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YepenHo-mosrosas Tpasma (YMT) — 910 noBpexgeHne rosioBHOro Mo3ra rnoj JevicTBUEM BHELLHEN MEXaHNYECKOV CUITbI, HANPUMEP, CUTTbHbIN
yAap B pe3ynbTate aBTOMOOUIIbHONA aBapuu, yAap B3PbIBHOW BOJHbI, BUOMEXAHNYECKOE MOBPEXIEHNE MO3ra B PE3ysibTaTe CTONKHOBEHUS
PY KOHTAaKTHbIX BUZAX ¢rnopTa v Ap. 31a CI0XHas TPaBMa ¢ LUMPOKUM CrIEKTPOM CUMITOMOB SBJIAETCA OfHOA U3 OCHOBHbIX IPUYNH CMEPTU
W UHBATIUAHOCTY B COBPEMEHHOM 00LLECTBE BO BCEM MUPE. Pe3yrbTaTbl MHOTOYUCTIEHHBIX MOAXO0A0B NIE4YEHNS MOCAEACTBUA TPABM 110Ka3amm
MHOroo6eLLarLme neperneKkTUBLI Ha XUBOTHbIX MOLEISIX YEPEMHO-MO3r0BbIX TPABM, HO HE NPOAEMOHCTPUPOBATN CBOEH Kakou-inbo 3Ha-
YUTEIIbHON 3D DEKTUBHOCTYU B KITUHUYECKUX UCTILITAHUAX. B HacToALLemM 0630pe Mbl PACCMOTPUM CYLLECTBYIOLUNE aKTyallbHble acrnekTsl YMT:
COBPEMEHHAs Knaccuhukayns; 06LyMe MPUHLNIbLI PA3BUTUS NATONOMNYECKOro MPoLYecca, Mogen YepenHo-Mo3roBOoi TPaBMbl Ha XUBOTHBIX,

KJIHOYEBDIE CJI0BA: 4epenHo-mo3roBas TpaBma; MOAEMN 46pernHO-MO3roBoV TPABMbl Ha XNBOTHbIX; CTBOSIOBbIE KIIETKU

~
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YepenHo-mo3rosas Tpasma (YMT) — 3T0 NOBpeXAEHWE MATKNX TKa-
Hei rofoBbl, Yepena W/unm rofloBHOr0 MO3ra; KNMHUYECKOe COCTOSHME
nauueHTa nocne TpaBMbl NPOSBAAETCA AMCAYHKLWER FONOBHOMO MO3ra
[1,2]. Mo dhakTy, TpaBma paccmatpusaetcs kak YMT, koraa uHULMMpYio-
Las cuna BAmseT Ha OYHKLUMOHMPOBAHNE MO3ra, CONPOBOXAASACh OHUM
UMW HECKOSbKUMI KIIMHUYECKUMI NPU3HAKaMK, BKIHOYAs MOTEPH WUnu
M3MEHEHHbIII YPOBEHb CO3HAHMS, aMHE3NI0, C HEBPONOrMYeCKUM aedun-
LIMTOM 1in 663 Hero.

