa MPHK COX2 —
B 1.61 pa3 u Greml1 — B 1.47 pa3. BeIsgBIeHO TakKe yBeIMIeHUE COMepKaHUsI TpaHCKpUTIToB reHa HAS2 B
1.38 pa3, ogHaKo 3TU 3HAYEHUS HE ObLIM CTATUCTUYECKU JOCTOBEPHBIMU. JJaHHbBIE U3MEHEHUS TTOJIOXKU-
TeJIbHO CKa3bIBaJIMCh HA MEMOTUYECKOM CO3PEBAHUHN OOIIMTOB: HAOJIOIAIOCH CYIIIECTBEHHOE YBEIUUCHUE
X Kojau4decTBa Ha ctanusax Metadassl I u I1. Takum o6pazom, Mbl rtojiaraeM, 4To I'C MoXeT ObITh UCITOIb-
30BaH C TepareBTUYECKOM 1Ie/IbI0 MTPU 3a00JIeBAHUSIX UMMYHOKOMIUJIEKCHOTO TeHe3a.

Karouesvie crosa: NMMYHU3aluud BCA, MENOTUYECKOE CO3p€BaHUEC OOLIMTOB, MHTECIrpaJibHadA LIEJIOCTHOCTb

reHOMa, 9KCIIPECCUS T€HOB, KyMYJIIOCHBIE KJIIETKU
DOI: 10.31857/S0475145020030039

BBEAEHUE

IMoBpexneHUsT, oMOCpenOBaHHBIE UMMYHHBIMHI
koMIuiekcamu (MK) sBIISIIOTCST BaXXHOM COCTaBHOM
4acTbl0 MHOTOKOMITOHEHTHOTO T1aTOJIOTUYECKOTO
mmpoliecca P ayTOMMMYHHBIX, aJlJIepTUYEeCKUX,
BOCIAJIUTENBHBIX U UH(PEKIIMOHHBIX 3a00JI€BAHU-
sax. Hamu mokaszano (Shepel et al., 2016), yTo WH-
TEHCUBHOE BO3IEHCTBE AaHTUTEHHOTO CTUMYJa
MMpYU UMMYHU3AIUU MbIlIeit OBIYbUM CHIBOPOTOY-
HbIM anbbymuHoM (BCA) BbI3bIBaeT B OpraHu3Me
CUCTEMHBII TTaTOJIOTMIECKUIT TTPOIIeCC MMMYHOKOM-
TJIEKCHOTO TeHe3a, KOTOPBIN COMMPOBOXKIACTCS aKTHBA-
LIMei KJIETOYHOTO M TyMOPAJIbHOTO 3BEHbeB UMMYHHOI
CHCTeMBI, yBeamaeHneM ypoBHsI MK B CBIBOpOTKe Kpo-
BM M YCWJICHUEM MX (DUKCAIIMK B TIOBPEXICHHBIX TKA-
Hsix. Ilpu 3TOM BBISIBJIEHO PacCTPOMCTBO (DYHKIIMIA
SIMYHUKOB, TIOBpeXIeHre Mopdo-OYHKIIMOHATEHOTO

COCTOSTHUSI OBapHaJIbHBIX KJIeTOK (Shepel et al., 2016).
M3BectHO, uTo UK SBISIIOTCS CUIBHBIMU aKTUBATO-
paMH KIIETOK 3(P(PeKTOpOB, KOTOPEIE BhIpaObaTHIBAIOT
6OJIBIIIOE KOJIMYECTBO IMTPOBOCTIAIMTEIBHBIX (PaKTO-
POB, B TOM YMCJie U aKTUBHBIX (DOPM a30Ta U KUCJIO-
pona (ADK) (Llmarens, Yepemruen, 2009; Bosques,
Manning, 2016; Mahajan et al., 2016). Hamu ycraHoB-
JIEHO, YTO B YCJIOBHUSIX UMMYHOKOMILJIEKCHOI maTo-
Jiornu ycunusaiach reHepanuss ADK, Takux Kak cy-
nepokcua pagukan (Sribna et al., 2016). UpeamepHast
aKTUBALMS KIIETOK-3(h(dEeKTOPOB BOCHAJICHUS, YBEIN-
YeHUe MPOAYKIIMU OMOJIOTMYECKN aKTUBHBIX BEIIECTB
(Bxmouast ADK) Ha ¢poHE HENOCTATOYHOIT aHTHOKCH-
JTAHTHOM 3aIlIUTHI KIIETOK SIBJIIETCS OMHUM M3 BasKHBIX
MaTOreHETUYECKMUX MEXaHU3MOB MOBPEXICHUS TKa-
Heit (Jancar, 2005; IIImarens, Yepemses, 2009;
Bosques, Manning, 2016; Mahajan et al., 2016), koTo-
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pBIil TaKKe MOXET OBITh 3aJeCTBOBAH B Pa3BUTHE
OBapUaIbHON NUCHYHKIUU B YCIOBHUSIX UMMYHO-
KOMIIJIEKCHOM IaTOJIOTUM.

