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CBeneHus O BAUSIHUY KPUOKOHCEPBALIMM Ha KJIETOUHbIEe (DYHKIIUY U TeHETUYeCKUIA arrapar KJIeTOK pa3HOoro re-
He3a HEOQHO3HAYHBI U HAXOASATCI B CTaAuU HakoIieHus. Hacrosias paboTta HarpaBjieHa Ha U3y4eHUE BIUSIHUS
IJIATEJIbHOTO npebbiBaHus (7 J€T) B 3aMOPOXEHHOM COCTOSIHUM SHIOMETPUAIbHBIX ME3EHXUMHBIX CTBOJIOBBIX
kJetok yenoBeka (3MCK) Ha cTabubHOCTHh UX TeHOMA in Vitro. Pe3ynbraThl moka3aiu 1ecTabuIn3aluio CTpyK-
TYpbI KADMOTHUIIA Y TOTOMKOB KJIETOK ITOCJIE MX pa3MOpaKMBaHUsl, a UMEHHO aHEYITOJUILIOUIN3ALIMI0 XPOMOCOM-
HOro Habopa, MOBBIIICHHYIO JIOMKOCTh XPOMOCOM, BJICKYILYIO 32 COO0I OrPOMHBII ITyJT a0eppPaHTHBIX XPOMOCOM,
M HapylleHre KOHIeHC Al B TOMOJIOrax. XpOMOCOMHBbIE MOJIOMKM, 3aTparuBaloline MpuLeHTPOMepHbIe 001a-
CTH, B psifie CIIy4aeB COMPOBOXAAIMCH COXpPaHEHUEM FTeHETUUECKOTO MaTepurajia B BUAE CAMOCTOSITEIbHBIX XPOMO-
coM. B niporuecc necrabunuzanuu kKjietouHoro reHoma 3MCK 0111 BOBJI€U€HBI IOYTH BCE XPOMOCOMBI Habopa.
IToka3zaHo, 4TO IIpoOLEeAYPa MHOTOJIETHE KPUOKOHCEPBALIMK MOKET CTaTh MHAYKTOPOM IPEXIEBPEMEHHOTO KJle-
TouHoro crapeHuss 3aMCK nocie nx pazmopaxkuBaHusi. CpaBHeHUE MTOJYYEHHBIX JaHHBIX C pe3yJbTaTaMU Kapu-
OTUIIMPOBAHUS TPAHCHOPMUPOBAHHBIX KJIETOK KUTACKOIO XOMSIUKa, IPETEPIIEBIINX aHAJIOTUYHYIO IIPOLIEAYPY,
MO3BOJIWJIO 3aKJIIOYUTh, UTO KPUMOKOHCEPBALIMSI JIs1 OMOJIOTUUYECKUX CUCTEM MOXET SIBJISIThCSI CTPECCOM, MHAYLIM -
PYIOLLIMM pa3HOTUITHBIE TeHeTUUYecKue neeKThl Ha YPOBHE KapuoTuma. Peakiins reHoMa KJIETOK Pa3JIMYHOTO
MPOUCXOXKICHUS Ha OOHU U Te Xe YCIIOBUSI KPUOKOHCEPBALIMM MOXKET pa3invyaThCsl.

Karouesvie crosa: OHAOMETPUAJIBHBIC ME3CHXNMHBIC CTBOJIOBbIC KJIIETKH YE€JIOBEKA, KAPMOTUIT, XPOMOCOMBI, KPHUO-

KOHCEpPBaLXs, HECTAOWIBHOCTb FEHOMA
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Wcnonb3oBaHue pas3IMYHOTO MO MPOMCXOXKICHUIO
GMOJIOTMYECKOTO MaTepuajia B HaydHBIX U MPUKIIATHBIX
LeJIsIX TpedyeT coxpaHeHUsT (PU3UOTOTMUYECKUX U TeHe-
TUYECKUX CBOMCTB KJIETOK. B HacTostIIee BpeMsI B Kaue-
CTBE IIMPOKO MCIIOJNb3YEMBIX B 3TUX LEJISIX METOIOB
paccMaTpuBaeTcd Mpolieaypa KpUOKOHCEPBALIU, B OC-
HOBE KOTOPOI JIEXXUT 3aMOpaKMBAaHUE KUBBIX OMOJIOTH -
YeCKUX OOBEKTOB B KMIKOM a30Te IPU TeMIleparype
—196°C. ITocToSTHHOE COBEPIIEHCTBOBAHUE ITPOTOKOIA
KPUOKOHCEPBALIMKM B HACTOSIIIEE BPEMsI MO3BOJISIET CO-
XpaHATb OMOJIOTUYECKHE OOBEKThl B TEUEHUE MHOTHX
neT. OMHAKO KaK pearupyer reHOM pa3HbIX O YyBCTBU-
TEJIbHOCTU KJIETOK Ha TOrpykeHUe B MIyOOKUIl XOJIoH,
Ha MCITOJIb3yeMbIe peareHThl, Ha JJINTEIbHOCTh KPUO-
KOHCepBalu U Apyrue (pakTopsl gajeko He sicHo. CBe-
JIEHUSI O BO3MOXHOM BJIMSTHUM KPUOIIPOLIEAYPHI Ha KJIe-
TOYHBIE (PYHKIIMY U TEHOM HEOTHO3HAYHBI U HAXOASATCS

Ilpunameote coxpawmenusn: >MCK — sHIoMeTpUaIbHbIe ME3EHXUM-
Hble cTBOJIOBBIE Ki1eTkH; PBS — docdarHo-conesoit OydepHblit
pactBop; SA-B-Gal — B-ranakTo3umasa, acCOLUUPOBAHHASI CO CTa-
peHueM.
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B CTaJuM HaKoruieHUsi. OJHU aBTOPHI yKa3bIBAIOT Ha TO,
4TO 3aMOpaXXrMBaHUE, B YACTHOCTU KPaTKOCPOYHOe (OT
HECKOJIbKHMX CYTOK JI0 HECKOJIbKUX HEAeb), HE BIUSET
Ha (beHOTUTTNYECKYIO Y TeHOTUTTUYECKYIO CTaOUJIBHOCTD
kieTok (de-Lima et al., 2012; Polchow et al., 2012; Act-
penuHa u ap., 2013; Imaizumi et al., 2014). CornacHo
JIpyruMm padbotaM, B KJIETOYHOM FeHOMeE B CBSI3U C 3aMO-
paxkuBaHHEM MOTYT BO3HMKATh U3MEHEHMsI, 3aTparuBa-
IOlIMEe KaK BaXKHEHIITNE KJIETOYHBIC 3JIEMEHTHI, TaK 1 I'e-
HEeTUYECKMI anrapar, BIusisl Ha BBDKMBaHUE KJIETOK, UX
nponaudepauuo u auddepeHipoBky (CeMeHOBa,
1988; IMonsguckasa u np., 1990; Duarte et al., 2012). Ta-
KUM 00pa3oM, BOTIPOC O BIIMSTHUU KPMOKOHCEpBAIlUU Ha
(U3MOIOTNIECKYIO U TeHETUIECKYIO CTaOMIBHOCTD KJIE-
TOK OCTAETCSI OTKPBITHIM.