Mpo6nema amarHoCcTUKM U 3pdoekTMBHOrO neveHus YMT sasnset-
€S O[IHOW M3 BaXKHELLNX B COBPEMEHHOW MEAMLIMHCKONA Hayke. JTo6oi
XuTenb 3emnu nogsepraetcsa pucky YMT He3aBUCMMO OT ero BO3pacTa,
MeCTa XXWUTeNbCTBA 1 OOLLIECTBEHHOr0 MOMOXeHus. B nocneaHue aecs-
TUNETMS HabnAalT naHaemuydeckoe pacnpoctpaHeHue YMT B cBs3n
C MNOBbILLIEHNEM TEMNA XKWU3HW, YBENMYEHWEM KONMUYECTBA CKOPOCTHbIX
TPAHCMOPTHbIX CPEACTB, WHAYCTPUANKU3aLMEN, a TAKXKe TaKUMI ABMEHUSA-
MW, KaK Teppopu3M, NOKasIbHbIE BOEHHbIE KOHMDANKTbI. B Mupe exeroaHo
norn6aiot scneactene YMT okono 5 mnH Yenosek [3]. Ctatuctuyeckue
NOKa3aTeN YKa3blBaKT Ha TO, YTO 4acTOTa YepenHo-MO3rOBOiA TPaBMbI
B HACTOALLEe BPEMS BbllLe, 4eM Y JIH0ObIX ApYriux 3a601eBaHNIA, BKITHOYas
Takne 3a060NeBaHNA, Kak pak MONOYHOI xenessl, CIL, 6onesHb Map-
KMHCOHA W paccesHHbIA cknepos. [4]. Hanpumep, B CLUA YMT npowucxo-
OAT Kaxable 15 cekyHa 1 06Luee KONW4ecTBO NOCTpajasLUNX AOCTUraeT
1,7 munnuona B rog. /3 Hux 50 TbIC. Cry4aes C feTanbHbIM UCXO40M, a Y
80 TbiC. YyenoBek YMT npuBOAMT K Pa3nU4HOI CTENEHN UHBANUAHOCTH [5].
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B Ykpaune exerogHo nonyyator YMT okono 100 Tbic. 4enosek (2 Ha
1 TbIC. XuTenein) [6]. B Poccum exerofHo peructpupytot okono 600 Thbic.
YMT (4 Ha 1 Tbic. XuTenei) [7]. HeCMOTPS Ha 3HAYUTESNIbHbIE UHBECTU-
1K B peLleHne 3Ton npobnembl, YMT no-npexxHemy 0CTaeTCcs OfHUM U3
OCHOBHbIX HapYLIEHNA (PYHKLMIA TONOBHOrO MO3ra, B NEYEHNI KOTOPbIX
0TCYTCTBYET 3(hchekTBHAA (papmakoTepanus W CTaHAAPTW30BaHHbIE
BapuaHTbl Nnevenus [8]. OAng TOoro 4tobbl pa3pabotaTb U NPUMEHUTDH
afleKBaTHY0 Tepanuto, He06X0ANMO NOHATL CAOXHYIO NATOPUINONOTMI0
YMT 1 U3y4uTb MOMEKYNAPHbIE MEXAHWU3MbI, MPOUCXOAALLNE NPYU TAKOM
NOBPEX/EHNN MO3ra.

KJTACCU®DUKALIMA YEPENHO-MO3r0BOI TPABMbI

B KnuHu4eckoi npaktuke knaccudukaums YMT ocHoBaHa Ha Komnm-
yecTse 6annos no wkane kombl Mmasro (GCS): nerkas (13-15 6annos),
ymepeHHaa (9-12 6annos) unn Taxenas (3-8 6annos). HepasHo HYMT
6bIna KnaccuuumpoBaHa no AAuTeNIbHOCTI NOTEPN CO3HAHMSA, U3MEHe-
HWIO CO3HAaHUA W nocTTpasmatuyeckoit amHesuu [2, 9]. K nerkoit YMT
OTHOCSAT COTPACEHME U YWWUG MOo3ra NIerkoil CTEMeHn, K CPefHeTsXe-
JI0/ — yWwnb Mo3ra CpefaHen CTerneHun, NoLOCTPOE U XPOHMYECKOe CAaB-
NEHNe MO3ra, K TEXKENON — yLING Mo3ra TAXenoil cTenesu, audgysHoe
aKCOHaNbHOE MOBPEXAEHUe W 0CTPOe CAasneHne mosra. ECTecTBEHHO,
B [JAHHOM KOHTEKCTEe paccmMarTpuBaeTcsi NULUb OOLUWA CMEKTP OLEHKM
TsxecTn YMT. Ha npakTuke 3T1a 3aa4a peLlaeTcs MHAUBULYaNbHO C y4e-
TOM BO3pacTa NnocTpajaBLUero, ero NpemMopouaa, Hanuqns pasnuyHbIx



CnaraemblX Tpasmbl (KOr4a, Hanpumep, O6LIMPHOCTb MOBPEXAEHMNA
cKanbna u/unu KocTeli Yepena Aaxe npu ywmbe mo3ra JIerkon unm cpef-
Hel cTeneHn 3actaBnseT Keanuguumposatb YMT Kak TsHKeny) u apy-
rMx ghakTopos.