PaHee 1okazaHoO, 4TO WCITOJIb30BaHUE Tpernapa-
TOB, MPOSIBJISIIONIMX aHTUOKCUAAHTHBIE CBOMCTBA, K
KOTOPBIM OTHOCUTCS “MeKkcumon” (3TUIMETUITHUI-
poKcunupuanH cykiHat, I'C), oka3bpIBaeT MOJI0XKM -
TeJIbHbIN 2(DdeKT Ha (PYHKIIMOHAIBHOE COCTOSIHUE
MUOMETPUSI MAaTKU Mblllieid Ha (hpoHE MMMYHU3aIUU
BCA (Lytvynenko et al., 2014). YuurtbiBast BbllliecKa-
3aHHOE, SIBJISIETCSl aKTyaJlbHbIM HajibHeillee rccie-
noBanue BmssHUS I'C B yCIIOBUSIX CUCTEMHOM MaTOJIO-
M UMMYHOKOMIIJIEKCHOTO TeHe3a IIJisi BO3MOXKHOM
KOPpEeKIUU oBapuaibHON IMCGhYHKIIUU, COTTPOBOX-
Jatolieiicsl HapylleHUEM OoreHe3a 1, Kak CJeICTBUE,
yXyIlLIeHUEM KadyecTBa OOLUTOB. B cBsA3M ¢ 3TUM 1ie-
JIbIO Halllel pabOThI ObLIO: UCTIONb3YSI MOAEb IKCIIe-
PUMEHTAILHOTO CUCTEMHOTO UMMYHOKOMIIJIEKCHOTO
TOBpeXIeHUs1, u3yduTh neiictBue I'C Ha melioTrnue-
CKO€ CO3peBaHUE OOLIMTOB MbIIIEl, OLIEHUTD 1IEJI0CT-
HocTh reHoMma (creneHb noBpexaenus [JJHK), a takke
U3MEHeHUe 3Kcrpeccun reHoB rpemimHa 1 (Greml),
ruanypoHaHcuHTasbl 2 (HAS2) um muximookcureHasbl
(COX?2) B KyMy/TIOCHBIX KJIeTKax. COIjIacHO COBpeMEH-
HbIM JTaHHBIM MCCJIEAyeMble T€HBbl WUTIPAIOT BaXKHYIO
pPOJIb BO BpeMsI OOTeHe3a U MOTYT XapaKTepu30BaTh Ka-
yectBo oonutoB (McKenzie et al., 2004; Shepel et al.,
2016; Scarica et al., 2019).

MATEPHAJIBI U METO/JbI

HccnenoBaHust mpoBOAMIINA Ha TOJIOBO3PEIbIX CaM-
Kax Mbiteit uan CBA (6—8 Henenb, Maccoit 18—20T)
puBapust Mucturyra ousmnonorn um. A.A. boromoJb-
ma HAH Yxpaunsl. Mogeib CUCTEMHOIO XpOHUYE-
CKOI'0 IaTOJIOTMYECKOro Mpolecca MMMYHOKOM-
IUIEKCHOTO Te€HE3a BOCIIPOM3BOAWIIM C [IOMOIIBIO M-
myHuzauuu Mbleit BCA (“Sigma-Aldrich”, CIIIA) B
TedeHue 6 Heaellb BHYTPUBEHHO pa3 B HEIEIIO 10
cxeme: 1-a Henens BBeneHus 150 mr BCA/kT; 2-9 —
175 mr/kr; 3-s9 — 200 Mr/Kr; 4-5 — 225 Mr/KT; 5-9 —
250 Mr/KT; 6-9 — 275 MT/KT Macchl MBITITHA. BBeneHme
I'C (mmpemapar “Mekcunon”, “@Dapmacodt”, Poccus)
MMMYHU3UPOBAHHBIM MbIIIaM B 103e 100 Mr/KT 11po-
BOMWJIM BHYTPUOPIOIIMHHO pa3 B HEIEIIO COIVIACHO
cxeMbl UMMyHHM3anu. KoHTpOIbHBIM MBIIIIAM BBO-
oM pusnosiorndyeckuii pactsop. Ha 7-e cyr mocie
nocJjiefHeld MMMYHM3alMU KMBOTHBIX IIOABEpPTaIn
3(pupHOMY HApKO3Y U BBIICIISUIN SAIHUKN IS AaJTb-
HEUIIMX UCCIIENOBAaHUMA.

HJ1s1 OlIeHKH MEeMOTUYECKOTO CO3PEBAHUS OOLIM-
TOB U3 IMYHUKOB CTEPUJIBHO BBIAEISIIN 3pesible (posi-
JIUKYJIbI ¥ IOICYMTHIBAIU UX KonuyecTBO. Kymyrtoc-
HO-OOIMUTAPHBIE KJIETOUHbIE KOMIUJIEKCHI KYJIbTUBU-
poBanu B Tepmoctare mpu 37°C B TeueHue 20 4 B
cpene AME c no6aBnernneMm 5% 3MOpUOHATBLHOMN Te-
Is19beil chIBOpPOTKM. Ilocie 4 4 KyJabTUBUPOBAHUS
MMOJCYNTHIBAIN KOJTMYECTBO OOLIMTOB (B % OT 00IIIeTro
4yuciia), KOTOpble IIpeObIBaIn Ha cTaguu MeTadassr 1
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(pacTBOpeHME 3apOIBIIIEBOr0 My3bIPhbKa), a Mocie
20 9y — Ha ctanum metada3ssl 11 (bopMmupoBanue nep-
BOTO ITOJISIPHOTO TEJIbLIA).

