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KpuokoHcepBalus criepMaTo30UI0B SIBISIETCS BaXKHOM YaCThIO COXpAHEHMSI MOJIOBBIX KJIETOK Pa3IMYHbBIX
opraHu3MoB. OIHaKO TPU 3aMOPO3Ke raMeT YacTO BO3HUKAIOT PA3IMYHOTO poJa IMTOBPEXKIEHUS, KOTOPbIE
OKa3bIBaIOT 3HAYUTEJIbHOE BIMSIHYE ITPU UICKYCCTBEHHOM OTUIonoTBOpeHuu. [Tocie pazaMopakuBaHus, Kak
MPaBUJIO, CIIEPMATO30MAbI UMEIOT YIbTPACTPYKTYpHBIC, OMOXUMUYecKre M (yHKIMOHAIbHbIE U3MEHEe-
HUSI, TaKMe KaK TMOBpPEXIeHNEe KJIETOYHOM MeMOpaHbl U XpOMaTWHA, OKUCIUTEIbHBIN cTpecc. Tak Kak
CIIepMaTO30MIIbI 001a1aI0T OTPAHUYEHHOM CTTIOCOOHOCTHIO K OMOCUHTETUYECKOM IeSITeTIbHOCTA, OHU ME-
IOT HU3KYIO CITIOCOOHOCTh K pereHepaunu. CoBpeMeHHble TEHIEHIIUMU 3aKII0YaloTCsl B COBEPUIEHCTBOBA-
HUU peXrMa KPUOKOHCEPBAIIMK CIIEPMbI C MCITOJIb30BAHMEM €CTECTBEHHBIX BHEKJIETOUHBIX BE3UKYJI U
CTBOJIOBBIX KJIETOK. BHEKJIETOUHbBIE BE3UKYJIbI U CTBOJIOBBIE KJIETKM 00JIaal0T MOTEHIIMAIBHBIM pereHepa-
TUBHBIM 3((HEKTOM, TTOCKOJIbKY COMEpKaT pa3TnyHble OMOJIOTMYECKU aKTUBHBIE MOJIEKYJIIbI, BIUSIOINE
Ha perapaluio criepMaTo3ouaoB. HacTosiimii 0630p MOCBSIIEH COBPEMEHHBIM CTPATETUsIM YIydYIIeHUSI
COCTOSTHUSI CTIEpMaTO30UI0B ITOCJIe KpMOKOHCepBalluu. B 4acTHOCTH, B 3TOM 0030p€e ONMCaHbI pe3yIbTaThl
KUCCeN0BaHMIA UCITOJIb30BAHUSI BHEKJIETOUHBIX BE3UKYJT U CTBOJIOBBIX KJIETOK B KAY€CTBE KPUOTIPOTEKTO-
POB IPU 3aMOPO3Ke U OTTaMBAaHUU CITIEPMATO30UIOB.
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BBEAEHUE

MckyccTBeHHOE OIUIOOOTBOPEHME U KPHOKOH-
CepBUPOBAHUE CIIEPMATO30MIOB SIBISIOTCS OTHUM
13 BEJIMYANUIINX JOCTUXKEHUM, KOTOPbIE TIPOU3BEIIU
PEBOJIIOLIMIO HE TOJBKO B CEJIEKLIIMOHHOM TPOMBIIII-
JIECHHOCTH, HO M B PEIPOAYKTUBHOI MeauiimHe [1].
Bnaromapst ucnonb3oBaHNIO 3aMOPOKEHHOI CTIEPMBI
M VICKYCCTBEHHOTO OCEMEHEHUSI, CEMEHHOII MaTepu-

HO, YTO KPMOKOHCEPBAaIMsl HEraTUBHO BJIMSET Ha Ka-
YeCTBEHHBIE XapaKTEPUCTHUKM CIIEPMBI, BBI3BIBas
M3MEHEHUs Ha CTPYKTYPHOM U MOJIEKYJISIPHOM YPOB-
HSIX BCJIENCTBUE TEPMUUECKUX, MEXaHUYECKHUX, OCMO-
TUYECKUX Y OKUCIIUTEIbHBIX ITOBpexXIeHU (puc. 1),
YTO, B CBOIO OY€pelb, BJIUSIET Ha CIIOCOOHOCTD K OIIO-
JTIOTBOPEHUIO U MOCJeayollee paHHee IMOPUOHATb-
Hoe pa3Butue [4].

aJl OT JIyYIIMX IJIEMEHHBIX OBIKOB MOXET OBITH MC-
TOJIb30BaH [IJIsI OCEMEHEHMSI KOPOB IT0 BcemMy MUpy [2].
3aMopaxXnBaHUE CIIEPMBI (KMBOTHBIX CYUMTAETCSI 005~
3aTeIbHBIM YCJIOBHEM COXPAaHEHUSI T'€HETHMYECKOIO
MaTepuajia OT 0coOeii ¢ BHICOKOM IMJIEMEHHOM LIeH-
HOCTBIO, a TaKKe JJIsl SKUBOTHBIX, HAXOMSIINXCS 10T
YIpO30ii UICYE3HOBEHUSI.

ITpu aTOM KayecTBeHHas1 KpMOKOHCEPBALS CIiep-
MBI TTOBBIIIAeT 3(pGHEKTUBHOCTh U YCHEIIHOCTb MC-
KyCCTBEHHOTro oceMeHeHus1. HecMoTpst Ha mocTaTOYHO
JUTUTENTbHBINA MEepUOoA UCTOIb30BAHUSI KPUOKOHCEP-
BallM1 B KAYECTBE COXpaHEHUS CIIEPMEI, IIPOLIEAYPhI
3aMopaXXnBaHUs He Bcerma 3pdektuBHbI [3]. MU3BecT-
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Taxoke 0CTpO CTOUT BOIIPOC O COXpPAaHEHMH T10JIO-
BBIX KJIETOK Y PEAKUX 0CO0€eii/BUIOB XKUBOTHBIX, KO-
TOPBIE IIJIOXO IEPEHOCAT KpMOKOHCepBauio. Peadu-
JIATAIMS TTOBPEXICHHBIX CIIEPMATO30UI0B Obla OBl
pelIalIIMM IIaroM [JIsl YBEJIUYEHUs] KOJMYEeCTBa
(epTUIBHBIX CIIEPMAaTO30MA0B. MeToAbI YIydIlIeHUS
pPEe3yIbTaTOB UCKYCCTBEHHOTO OILIOAOTBOPEHUS HE-
00XOIUMBI JIJIsl BOCIPOU3BOACTBA TUKUX KOIIAYbUX,
OCOOEHHO CHEXHBIX 0apCcoB, KOTOpPHIE IUIOXO pa3-
MHOXKAIOTCS Taske B CBOEM €CTECTBEHHOI cpelie 0om-
TaHWS ¥ TIPAKTUYECKU HE pa3MHOXAIOTCS B HEBOJIE [5].