M3BecTHO, UTO B OCHOBE COXpPaHEHUSI T€HeTUYECKOMN
nH(OpMaLIMY B HEM3MEHHOM BUJE B KJIETKaX-TIOTOMKAaX
JIEXUT TOYHOCTh OCYIIECTBIICHUSI MUTOTUYECKOTO JIejIe-
HUS pOIUTEIBCKOM KieTKoM. HapyiiieHust B mporpaMmme
KJIETOYHOTO AeJICHUS BeAYT K TeHETUUeCKUM AcheKTaM.
OCHOBHBIEC TUITHI KapUOTUIIMYESCKOM HECTAOMIBHOCTH,
onocpeaoBaHHbIE COOeM B IIporpaMmme KJIeTOUHOTO Jie-
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JICHUSI, CBSI3aHBI KaK ¢ U3MEHEHUEM YHClIa XPOMOCOM B
KJIeTKaX, TaK U C U3MEHEHUEM UX CTPYKTYPHI U PYHKIIV-
oHaynbHOM akTuBHOCTU (Diaferia et al., 2008; Tan et al.,
2019). Bo3HUKHOBEHHE TEHOMHOW HECTaOWJIbLHOCTH,
MEHSIIOIEed apXUTEKTOHUKY IeHoMa U (PYyHKIMU OT-
JIeJIbHBIX TEHOB, MOXKET MHUILIMUPOBATH KJIIETOYHYIO M-
MmopTranu3auuio u Tpancdopmanmio (Heng et al., 2005;
Tang et al., 2012; Heng et al., 2013; Passerini et al., 2016).

AKTYaJIbHOCTb TIpOGJIeMbI BIMSIHYSI TIPOLIEAYPhI KPHO-
KOHCEpBallM GUOJIOTMYECKUX CUCTEM Ha T€HETUYeCKUI
anrmapar ¢ KaXIbIM TOIOM Bce Oojiee OueBHMIHA, OTHAKO
JaHHbIE TI0 CHUCTEMHOMY KapUOTUIIMYECKOMY aHaIu3y
KJIETOYHBIX JIMHUI Pa3IMYHOrO FeHETUYECKOTO cTaTyca
M TIOCJIe KPUOKOHCEPBAllUK, B IUTEPATYPE IPAKTUIECKU
OTCYTCTBYIOT. B CBsI31 ¢ MHTEepecoM K JaHHOU nmpobiieMe
paHee HaMM ObLla OXapaKTEepU30BaHA CTAOWILHOCTH
KYJIBTYpHI TpaHC(pOPMUPOBAaHHBIX (PHOPOOIIACTOB JIET-
Koro kuraickoro xomsiuka (muHus V-79 RJK), npetep-
neBmmx KpuokoHceppaumio (—196°C) (I'puauyk, Hn-
JmHa, 2021).

B mipoirecce 3Toit pabOTHI OBLIO YCTAaHOBJICHO, UTO
MpY JJIUTETBHOM TTpeObIBaHUM KJIETOK TMHUM V-79 RJK
B kuakom azore (10 jeT), B oTInm4yne OT KPaTKOCPOYHBIX
3aMOpo30K (3 mau 6 Mec.), KIETKN XapaKTePU30BaIUCH
nectabunuzanueit kietoyHoro reHoma (I'puHuyk, [n-
ymHa, 2021). BoisiBiieHHbIE U3MEHEHUsI ObLUIM CBSI3aHBI,
KaK ¢ yCUJIeHMEeM BapuabelbHOCTH YHMClia XPOMOCOM B
KJIETKaXx, B pe3y/IbTaTe HapylIeHUsI KOMMUIHOCTU TeX WU
MHBIX XpOMOCOM Habopa, TaK U C IOSIBJIEHUEM CTPYK-
TYPHO MEPECTPOEHHBIX XPOMOCOM, BOZHMKAIOIIUX B pe-
3yJbTaTe II0JJOMOK XPOMOCOMHOTOo Matepuana. Kak
npaBujo, oOpa3oBaHMEe CTPYKTYPHEIX IEPECTPOEK HO-
CWJIO CITyJaliHbIN XapakTep. Ha aToM (poHe ogHa n3 Xpo-
MocoM Habopa (xpomocoma Z3) Obliia TTIOABEPKEHA pa3-
HOTUIIHBIM nojoMKaM. [loBTopuBIIasicss HEOMHOKpAT-
HO (B 30% XapMOTUNUPOBAHHBIX KJIETOK) JOMKOCTHb
3TOI XpOMOCOMBI TTO3BOJIMJIA pacCMaTPUBATh €€ KaK He-
CIIy4aitHyI0, XOTSI JIOKYCBhI, B KOTOPBIX BBISIBJISUIMCH I10-
JIOMKU, ObLIM pa3HbIMU. BbUI clienaH BBIBOI, YTO JAaH-
Hasli XpoMocoMa MMeeT TPeapacrioioXeHHOCTh K TO-
JIOMKaM B YCJIOBHSIX MHOTOJIETHEl KPHOKOHCEpBalIUU
(I'punuyk, uauHa, 2021).

B cBs131 ¢ mepcrneKTUBaMy KJIMHUYECKOTO IIPUMeHe-
HUSI ME3€HXMMHBIX CTBOJIOBBIX KJIETOK 4eJoBeKa
(MCK) oco0y10o aKTyaIbHOCTb IPHOOpPETAaeT BOIIPOC O
BJIMSTHUST KPMOKOHCEPBAILIMY Ha KAPUOTUIT ITUX KIETOK.
Ha naHHOM 3Tamne cyIecTByeT psii paboT Mo U3YyUYEeHUIO
BIMSTHUS KproKoHcepBan Ha M CK paznmnaaoro npo-
ncxoxnaeHus. Tak, B pabote ACTpeJIMHOM ¢ KoJIeraMu
(2013) mpu U3yYeHUM KadyecTBa U 6€30MacCHOCTU KPUO-
KoHcepBupoBaHHbIXx MCK maneHTbl, MOATOTOBEH-
HBIX U1 KJIMHWYECKOTO MPUMEHEHUs, TT0Ka3aHo, 4TO
amnoreHHbIe MCK mutatieHTHI ITociie KpHOKOHCEepBaIlINT
6e30macHBI TSI KIMHUYECKOTO MPUMEHEHUSI W UMEIOT
BBICOKMIT MHIEKC npoanudepalii, IMO3BOISIOMINNA M0~
JIYIUTh HEOOXOIMMOE KOJIMYECTBO KIIETOK ISl JOCTH-
XKeHUsT MaKCHMAaJbHOTO TepamneBTHIecKoro sddekTa
(ActpenuHa u ap., 2013). C npyroii CTOpOHBI, UCCIIENO-
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BaHus gokTopa AHTeOnm Ha MCK KocTtHOTrO Mo3ra (An-
tebi et al., 2019) nmoka3anu, 4TO KPUOKOHCEpBALIUsI OKa-
3pIBAET IMaryOHoOe BIMSHUE Ha pa3IndHbIC KICTOYHBIE
XapaKTepPUCTUKU U PYHKIINN. A UMEHHO, B KJIeTKaX I10-
cJie KPpMOKOHCEpBallMKU ObLIO OOHApPY>KEHO CHIKEHUE
HOBEpXHOCTHBIX MapkepoB CD44 u CD105, B KiteTou-
HOM MOMyJIsSIIUM HAOMIONany YBEJIWYEHHE aIlollTo3a C
OMHOBPEMEHHBIM CHUXKEHHEM YPOBHSI KJIETOYHOI Mpo-
Jmdepalnn, KIOHOTeHHOM CIIOCOOHOCTH M 9KCIIPECCUN
KJTIOYEBBIX pereHepaTUBHBIX TeHOB. [1pn 3TOM 0cobeH-
HO BakHOE 3HaYSHME UMEJIU IIepBhIe 24 4 TTocjie BO3Bpa-
Ta pa3MOPOKEHHBIX KJIETOK K HOPMAaJIbHBIM YCIOBUSIM
KYJIBTUBUPOBaHUSI. DTOT IEPUOI HUBEJIMPOBaN Hera-
TUBHBIC TOCJEACTBUS KPUOKOHCEPBALIMM U ITTO3BOJISLI
KJIETKAM BOCCTAHOBUTh MX (PYHKIIMOHAJIBHYIO aKTHB-
HocTh (Antebi et al., 2019). B aT0ii CBsI3U cTOUT OTME-
TUTb paboTy, B KOTOPOIi ObLI MPOBEIEH aHATUTUYECKUIA
0030p 41 uccinenoBanus, BetoaHeHHBIX Ha MCK kocTHO-
ro mo3ra (Bahsoun et al., 2019). bruto cnenaHo 3akimiode-
HME, YTO KPMOKOHCEpBAlUsl He BIMSIET Ha MOP(OJIOTHIO
MCK, skcnpeccuio TOBEpXHOCTHBIX MapKepoB, audde-
PEHIIMPOBOYHBIN ITOTEHIIWAI U TpoJndepaiio. OmHako
BJIMSIHE KPMOKOHCEPBALIMM HA CHOCOOHOCTh K 00pa3o-
BaHMIO KOJIOHUI, SKM3HECTIOCOOHOCTbD, aATe31I0, MUTPa-
LU0, CTAaOMJIBHOCTD T€HOMA U ITapakKpUHHYIO (DYHKITUIO
HEOJHO3HAYHbI, 1 OYEHb BAPbUPYIOT B Pa3INYHBIX HUC-
cienoBaHusix (Bahsoun et al., 2019). Takum oOpa3som,
BOIIPOC O BIUSIHUM KpuKoHcepBaunyu Ha MCK ocraercsa
OTKPBITBIM U TPEOYyeT TOMOJTHUTEIBHOIO UCCIIETOBAHUS,
0COOEHHO C TOYKHM 3pEHUS TeHETUIECKOI CTAOMIBHOCTU
KJIETOK.