Crenenp moBpexaeHus JHK B KymymrocHBIX
KJIETKaX MBIIIC ONMpeaessyii METOIOM IIEeJIOYHOTO
rejib-3JeKTpodopesa M30JIMPOBAHHBIX KIIETOK (Me-
ton JHK-komeT — “DNA comet assay”) Kak ormca-
Ho paHee (Shepel et al., 2018). CyTh MeTO1a 3aKJII04Ya-
€TCS B TOM, YTO IpH 3JIeKTpodope3e KIETOK B ara-
pO3HOM TeJie MeTJX M (pparMeHTHI ITOBPEXICHHON
JHK B 2/1eKTpUUe€CKOM MOJie BBITSITMBAIOTCS 110 Ha-
MpaBJICHUIO K aHOAYy, YTO IPUIACT UM BHI KOMET.
Pa3smepnr xBocTta JIHK-KoMeTHI TO10KUTEITHHO KOP-
penupyltoT co crerneHblo mospexaeHus JIHK (Heaton
et al., 2002; Sorochinska, Mikhailenko, 2008; Collins
et al., 2014). Daexrpodopes mpernapaTtoB (IIOCae UX
cTabunu3auuu B TedeHue 20 MUH B IIEJIOYHOM 3JIeK-
TpodopeTnueckoM oydepe) MPOBOANUIIU C TIOMOIIILIO
npubopa Multiphor II (“LKB”, IlIBenus) npu Ha-
npsokeHnn 24 B m cune toka 100 MA B TeueHuUe
30 muH. AHanu3 JIHK-koMmet Ha anekTpodoperpam-
Max, OKpallleHHBIX (QIyOpeCHeHTHBIM KpacHuTeJleM
DAPI (4',6-mmamuouH-2  deHwMHIon; “Sigma-Al-
drich”, CIIIA) ocyliecTBIsUIn BU3YyaJIbHO, MCITOJIBb3YS
JoMUHeCcHeHTHBIM Mukpockon JIIOMAM H-1 (Poc-
cusI) U BHICOCHCTEMY IIepelayd M300pakeHUsT Ha
KOMMBIOTEP IIPU MCIIOJIb30BaHUU BOTHO-UMMEPCHU-
oHHOTro 00beKTHBa (X 85). [IpuMeHsIIN ITOTyKOImYe-
CTBEHHBIIA METOJ OLIECHKM MHTEHCUBHOCTU OKpacKu
W UIMHBI XBOCTOB KOMET, Ha KaXXJIOM MHUKpOIpera-
paTte aHaymM3upoBaan He MeHee 100 oToerbHO pacmo-
noxeHHbIx JJHK-komer. X pasmensiin mo oOiie-
MPpU3HAHHOM Kjaccu(pUKaIMKU Ha 5 KJIaCCOB C COOT-
BETCTBYIOIIIMM YUCIOBBIM 3HaYeHHEM oT 0 mo 4, B
3aBUcUMOCTH OT cooTtHolneHus JJHK B “rosose” mn
“xBocte” koMeThl (Collins, 2004). CteneHb MOBpe-
xaenusa JJHK mpu sToM ompenmensin Kak WHICKC
“ITHK-xomer” (/), KOTOPBII BEIYUCIAIN 11O GOp-
myne: L, = (0ny+ 1n; + 2n, + 3n; + 4n,) /Y, toe ng—ny —
yucio JIHK-komeT kaxgoro tuna, £ — cymMMma MO~
cuutanHbix JIHK-xomer (Sorochinska, Mikhai-
lenko, 2008).

Ompenenenue skcnpeccut MPHK tpoBommm me-
TOJIOM TTIOJIMMEPA3HOM IEMHON peaklIMu ¢ OOpaTHOM
tpaHckpurnuueit (OT-TTLP). ToransHyto MPHK mo-
JIy4JaJii U3 KyMYJIIOCHBIX KJIETOK C IIOMOIIbIO Habopa
Trizol RNA-prep (“Isogen”, Poccus). [1s1 oOpaTHOI
TpaHCKpuniun wucnooib3oBamm FirstStrand cDNA
Synthesis Kit (“Fermentas”, JIutsa). IloaydeHHy10
oJHoIlIenToYeyHyIo Koaupyrouryio JJHK kyMmymocHBIX
KJIETOK MUCTTOb30Banu st mposeaeHus [P ¢ mpu-
MEHEeHHeM crieunduyecKnx mnpaiimepoB (taba. 1).
ITLIP nmpoBOIMIM ¢ MCMTOJIE30BAHMEM TEPMOIIMKIIECpa
GeneAmp PCR Systems 2700 (“Applied Biosystems”,
CIIA). Iomyuennsie I1LP-miponykThl 3aTteM OBLIN
OlLIeHEeHbI C MOMOIIbI0 3JIeKkTpodopesa B 2.5% ara-
PO3HOM rejie, cogepxkalieM 3TuauyM opomun. Busy-
alm3anus U OLCHKA SIPKOCTU OBUIM BBIIIOJHEHBI C
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KOHIOPALIKAA wu np.