OBLLME MPUHLINMbI PA3BUTIWA NMATOJIOMMYECKOI 0

MPOLIECCA NPU YMT

BaxHo otmMeTuTb, 410 YMT 310 He NpOCTO eAMHOBPEMEHHOE COBbITHE,
a NpoLecc, KOTOpbIA BKIHOYaET MHOrOYpPOBHEBbIE KacKadbl MepBUY-
HOTO 1 BTOPWUYHOTO MOBPEXAEHUS TONIOBHOrO MO3ra, C GAvKaAWMMK
1 OTCPOYEHHbIMU NOCNEACTBUAMN. MOHMMaHWE 3TOr0 M3MEHUNO NOAX0L,
K pa3paboTke HOBbIX METOLOB NIEYEHWUS WAN YCOBEPLUEHCTBOBAHUS CY-
LecTBytolmMx cTpaternit  nevequs [10]. [lepBuyHble NOBpeXJeHUsA
00YyCOBMEHbI BO3LENCTBMEM TPAaBMUPYIOLLEA CUNbl HA KOCTW Yepena,
0060M04KM M TKaHb MO3ra, MO3rOBble COCYAbl M JIMKBOPHYK CUCTEMY.
K nepBu4HbIM NOBPEXEHWUAM OTHOCAT M 04aru YLWINGOB rofI0BHOr0 MO3ra,
nepBuYHble YLWINObLI CTBONA MO3ra, AMQ(Y3HbIE aKCOHANbHbIE NOBPEeXAe-
HUS W cocyaucTble noBpexxaeHnsa mosra [11]. Mpu nepsu4HOM noBpexae-
HWAW MO3ra NPOUCXOAUT MEXAHWYECKOE HAPYLLEHME LieNOCTHOCTM CTPYKTY-
Pbl HEMPOHOB U KIETOK HeApOrnumM, paspyLleHine CUHANTUYECKUX TepMu-
Hanew, HapyLUeHne LienocTHOCTU UK TPOMO03bl COCY0B. KOMNEKCHbIE
Kackanbl MeTabonnyeckmx, KNeTOYHbIX W MOMEKYNAPHbIX COObITWA Npu
nepBUYHON TpaBMe BCe BMECTE COCTABAKT BTOPUYHYIO Tpasmy. OHK Mo-
ryT Pa3BKUBaTbCA OT 4aCOB 40 MECALEB NOCe NepBuyHOi TpasMbl [12,13].

Ha camom fiene, 4T0 KacaeTcs BPEMEHW NOCne TPaBMbl, BTOPUYHbIE
NOBPEeXJEHNS NOAPA3AENAT HA TPU NEPeKPbIBAIOLLMECS (Pa3bl: paHHue,
NPOMeXxyTou4Hble 1 nosgHue [14]. PaHHAs (hasa, 06b14HO Yepe3 24 yaca
nocrne TpasMbl, 06yCNOBIEHA NPEPbIBAHNEM HOPMATTLHOTO MECTHOTO KO-
BOTOKQ, YTO MPUBOANT K MLLEMMYECKOMY KacKagy, KOTOPbIA HaYMHAeTCs
C HaKOMJIEHNA MOMIOYHOM KUCNOThI, U3-3a Yero NpomcxoanT MeTabonuye-
CKMI nepexop 0T 06bI4HOr0 a9POBHOM0 NpoLecca K aHadpOBHOMY TMNKO-
nuay [15]. Benefctene nepBuYHON TpaBMbl YMEHbLLAETCA AOCTYN afeHo-
3UHTpUdOCHAaTa 1 HapyLwAeTcs NPOHULAEMOCTb KNETOYHON MeMOPaHbI
(Mem6paHHoii nomnbl) [11]. 3T0 NPMBOANT K Aenonspusauny MemépaHsl
HEMPOHOB W BbICBOOOXAEHWIO BO3OYXAAOLMX HEWpPOMeEANaTopoB
(rnytamara u acnaprara). CBA3blBasch C rmyTamaTHbIMU peLentopamu,
HeNpoMeauaTopbl He TONbKO BbI3bIBAIOT MOLLHbIA NPUTOK MOHOB KanbLns
BHYTPb KMETKW, HO 1 UX OCBOBOXAEHNE U3 BHYTPUKNETOUHbIX Aeno [16].
AKTMBMPOBAHHbIE KanbLmem doconmnassl, NpoTeasbl U 3HAOHYKI1€a3bl
paspyLialT NUnuabl, yrnesoabl, 6enKn U HYKNEWHOBbIE KUCMOTbI, YTO
NPUBOAMUT K HAPYLIEHWIO LIENIOCTHOCTM HAPYXXHOW MeMOpaHbl KIeTKu
1 MeMOPaHbl MUTOXOHAPWIA, NPEPbIBAHWI0 NPOLECCOB OKUCIMTENIbHOMO
hochopunupoBanmns, CuMHTe3a 6eNKOB M (HOPMMPOBAHWIO CBOBOAHBIX
paaukanos [17]. bonee TOro, NOBbILLEHWNE KOHLEHTPALWW BHYTPUKNETOY-
Horo Ca® akTMBMpYeT Kacnasbl W KanbnamHbl, KOTOPbIE 3anyCKalT He-
KpO3 MM anonTo3 KNeToK, Y4TO NPUBOAMT K UX TMGEnM M HaKOMIEHUIo
Kneto4Horo aedpuca [18].