OmHUM U3 oIpenesTionmnx (GaKTopoB pPe3yibTa-
TUBHOCTU HMCKYCCTBEHHOTO OCEMEHEHMS SIBISIETCS
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Puc. 1. Bo3aMoxHbBIe IIOBPCXKIACHUA CIIEPMATO30MI0B, BOSHUKAIOIIHNE ITOCJIC KPMOKOHCECPpBAILIUN.

COBEpIIEHCTBOBAHUE METOIOB XpaHEHUs CIIEPMBI
KMBOTHBIX B OXJIAXXIECHHOM MJIM T1yOOKO3aMOpO-
KEHHOM COCTOSIHUM. 3HAUUTEJIbHASI YaCTh UCCIEN0-
BaTeJIbCKUX PaboOT IO KPUOKOHCEPBALMU CIIEPMBbI
cocpenoToueHa Ha MeToaax,/TmoaxoaaxX K MOBBIIICHUIO
3D HEeKTUBHOCTU 3aMOpaKUBaHUsSI, KOTOPbIE OCHO-
BBIBAIOTCSI Ha 3alllUTe CIIEPMAaTO30MIOB OT IOBpE-
KIAIONIETO JIEMCTBUS MPOLICAYPhl 3aMOpaKMBaHMs,
MOCPENCTBOM MPUMEHEHUST pa3IMYHbIX pa3baBUTE-
Jieil, KpUOIIPOTEKTOPOB, AHTUOKCHUIAHTOB U IUTA-
TeJIbHBIX KOMITOHEHTOB [6].

Ha coBpemMeHHOM 3Tarie pa3BUTHUSI KpMOOUOJIOTUH
OTHEJIbHOE BHUMAHUE YIEJISICTCSI BOCCTAHOBJICHUIO IO~
BPEXIEHHBIX CIIEPMATO30UA0B BO BPEMSI 3aMOPaKU-
BaHUS M oTTanBaHUsl. B taHHOM 0030pe ocBemaTcs
CTpaTeruy 3allluThl U/UId BOCCTAHOBJICHUS TTOBpe-
XKISHUI CIepMaTO30MI0B, BO3HUKAIOIIVX BO BpeMsI
KPUOKOHCEPBALUX ITIPU UCIIOJIb30BAHUM KJIETOK XK1~
BOTHBIX WJIM MX IIPOU3BOIHBIX COBMECTHO C Tpaau-
LUOHHBIMY KPUOIIPOTEKTOPAMMU.

BIIMAHWUE ME3EHXMMHBIX CTBOJIOBbBIX
KIETOK HA XAPAKTEPUCTHUKMU CITEPMBbI
AKMBOTHBIX [TP1 KPUOKOHCEPBALIMU

MeszenxuMHsbie cTBooBbIe KiieTku (MCK) gaBisi-
I0TCSI HEOThEMJIEMOI YaCThlO pereHepaTUBHOM BeTe-
puHapuu [7, 8] u meauiHsbl [9, 10]. Cuntaercs, yTo
BOCCTaHOBJIEHUE MOBPEXIEHHOU TKAHU MMPOUCXOAUT
3a cYeT MyJIbTUNOoTeHTHO! mpupoasl MCK u cBsizaH-
HbIMU C Hell mapakKpUHHbBIMU Me€XaHU3MaMU, BKJIIO-
YaOIIUMU CEKPELINIO PA3IMUYHBIX CUTHAIBbHBIX (haK-
TOPOB, IJTABHBIM 00pa3oM 6ekoB [11].

Qamar M coaBT. MOKa3ajiud, YTO MCIOJb30BaHUE
MCK npu KpHOKOHCEPBALIMU CIEPMbBI MOXET ObITh
3¢ HEeKTUBHBIM OMOJIOTUYECKAM ITOIXOIAOM K ITOBBI-
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HIEeHUI0 PEPTUIBLHOCTU U KU3HECTTOCOOHOCTH crep-
MaTO30MIIOB, a TAKXKE MyTeM MOMIEePKKN MEXaHU3MOB
BOCCTaHOBJIEHUSI TIOCPEICTBOM CEKpeLUU pasind-
HBIX OenkoB MCK [12]. B ncciaenoBannm n3ydaaoch
pausiHue MCK cobaku, BBIAEJIEHHBIX U3 XXUPOBOI
tKaHu (2KT; Adipose-Derived Stem Cells, ADSC) Ha
BBIXKMBaeMOCTb cliepMaTro3ouaoB cobak. [Ipu atom
MCK-2XT nobapisuiy 1iepe 3aMopaxKuBaHHEM CIIep-
MblI, TIepeMellIMBaJIU U 3aTEM CMECh MOJBEPrajii KpUo-
KOHcepBalluu B Kpuocpene. Ilocie oTranBaHUs
aBTOPHI OTMeYau yJydllleHue KayecTBa CIiepMaTo-
30un0B B oopasuax ¢ ADSC. BeposiTHO, 3TO mpouc-
XOJIMJIO 3a CUET BO3AEHCTBUS CTBOJIOBBIX KJIETOK Ha
MeXaHU3Mbl BOCCTAaHOBJICHUS, OKA3bIBAIOIINX BJIMSI-
HYE KaK Ha KJIETOYHOM, TaK U Ha MOJIEKYJISIPHOM
YPOBHSX Ha crnepMaTo3oujibl. Bo3MoxHOU mpuum-
HO1 yJIy4IlIeH!SI MOTJIM OBITh OCJIKU, CEKPETUPYEMbIE
ADSC, Takue Kak aHHEKCUH, AucdepauH u pubpo-
HEKTUH, KOTOpble OOBIYHO YYaCTBYIOT B pernapaiuu
Ha KJIETOYHOM ypoBHe [12].