Ta6muna 1. Crnivcok npaiiMepoB, UCTIOIBb30BaHHBIX Wist TTpoBeneHust [P, u pasmep ammndukara

I'en ITocnemoBaTeIbHOCTH MpaliMepOB (IIPSIMOI, OOPATHBIA) Pasmep ammummdpukara, bp

Greml Tpsmoit 5'-AAGGCACTTCCTGTTACTCTGC-3' 256
O6patHbIii 5'-TACGACTGAGATGTCAGGGAGA-3'

HAS2 Ipsamoii 5'-CCTCCAGTTAGTGTCTGGGTTC-3' 409
O6patHblii 5'-CTGTGCAGCTATTCCTGTGTTC-3'

CcOXx2 [Mpsimoii 5'-GAAGGAACTCAGCACTGCATC-3' 213
O6patHblii 5'-CAGTCCGGGTACAGTCACACT-3'

GAPDH Ipsamoit 5'-GGGTGTGAACCACGAGAAATATGA-3' 240
O6paTtHbIii 5'-AGCACCAGTGGATGCAGGGATGAT-3'

MpUMEHEHEeM TpaHCUJUTIOMUHATOpa U TIporpaMmM-
Horo obecrieueHus1 ViTran (“buokom”, Poccust).

ISt cTaTUCTUYECKOTO aHajiu3a WCIOJIb30BaIu
nporpammy GraphPad Prism version 5.0 for Windows
(GraphPad Software, San Diego, California, USA).
IMocne mpoBepKu pacnpeneieHus: MOJyYeHHBIX pe-
3yJbTaTOB Ha HOPMaJILHOCTb Mo TecTy Konamoropo-
Ba—CMHpPHOBA OCYHISCTBISIN  OTHOMAKTOPHBIN
JIUCTIEPCUOHHBII aHAJIU3 TPeX TPYIIN JaHHbBIX (HE Me-
Hee 6 MBIIIE B KaxO0i1), UCIoab3ysa one-way ANOVA
TECT C NAIbHENUIIINM MHOXECTBEHHBIM CPABHEHUEM C
nmomol1ibio kputepust Hetomena Keiinca. Pe3ynbraTh
BhIpaxanu Kak M * m (cpegHee * cTaHOapTHas
omuo6ka). OTIUYMS CUNTAIM CTATUCTUIYECKHU TOCTO-
BepHbIMU 11pH p < 0.05.

PE3VJIBTATHI

PaHee HaMu ToKa3aHO, YTO UMMYHM3AlIUsI MbI-
meii BCA BhI3BIBasa ITOBpexXaeHNe ooreHe3a (She-
pel et al., 2016). HaGatomanoch yMeHBIIEHUE TIPO-
LIEHTa OOLIMTOB BO30OHOBUBIINX Melio3 (MeTacda3za I)
1 cOPMHUPOBABIINX TIEPBOE MOJISIPHOE TebIle (Me-
tacpaza II). Beemenne I'C Ha ¢oHEe MMMyHM3ALIMU
BCA nonoXutenbHO BAUSUIO HA MEMOTUYECKOE CO-
3peBaHHe oolUTOB (puc. 1). KoamdyecTBO KIIETOK Ha
craguu Metadassel | yBenmuuBanoch ot 72.0 £ 2.5%
(ummynuzainust BCA) mo 82.7 = 1.6% (Beenenue I'C)
o cpaBHeHUIO ¢ 86.9 + 3.2% B KoHTpose. [IporeHT
oouToB Ha ctanuu Metacdassl 11 Bo3pacran ot 31.9 +
+ 2.6% (B rpyrmme xuBoTHbIX ¢ BCA) o 47.0 + 3.8%
(ipu peiictBum I'C) o cpaBHeHUIo ¢ 49.2 + 3.9% B
KOHTpOJIE.