Llens HacTosIIelt pabOTHI 3aK/TIOYATIACH B LIUTOTEHE-
TUYECKOM aHajii3e ME3EHXMMHBIX CTBOJIOBBIX KJIETOK
YeJIOBeKa B KYJILTYpe MOC/Ie X MHOTOJIETHETO MpeObIBa-
HUS B XXUAKOM a30Te Ipu Temneparype —196°C. B kaue-
CTBe OOBEKTa MCClenoBaHUs ObLla KMCIIOJIb30BaHA KJie-
TOYHAsI JIMHUS SHAOMETPUATBHBIX ME3EHXUMHbBIX CTBOJIO-
BbIX KieToKk denoBeka (3MCK), mnomydyeHHass u3
JIECKBAMMPOBAHHOIO SHIOMETPUSI MEHCTPYaJIbHOM KPOBH.
CTOUT OTMETUTD, YTO MOJyYEHHbIE JAHHKIE, B CDABHEHUU
C pe3yJIbTaTaMM KapUOTUITMPOBAaHUS TpaHC(HOPMHUPOBAH-
HBIX KJIETOK KUTalCKOTO XOMSIYKa, MpeTepHeBIIMX aHa-
JIOTUYHYIO TIPOLIEOypy, IOJYYEeHHLIMM HaMH paHee,
(Ipunuyk, Ilnauxa, 2021) pacipur mpeacTaBIeHUE O
BJIMSITHUM JJINTEIbHOII KPUOKOHCEpBAalMM Ha TIEeHOM
KJIETOK Pa3IMYHOro IMPOUCXOXKIACHUS U cTaTyca.

MATEPUAJII U METOOIUKA

Kierounas JuHus U KylbTUBMpOBaHWe. B pabote uc-
noas3oBaHbl 9MCK yenoseka nuHuu 2304 u3 necksa-
MHMPOBAHHOTO SHIOMETPUSI MEHCTPYaJIbHOI KPOBU, IO~
JIy4EHHOM M oxapakTepu3oBaHHOM paHee B MHII PAH
(Cankr-IlerepOypr; 3emensko u np. 2011). Kirerku manH-
HOI JIMHUY B TIpoliecce KYJIbTUBUPOBAHMS XapaKTepru30Ba-
JINCh OTHOCUTEIHLHOM KApPUOTUITMYECKOM CTa0MIIEHOCTBIO.
Knerku kynpTrBrpoBaii Bo rakoHax Kappess 1oronma-
npio 25 cm? (Corning, CIIIA), B cpene DMEM/F12
(Gibco, CIIIA), comepxamieit 10% sMOpuoHaIbHOM ObI-
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ybeii ceiBopoTKH (HyClone, CIIIA), 1% nieHnumIinHa-
crpentomuimHa u 1% GlutaMAX (Gibco, CIIIA) B
craHmapTHBIX yenoBusix (ipu 5% CO, u 37°C), nepece-
BaJIM 2 pa3a B Henedio B cooTHoureHuu 1 : 3—1 : 4, uc-
nonn3yst 0.05%-nb1it pactBop TpurnicuHa—3JITA (Invit-
rogen, CIIIA).

KpuokoncepBanusa. KjieTkn OoTKperuIsini OT MOBEpX-
Hoctn TurtactTuka 0.05%-HBIM pacTBOpPOM TpPUIICMHA—
EDTA (Gibco, CIIIA), nomeniaau B IpoOUpKy, 100aB-
JISITA KYJIbTYypaabHYIO Cpely U LeHTPpUDYTUpoBaIu MpuU
1500 06./MuH B Teuenue 5 MuH. CyliepHaTaHT yOaJIsijIn,
0CaJIOK pecycrneH3upoBaiM B pactBope 90%-Hoil ObI-
ypeit cerBopoTku (HyClone, CILA), conepxarieit 10%
DMSO (Sigma, CIIIA). PecycneH3upoBaHHbIE KIETKHU
nepeHocwin B KpuoBuaisl (Nunc, CIIIA) u 3aMopaxu-
BaJii co cKopocThio 1°C/MUH C TOCIeayIOlIMM XpaHe-
HUEM B XKUIKoM asore nipu —196°C. I1pu pa3amopaxuba-
HUU aMITyJly C KJIeTKaMu ObICTPO HarpeBajiy B BOISIHOM
6ane nipu 37°C. KneTtku nepeHocuu B HEeHTPUDYKHYIO
IPOOUPKY, TOOABISIIIN POCTOBYIO Cpeny M HeHTpUPYTH-
poBaynu nipu 1500 06./MuH B TeueHre 5 MUH. OTMBITHIE
oT DMSO kJeTKu roMeliaiu B KyJabTypaibHble (iako-
HBI IUISI MaJdbHEHIEero KyJIbTUBUPOBAHUS B COOTBET-
CTBUM CO CTAaHAAPTHBIM TTPOTOKOJIOM.