He meHee 3Ha4nTenbHbIMM (DakTopamu nospexaeHus nocne YMT
ABNIAIOTCA: aKTUBALMA MMMYHHOr0 BOCNasneHus, AeuUnT HeilpoTpodu-
YecKux (PakTopoB. B npomexyTo4yHON (hase NOBPEXAEHNS LENOCTHOCTb
remaroaHuedanmyeckoro 6apbepa HapylleHa, Kak Cneacteue, WHAY-
LMPYIOTCA MHOXECTBO MMMYHOMOMMYECKUX W BOCMANNUTENbHBIX MPO-
ueccos [14, 19]. 06 3TOM CBMAETENbCTBYET aKTUBALMS PE3NAEHTHbIX
VMMYHHbIX KJIETOK, KOTOPbIE BbIAENAT PAL KIETOYHbIX MeAnaro-
poB, Takue kak IL-1B, IL-6 u TNFa, cBsizaHHble ¢ 06pa3oBaHueM
NPOTMBOBOCNANMUTENbHBIX LIMTOKUHOB, rMaBHbIM 06pa3om IL-10 u TGFB,
Hapagy ¢ npocTtarnaHinMHamu, CBO6OAHLIMU paguKanamm, XeMoKUHamu
u haktopamu cuctembl komnnemeHTa [14, 20]. MOLLHbIM CTUMYNOM,
3anycKawLwmum pasBuTne UMMYHHOTO BOCMANEHWs, ABNAETCH NPUCyT-
CTBME KNETOYHOro Aebpuca B KPOBEHOCHOM pycne B pPe3ynbraTe pas-
pyLLUEHUs remaToaHLedannyeckoro 6apbepa npu NepBUYHOM MOBPEX-
JeHun. B 3HZO0TeNnuu Kanunnsapos 1 Ha NOBEPXHOCTN aKTUBUPOBAHHBIX
NeiKouNToB, @ WMEHHO TPaHynoUMTOB, MakpoaroB, MOHOLWTOB
U NUMAOLUUTOB, 3KCMPECCUPYIOTCH MONEKYNbI NABHOTO KOMMeKca
rMCTOCOBMECTUMOCTM, MHOFOYMCIIEHHbIE LUTOKUHBI U XEMOKMHBI.
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Han6onee 3Ha4MMbIMU 417 Pa3BMTIA BOCNANEHNA ABNAIOTCA (DAKTOP
HEKpO3a OMyxonu U UHTepnenkuHol [21]. B aeicTBUTENbHOCTH, BOCNA-
NeHWe MrpaeT OBOWHYID POMb B MO3re: 61ar0TBOPHYID — 3anyCcKaoTcs
NPOLIECCHI PEreHepaunu; 1 0TPULATENBHYI0 — YCUNNBAETCS AanbHeLuee
nospexpexue. B nocnegHem cnyyae nepefaya curianos TNFa Yepes pe-
uentop TNFR1 nonoXuTenbHO CBA3aHa C NOBbILIEHUEM perynsauum 6en-
Ka akBanopuHa AQP4, KOTOPbI NPUHAANEXUT K CEMEACTBY MEMOPAHHbIX
BOAHbIX KaHanoB. ATOT 6e/0K ycunmBaeT 06pa3oBaHie 0TEKOB, CNOCO6-
CTBYS MOBbLILIEHMIO BHYTPUYEPENHOTO AaBMEHNS B TKAHAX MO3ra U Liepe-
6pOCNUHANLHON XUAKOCTH, YTO NPUBOAUT K AaNbHeMLen AereHepauun
HelipoHoB. Kpome Toro, AQP4 cnoco6CTBYET YBENMYEHUIO KONUYECTBA
MWKPOWUIAMEHTOB B acTpoumTax, HAayumpys o6pasoBaHue py6LoBOii
TkaHu. 06pa3oBaHne rnanbHoro pybua, ¢ 04HOIM CTOPOHBI, OrpaHNyun-
BaeT Y4aCTOK JabHEeNLero NopaxeHns HeMPOHOB, a C APYron — npe-
NATCTBYHOT NPOPACTaHNIO OTPOCTKOB HelipoHos [11, 14].