Xopo1ro U3BECTHO, YTO Pa3BUTUE OOIIMTOB TECHO
CBSI3aHO C (DYHKIMOHAJIbHBIM COCTOSTHUMEM UX (DOJI-
JIMKYJIIPHOTO OKPY>XE€HUS, TI0O3TOMY MbI MCCJIeIOBa-
qm renoctHocTh JIHK B KyMyJTIOCHBIX KIeTKax sTud-
HUKOB MblllIeit, UMMYHU3upoBaHHBIX BCA, a Takxke
JKUBOTHBIX, Y KOTOPBIX UMMYHU3aIIMsI COITPOBOXKAA-
snack BBeneHueM I['C. CorjlacHO HaHHBIM MeTona
JHK-xoMeT B KyMyJIOCHBIX KJIETKaX (hOJUIMKYJIOB
yBeamuuBayiachk crerieHb mospexkneHus JJHK. Brene-
HUE YY>XKEepOTHOTO OejiKa MPUBOAWIIO K YBEIUUECHUIO
KoJIM4ecTBa pa3pbiBoB MoJieKyiabl JITHK, ¢dopmupyio-

II1X B 3JIEKTPUYCCKOM IOJIe “XBOCT KOMEThI”. BoJb-
IIMHCTBO KOMET OTHOCUJIACH K 4-MY KJ1acCy, KOTOPBIiA
XapakTepusyeT MakcumasibHoe ToBpexaeHue JIHK.
IIpu sTOM HMTOTOKCHYECKUIT MHAEKC ([, — oblue-
MIPUHSTHIA WHTETPAJIbHBIN ITOKA3aTeNlb, YYUTHIBAIO-
LMW M3MEHEHUs] KOJUYECTBA BCEX TUIIOB KOMET C
pa3HOM MHTEHCUBHOCTBIO CBEUEHMUSI, TO €CTh CTelle-
Hbio noBpexnenus JIHK) yBenuuuBaicsa B 4.8 pa3,
YTO CBUACTEIBCTBYET O PA3BUTUM CUJIBHOTO TE€HO-
ToKcu4yeckoro crpecca. Beenenue I'C uMMyHU3UpO-
BaHHBIM MBIIIIAM 3HAYUTEJIBHO CHIKAJIO TEHOTOKCY -
YeCKUi CTpecc, CIOCOOCTBYSI YMEHbBIIIEHUIO KOJTUYE-
cTBa (QOJUTMKYJISIPHBIX KJIETOK C BHICOKMM YPOBHEM
noBpexnenust JJHK (ot 55.9 + 1.2% B rpynmme BCA
1o 21.4 = 1.4% npu BBenenuu I'C, B KOHTpoJIe OBbLIO
5.4 £ 1.4%; p < 0.001), yTo MOATBEPKAATOCH CHUKE-
HueMm [, B 1.75 pa3 (puc. 2).

Kak mokazaHo B TIpeObIOyIIUX HCCICAOBAHUSX
(Shepel et al., 2016), BBenenue mbiiam BCA npuso-
JINJI0 K CHUZKEHUIO B KYMYJTIOCHBIX KJIETKaX 3KCIpec-
cum reHoB Grem1, HAS2 n COX2. Ilo cpaBHEHMIO C
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60 -
50+
40 -
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20 -
10 -
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0 |
Kontpoins BCA BCA + I'C Kontpons BCA BCA + I'C

Puc. 1. Meiiotndeckoe co3peBaHUE OOLIMTOB, BBIIEICH-
HBIX U3 IMYHUKOB: 1) KOHTPOJBHBIX MBIILIECii; 2) MBIIIIEH,
nMmmyHu3upoBaHHBIX BCA u 3) npu BBegeHuu I'C ummy-
HU3UPOBAaHHBIM XMUBOTHBIM. [10 ocu opamHaT — Kojide-
CTBO 00OLIMTOB Ha ctanuu Metadassl I u I1 (B % ot oG1iiero
KOJIMYECTBA KyJBTUBUPOBAHHBIX 0OIIUTOB). * — p < 0.05
M0 OTHOIIEHUIO K KOoHTpoo; © — p < 0.05 1o oTHOIIE-
HUIO K uMMyHM3aiuu BCA.
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(a)

Puc. 2. Mukpodotorpaduu JIHK-komer, BEITOTHEH-
Hble C TOMOIIbIO JIOMUHECUEHTHOTO MUKpOCKOTa
JIIOMAM H-1 (Poccusi) U BUACOCHUCTEMBI Iepeaaynd
M300paXeHUsT Ha KOMITbIOTEP TIPU MCIIOJIb30BAaHUM BOMI-
HO-UMMEPCUOHHOTO 00ObekTuBa (%85). OkpammBaHue
kpacuteieM DAPI. (a) KOHTpoJIb: KyMyTIOCHBIE KJIETKU
mbitreit ¢ HertoBpexkneHHoi JIHK (kraccer 0—1). (0) BBe-
neune BCA: xietku ¢ cuiibHbIM noBpexnaeHueMm JHK
(knaccel 3—4). (B) BBeneHue I'C XMBOTHBIM, UMMYHU3H -
poBanubiM BCA (JIHK-xomeTs! kitacca 0—1).