M3BecTHO, YTO aHHEKCUHBI MTPAIOT BaXKHYIO POJIb
B 9K301IUTO3€, DHIOIIMTO3€, arperaiuu, CIUSHUU
MeMOpaH, a cBasbiBaHue ¢ Ca?"-3aBucumoii Memopa-
HOIi AenaeT MX MOAXOMSIIIIUMU IS BOCCTAHOBJIEHUS
membOpaH [13]. Kpome Toro, anHekcuH 1 u 2 BMecTe
¢ 6enkoM aucdepanHoM yyactyior B Ca’*-3aBucu-
MOI perapanuy capKoJIeMMBbl CKEJIETHBIX MUOIIM -
TOB [14].

DuOPOHEKTUH PEryJIUPYET KJIETOYHbBIE ITPOLIECCHI,
a Takxke MoaiepXaHue M BOCCTAHOBJICHHE MOBpE-
XKIeHHBIX TKaHel. KpoMe Toro, aToT 6eJI0K, HaxoIsl-
LIMICA B CEMEHHOM IlIa3Me, OKa3bIBA€T BIIMSIHUE
Ha aKTUBALIAIO MPOTeacoM, aKPOCOMHYIO peaKlIuio,
KOHAEHCallNIO, B3aUMOACUCTBUE ramMeT U 3MOpHO-
HayibHOE pa3BuTue [15].
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ITpenmnosioxxeHnre aBTOPOB UCCIIETOBaHUS O B -
HUM aHHEKCHHa, nucdepiimHa U (uOpOHEeKTUHA Ha
OOJBIITYI0O COXPAaHHOCTh MEMOpAH 3aMOPOXEHHBIX
CIEePMaTO30UI0B ObLJIO OCHOBAHO Ha BHICOKMX YPOB-
HSIX DKCIIPECCUU TEHOB 3TUX OEJIKOB B CIIEPME B OIbIT-
HbIX 0Opa3liax Mo CpaBHEHUIO C KOHTPOJIbHbIMMU [12].

CrnenoBarenbHo, ADSC nonnepXuBaiv MeXaHU3-
MBI BOCCTAHOBJICHHSI B CIIepMe, B3aMMOICIHCTBYSI CO
CIIepMaToO30MIaMM ITOCPEACTBOM BBIPAOOTKU pa3-
JIMYHBIX OMOJIOTMYECKM AKTUBHBIX BEIIECTB, KOTO-
pBIe SIBJISTIOTCST HEOTHEMIIEMOM YacThlo MEXaHN3MOB
penapanuu. JladbHeHIIMe ucciaenoBaHNs B 9TOM Ha-
MpaBJIcHU HEOOXOAVMBI IJIs1 ONpPEAcACHUs] IPyrux
dakTopoB, cekpetupyemblx ADSC, KoTopble MOI'yT
WTpaTh aKTUBHYIO POJIb B COXpaHEHWM KadyecTBa
CIIEpPMBI TTOCJIEe KPMOKOHCEPBAlIUU.

JlanpHeimme ucciaenoBaHus in vivo TaKKe TIOMOT -
Ju Obl ToKazaTb 3M(MEKTUBHOCTh MPUMEHEHUS
ADSC mipu KpyoKoHcepBauu criepMbl. BoaMoxHO,
WCIIONBb30BaHMEe criepMbl, nornojdHeHHo ADSC s
HWCKYCCTBEHHOTO OIJIOAOTBOPEHUSI, TaKXe MOXKET
ObITh MOJIE3HBIM B PEIIEHUM TIpobJieM, CBI3aHHbBIX
C XXEHCKUM PETIPOyKTUBHBIM TPAKTOM, BBUIY UX pe-
reHepaTUBHOU U MyJIbTUINIOTEHTHOM mpupomas! [12].

BIIMAHWUE BHEKJIETOYHBIX BE3UKYVYJI
HA XAPAKTEPUCTUKU CITEPMbI
KMNBOTHBIX ITP1 KPUOKOHCEPBALI

DK30COMBI, MUKPOBe3uKYyIbl (MB) — 310 MUKpO-
CKOIIMYECKNEe BHEKJIETOYHBIe Be3ukyiyibl (BB) mma-
METPOM B HECKOJIbKO HaHOMETPOB, BhIAC/IsIEMbIe B
MEXKJIETOUHOE MPOCTPAHCTBO KJIETKAMU Pa3JIMYHbBIX
TKaHeil. CylllecTByeT HeCKOJIbKO TUIloB BB, paznu-
YaIINXCS TI0 MPOMUCXOXIACHUIO, pasMepaM M T..
(ta6n. 1). M3BectHO, yTo BB oCyIecTBIsIIOT CBSI3b
MEXIy KJIeTKaMU, MOCKOJbKY MOTYT IepeHOCUTH
OeJIKM, HYKJIEUHOBBIE KHUCJIOTHI M JIMITUABI, OIOCpe-
JIysl TTapaKPUHHBIM MEXaHU3M PETYISILIMU XU3Heaes -
TEJILHOCTU TKaHEW WIM KJIETOK peummnueHTa [16].
A taxxxe MB, cekpetupyembie MCK y4yacTByIOT B pe-
reHepalyu MOBPeXAeHHBIX 9HIOTEHHBIX KJIETOK MO~
CPEICTBOM TNepeMellleHus TpohUIecKux U perysi-
TOPHBIX MOJIeKyJ [17].