BaxHas ponb B BOCManWUTeNbHOM OTBETE MPW MOBPEXAEHUM MO3-
ra oTBoANTCA Knetkam rnuu [22]. YMT conpoBOXAaeTcs akTuBauuen
IMUANbHbBIX KNETOK, NepexoasLLeit B XpOHUYECKUIA acTpo- U MUKPOrINo3
[23]. AKTUBMpOBaHME IMMANbHbIX KNETOK XapakTepu3yeTcsa nponude-
pauuein acTpOUMUTOB U MUKPOTAINN, N3MEHEHNEM WX CTPYKTYpbI (runep-
TPOUA COMbI KIETOK WU WX OTPOCTKOB, MOSBNEHWE MHOTMOYUCAEHHBIX
BaKyonen u nu3ocom). AKTMBauuMsa acTpoLUTOB CONPOBOXAAETCS YBe-
JINYEHNEM 3KCMPECCUU TMNANbHOMO KMCNOro onbpunnspHoro 6enka —
GFAP, KoTOpbIl B KNWHWUYECKMX WCCNEA0BAHNAX paccmaTpuBaeTcs
KaK noTeHunanbHbini Mapkep YMT. MukpornuanbHble KNeTkn SBRA0T-
CA PE3NAEHTHbIMWM Makpod)aramu B LIEHTPASIbHOW HEPBHOW CUCTEMe
W MOryT B3aMMOLENCTBOBATb C MAKPOrMANbHLIMU KNeTKaMu, Helpo-
HaMU 1 C KNeTKamMnm UMMYHHOW CUCTEMbI, UCMOSb3YSi MHOFOYMCIIEHHbIE
CUrHanbHble  NyTW.  MuKpornuanbHble  KNeTKW — 3KCNPeccupyoT
peLenTopbl, KNacCU4Yeckn OMUCaHHble AN CBA3W C HeWpoHamu, Ta-
KWe Kak peLentopbl HEMpPOTPAHCMUTTEPOB, M Te, KOTOPble BMEpBble
06HapYXeHbl Kak creunduyHbie ang Meauatopos UMMYHHbIX KNETOK,
TaKNX KaK LMTOKMHbI U XEMOKUHbl. MuKpOrnuansHele KNnetku cyu-
TaTCA Haubosee BOCMPUUMYMBBLIMW [AaTYMKAMW NATONOMMU MO3ra.
AKTUBMPOBAHHbIE MMWKPOrNManbHble KNETKW, NOJ06HO mnenKoLuTam
W acTpouuTam, MOryT MUrpupoBaTh B MECTO NMOBPEXAEHUS, nponnde-
pyUpoBaTh U haroLMTUPOBATL KIETOYHbIA febpuc [24, 25].

Hapsgy ¢ npoueccamu BTOPUYHOrO NOBPEXAEHUS TKaHe! Mo3ra npu
YMT 3anyckatTcs NpoLecchl HeilpopereHepaun U HeMponpoTEKLMK.
B 4acTHOCTW, acTpOLMTbLI M MUKPOMIUS 3KCMPECCUpyoT (hakTop pocTa,
BbIZieNIeHHbIN U3 ronoBHOro mosra (BDNF) v ipyrue HeltponpoTeKTUBHbIE
(hakTopbl, a UMeHHO, (hakTop pocta HepsoB (NGF), HelpoTpotnH-3;
BbIpabaTbiBAOT MPOTUBOBOCNANUTENbHbLIE LUWTOKMHBI 1 XEMOKMHBI
(CD206, CD163, FcyR, apruHasa 1, TGFB) [26, 27].

410 Kacaetcs no3aHen cTaguu, Hambonee 3amMeTHOM 0CO6EHHOCTbIO
ABNAETCA NOSABMEHWE, a 3aTEM U YBENMYEHUE KONMYECTBA BHE3AMHbIX
OZIMHOYHBIX CYA0POT, a B 60N16e THKENbIX CIy4asx — pa3suTe 3nunencun,
KOTOpas KOpPenupyeT ¢ XxapakTepoM W TSXKECTbIO TpasMbl [28]. 3BecT-
HO, 4TO 9KCANTOTOKCMYHOCTb ABMAETCA CMOCOOCTBYHOLMM (DaKTOPOM
B PasBMTMM 3NWUNENTUYECKMX MPUCTYNOB 4aCTO COMPOBOXAAIOLLMECS
cynoporamu, YMT-WHIOYLMPOBaHHOE YMEHbLUEHWE 3KCMpeccun 6enka
Kannesoro KaHana Kv.4.2 nenaet HeMpoHbl 605ee BO3OYAUMbIMU W, Clie-
[0BaTeNbHO, 3T0 NPUBOLUT K YBENWYEHMIO Cyaopor. bonee Toro, nokasa-
HO, 410 YMT cnoco6CTBYET CYA0POXXHONA aKTUBHOCTU 32 CHET CHUKEHUS
TOPMO3HOro ToKa [14].