KOHTPOJBHBIMUA KMBOTHBEIMU KoJimdyectBo MPHK
HAS2 y mMMyHU3MpOBAaHHBIX OBLIO YMEHBIIECHO B
2.21 pa3, COX2 — B 1.76 1 Grem1 — B 1.41 pa3. B nan-
HOM paboTe ycTaHOBIIEHO, 4TO mociie BBeneHus I'C
Habmonanoch yBermmyeHue ypoBHsa MPHK COX2 — B
1.61 paz u Grem1 — B 1.47 pa3 (puc. 3, 4). OTmMeueHo
takke ycwienue oskcrnpeccunm MPHK HAS2 B
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Puc. 3. Dxcnpeccus reHoB Greml, HAS2 u COX2 B ky-
MYJTIOCHBIX KJIETKax: 1) KOHTPOJIbHBIX MBIIIIEit; 2) MBIIIEH,
nmmyHnsnpoBaHHeIX BCA u 3) npu BBeneHun ['C nmmy-
HU3UPOBAHHBIM XUBOTHBIM. ** — p < 0.01, *** — p < 0.001
M0 OTHOIIIEHMIO K KOHTPOJIIO; # —p<0.05, ## —p<0.01
1o OTHOIIIeHUWI0 K nMMyHU3aun bCA.

1.38 pa3a, ogHAaKO 3TW 3HaYeHMsI He ObLIU CTAaTUCTU-
YECKU TOCTOBEPHBIMU.

OBCYXIEHUE

Hamu ycranoieHo, uro umMmyHu3aiuss bCA BbI-
3pIBajia TIOBPEXIEHUE OOTeHe3a, O YeM CBUIETENb-
CTBOBAJIO YMEHBIIIEHNE KOJIMYECTBA OOLIMTOB, TOCTH-
raromux craguu Metadassel I n I1. OmgHoit 13 mpuumH
YTHETeHUSI MEMOTUYECKOTO CO3pEeBaHMS SIBJISUIOCH Ha-
pyieHre Mop¢ho-(pyHKIIMOHATBHOIO COCTOSHUS (DOJI-
JIMKYJISIPHOTO arlfnapara, KOTOpoe XapaKTepHu30BaIoCh
3HauuTENbHBIM moBpexaeHneM JIHK kymMmymrocHBIX
KJIETOK, Pa3BUTHEM B HUX CHUIBHOTO T€HOTOKCHIECKO-
ro crpecca. Kak M3BeCTHO, CHUJIbHOE MOBPEXIECHUE
JHK npuBoauT K rubdenn KJIETOK, BKIIIoUasi HEKPO3,
KOTOPBIi, B CBOIO O4Yepelb, MOXET YCHUIMBATh BOCIIA-
JINTEJIbHBIN OTBET U MoBpeKaeHue opraHa. Kpome to-
ro, nox BiaussaueM BCA (Shepel et al., 2016) mpoucxo-
IWJI0 3HAYMTeJIbHOE CHIDKeHrue ypoBHeir MPHK
Greml, HAS2 u COX2. UccnenyemMplie TeHBI UTPAIOT
KPUTUYECKHU BaXKHYIO POJIb B (DOJITUKYJIO- U OOTeHE3E,
B YaCTHOCTH, YY9aCTBYIOT B MeXaHU3Me (DOpMHpOBa-
HUSI BHEKJIETOYHOIO MaTpuKCa, HEOOXOAMMOIO IS
Mpoliecca KyMyJIFOCHOTO paclIMPeHsl, U, TAKUM 00-
pa3oM, cnocoOCTBYIOT co3peBaHuio oonuta (McKenzie
et al., 2004; Assou et al., 2010). M3BecTtHO, yTO HAS2
MpeacTaBisieT coboit (epMEeHT, OTBETCTBEHHBIN 3a
CHHTE3 THAIypOHOBOM KMCJIOTHI, KOTOpasl SIBISIETCS
IJ1aBHOM CTPYKTYPHOM OCHOBOI KyMYJIIOCHOTO BHE-
KJIeTouyHOro Marpukca (Assou et al., 2010). COX2 crio-
COOCTBYET KyMYJIFOCHOMY PaCIIMPEeHUIO Yepe3 MHIYK-
o npoaykuuu npocrarnavauHa E2 (PGE2). Mbi-
1M, JUllleHHble pyHKUnoHanbHOit COX2, uMeoT
nedeKThl B OBYJISIIUM, OIUIOAOTBOPEHNM, MMILJIaH-
tauuu 1 geuunyanuzauuu (McKenzie et al., 2004).
GREMI1 cenekTMBHO WHIMOMpPYET CUTHAIU3ALUIO0
KOCTHOTro MopdgoreHeTndeckoro 6enka 15 (BMP 15) u
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Puc. 4. ®operpamma pesyabratoB aMmruingukanu reHoB GADPH, Grem1, HAS2, COX2 B KyMyJIFOCHBIX KJIETKaX IIPY BBEIIe-

Huu ['C mplmamM, uMMyHu3upoBaHHbIM BCA.