IIpuroroBnenue npenaparoB MeTada3sHbIX XPOMOCOM.
KiteTku BbiceBau ¢ ma0THOCTHIO (14—15) X 103 k1. /cm?.
Yepes 24—25 4 B KyJAbTypaJbHYIO Cpeay ¢ KJIeTKaMu 10-
OaBisin Komuemua B KoHneHTpamuu 0.02 mr/mi (Sig-
ma, CIIA). Yepes 1 u cpeny ygaisuind, KJIeTKU IPOMBI-
Banu pactBopoM PBS (Sigma, CIIIA) u pepMeHTaTUBHO
OTKpeIuIsin oT TacTrka 0.05%-HbIM pacTBOPOM TPHII-
cuHa. KietouHylo cycrnieH3uio LIeHTpUdYTUpoBalIu, Cy-
MepHaTaHT YIaJsid, OCaloK pecyCleH3UpOoBaId U TOA-
Beprajii TMIIOTOHUYECKOi1 06paboTke 0.56%-HbIM pacTBO-
pom KCl (Peaxum, Poccus). Ilocne rumoroHudeckoit
00pabOTKM KIIETOYHYIO CYCHIEH3WIO LIEHTPUMYTMPOBAUIA
(1500 00./MmH), cyliepHaTaHT yOAISIIN, KIETKU (PUKCUPO-
BaJId B TeueHUe 1.5 4 X0J0aHOI CMeChl0 MeTaHoJIa C Jie-
JISTHOM yKCycHOU Kucioroil (3 : 1), TpUKabl MeHss 3a
3TO BpeMs hUKcaTop Ha cBexkuit. @UKCUPOBAaHHBIN Ma-
TepuaJl pacKarnbIBaJIM Ha XOJIOAHBIC W BJIAXKHbBIC TMPEI-
MeTHbIe cTekia. [Ipenapatsl B TedeHue 1 Hell. BhICyIIIMBa-
JI1 TIpM KOMHaTHoO# TeMneparype. Llutonornueckue npe-
napartbl MeTaga3HbIX XpPOMOCOM OKpPAIlIMBAJIA KPACUTETIEM
Tumza (BDH, Anmust) B PBS nociie mpenBaputenbHOM
TpUrncMHu3auuu. Kapuotunuueckuit aHajiu3 poBOAWIN
C JCIIOJIb30BaHMEM CBETOBOIO MMKpoOcKora Axio Scop
(Carl Zeiss, I'epmanust) npu yBeauueHuUsx oobekTrna 20,
40 m 100X . XpoMOCOMBI MIEHTU(UIIMPOBAIIN B COOTBET -
CTBUM C MEXIyHapoaHON HoMeHKiaTypoii (Mitelman,
1995) u atnacom xpoMocoM yenoBeka (Mamaesa, 2000).

KapuoTunmyeckuit aHaan3 KJIETOYHOUN KYJIBTYPHI,
TocJie Pa3MOPaXKMBAHMSI, OCYIIIECTBIISUT Ha 4-OM I1ac-
caxke KyJIbTUBUPOBAHUS B CTAHIAPTHBIX YCJIOBUSIX.

OnpeneneHue aKTUBHOCTH [3-rajiakTo3unassl (SA-B-Gal)
acCONMMPOBAHHOI CO cTapeHHeM. AKTUBHOCTb (DepMeHTa
SIBJISIETCSI MapKepoM KJIETOUHOro crapeHus. KieTku
(10°) BbIceBayiM B 4amky Ilerpu nmameTpoMm 3 CM H

I'PUHYYK u np.

KYJIbTUBMPOBAJIM B TeUeHHE 3 CyT. 3aTeM cpeny yaasi-
JIN, KJIETKU TpoMbiBasin PBS, dukcupoBanu 4%-HbiM
(bopMmarbIeruIoM 1 oKpanMBai Habopom Ha SA-B-Gal
(Cell Signaling, CIIIA) comracHO MHCTPYKIIMM IIPOMU3BO-
autesisi. AKTUBHOCTb SA-[-Gal ornpeesisii 1Mo oKparim-
BaHMIO KJIETOK B CUHUIA LIBET IO MUKPOCKOTIOM.

PE3VYJIBTATDI

Kapuorumuueckas xapakrepuctnka >5MCK mHun
2304 no 3amopo3ku. HeomHokpaTHOE KapuOTUITMPOBA-
Hue 5MCK nmunaum 2304 Ha pa3HbIX 3Tanax KyJIbTUBUPO-
BaHus (IllopoxoBa, I'puauyk, 2021) mo3BoiamiIo pac-
cMaTpuBaTh €€ KaK reHeTu4YeCcKu crabuibHyo. Ha nep-
BBIX Maccaxax mocje nojaydeHust TuHum (rmaccax 6) Ha
(GoHE OTHOCUTEIBHON KapUOTUIIMYECKON CTaOMIbHO-
CcTu KJeToK (puc. la, Taba. 1) B HEKOTOPBIX U3 HUX BbI-
SIBJISLIACH Je(eKThl — HapylleHne KOIMMMMUHOCTU XPOMO-
COM, pas3Myusi B KOHIACHCAIIUM MEXIY TOMOJIOTaMH,
MEXXPOMOCOMHBIC aCCOLMALIMU, B HEKOTOPBIX CIydasix
OPUBOASIINE K 00pa30BaHMWIO AaTUIIMYHEIX ABYILICUMX
xpoMocoM. Ha maccaxke 15 KynbpTypa XapakTepHn3oBa-
Jlach KakK KapuoTUNU4ecKu ctabuiibHas. OTKIOHEHUS
OT HOPMBEI OBIIM €IMHUYHBIMU (Ta01. 1, puc. 16).

Kapuorunupoanue 3MCK 2304 mocie niamrenanHOi
(7 net) KpuokoHcepBamuu. JIBe HoyepHHE KIIETOUYHbLIC
MOMYJISIIIUM ObLIM 3aMOPOXKEHBI B XKUIKOM a30Te C UC-
nonb3oBaHueM JIMCO nipu remneparype —196°C Ha 4-
M 5-0M ITaccaxax COOTBETCTBEHHO. B ycioBusx riy6o-
KOro X0JIoJla OHM HaXOAWJIUCh B TeueHue 7 JIeT. 3aTeM
KJIETKU pa3MOPaXUBaJIM U KyJIbTUBUPOBAJIM UX B TeUe-
Hue 3-x maccaxeii. C 4-oro 1maccaka mocjie pa3Mopo3Ku
KJIETKW aHAJIM3UPOBAI KapuOTUITNUECKHU (puC. 2).

AHanu3 KJIeTOK Ha rmaccaxke 4 1mocjie pa3MOpO3KH M0~
Kazan cienytomiee. B obonx cirydassx cTaOMIJIBHOCTD Te-
HOMa B OOJIbIIEH YacTU KapUOTUIHUPOBAHHBIX KJIETOK
ObLIa HapyllIeHa B CBSI3U C BOBHUKHOBEHUEM aHEYILION -
I Y CTPYKTYPHBIX XPpOMOCOMHBIX IepecTpoek (puc 3a,
TabJ1. 2). AHeyruionaust 0blia 0OyCIOBJIeHAa HECTAOUJIb-
HOCTBIO YHCJIa XpPOMOCOMHBIX KOIIMI B IIpeaesiax Kapu-
otuna (MoHocomusi, Tpucomusi). OOpa3oBaHue adep-
PaHTHBIX XPOMOCOM OBLIO OIOCPEAOBAHO JIOMKOCTbBIO
XPOMOCOMHOTO MaTepuana. B mojloMKu BOBJIEKAJIMCH
pa3HbIe XpOMOCOMBI Habopa, TPy 3TOM TOJILKO OIWH U3
romMoJjioroB. IToJoMKu MOTIM OBITH KaK MPULIEHTPOMED-
HBIE, TaK U TepPMUHAJIbHbBIE, TM0O ¢ COXpaHEeHUEeM, JTL0O0
C IeJIeTUpOBaHMEM reHeThuueckoro Marepuana. Hekoro-
pbIE XpOMOCOMBI (Yalie XpoMocoMhbl 12 1 X) xapakTepu-
30BaJIMChH ITOBBIIICHHOI T€HETUYECKON HeCTaOMIbHO-
CTbI0 — HEOMHOKpPATHLIMU abeppalusiMu U HapyIllIeHU-
eM uMcia Komnuii. O0IIee Y1McI0 XpOMOCOM B KJIeTKax
BapbupoBajio. [IpenMylliecTBO MMeIN OKOJIOMUILIOMI -
HbI€ KJIETOUYHbIE BApUAHThI, OMHAKO €TUHUYHBIE KJIETKUI
TUITMPOBAJIMCH KaK OKOJIOTPH- U OKOJIOTETParIOuIHbIE.