MHoroo6pasue natou3nonorm4ecknx NpoLEeccoB, KOTOpble pa3su-
BAIOTCA C TEYEHWEM BPEMEHM, NPUBOASAT K HEOBPATUMbIM MOBPEXAEHM-
AM 1 TM6enn KNeToK U, Kak cnefcTBre, YHKLMOHANbHBIM HAPYLLIEHNSM
mMo3ra. Kpome BCEro mpo4ero, natonormyHble Npouecchl, NpuBoasLLme
K passuTuio nospexaeHnii nocne YMT, a Takxe Te, KOTOpble CNOCO6CTBY-
10T BOCCTAHOBJIEHMIO, YPE3BbIYANHO CNOXHbI M 4acTO HaKNaAblBAOTCS
Apyr Ha Apyra. B 3aBUCMMOCTM OT TMNa NOBPEXAEHUA, NaTtou3nono-
TMYECKNE MEXaHWU3Mbl MOTYT ObITb PA3MMYHBIMU U JAXKe U3MEHATLCA BO
BPEMEHM, 1 NOITOMY 04Y€eHb BXHO, YTOOLI HEWPONPOTEKTOPHAS Tepanus
paspa6bartbiBanach 1 peanu3oBanach ¢ y4eTOM 3TUX NEPEMEHHbIX.
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HecmoTps Ha TO 4TO B NOCNeSHNE AECATUNETIUS Pe3ynbTaThl UCCNEao-
BaHun YMT npubnusnnu Halle NOHUMaHNe PasBUTUA U NIeYeHns nocnes-
CTBMA TpaBM, AWHAMWKA HellpOAereHepaTUBHBIX MPOLECCOB OCTaeTcs
[0 CUX NOP Manou3y4eHHOI, 4T0 AeNaeT He06X04UMbIM UCTONb30BAHNS
B 9KCMEPUMEHTE XNUBOTHbIX MOZENEN.

MOJENU YEPEMHO-MO3r0BO TPABMbI HA XXUBOTHbIX

Beugy reteporeHHoro npouvcxoxpesns YMT nossunace Heob-
XOAUMOCTb B pa3paboTke pasnuyHbix mogeneid YMT Ha KUBOTHbIX.
B OCHOBHOM MCMOMb3YHOT NaBOPaTOPHbLIX MbILERA U KPbIC U3-3a WX [0-
CTYMHOW CTOWMOCTW W, FMaBHOE, KOPOTKOI ANUTENbHOCTI XXM3HU, YTO
[aeT BO3MOXHOCTb NPOCNeAUTb OTAANEHHbIe NMOCNeACTBUS TpaBMm. Ha-
néonee MCMOMb3YEMbIMU M3 HUX CHUTAKOTCA YeTbipe: mogenb YMT,
BbI3BaHHas nepkyccueit xuakoctu (fluid percussion injury — FPI); mo-
Jenb YMT, Bbi3BaHHaa ygapHon sonHom (blast injury); mogens YMT,
BbI3BaHHAs HaHeceHWeM yhapa CBOGOLHO nafjatolwmum rpy3om (weight-
drop injury), mogens YMT, HaHeCEeHHas C MOMOLLbIO KOHTPOIMPYEMOrO
KOopTuKansHoro so3gencteuns/yaapa (controlled cortical impact). Hapagy
C BblLenepeymncrieHHbIMU Mogenamu YMT ncnonbayoT Apyrue mogenu,
KOTOpbIe ABNSAIOTCA UX Moaudukaumen [12].

Mogenys  XuAKOCTHO-NEPKyccHOHHOA TpaBmbl mo3ra  (fluid-
percussion brain injury). Nocne pa3pesa ckanbna v BbIMOHEHUS KPaHNO-
TOMWUU TPABMY HAHOCAT GOSTIOCOM XWULKOCTU U3 TPYOKM, MPUKPENSIEHHO
K 0GH2XXEHHOMY y4acTKy TBEPLOI 060J104KM FONIOBHOIO M0O3ra, 6bICTPbIM
TONYKOM C MOMOLLbIO yaapa no MOPLUHIO. Yaap BbI3biBAET KpaTkoBpe-
MEeHHOE CMelLLeHre 1 aedpopmMaLmio TKaHW rofI0BHOMO MO3ra, a TAXECTb
TPaBMbl 3aBUCUT OT CWSIbI UMNYNbCA AaBNEHNS. B 3TON Mofenn noBpex-
[eHNs M0o3ra BOCMPOM3BOAAT KiMHWU4Yeckylo YMT 6e3 nospexpeHus
yepena, HO cpedHue n Txenslie YMT y nogen 4acTo accouumpyercs
C MepenoMoM 4epena U ylINGaMiU HECKOMbKWUX W3BWUIMH, KOTOpPble He
MOryT 6bITb BOCMNPOWU3BeAeHbl B aTOW Moaenu. OgHako AaHHas MOAENb
MOXET NPUBOANTbL K BHYTPUYEPENHOMY KPOBOW3MUAHWIO, OTEKY MO3ra
1 NPOrPeCcCMBHOMY MOBPEXIEHUIO Ceporo BeLlecTsa [29].