TMpeaoTBpaIIacT MPEKACBPEMEHHYIO JIIOTCMHU3AITIIO
MYPaJIbHBIX TPaHYJISIPHBIX KJIIETOK, CITOCOOCTBYS Ky-
myJitocHomy paciupeHuto (Pangas et al., 2004).
KpomMme Toro, akcripeccust uccieayeMbiX TeHOB Ha-
XOIIMTCS TIOJl KOHTPOJIEM MapaKpUHHOTO POCTOBOTO
dakrTopa nuddepenuuposku 9 (GDF9), koTopslit
CEKPETUPYETCS OOIIUTOM M UTPaeT MHOTO(DYHKITNO-
HaJILHYIO POJIb B KOMMYHUKALIMSX MEXAY KJIeTKaMu
rpanyJiessl 1 oouutamu (Kim et al., 2019), B perynsi-
mn uddepeHIMPOBKY U QYHKIIUU (POJITUKYIISIP-
HBIX KJIeTOK. TakuM 006pa3oM, ypOBeHb TPAaHCKPUII-
TOB JaHHBIX TeHOB-MUlIeHeit GDF9 B KyMyTIOCHBIX
KJIeTKaX MOXeT oTpaxarb akTuBHOCT, GDF9 u, Kak
WUTOT, TIPOTHO3MPOBaTh coctosiHue oonuTa (McKenzie
et al., 2004).

Hcnons3yemsrii B manHoii padote I'C oxkasbiBai
MPOTEKTUBHOE BIMSIHUE Ha KIIETKK (POJUIMKYISIPHO-
ro OKPYXEHUSI OOLIUTOB MMMYHM3MPOBAHHBIX MBbI-
meii. Beenenune I'C 3HaYUTEIbHO CHUKAJIO CTEIEHb
noBpexxneHus JITHK KyMymoCHBIX KJIETOK, Ha 4YTO
YKa3bIBaJIO YMEHBIIEHNE /;, ¥ KOJIMYECTBA KIIETOK C
cuibHO noBpexaeHHou JIHK. AHanu3 ypoBHSI 3KC-
MpeccCUur TeHOB IIOKa3aJl YBEeJIWYEHUE KOJIUYeCcTBa
MPHK HAS2, COX2 u Greml B Ki1eTKax KyMyJioca.
I[MomoOHBIE M3MEHEHUSI COIIPOBOXIAINCH YIydIlle-

HUEM MENOTHUYECKOro CO3peBaHMsI OOLIMTOB, KaK Ha
ctaguu Metadassl I, Tak u metadassr I1.

[Monoxurenpusrit 3ddexr 'C Ha Mopdo-hyHK-
LIMOHAJIBHOE COCTOSTHUE KJIETOK SIMYHUKOB MBIIIE
MOKET OBITh CBSI3aH C €T0 CTUMYJIMPYIOIIUM BIUSHU -
€M Ha DHEePTrOCUHTE3UPYIOIIYIO (DYHKIIUIO MUTOXOH-
npuii. CorjlacHO JUTEpaTypHBIM TaHHBIM CYIIIECTBY-
€T TIOJIOXUTEIbHAST KOPPEISLUs MEXIY YpPOBHEM
AT® B xjeTKax KyMyjiioca U YUCIOM OOLIUTOB, HO-
crurmmx Mmetadassl I (Hsu et al., 2015). Hanuuue
TaKOM KOpPPEJISIIUU ITO3BOJISIET MPEANOI0XUTh, YTO
ypoBeHb AT® B KyMyTIOCHBIX KJIETKaX MOXET OBITh
WHINKATOPOM OOILETO COCTOSTHUSI 3T0POBbSI CBSI3aH-
HBIX C HUMU OOLIMTOB. B 1cciienoBaHMSIX C MCIIOJIB30-
BaHUEeM (PapMaKOJIOTMIEeCKUX MHTMOMTOPOB MOKAa3a-
HO BJIUSIHUE COOTBETCTBYIOIIETO YPOBHSI META00INU3-
Ma XKUPHBIX KUCI0T U AT®D B KileTKax KyMyiaioca Ha
KauyeCTBO OOLIMTA U MOCJEAYIollee pa3BUTUE 3I0PO-
BOro sMoOpuoHa. JIMMMUIHBIN 0oOMeH oOecrieuynBaeT
MOIIIHBIA MCTOYHMK BHEPIUM, U €T0 BaxKHOCTb BO
BpeMsI CO3peBaHMsSI OOLIMTOB CTAHOBUTCSI BCce Golee
oueBuaHoi (Dunning et al., 2014).

[IporextuBHbii 3¢dexkT 'C MoXeT OBITh TaKKe
OOYyCJIOBJICH €r0 aHTMOKCUJIAHTHBIM 1 MEMOpaHoCTa-
ovnmsupytomyuM aeiictBussMu. BCA BBI3BIBaeT aKTH-
BAalIMIO KJIETOK BPOXIEHHOI0 MMMYHUTETA, ITPOIYK-
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IO MU IIPOBOCITAIMTEIbHBIX IUTOKMHOB, a TAKXKe
PEaKTUBHBIX MOJICKYJ, KOTOphIe BEOyT K Pa3BUTHUIO
OKCHUIATUBHOTO CTpecca, HapyLIeHUIO OUOoJIoThYe-
CKHUX CBOIMCTB MeMOpaH, noBpexneHuto JJTHK u kie-
ToyHOM (pyHkunu. I'C mHrMOMpPyeT CBOOOIHOPAIM-
KaJbHbIE TIPOLIECChI, aKTUBUPOBAHHbBIE B YCJIOBUSIX
MMMYHOKOMIUIEKCHOM IMaTOJIOTMU, HOPMAaIn3ysl, Ta-
KMM 00pa3oM, 0ajaHC MeXOy ITPOOyKIINei cBOOOI -
HBIX paguKaJOB M CHUCTEMOI UX 00e3BpeKMBaHUS.
OnmHako Il ITOATBEPXKICHUS TaHHBIX IIPEAII0IoXKe-
HUU HEOOXOIMMBI JaJlbHENIIINE UCCIENOBAHNUI.