B nccnenpoBanmsax, mpoBeneHHBIX Qamar ¢ COaBT.
MOKa3aHo, YTO 3K30COMBI, norydeHHble 13 MCK-XKT,
YIy4IIIaloT KauyeCTBO CIIepMbl cOOaK ITOC/IE OTTauBa-
HUS TIpU COBMECTHOI KproKoHcepBauu [18].

JobaBneHre oNTUMAJIBHON KOHILIEHTPAILIMK 9K30-
coMm (50 MKr/mi) 3HAYUTENBHO YBEIMYUBAIO IIO-
JIBVKHOCTD U JOJIO XKUBBIX CIIEPMATO30MI0OB TTOCIIe
oTTauBaHud. [1py 3TOM MPOLIEHT CIIEPMATO30UIOB
C HETIOBPEXKICHHOM IMIa3MaTHIeCKOi MeMOpaHOIi OBLT
CTaTUCTUYECKM BBHIIIE B OoOpaslax ¢ Jo0aBjIieHUEM
5K30COM, YeM B KOHTPOJIbHBIX.

Onenka MPHK rmociie orranBaHus mokasaja 3Ha-
YUTEJIFHO 00Jice BHICOKUIT YPOBEHb 9KCIIPECCUM Te-
HOB, CBSI3aHHBIX C BOCCTAHOBJICHMEM ILJIa3MaTH4e-
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ckoit Memopanbl (ANX1, DYSF, FNI1), KOMIIOHEHTOB
xpomatuHa (H3, HMGBI), c onTHOBpeMeHHOI 0oJjiee
HU3KOM 3KCIIPECCUEi TeHa, CBSI3aHHOTO C IIPOU3BOI-
CTBOM aKTUBHBIX (hOPM KHCJIOPOJa B ONBITHBIX 00-
pasuax, 4eM B KOHTPOJIBHBIX 00pa3liax CriepMbl CO-
6ak. Ilo pesynbTaTam TecTa Ha NPOHUKHOBEHHE B
CJIN3b ObIIA TTOKa3aHa TUIepakKTUBaLsI 00paboTaH-
HOI1 3K30coMaMu crepMbl. IIpy 3TOM 3HAYUTENTBEHO
0oJIbllIee KOIUIECTBO 0OpabdOTAaHHBIX CIIEPMATO30M1-
JIOB ITPOHMKIIO Ha TyOMHY 1 1 3 cM, 4eM B KOHTPOJIb-
Hoii rpynne. TecT Ha TPOHUKHOBEHUE B CIM3b IMOKAa-
3BIBAET CIIOCOOHOCTD CIIEPMAaTO30MA0B IIPOHUKATH B
CYppOraTHyIO 1LIEPBUKAIBLHYIO CJIM3b M OOBIYHO MC-
TMOJIB3YETCS JJI1 OLIEHKU OTLJIOAOTBOPEHUSI in Vitro U
in vivo 1 4aCTOTBI O€pEMEHHOCTU. ABTOPBI CUUTAIOT,
4yTO onMncaHHbIE 3(P@PEKTHI 0O0YCIOBICHBI 3K30CO-
MaJIbHBIMM OeIKaMHu, KOTOpbIE 3alllMIIAIOT CIEPMY
OT OKUCJIUTEIBHOTO MOBPEXICHHUS, a TAKXKE MHIYLI-
PYIOT BOCCTaHOBJICHME MEMOpaH 1 XpoMaTtrHa [ 18].

Mokarizadeh ¢ coaBr. [19] moka3zanu, 4To 10O6aB-
JIeHrE B 00pa3lbl ClIepMbl €CTECTBEHHBIX M B, mioy-
yeHHbIX 13 MCK KocTHOTO MO3ra KpbIC, IPUBOIUT
K ITOBBIIIEHNIO KayeCTBa KPUOKOHCEPBUPOBAHHOI
criepMbl KpbIC. [Ipy 3TOM NpPOUCXOOUT IIOSIBJICHUE
W/WIN yBeJIMYeHUE SKCIPECCUM MOJIEKYJ ITOBEPX-
HoctHoi anresun CD54, CD106, CD44 u CD29.
DTH pe3yJIbTUPYIOIIE U3MEHEHMS SKCIIPECCUM OeJI-
KOB KJIETOYHOM MeMOpaHkbI CIIEpMaTO3011a, BEPOSIT-
HO, SIBJISTIOTCSI TIPSIMBIM CJICACTBMEM BKIIoueHuss MB,
coJepxKallX MOJEKYJIbl aare3uu (Kak Ha TpaHCIU-
pyemoMm ypoBHe MPHK, Ttak m Ha ypoBHe G6ejka),
B MEMOpaHYy ITOJIOBBIX KJIeTOK. I1p1 3TOM MOBBIIIIEH-
Has skcrnpeccust CD54, CD106, CD29 u CD44 B
3HAYUTEIbHOI CTEIIEHU 3aBUCUT OT KonuectBa M B,
HCITIOJIb3YEMbIX MPU KPUOKOHCEepBaLMU. DYHKIINO-
HaJIbHbIE MOCJIEACTBUS TaKMX U3MEHEHUI dKCIIpec-
CMM MOTYT BJIMATH Ha YIY4YIICHUE aare3UBHBIX
CBOIICTB CIIEPMATO30MIIOB, a TaXXe Ha IIOBBIIICHUE
YYBCTBUTEJILHOCTU K MapaKpUHHOMW M KOHTaKTHOM
CUTHaJIM3allMU C siiekiieTkamu [19].

OnmHako He BCe K30COMbI, MOJTyYEHHbBIE U3 pa3-
JIMYHBIX TUITOB KJIETOK, 00JIaIal0T OAMHAKOBBIM KPHO-
3alIUTHBIM 3(DHEKTOM MPU 3aMOPaKMBAHUU CO CIIep-
mato3ounamu. ComtacHo uccienoBaHuio Mahiddine
n coasT. [20] sk3ocombl MCK aMHMOTHYECKOIT MEM-
OpaHbl cobak He 00JIafaloT KPUOTPOTEKTOPHBIMU
CBOIICTBaMM MO OTHOIIEHUIO K CIIEpMATO30MIaM, I10
KpaiiHeli Mepe IpU UCIIOJAb30BAaHMM UX B KauyeCTBE
J00aBOK B KOHLIEHTpaluu 2 MKT/MJ U Huxke. Heo6-
XOJIMMO OTMETUTH TAKXKE OTCYTCTBUE OTPULIATEIbHO-
ro BusgHU 3k30coM n3 MCK aMHUOTHYECKOIT MEM-
OpaHbI Ha CIEpPMAaTO30UIbI COOAK IPU KPUOKOHCEP-
BallUU.