[MoBTOpHBII aHANKU3 TIOCAE HENPOAOLKUTEIBHOIO
KyJIBTUBAPOBaHUS (ITaccax 7 IMocie pa3sMOpaKMBaHMS)
BBISIBWJI YCUJICHHE KAapUOTUIIMUYECKOI reTepOreHHOCTU
KJIETOK U yBeJMYECHUE Yucia abeppaHTHBIX XpPOMOCOM
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Puc. 1. Kapuorun kirerok 5MCK uenoseka munuu 2304. a — Ha nmaccaxe 6: MOHOCOMMSI ITO XpoMocoMaM 9 1 12; 6 — Ha rmaccaxe 15,
HOPMaJIbHbIA KAPUOTUII.

KyIsTUBHpOBaHIE Kapuotunuueckuii

KITeTOK B - aHaJM3 KJIETOK Ha 6 U
CTAHIAPTHBIX 15-om maccaxax

a
/ ycIoBuUsIX 6e3
3aMOPO3KU
0 Kapuorunuueckuii
Pazmopo3ska

3aMopo3Ka KJIETOK Ha aHaJIU3 KJIETOK Ha 4,
4v5maccakax y | EEESp ClETOK 1 W) L 6

XPaHEHUE B XKNIKOM KYJIBTUBPOBAHNC rnaccaxax rnocie
a30Te B TEYEHUU 7 JIET MX B CTAaHAAPTHBIX Ppa3sMOpO3KU
YCIOBHUSIX

Puc. 2. Cxema nipoBefieHUsI 9KCIIepruMeHTa 1o KaprotunupoBanuio 3MCK yvenoeka muHum 2304 npy KyJTbTUBUPOBAaHUM KJIETOK JIO
KPUOKOHCEPBAaIIMU U ITOC/Ie KpUOKOHCepBaluu. a — KapnotunupoBaHue Ha rmaccaxkax 6 u 15 mpu KyJIbTUBUPOBaHUH KJIETOK B CTaH-
JapTHBIX YCIOBUSIX, 6 — JuTUTeabHast (7 J1eT) KpUOKOHCEPBALIMs KJIETOK C IMOC/IeIYIOIIMM pa3MOpaKMBaHUEM U MIEPEBOIOM B CTaHIApT-
HbIE YCJIOBUS KYJIbTUBUpOBaHMsI. KapuoTunuueckuii aHaIM3 pOBOIWIIM Ha TTaccaxkax 4, 7, 10.
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Taomuna 1. Kapruorunuyeckue orkiioHeHus: B3MCK nunum 2304 nipu KyJIbTUBUPOBAHUM B CTAHIAPTHBIX YCIOBUSIX, MMACCAXU

6uls
]ﬁzﬂg .(1)_;. Xpomocoma
IMaccax 6

11(2 3 415 6 718 9 10 121314151617 {18 19]20 (21 22| X
1 2n | 2n n 2n| n 2n |2n|2n 2n 2n n|2n|2n|2n|2n|3n|2n|2n|3n|2n|2n|2n|2n
2 3n|2n 2n 2n|2n| 2n |2n(2njn+(p+q) 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
3 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
4 2n|2nin+@+gq)| 2n| 2n |n(p+q)|2n|2n 2n 3n 2n|2n|2n|2n|2n(2n|2n|2n|2n|2n|2n|2n|2n
5 2n | 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n{2n|2n|2n|2n|2n|2n|2n|2n
6 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n(2n|2n|2n|2n|2n|2n|2n{2n| n |2n|2n|2n
7 2n|2n 2n -|2n| 2n |(2n|2n 2n 2n 2n|2n| n |2n|2n|2n|2n|2n| n |2n|2n|2n|2n
8 2n| n 2n 2n|2n| 2n |2n|2n n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
9 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
10 2n|2n 2n 2n|2n| 2n |2n|2n n nt(p+q|2n|2n|2n|2n|2n| n |2n|2n|2n|(2n| n |2n|2n

[Taccax 15

1|2 3 415 6 718 9 10 1121314151617 [18]19]20 (21 |22| X
1 2n | 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n(2n|2n|2n|2n| n |2n|2n|2n|2n|2n
2 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n(2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
3 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
4 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
5 2n| 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
6 2n| 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
7 2n| 2n 2n 2n| 2n n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
8 2n| 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n| 2n
9 2n| 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n| 2n| 2n
10 2n | 2n 2n 2n|{2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n{2n|2n|2n|2n|2n|2n|2n|2n
1 2n|2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n(2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
12 2n | 2n 2n 2n|{2n| 2n | n|2n 2n 2n 2n|2n|2n|2n|2n{2n|2n|2n|2n|2n|2n|2n|2n
13 2n | 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n(2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n|2n
14 2n | 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n|2n|2n|2n|2n| n |2n|2n| n
15 2n | 2n 2n 2n|2n| 2n |2n|2n 2n 2n 2n|2n|2n|2n|2n{2n|2n|2n|2n|2n|2n|2n|2n

IMpumeyaHue. 2n — 2 HOpMaJIbLHBIX TOMOJIOTAa XPOMOCOMBI; # — MOHOCOMUSI; 1 + (p + ¢) — IPULIEHTPOMEPHasl IMOJIOMKa C COXpaHEHUEM p- U
g-Tiieda B OTHOM roMojiore; #(p + ¢) — MOHOCOMUSI U MIPULIEHTPOMEPHasi MOJIOMKa C COXpaHeHUEM p- U g-Tuleda.

(puc. 36, Tabn. 2). I'eHeTnueckoe paszHooOpasue ne-
(GEKTHBIX XpOMOCOM OBIJIO YCUJIEHO BOBJICUEHUEM B I10-
JIOMKH BTOPOTO TOMOJIOra ¥ HajimuueM (penKo) abeppa-
Ui HOBOTO THUIIA (TPpaHCIOKALIW, MTHBEPCUIA, TyTIJIMKA-
1Ui1), He CBOMCTBEHHBIX HU KJIETKaM UCXOMHOI JIMHUU 10
3aMOpaXXBaHUS, HU KJIeTKaM Ha 4-OM I1accaxe ITOoCie
pa3MopaxkuBaHUsl. lecTabma3npoBaHbl OBIITH ITPaKTAYE-
CKM Bce MeTadasHble IIaCTUHKY. [1py Hamymumy B Kapuo-
TUIIE TPeX KOMMUIA B IIEPECTPOMKI MOIJIA OBITH BOBJIEUCHEI
2 U3 HUX UK Bce 3.

Eue yepes 3 maccaxa (nmaccax 10 mocje pa3Mopaxu-
BaHUs) MUTOTUYECKHE TUTACTUHKU OBUIM eTUHUIHBIMU
W HE YIOBJIETBOPSIIN TPEOOBAHUSIM UIST UX IETATHBHOTO

IIMTOTeHETUYECKOTo aHanmm3a. KieTtouHas Mmomyssims
yepe3 7 maccaxeil mocjie pa3MOpakKUBaHUs MPOSIBIIsLIa
BCe TIPU3HAKM KJIETOYHOTO CTAapeHUS: KJISTKW 3HAYM-
TEJIbHO YBEJIMIMBAIVCH B pa3Mepe U MEHSLIN CBOIO (hop-
MY, CHIDXaJI TIPOJM(EPaTUBHYIO aKTUBHOCTb, OKpa-
mmBaiuch Ha SA-B-Gal (puc. 4). CTOUT OTMETUTB, YTO
KOHTPOJIbHBIE KJIETKH, HE TIOABEPTHYThIe KPMOKOHCEePBa-
1IMW, aKTUBHO NTposiMdepupoBaiu 10 25—27-0ro rnaccaxa,
TOTIA KaK KJIETKH, TTOIBEPTHYThIC ITUTEILHON KPUOKOH-
cepBalliM, OCTAaHABIMBAIM CBOIO TIpoJvcdepalio 1 mosm-
BEprajiiich CTapeHUIO yke Ha 15—16 maccaxax.