Mogeny TpaBmbi, BbI3BaHHOA ypapHoi BonHo# (blast injury).
YcTpoictBo  and  mogenupoBaHus  YMT, BbI3BaHHOW [eACTBUEM
B3PbIBHOW BOJSIHbI, COCTOWUT M3 TPYOKM GONLLUOTO [UAMETPa, B KOTO-
pOii MPOMCXOANT B3PbiB HA OJHOM €€ KOHLE, a Ha APYroM HaxoauTcs
)KMBOTHOE. B3pbiB HEMOCPEACTBEHHO He BO3[EACTBYET Ha MOAOMbITHOE
)KMBOTHOE W3-3a ANNHbI TPYOKW, OAHAKO B3pPbIBHAA BOSHA, pacnpo-
CTPAHASICb MO Heil, OKa3blBaeT BAWSHWE HA XUBOTHOe. Heobxopm-
MOCTb B MogenupoBaHuun YMT nyTem B3pbiBa BO3HWKNA, KOrga 06Ha-
PYXXUO0Cb, YTO Y MHOMMX BOEHHOCMYXALLMX, KOTOPbIE MOABEpPraiunch
BO3/E/CTBMI0 B3PbIBHOM BOMHbI M HE WMEBLUMX BHELUHWX MOBPEXAe-
HUA, ObINN AWMArHOCTMPOBAHbLI OCTATOMHO Taxensle YMT. Ha paH-
Hon wmogenn YMT 6bima nopTeepxaeHa 9MMEKTUBHOCTb Kesfapa
B KayecTBe Mmarepuana s 3alMTHbIX WwemoB. lMpu atux uccnegosa-
HUAX BbINO NOKA3aHO, YTO KEBTAPOBbIE LUNEMbI YMEHbLUAKT CMEPTHOCTb
XKMBOTHbIX, OHaKO YBeNW4YMBanachb CTeneHb AN dy3HON aKCoHanbHON
TpaBMbl, YTO J0Ka3blBaeT nossneqne YMT noj Bo3LeNCTBUEM B3PbIBHbIX
BOMH. HeaHaunTenbHble NOBPEXAeHNs NOL feNCTBUEM B3PbIBHOM BOJHbI
VMEIT Clefytolmne natouanonornieckmne npossieHns: audqysHoli
LepebpanbHbIi OTEK, CUNbHAA TUNepemMns U Ba3ocnasm (3T CUMNTOMbI
xapakTepHbl Ans YMT KaK y 4enoBeka, Tak U Y XUBOTHbIX). Takxe 6bl1o
NoKa3aHo Ha Kpbicax, 4to mMogens YMT ¢ moaenupyembiM B3pbIBOM
BbI3bIBAET 3HAYMTENbHbIE HEPOHHblE AMCKYHKLWUMA, KOTHUTUBHBIA Ae-
huLmMT 1 CHUXAET BHYTpUYepenHoe aasneHue [30].

Mogens cBo6ogHoro nagenns rpy3a (weight-drop injury). B mogenn
€B060JHOr0 NafeHns rpysa rofosa 3KCNepyUMeHTaNbHOr0 XNUBOTHOMO No-
[BepraeTcs yaapy HanpasfieHHbIM CBOOOAHO NafaloLLM rpy30M. TAKeCTb
TPaBMbl PErynnpytoT ¢ NOMOLLbI0 MacChl rpy3a U BbICOTbI, C KOTOPOIA ero
cnyckatot [12, 31]. Pa3HOBMAHOCTU 3TO MOAeNU B GOSbLUNHCTBE CNy-
YyaeB MpefHa3Ha4eHbl Ang BocnpousseneHns auddysHon YMT. B aton
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MOLENU Takxe HabMIAAtOTCA HApYLIEHWs LBUraTeNbHOA WU KOrHUTUB-
HOI (pyHKuUMIA [32]. Mo pacnpocTpaHeHHOW cxeme AuddY3HOro akco-
HaNbHOro NOBPeXAeHUs, KOTOpyto paspaboTtan Marmarou u ap. (impact
acceleration model) [33], yaap HaHOCAT B BEpPTEKCHOWA 06nacTn Yepena,
re NpeiBapuTenbHO Pa3pesaeTcs Koxa no CPeanHHOR nuHun. K mecty
yAapa npuKpensiT 3alMTHbIA METANNYECKNIA [NCK, 4TOObI N36exaTtb
nepenomoB Yepena. Pa3HOBMAHOCTW MOLENW MOTYT BapbMpOBATh MO Crie-
AYIOLWMM KPUTEPUAM: HE0BX04MMA NN KPAHNIKTOMUS, AN MY3HbIM U
(bokanbHbIM ABNAETCH NOBPEXAEHWE, LEHTPANbHO UK NaTepanbHO Ha-
HOCUTCS MOBPEX[€eHUe, 3aCOMKCMPOBAHO NN XKMBOTHOE B YCTAHOBKE UMK
HeT n ap. [12, 31].