CorylacHO JUTepaTypHbIM JaHHBIM, 3K30COMBI
MOTYT IEAICTBOBATh Ha O HY U Ty X€ TKaHb IMO-Pa3HO-
MY B 3aBUCUMOCTH OT UX KOHLIEHTPALUU U TIPOXOXK-
JIEHUS KJIETOK — TOHOPOB 9K30coM [21]. BepositHee
BCETO, OTO 3aBUCUT OT COAEPKAHUS BEIIECTB B MEX-
Ne 5
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BHekiieTouHbIe PasMep, HM OcobeHHOCTH BHyTpeHHee IIpenmnonaraemeie
BE3UKYJIbI ’ obOpa3oBaHUsI coliepkaHue byHKIIIMN
Anornrornueckue | 1000—5000 | @opmupyrorcst I'enomuasa JHK, OcCy1IeCTBISIOT MEXKIIE-
TeJblia Ha TepMHUHAaJIbHBIX nenbie opraHeisl, pPPHK. | TouHoe B3aumoneiicTBue.
CTagusIX KIETOYHOM OCHOBHOI1 MapKep — MoryT onocpenoBartb
rubenu npu pparMeHTalluy | aHHEKCHUH 5 TOPU30HTAJIbHBIN ITEPEHOC
KJIETKU Ha YaCTU, OKPYKEHBI AHK, PHK u paccmarpu-
KJIETOYHOII MEMOpPAHOIA. BaTbhCS KaK IEPEHOCYMKU
OTanuuTeIbHOMN YepToit CHUTHAJIOB
anonTOTUYECKUX TeJell MeXay KJIETKaMU
OT IPYTUX TUTIOB BHEKJIE-
TOUYHBIX BE3UKYJI SIBJISIETCS
IpoHMIIaeMas MeMOpaHa
Muxkpose3ukyibl | 100—1000 | O6pa3zytorcs mytem B nenom 6u3ku K OCyILIECTBISIOT MEXKJIIe-
BBITNISTYMBAHUS sK30coMaM. EcTh JaHHBIE | TOYHOE B3aUMOACHCTBUE.
M OTHOYKOBAHUS YYACTKOB | O coliepXXaHUU B HUX pa3- | [Ipenmosnaraercst
T1a3MaTUYeCcKOi JIMYHBIX OCJIKOB KJIETOYHOI1 | UX POJIb B KAYECTBE
MeMOpaHbl KJIETKU aJre3uu, KOMIOHEHTOB OUOJIOTUYECKUX
LIUTOCKEeJIeTa, MaTPUKC- MapKepoB 3a00JieBaHUit
HBIX METAJIJIONPOTENHA3,
IJIMKOTIPOTEUHOB, MUTO-
XOHAPUAIbHBIX, LIEHTPO-
COMHBIX M1 pUOOCOMHBIX
6e1koB. OTCYTCTBYIOT
o0s13aTeIbHbIE KOMITO-
HEHTBI 9K30COM — TeTpac-
MaHUHBI, (PIOTUIIUHBI,
aHHEKCHHBI U OEJIKK1
ESRT. OcHoBHbIE
mapkepsl — CD40, CD62
DK30COMBI 30—150 | MemOGpaHHas yacTHlia ConepXrNMoe 3K30COM OcCyIIeCTBIISIOT MEXKIIE-

9HAOIIMTO3HOTO
MPOUCXOXKICHUS,
obpa3zyrolasicsi BHyTpu
MYJIBTUBE3UKYISIPHBIX
9HA0COMAJIBHBIX TeJIel]

OTpaxkaeT LIUTO30JIbHbIN
COCTaB KJIETOK-TOHOPOB:
HecneuuGUIHbIC U TKaHEe-
crieurpUIHbIE OENIKHU,
paznuyHbie Buabl PHK.
XapakTepHO MPUCYTCTBUE
OOJIBIIIETO KOJINYECTBa
OHKOTEHHBIX OEJIKOB 1
BJIUSIHUE Ha mpoaudepa-
A0 U MUTPALIUIO KJIETOK
B OOJBIIIEN CTENEHU,