ITo pe3ynbTatam HacToSIIEN pabOTHI OBLUIO CIETAHO
3akioueHue, yto TnpedsiBanne sMCK nuaun 2304 B

OUTOJIOTUA Tom 65 Ne4 2023
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Puc. 3. Kapuorunsl 5MCK uenoBeka nuHuu 2304 ripu KyJbTUBUPOBAHUM B CTAHAAPTHBIX YCIOBUSIX ITOCIIE 7 JIET KPMOKOHCEPBALIMU.
a — TMaccax 4 rociie pa3MopakMBaHUS: TEPMUHAIILHAS IEJICIUSI B XpOMOCOMe 1, IpUIICHTpOMEpPHAsT TTOJIOMKA B X-XpOMOCOME C CO-
XpaHEHUEM T'eHEeTUYECKOro Marepuaia, MoHocoMus o xpomocomaM 10, 17 u X; HapylueHue KOHASHCALMK B TOMOJIOraX XpOMOCOMBI
11. 6 — INaccax 7 mociie pa3MOpaxKMBaHMSI: IPULIEHTPOMEPHBIE ITOJIOMKHM B XpoMocoMax 1 u 12 ¢ coxpaHeHHeM reHeTUYeCKOro MaTe-
puaiia; TepMUHaJIbHBIE AeJIellMU B XpoMocoMax 7, 8, X; MOHOCOMMUSI IO XpOMOcOMaM 22; UHBEPCUSI B g-Tujieue XpoMocoMbl 11, TpaHc-

JloKalust B xpomocome 13.

YCJIOBUSIX MHOTOJIETHEN KPUOKOHCEPBALIMM TPUBOIUT K
necTabuwin3aluy reHeTUYeCKOoro arrapara v mpexnie-
BpEMEHHOMY KJIETOYHOMY CTapeHUIO.

OBCYXIEHHNE

IIInpoxkoe ucrosb30BaHUE IIPOLIEAYPHI 3aMOpaKMBa-
HUS, TaJbHEHIIIEH KPUOKOHCEPBALIMM U TOCJIEAYIOIIEH
pPa3MOpPO3KM pa3IUYHBIX OMOJOTUYECKUX OOBEKTOB
OpearojaracT COXpaHHOCTb MX B HEM3MEHHOM BHIE.
TeMm He MeHee, BOOPOC O BAUSHUU 3TOl MHOTOCTYIEH-
YaTOU MpoUesypbl Ha KJIETOYHBII T€HOM OCTAEeTCsl OT-
KPBITBIM.

HUTOJIOTUA

TOM 65 Ne 4 2023

MN3BecTHO, 4TO OOMBIIMHCTBO MPOIIECCOB B KIIETKAX,
MOMNIEPKUBAIOIINX CTAa0OMJIIBHOCTh T€HOMa, HaXOISITCS
non KoHTpoJieM reHa TP53. HapyiieHnue ¢oyHKIINM Oer-
Ka p53 BeleT K BOBHMKHOBEHUIO U COXpaHEHUIO B TTOMY-
JISIUMK TeHEeTUYeCKU ne(eKTHHIX KIeToK. CyIlIecTBYIOT
MaHHbIE, YTO HaJU4Me B KapUOTUIIE HAPYIICHUS Iaxe
MO0 OMHON XPOMOCOME MOXKET CIPOBOLIMPOBATH Aajlb-
Helimee pa3BuTHe HectabmibHOCTA reHoMma (McGrana-
han et al., 2012).

B ocHOBe CTPYKTYpHBIX XPOMOCOMHLIX II€PECTPOEK
(menenuii, TpaHCIOKALIMIT MTHBEPCHIA) JIEXKAT ABYLIETIOYEY -
Hble paspbiBbl JJTHK. K MexaHu3zMam mojaoMOK OTHOCST
Hecrneunpuueckre CIMIIaHUS MEKAY HETOMOJIOTUYHBIMU
XpOMOCOMaMM, HapyllleHue KoHAeHcalmy B MuTo3e (Ran-
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‘BUITENOLIOHedL — 1) ‘BIrendoleW OJOHWOOOW
-0dX WOMHOHRAX09 J BhAIMI-H NLOBh HOHII'EHIWAAL 4 HONWOIIOLI O JOIOWOJ ‘QI9HIIrBWNdOH BIOIFOWOI BAT :BUWOOUAL — 121h1q + U7 ‘elrenddLeN OJOHWOJIOWOdX WOMHOHRAX0D O BhIII
-b N1oeh YOHAIrBHUWAAL g YOMWOLOL 9 — UNLAdL 1 yodold ‘UIIHIIBWAOH JOIrOWOI HUTO :BUWOOUAL — 131b1q + 19)h1q + U {ehallI-D ULOBh NOHIIrBHUINAIL 4 BonddagHu 9 — yodord
‘AIGHILBINdOH JOI'OWOI HATO — IADAUT + U ‘eholrlI-h MLOBh HOHIIBHUINAAL g UOUTIALAY O — Bodold ‘UIIHIIBIWAOH JOIr'OWOI HUTO — JAID[p + U ‘BhaLLI-h BoredlA O HOMWOLOLl YOH
-dowodrHommdu 9 — YMLAdL ‘OI9HIIBNdOH BIOIFOWOI BAT :KUWOOUAL — BIOp + U7 ‘eholrll-d yoLledlA o yoxworol yoHdowodrHonudi 9 — YULadL ‘QI9HIIrBWdOH BIOIFOWOI B4 :BUINOD
-udyL — djop + uz ‘erendarlew WoMHIHRAX0D O MOMWOroL YOHdOWOodLHONINAL 9 — UMLAAL ‘Q19HAIreWdOH BIOI'OWOI B4Y :BUWOIUAL — (b + d) + ug ‘erendarlen WOMHOHRAX0D O HOMWOLr
-ou yoHdowodiHoNMdII O — YI91dod1oh ‘BhalI-D NLOBh HOHIIBHUIWAAL YOUTIOLAY O — YNIAAL ‘OQI9HIIBINdOH BIOIOWOI AT :BUWOJRAIAL — (b + d) + I191D[op + ug ‘enorn-d poredik
9 — NOJAAY ‘UI9HIIrBWdOH JOI'OWOI HUTO — d[3p + U ‘errernddleW WOMHOHEBAX0D 9 HOMWOIOLl HOHAdOWOdLHAMUAII O — UUIddL ‘eharl-b yolediA 9 — yodold ‘UIIHIIrEWAOH JOIFONOIT
HUTO :BUWOOUAL — (b+ d) + b[op + u ‘ypoworon yoHdowodrHanudu 9 — yodoid ¥ YIIHIIrBWAOH IINOD0WOdX JOIFOWOI HUTO — (b + d) + U ‘ehdlrl-d YOUNIALAY YOHIIrBHUNAAL O 19N
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Puc. 4. Okpacka sMCK nunuu 2304 Ha mapkep crapeHusi SA-B-Gal. @ — sMCK 10 TUTeIbHOrO KpUOXpaHeHus1, naccax 13; 6 —
3MCK nocie 7 jieT npeObIBaHUS B YCJIOBUSIX KpMOXpaHEHUsI, maccax 14.

geletal., 2017). MUEaykKTOpamMu ABYLIETIOYEUHBIX Pa3pbIBOB
MOTYT BBICTYHNAaTh 3K30T€HHBIE CTPECChI, B YaCTHOCTU
pamuaius, OKUCIUTEIbHBIN CTPECC, U3MEHEHE TEMIIE-
patypHoro pexxuMa. Mcnoab3oBaHue TIpoLeaypbl KPUO-
KOHCEpBaLUU JJIsI CTBOJIOBBIX KJIETOK, MYKCKUX U XKEH-
CKUX TTOJIOBBIX KJIIETOK, SMOPHUOHOB, 3JIEMEHTOB KPOBU U
JIPyroro ormomarepuaa, UCIOIb3yeMOro B MEIUIIMHCKUX
LEJSIX, 10 pSIAy MPUYMH BXOOUT B 30HY IOBHIICHHOTO
pHUCKa, TaK KaK, 10 UMEIOIIMUMCS JaHHBIM, KPUOKOHCEPBa-
1S He Bcerma obecrieurBaeT IOJIHYIO COXPAaHHOCTh €ro
cpoiicTB (Pera et al., 2000; Reubinoff at al., 2000; Matidi,
Bhonde, 2011; OnuHiiosa u ap., 2021).