Takum 06pa3oM, MoJTydeHHBIC TaHHBIE CBUICTEITb-
CTBYIOT 0 TOM, 4TO I'C B MCIIo1h30BaHHOI HAMU CXeMe
1 03¢ BBEIECHUSI OKa3bIBAeT 3HAYUTEbHBIIN MPOTEK-
TUBHBII 3¢ deKT Ha MOphO-(YHKIIMOHATEHOE COCTO-
STHUE OBapHMAJIBHBIX KJIIETOK U SIBJISIETCS TIePCIIEKTUB-
HbBIM U151 TEPANeBTUYECKOTO UCTIOIb30BaHUSI TIPU M-
MYHOKOMITIEKCHBIX 3a00JICBAHUSIX.

OUNHAHCHUPOBAHUWE PABOTDI

JlaHHOEe uCccllemoBaHMe OBUIO moaaepkaHo Hammo-
HaJbHOI Akanemueit Hayk YkpauHbl.

COBJIIOAEHHUE OTUYECKNX CTAHOIAPTOB

[1py BBITTOJTHEHUN SKCIIEPUMEHTAIBHBIX paboT OBLIN
COOJIIONEHBI MEXIYHApOIHblE NTPUHIMITEI EBponeiickoit
KOHBEHLMU O 3allMTe MO3BOHOYHBIX XKMBOTHBIX CoBera
Espornbl (Ctpacoypr, 1986).

KOH®JIMKT MHTEPECOB

ABTOpBI 3asIBIISIIOT, YTO KaKOii-T100 KOHMJIMKT UHTE-
pecoB OTCyTCTBYeT. Bce aBTOpBI NpounTaIv U OO00pMIN
OKOHYAaTeIbHBIN BAPUAHT PYKOITUCH.

NHOOPMALIUA O BKIIAJE ABTOPOB

E.A. Kongpankast, H.I'. I'pymika u T.}O. Bo3neceH-
cKasl: IM3aiftH uccaenoBaHusl, cOOp, aHAJIU3 U MHTepIpeTa-
LIUST JAHHBIX, TTIOMCK JIMTePaTyphl, COCTABJICHUE PYKOITUCH;
P.N. fdaumit: qu3aifH rcciieqoBaHMsI, MTHTSPIIPETALS Oy~
YeHHBIX TaHHBIX, KPUTUIECKHE KOMMEHTApUM K PYKOITHCH.
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The Effect of Ethylmethylhydroxypyridine Succinate (“Mexidol”) on Oocyte Meiotic
Maturation, Genome Integrity, as Well as the Change in Gene Expression in Mouse
Cumulus Cells under the Conditions of Systemic Immune Complex Damage

E. A. Kondratskaya® *, N. G. Grushka!, T. Yu. Voznesenskaya!, and R. 1. Yanchii!
! Bogomoletz Institute of Physiology, NAS of Ukraine, Bogomoletz ul. 4, Kyiv, 01024 Ukraine
*e-mail: elena-shepel@ukr.net

Using a model of experimental systemic immune complex damage (induced by long-term immunization of
CBA mice with bovine serum albumin (BSA)), we studied the effect of ethylmethylhydroxypyridine succi-
nate (HS, “Mexidol”) on oocyte meiotic maturation, the degree of DNA damage to follicular cells, as well as
gene expression of gremlin 1 (Greml), hyaluronan synthase 2 (HAS2) and cyclooxygenase 2 (COX2) in cu-
mulus cells. According to modern data these genes play a critical role in oogenesis and can characterize oo-
cyte quality. HS administration had a protective effect on the morphological and functional state of ovarian
cells. The introduction of HS weakened the genotoxic stress induced by BSA, which was manifested in a de-
crease in the number of cumulus cells with severe DNA damage. The study revealed gene expression changes:
the number of COX2 mRNA was increased 1.61-fold and Grem1 mRNA — 1.47-fold. An increase in the con-
tent of HAS2 gene transcripts was also detected — 1.38-fold; however, this value was not statistically signifi-
cant. These changes had a positive effect on the meiotic maturation of oocytes: there was a significant in-
crease in their number at metaphase I and 11 stages. We believe that HS can be used for therapeutic purposes
in immune complex diseases.

Keywords: BSA immunization, oocyte meiotic maturation, genome integrity, gene expression, cumulus cells
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