YeM JJI1 MUKPOBE3UKYII.
OCHOBHBIE MapKephl —
CD63, CD?9Y, Alix, TSG101

TOYHOE B3auMOAEHCTBUE

KJIETOYHBIX BE3UKYJIaX, TAK KaK BaxHelIllee UX CBOM-
CTBO — BTO PETYJISIINS 3KCIIPECCUU TEHOB B KIJIETKaX-
MUILEHSIX TIPU CAUSIHUU ¢ MEMOPaHOI U BbIIEICHUU
CBOET0 CoAep>KNMOTro B uTomnasMy [22]. B Hacros-
1ee BpeMsl JOKa3aHO, YTO 3K30COMBI, KaK U ApYyrue
BB, nepeHocAT KiIeTOUHO-CcrieIMPuIecKrue KOMIIO-
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HEHTBI KJIETKU-UCTOYHUKA B KJIETKY-peunueHT [23].
H3BectHo, uto MCK amMHMOTHMYECKOI MeMOpaHBI
CIIOCOOHHI K 1 epeHINPOBKE U TpaHCcAUGDEPEeH-
uupoBke kak MCK u3 apyrux tkaneit. Ho obianator
VHUKTbHBIMU WMMYHOMDEHOTUTTMICCKIMU XapaK-
TEPUCTUKAMU, KOTOPBIE OTIMYAIOT OTH KIETKH OT
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npyrnx MCK. ITockombKy aMHUOTIYECKass MeMOpa-
Ha UMeeT SMOPUOHAIBLHOE TIPOUCXOXKICHUE, YPOBHU
SKCIOPECCUN 3MOPHMOHAJILHBIX MapKepOB, BKIIIOYAs
OCT3/4, SOX2, KlIf4, c-Myc, Nanog u Lin28, B
MCK amMHUOTHMYECKOIT MeMOpaHbl HAMHOTO BBIIIIE,
yem y MCK kocTHOro Mo3ra. Takxke 3Th KJIeTKH 9KC-
IIPECCUPYIOT MapKephl IUIIOPUIIOTEHTHOCTH, TaKue
kak L-menouHas ¢docdaraza, TRA-2-39, OCT4,
Nanog, SOX2 u Rex1, koTopble cielinruyecku 3Kc-
MIPECCUPYIOTCS B DMOPUOHAIBLHBIX U 3aPOAbIIIEBBIX
CTBOJIOBBIX KJeTKax [24]. CyllecTByeT MHEHUE, UTO
MCK aMHMOTHUYECKOIT MeMOpaHbI SIBJISIIOTCSI OoJiee
npuMuTUBHBEIMH, YyeM M CK, oOHapy:keHHBIE B KOCT-
HOM Mo3re [25]. OrcyTcTBHE MOJIE3HBIX 3(PPEKTOB
ak30coM u3 MCK aMHUOTUYECKOI MeMOpaHbl MO-
XKET OBITh OOBSICHEHO TUIIOM KJIETOK M, CJIeI0BATE/Ib-
HO, (pakTOpaMu, KOTOPBIE OHU CEKPETUPYIOT [26].

HeonHo3HaYHBIM BIMSTHUEM Ha COXPAHHOCTB CIIEp-
MaTO30MJI0B MOCJe KPUOKOHCepBallMy 00JagaiT U
BB cemeHHOI1 1J1a3Mbl Y pa3HbIX BUIOB KMBOTHbIX.
BB BbIpadaThiBalOTCsI B MY>KCKUX TOJIOBBIX MYTSIX,
BKJIIOUasl MpUAATOK siMuka u mpoctaty. [lokazaHo,
yro BB y4yacTBy10T B peryngnnn GyHKIOINNA criepMa-
TO30MIOB TOCPEACTBOM CBSI3BIBAHUSI U TOCIEAYIO-
1LIETO CAUSTHUSI C UX MEMOPaHO, OCYIIECTBIIsISI UHTE-
rpaluio UTO30JIbHOTO U MEMOPaHHOTO COCTaBJISIIO-
1IETO B TOJIOBYIO KJIETKY. B HacTosI11IMit MOMEHT eliie
YeTKO He ompelesieHbl Bce HeOOXOAUMbIE YCIOBUS
JUTSL CBSI3BIBAHUS U CIMSIHUS 3TUX BE3UKYJ C KJIET-
Koli-peuunueHToM. KpoMe Toro, 10CToBepHO ycTa-
HOBJICHO, YTO MEPEHOC MOJIEKYyJ Oejika OT BE3UKYJ
CEeMEHHOI TJIa3Mbl K CHEepMaTO30UliaM BO3MOXEH
TOJIBKO TIPU HAJIMYUU OTIpelieJieHHOro 3HayeHust pH,
TeMIIepaTyphl U B IIPUCYTCTBUU LIMHKA [27].

PesynbraTel mccienoBaHUil psima aBTOPOB ITOKa-
3aJIM, YTO 3K30COMBI ceMeHHOoM ma3mbl (DCII) 00-
JIaIaloT KPUOTMPOTEKTOPHBIM JIefiCTBUEM IO OTHO-
IIEHUIO K criepMaTo3onaam [22, 28]. MccaemoBanust
Du ¢ coast. npogemonctpupoBanu, uto DCII xpska
MOTYT YyCUJIMBATh aHTUOKCHUIAHTHBIE CBOMCTBA CTiep-
MaTO30UIIOB, CHIKATh COAepKaHe MaJIOHOBOTO V-
aJpAeTuaa, MoAnepKuBasi IIeJJIOCTHOCTD TIa3MaTHye-
CKOMl MeMOpaHBI CIIepMaTO30UI0B, YyaydlllaTb TMO-
IBUKHOCTB CIIEPMATO30MIOB, a TaKKe IOMABISATH
TpeXIeBpeMeHHYIO KarmanuTamuio. diyopeciieHTHast
U CKaHUPYIOIIAsl 3JeKTPOHHAsT MUKPOCKOITUSI MTPO-
MEeMOHCTPUPOBAIIA, YTO IK30COMBI HAIIPSIMYIO CBSI-
3BIBAIOTCS C MEMOpaHO# TOJIOBKM CIIEPMAaTO30MIA.
ITo MHeHUIO uccliemoBartelieii, 3To yaydllaeT Iie-
JIOCTHOCTD TIJIa3MaTHYeCKON MeMOpaHBI CIlepMaTo-
30Maa, HO He BIIMSIET Ha KamalMTallnio, MHIYITUPO-
BaHHYIO in vitro [29].