PesynbTarhl HacTosIel pabOThI, M3ydyarolleit Biausi-
HUE TIpOLIEAYypbl KPMOKOHCEpBALMU M JJIUTEJIbHOTO
(7 net) xpaHenusi 5MCK B XuaKoM a3oTe Ha CTaOWJIb-
HOCTb KJIETOUHOT'O FfeHOMa, MoKa3aiu J1eCTaduIn3aliiio
TeHETUYECKOTO arlapara y OTOMKOB KJIETOK MOCJIe UX
pa3MopaXxuBaHUsI, a UMEHHO aHEeyIOJUILIONIU3AIUIO
XPOMOCOMHOI0 Habopa, MOBBIIIEHHYIO JIOMKOCTb XpO-
MOCOM, BJIEKYIIYIO 32 COOOI1 OTpOMHBIIT MyJ1 abeppaHT-
HBIX XPOMOCOM, U HapyllleHue KOHAeHCalliu B TOMOJIO-
rax. Hajinune Takux M3MEHEHUI B reHOME MOTOMKOB
sMCK, ponuteybckue KJIeTKU KOTOPBIX ObLIU MOABEPT-
HYTBhl KPUOKOHCEPBAIIMW, TOBOPUT TOM, UTO 3Ta MpOILie-
Jlypa ISl KJIE€TOK JAaHHOTO TUIIA SIBJISIETCSI CTPECCOBOM,
CITOCOOCTBYIOIIIEN Pa3BUTUIO KAPUOTUIIMYECKOI HecTa-
OWUJIbHOCTHU.

M3BeCcTHO, YTO MPUYMHBI pa3BUTHUS KapUOTUIIMYE-
CKOI1 HeCTaOMJIBHOCTU MOTYT OBITh Pa3HBIMHU, HO, TEM
He MeHee, CBSI3aHHBIMU C HapyLIEHUSIMU MEXaHU3MOB
KJIETOYHOTIO JIeJICHUSI. DTO MOTYT OBITh ITOBPEXICHUS
BepeTeHa JelieHusI, cO0il IpU pacXOoXIAEHUM LIEHTPUO-
Jieit, HapylIeHUe TIPOIIeCCOB perapaluy U peTIMKALN.
J100as 13 MpUYMH MOXET HapyIIUTh 3€pKaJIbHOE JIeie-
HUE POIUTENILCKOM KJIETKM Ha IBe mouepHue. Kapuo-
TUII, SIBJISISICH MHIUKATOPOM TeHETUUECKOM CTaOMIIBHO-
CTU, paBHO KaK 1 HECTaOWJILHOCTH, OTpaxkaeT reHeTuye-
CKO€ COCTOSTHUE KIIETKH.

AHanM3upys MOJIydeHHbIE B HACTOSIIIEH paboTe maH-
HbIE B CPABHEHUY C TaHHBIMU, TTOJTYYeHHBIMU HAMU TIPU

OUTOJIOTUA TomM 65 Ne4 2023

aHaJiM3e TpaHCHOPMUPOBAHHBIX KIIETOK KUTANCKOTO
XoMsTuka B Kynbrype (IpuHuyk, [nmauxa, 2021), MOXHO
CIeIaTh BBIBOJ, YTO KaK caMa IIpolleypa KpUKOHCEPBa-
LMY, TaK U JJIUTEIbHOE XpaHEeHWe MaTepHaja B XUIKOM
a30Te OKa3bIBaeT AeCTaOMJIM3MpYIollee OeMCTBHE Ha
KJIETOYHBI TEHOM KJIETOK. XapakTep KapuOTUIIIYe-
CKUX U3MEHEHU B TpaHC(HOPMUPOBAHHBIX KJIETKaX KH-
Taiickoro xoMmsuka u 9MCK mMes Kak cXOmHBIe YePTHI,
Tak ¥ oTIm4Iusi. B 06omx cirydasix BeISIBIEeHHBIC N3MEHE-
HUSI ObLIU CBSI3aHBI C aHEYIJIOUIM3alueit pa3MOPOXEH-
HBIX KJIETOK W TTOBBIIIEHHOM JTOMKOCTBIO XpOMOCOMHO -
ro Marepuaia. K oTauumsiM OTHOCWJIOCH TO, YTO B
TpaHC(OPMUPOBAHHBIX KJIETKaX MOBBIIIEHHON JTOMKO-
CTBIO XapaKTepHU30Balach TOJBKO OJHA XpOMOCOMa Ka-
PUOTHUITMYECKOTO Habopa.

B mpouecc mecrabmivsalyy KJIETOYHOIO TI'eHOMa
3MCK 6pUIM BOBJICUEHEBI ITOYTH BCE XPOMOCOMBI HA0O-
pa. B mojaoMKu BOBJIeKaIUCh C PaBHOI BEPOSITHOCTHIO
pa3HbBIe XpOMOCOMEBI KapMOTUITMYECKOro Habopa, Jalie
IPYTux — XpoMocoMblI 12 1 X. XpoMOCOMHEIE TTOJIOMKH,
3aTparuBaollye NpULEHTPOMEPHBIE 00JIaCTU, B psiae
cJly4aeB COIIPOBOXIAINUCh COXpaHEHUEM T'€HETUYECKO-
ro Marepuaja B BHAE CaMOCTOSITEILHBIX XPOMOCOM.
becnieHTpoMepHBIl MaTepuall, BOSHUKILMWKI B pe3yJibTa-
Te TEpPMHUHAJIBHBIX IIOJIOMOK XpOMOCOM, B psiic ClTydacB
ObLT 2yiMMuHKpoBaH. Ha paHHeM 3Tarie KyJIbTUBUPOBA-
Hus1 5MCK 1ocie pa3Mopo3Ku B IIpoliece AecTaduamnsa-
UM, KaK IIPaBUJIO, BOBJIEKAJIaCh TOJIBKO OJHA U3 TOMO-
JIOTUYHBIX XxpoMocoMm. Ilocne HempomoKUTEIbHOTO
KYJIbTUBUPOBAHUS YMCJIO PA3HOTUITHBIX XPOMOCOMHBIX
IeeKToB yBEINYMBAIOCH T.K. B IIPOLECC AecTabmim3a-
U1 BOBJIEKaIUCh 00a romojiora. CTOMT OTMETHUTH, 4YTO,
B OTJINYME OT BKCIIEPUMEHTOB C TpaHC(HOPMUPOBAHH-
HBIMM KJIETKAMM KMTAMCKOIO XOMSYKa, B HACTOSIIEH
paboTe OTCYTCTBOBaJa paboTa C KpaTKOCPOYHBIM XpaHe-
HUEM B XXUJIKOM a30Te, B CBSI3U C YeM Mbl HE MOXKEM pac-
cMaTpUBaTh BO3HUKIIYIO KapHUOTUIIMYECKYIO HecTa-
OMJIBHOCTDH TOJIPKO KaK OTBET Ha IJIMTEJIbHOCTh XpaHe-
HUS B XXMJIKOM a30Te.

KpuokoHcepBaliusg — TMpoliecCc MHOTOTpaHHbI U
MHoOrosTanHbii. Kaxnapiil aTan (3aMopakuBaHue, Xpa-
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HEHMe, pa3MOpPaXXBaHNME) B TOM I MHOM CTEIICHU SIB-
JISIeTCSI CTPECCOM LTSI KJIETOK. TakuMm 00pa3oM, BO3HUK-
Imasi XpOMOCOMHAasl HeCTaOMJIbHOCTh pPacCleHUBACTCS
HaMM KaK KJIE€TOUHBII OTBET Ha CTPECC, BBI3BAHHBIN KaK
NpolLIenypoii KPUOKOHCEPBALIMU, TaK U €€ JJIUTEIbHbIM
BosaeiicTBreM. CyIleCTBYeT IIPEACTaBIICHUE O TOM, UTO
YKOPOUYEHME XPOMOCOM B TEPMUHAJILHOM YaCTH BEIET K
KJIETOYHOMY CTapeHMI0. TepMuHaIbHas YaCTh XpOMOCOM
(TemoMephl) IMpencTaBiIsieT co00it OoraTble TyaHUHOM TaH-
memuable ToBTOophl JIHK m obGecneumBaeTr XxpomMocome
CTPYKTYPHYIO CTaOWJIBHOCTh B MPOLIECCE KJIETOYHOIO Je-
neHus1. B KaxkmoM LMKiie KJIETOYHOTO AeCHMS JJIMHA Te-
JIOMEP YMEHBIIIAETCS, YTO B PE3yJIbTaTe IIPUBOIUT K KIIe-
TouHoMy ctapeHuto (Hiyama, Hiyama, 2007). B atoii cBs-
31, UHTEPIPETUPYS MOJIydeHHbIE HaMU JaHHbIC, MOXHO
TIIPEAIIONIOKUTh, 9YTO BO3HMKHOBeHNE B Kapuotnite SMCK,
MpeTepreBIInX JIMTEIbHYI0 KPUOKOHCEepBallMIO, pa3-
HOTUIIHBLIX 110 BEJIMYMHE TEPMUHAIBHBIX IIOJIOMOK U
YCKOPEHHOI IIPOTPECCUM UX pa3HOOOpa3usi, 3TO IIyTh K
YCKOPEHHOMY KJIETOYHOMY CTapEHUIO U ITOCIEAYIOIIC
rubenn KJiIeToK.

HeobxoaumMo mogyepKHYTh, YTO MpPU IIATEIbHOMN
pa6ote ¢ 95MCK addekTa npexaeBpeMeHHOTO KJIeTou-
HOTO CTapeHus Mocjie KPaTKOCPOUHOTO (OT HECKOJIBKMX
HelleJIb 40 MOJIyroaa) npeObIBAHUS B XKUIKOM a30Te He
Habmonanu (3emenbko u ap., 2011; [lopoxosa, I'puH-
qyk, 2021), Torna Kak Mbl OOHApY>XWJIY €r0 B HACTOSIIEH
paboTe mocie IIUTEIbHON KPUOKOHCEPBALIMU KJIETOK.
B aT0ii cBSI3M, aHAIWU3UPYS TTOJyUYeHHbIE B HACTOSIIIEN
paboTe TaHHbIE, BOZHUKIIYIO KAPUOTUTIMYECKYIO HECTa-
OMJIBHOCTh MBI pacCMaTpMBaeM Kak CJIeICTBUE U CaMO
npolienypbl KpUOKOHCEPBALMU, U €€ JTUTEbHOTO BO3-
JNEUCTBUS, OAHAKO JJIUTEJIbHOCTh KPUOXpPAHEHUS] OKa-
3bIBaeT 0oJiee BhIpakeHHOE CTPECCOBOE BO3/IeiicTBYE Ha
npoavdepanuio KJIeTokK Mmocjie pa3MOpo3KH, YeM Hero-
CpEeICTBEHHO caMa Ipoliefypa KpuokKoHcepBaluu. B
TOJIb3y 3TOTO 3aKJIFOYEHUSI TOBOPUT U paboTa AcTpesn-
Hoil ¢ coaBropamu (2013), B KOTOpoOil IOKa3aHO,
4TO KpaTKocpouHas KpuokoHcepBauus MCK (B ux ciy-
yae — MJIalEHThl) HEe CHMXaja npojimpepaTuBHON aK-
TUBHOCTHU KJIETOK MOCJE Pa3MOPO3KM M HE BbI3biBaja
KapuOTUTTMYECKUX OTKJIOHEHUA.

IMoaBoag utor npoaeaaHHO paboTe MOXHO clelaTh
CJIENYIOLIME BHIBOJBI:

1) IIpouemypa KpHMOKOHCEpBAaIllMM M IJIATEIBHOE
XpaHeHWe B XUIKOM a30Te I KIETOYHBIX KYJIBTYP
MJIEKOTIMTAIOIIUX SIBJISIETCSI CTPECCOM, MHAYLIUPYIOIITUM
W3MEHEHHUS B CTPYKTYpE KapUOTHIIA.

2) Peakiuiust reHoMa KJIETOK pa3jIMYHOTO MPOUCXOX-
IeHUs Ha OOHU U Te XK€ YCIOBUSI KpMOKOHCEPBALlUM MO-
JKET pa3IndaThCs.

3) Kpuokoncepsauus 5MCK MoxkeT cTaTh MHIYKTO-
POM IPEXKIEBPEMEHHOTO KJIETOYHOTO CTApEHUSI.

4) ]I Toro 4ToOBl M30eXKaTh PUCKOB, CBSI3aHHEBIX C
KpuokoHcepBanueit 5MCK, HeoOxonuM aHaIn3 UX re-
HETUYECKUX XapaKTEPUCTUK MOCje MPOoLeaypbl pa3Mo-
paxuBaHUs, B IEPBYIO OYEpeab — JeTaIbHbINT KApUOTH-
MAYECKUIT aHAJINS.

I'PUHYYK u np.

ONHAHCHUPOBAHUE PABOThHI

PaGora BeITIONHEHa Mpu ¢UHAHCOBOM mMoaaepxke Poc-
cuiickoro HaydyHoro ¢oHma u Cankr-IletrepOyprckoro Hayd-
Horo ¢oHaa (mpoekt Ne 22-24-20122).
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Response of the Endometrial Mesenchymal Stem Cell Genome to the Procedure
of Long-Term Cryopreservation
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Information about the effect of cryopreservation on functions and the genetic of cells of different genesis is not un-
ambiguous and is in the process of accumulation. This work is aimed at studying the effect of long-term storage (7
years) of human endometrial mesenchymal stem cells (eMSCs) in the frozen state on the stability of their genome
in vitro. The results showed destabilization of the karyotype structure in the descendants of cells after their thawing,
namely, aneupolyploidization, increased fragility of chromosomes, resulting in a huge pool of aberrant chromo-
somes, and impaired condensation in homologues. Chromosomal breakds in centromeric regions offen accompa-
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nied by the preservation of genetic material in the form of independent chromosomes. Almost all chromosomes of
the set were involved in the process of destabilization of the eMSCs cell genome. It has been shown that the proce-
dure of long-term cryopreservation can become an inducer of premature cellular aging of e MSCs after their thawing.
Comparison of the data obtained with the results of karyotyping of transformed Chinese hamster cells that under-
went a similar procedure led to the conclusion that cryopreservation for biological systems can be a stress that in-
duces genetic defects of various types at the karyotype level. The response of the genome of cells of different origin

to the same conditions of cryopreservation may differ.

Keywords: human endometrial mesenchymal stem cells, karyotype, chromosomes, cryogenic freezing, genome in-
stability
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