M3BecTHO, YTO CYLIECTBYET OIpeaeaeHHass u30u-
paTenbHOCTh B cBsi3biBaHUM DCII co cnepmaTo3on-
JIaMU, 3aBUCSIAs OT CIeUM(MUIHOCTA CANTOB CBSI-
3pIBaHUs. Tak, Zhou 1 coaBT. MoKa3ajau, 4TO 3K30CO-
MBI U3 IpUAaTKa CEeMEHHMKA MMEIOT OIpeleIcHHOe
CPOICTBO K ITOCTAKPOCOMAJIbLHOM 00JIaCTU TOJIOBKM
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criepmaro3ounaa [30], Torma Kak 3K30COMBI, TOJIY-
YeHHBbIE 13 BCITIOMOTaTeIbHbBIX OJOBBIX XeJe3, OyayT
WMETh CPOICTBO KO BCEM JOMEHAM KJIETOYHOU MeM-
OpaHBbI TOJIOBKU: aKpPOCOMHOMY IpebHI0, aKpocome 1
nocrakpocome [20]. MccrenoBaTen CYUTAIOT, YTO
9K30COMBI, KOTOPHIE CBSI3BIBAIOTCS C TOJIOBKOM CIIep-
MaTo301aa, OyayT BIMSITh HA EMKOCTb, aKpOCOMaJlb-
HYIO PEaKIlIMIO U CIIOCOOHOCTh CIUSIHUS C OOLIUTOM,
TOTAa KaK T€, KOTOPhIE CIIMBAIOTCSI CO CPEMHE U OC-
HOBHOI 4acCThIO XBOCTa, OyIyT OKa3bIBaTh OOJbIIICE
BIMSIHME HAa aKTUBHOCTb MUTOXOHOPWIA, SHEPIreTH-
YeCKUIA MeTabOoJIM3M 1 TTOIBUKHOCTH [31].

B 10 xxe Bpemst Goericke-Peschab ¢ coaBT. ripoze-
MOHCTPUPOBAJINU OTCYTCTBHE ITOJIOXUTEIbHOTO 3¢h-
¢dexTta MB cemeHHOM 1a3Mbl Ha Ka4eCTBO CIiepMa-
TO30MIOB COOAK KakK MPU UX COBMECTHON KPUOKOH-
cepBalluu, Tak W Tipu nob6asieHnu MB mocie
oTTanBaHus o6pa3ioB [32]. B KoHTpoJIBLHBIX 00pa3-
ax 3sgKynasaToB MB ynansay st mojydeHnsT YMCTOM
cnepmbl. [IpoBeleHHBIE 3KCIEPUMEHTBI MOKAa3aJIn
KpaTKOBpeMeHHoOe OysaroTBopHoe BiausHue MB
TOJILKO Ha CKOPOCTHBIE ITapaMeTphI CIIEpMaTO301I0B
IOCJIe OTTAMBAHMSI IO CPABHEHMIO C TPYIIION KOH-
Tpoist. OgHako 3TOT 3(PPEKT HUBETUPOBAJICT Yepes
30 MuH mocie pa3MopaxuBaHus. B cBonx BEIBOmax
y4yeHble TOCTAaBWIM TOJ COMHEHHE IlieJaecoobpas-
HOCTh UCTOJIb30BaHUsI MB ceMeHHOoli T1a3Mbl Mpu
KPUOKOHCEPBAIlMU C LEJIbIO0 ITOBBIIICHUS KadecTBa
CIIEPMaTO30MIOB COOAKM MOCJIe pa3MopakuBaHUsI [32].

Hannble, moimydeHHble Ferraz ¢ coaBT., neMOH-
CTPUPYIOT BO3MOXHOCTh TTpuMeHeHns BB momarramx
KMUBOTHBIX OJHOTIO BUAA IJIST YCIIEITHOM KPUOKOH-
cepBalliM 00Opa3LOB CIIEPMBI PEIKUX U NCYE3aI0IINX
JKUBOTHBIX Apyroro Buaa [33]. ABTopaMu yCTaHOBJIE-
HO, yTO BB 13 giilieBogoB co0ak 1 KOIIEK yIyqIIaioT
COCTOSIHHE CIIEpMaTO30MI0B KPaCHOTO BOJIKA U Te-
napnaa Imocjie KpuoKoHcepBrUpoBaHus. B yacTHoCTH,
criepMa KpacHOTO BOJIKa M rerapaa, pa3MoOpOKeHHast
¢ BB u3 giilieBogoB cobaku 1 KOILIKM, UMeJia 00JIbIlIe
HEMOBPEXIEHHBIX aKpOCOM, YeM KOHTPOJIbHbIE 00-
pasubl. KpoMe Toro, criepMy KpacHOTro BOJIKa B IIPU-
cyrctBuu BB 13 gitmeBoma cobakm Jydie Imomuep-
KMBaJIa MOJBUKHOCTH CIIEPMAaTO30MUI0B C TCUCHUEM
BpeMeHU. OHaKo Takoro 3¢ dekTa He HabI0aaIoCh
B 00pas1ax co CriepMaTo30MIaMu rerapia.

IMTonoxutenbHbIN 3P HEKT BE3UKYI UCClIeqoBaTe-
JI1 OOBSICHSIOT T€M, YTO OHM HECYT BaXKHbIC IJIsI
(GYHKIMM CIIEPMATO30MI0B OENIKU, KOTOPHIE YIyd-
IIAIOT HE TOJBKO ITOJBMXKHOCTD MOCJI€ OTTaMBaHMSI,
HO YBEJIWYMBAIOT COXPAHHOCTb aKpPOCOM CIEPMBbI
KpacHOTIO BOJIKA U remnapja in vitro. Pe3yabTaThl Ipo-
BEJICHHOU pabOoThI MTOKA3bIBAIOT, 4TO 3TU BB MoryTt
OBITh IECHHBIM MHCTPYMEHTOM IS YIyJIIeHUsI YCIIO-
BUIT KpUOXPAaHEHUS CIIEPMBI Y BUIOB, HAXOMSIIINXCS
o1, yrpo3oi ncue3HoBeHus [33].
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OO01enpu3HaHHBIM (aKTOM SIBJISIETCS TO, 4YTO
criepMa pa3HbIX BUIOB XMBOTHEIX 00JIafaeT pa3HOM
JYBCTBUTENBHOCTHIO K KpMOKOHCEPBUPOBaHMIO [34].
YcrenHocTh KpUOKOHCEPBAMU  CIIEPMATO30UI0B
ompelensieTcsl CIOXHBIM B3aMOJICIICTBUEM MEM-
OpaHbI CIEpMAaTO30H1Ia C CEMEHHOM IUIa3MOI, C pa3-
OaBuTENIeM U MOAOOPOM IIpUEMJIEMBIX METOIOB 3a-
MopaxuBaHUs. llenocTHOCTP MeMOpaHbI SIBISCTCS
OYeHb BaXKHOU ISI HOPMaJIbHOTO (DYHKIIMOHUPOBA-
HUSI CIIEpMaTO30MAOB IOocjie oTTaumBaHus. IloTeps
IMOBEPXHOCTHBIX OEJIKOB, TAKMX KaK PELCHTOP IIPO-
reCTepOHAa, OCOOEHHO M3 aKPOCOMBI, MOXET YXYII-
IIUTh KAYECTBO MOCJe OTTauBaHUS U OIJIOIOTBOPSI-
IOILYI0 CITOCOOHOCTH ciepmaTo3ouna [35]. CnenoBa-
TEJIbHO, CTPYKTYPHAas 1IeJIOCTHOCTh CIIEpPMaTO30UI0B
SIBJISIETCSI HEOOXOIMMBIM YCJIOBUEM JIJIsl IPaBUJIbHO-
ro (yHKIIMOHUPOBAHUS U OTLUIOAOTBOPEHUS OOLIM -
TOB U MOCJIeAyIollee SMOPHMOHAILHOE Pa3BUTHUE OP-
ranusMma [36].

BoNbIIMHCTBO MPOTOKOJIOB 3aMOPAKUBAHUS CIIEP-
Mbl MJIEKOIUTAIOLIMX BKJIIOYAIOT yIaJIeHUEe CeMEH-
HOI M1a3Mbl Miepe, KpUOKOHCepBalUeil ¢ TTOMOIIbIO
neHTpudyrupoBanus [37], 9To IpakKTUIECKM CBOTUT
K MUHUMYMY 3allIMTHOE JEeMCTBME aHTUOKCHUIAHT-
HbIX (PePMEHTOB CEMEHHOM IIJIa3Mbl OT OKVCIUTEb-
Horo cTpecca [38].

I1pu 3TOM GHOCHUHTETUYECKAsI CIIOCOOHOCTh Cep-
MaTO30MJI0B OTPAaHMUYEHA, YTO CIIY>KUT IJIaBHBIM Ipe-
MSITCTBUEM LIS UX CAMOBOCCTAHOBJICHMS MOCJE MO-
BpexaeHus [38]. OmHako MHOTHE BHEIIHHUE (DAaKTOPBI
KOHTPOJIMPYIOT (DYHKIIMIO CIIEPMATO30UIIOB, AECTBYSI
yepe3 MOBEPXHOCTHBIE U MeMOpaHHbIE KOMITOHEH-
ThI, ITO3TOMY PsIJI UCClienoBaTe el BBIIBUHYJIN TUIIO-
Te3y, 4To ucnonab3doBanne MCK/MUKpoOBe3UKyJI Ipu
KPUOKOHCEPBALUU CTIEPMbI MOXET ObITh 3 (heKTUB-
HBIM OMOJIOTUYECKMM ITOAXOIOM IJisi MHOBBILICHUS
(GepTUIBHOCTHU 1 XKM3HECTIOCOOHOCTH CIIEPMATO30M -
JIOB 3a CYET MOAACPKKM MEXaHU3MOB perapaliuu Mo-
CPEICTBOM CEeKpelUMU pa3IMYHBIX OeakoB. Ho mpu
ncrionb3oBannn MCK m BB HeoOxogmMo yduTHI-
BaTh, YTO CTBOJIOBBIC KJIETKU U UX TIPOU3BOIHBIE U3
pa3IUYHBIX TKaHEHW IMPOOYLIMPYIOT BellleCcTBa C He-
OIMHAKOBOM OMOAKTMBHOCTBIO II0 OTHOIIEHHUIO K
kieTkam-peuunuenTam. I[losromy g MCK u BB
JIOJDKHBI OBITH pa3paboTaHbl CTAHAAPTHI U3MEPECHUMN
KOHTPOJISI Ka4eCTBAa U MPOTOKOJIOB 0€30MacHOCTH, a
Takxke 3(hGEKTUBHOCTU UCMOJIb30BaHUS ST KOM-
MEpUYECKMX 1IeJIeil TP UCKYCCTBEHHOM OILJIOOOTBO-
peHUM.

KongmkT uHTEepecoB. ABTOPHI I€KJIapUPYIOT OT-
CYTCTBUE SIBHBIX U TOTEHIMAJIbHBIX KOHMIJIUKTOB
WHTEPECOB, CBSI3aHHBIX C MyOJMKalleid HacTosIIeH
CTaTbU.

WUcTounuku ¢punancupoanusa. MccienoBaHue Bbl-
IIOJTHEHO 3a cYeT rpaHTa Poccuiickoro Hay4HOTO
donma Ne 23-26-00172 B pamkax IIporpaMmmsl cTpa-
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TETMYECKOro akajgeMuueckoro Juaepcrsa KazaHcko-
ro enepanbHoro yHusepcutera [IPUOPUTET-2030.

CooTBercTBME NpPUHIOMIAM O3THKH. Hacrosimas
CTaThsl HE CONCPKMUT OMUCAHMS KaKUX-TU00 HCclie-
JOBAHMM C ydYacTUEM JIOJEN WUJIM )KMBOTHBIX B Kaue-
CTBE OOBEKTOB.
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Modern Trends of the Application of Stem Cells and Their Derivatives
during Cryopreservation of Animal Sperm
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Cryopreservation is an important method for preserving sperm from various organisms. However, freezing
gametes often leads to various types of cell damage, which affects the outcome of artificial insemination. After
thawing, spermatozoa usually have ultrastructural, biochemical and functional changes such as cell mem-
brane and chromatin damage and oxidative stress. Since spermatozoa have limited biosynthetic capacity, they
have a low capacity to regenerate. The current trend is to improve the sperm cryopreservation regime using
natural extracellular vesicles and stem cells. Extracellular vesicles and stem cells have a potential regenerative
effect, as they contain various biologically active molecules affecting sperm repair. This review focuses on
current strategies to improve sperm health after cryopreservation. In particular, this review describes the re-
sults of studies on the use of extracellular vesicles and stem cells as cryoprotectors during freezing and thawing

of spermatozoa.
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