Mopgenb KkoHTponMpyemoro KopKkoBoro moBpexaenus (controlled
cortical injury). Mo cpaBHEHWIO C MOAENbIO CBOOOAHOrO NafeHUs rpyaa,
KOHTPONNPYEMOe KOPKOBOE NOBPEX/EHNE B MEHbLLEI CTENeHN COOTBET-
CTBYET peasnibHbIM ycnoBuam nonyveHus YMT, ogHako ABnseTCs ropas-
[0 6onee BOCMNPOW3BOAMMBIM 6narofaps psfy napameTpoB, KOTOPble
MOXHO PEerynupoBatb, Takux Kak rny6uHa noBpexneHus, AnuTenbHoCTb
n ckopocTb [12]. MpuHUMN yCTPOACTBA COCTOMT B MHEBMATUYECKOM
UK 311eKTPOMArHUTHOM BO3JEMCTBUN HA OrpaHNYeHHbIl Y4acToK TBep-
Ao 060/104KN ronoBHOrO Mo3ra [34, 35], 4TO NPUBOAUT K paspyLue-
HWKO TKaHW KOpbl FONIOBHOrO MO3ra, NOBPEXJEHWUI0 aKCOHOB, COTPACE-
HUIO, AUCCHYHKLUMM remaToaHuedannmyeckoro 6apbepa U gaxe K KoMme.
KoHTponupyemoe KOpKOBOE MOBPeX/eHne BO BCEX Chyyasx npefycma-
TpuBaeT 06HaXXeHWe TBEPAON 060104KN. JIOKaNIbHOCTb HAHECEHMS KOHTP-
0/IMPYEMOro KOPKOBOTO NMOBPEXJeHUs TKaHe! rofl0BHOM0 Mo3ra 60/bLue
BCEro NOAXOLUT /1 BOCNPON3BeeHUs (DOKaNbHON TPaBMbI.

METO/bl IEYEHUA YMT, NPUMEHAEMbIE B HACTOSLLEE BPEMS

CoBpemeHHble MeTOAbl NneveHns YMT 6binn pa3paboTanbl ans
K2X[0ro natonorM4yeckoro arana pasBUTUS BTOPUYHBLIX MOBPEXAE-
HUA. MeaukameHTO3HOe neveHue 0O6bI4HO CBOAWTCA K npenaparam,
ynyywaoLwmMm 06MeH BELLecTB B MO3rOBOM TKaHW (nupauetam, nu-
KamunoH), M COCYANUCTbIM npenapatam (BWUHMOLETWH, LWHHAPU3WH).
K coxaneHuto, 04eHb 4acTO NMONOXWUTENbHble 3dhdekTbl neveHns YMT
Y XXWBOTHbIX He MOATBEPAUNN OXUAAEMbIX PE3YNbTaTOB HAa MaLMeHTax
¢ YMT. B 4acTHOCTM, paHHME KNMHWYECKWNE WCCNEA0BaHMS Ha NaLneH-
Tax ¢ YMT nogTeepannn yMepeHHyto 3PMEKTUBHOCTb HUMOAMMNHA —
6nokatopa KarnblUMeBblX KaHanos. B To e Bpems Ha mogenn YMT
Yy IpbI3YHOB 6biNy NPeoCcTaBneHbl yoeauTenbHble L0Ka3aTeNnbCcTsa Ans
UCMONb30BaHNA HUMOAMMNMHA B KA4eCTBE MOTEHLMANbHOIO TepanesTH-
yeckoro cpefctea [36, 37]. AHanornyHble pesynbTathl ObIAN NOMYHEHbI
C CNONb30BAHMEM Npenaparta Tupunasaga — UHrM6MTOpa NepeKncHOro
OKWUCNEHUs NUNMUAOB, 4aCTO UCMONb3YEMOro NS NeYeHNs 0Teka Mo3ra.
B nabopaTopHbIX UCCNEA0BaHMAX Ha XWUBOTHbIX Moaensax YMT npu uc-
noJsib30BaHWUK 3TOro npenapara 61710 NOKa3aHo, 4T0 OH 06/11aJaeT HeMpo-
1 aHrMOMPOTEKTOPHbIMK CBOCTBaMU. OHAKO NPUMEHEHNe Tupunasasa
B KNUHUKE AN NALMEHTOB C YMePEHHbIMMU 1 TsKenbiMu YMT He npuBeno
K YNYHLLUEHWO UX HEBPOSIOTNYECKOro COCTOsHNA [38].

JlabopaTopHble MCCNEA0BAHNS MO UCMONb30BAHMID CTEPONIOB AN
neyeHus nocneactsuit YMT, B 4aCTHOCTH, FMIOKOKOPTUKOUOB, NOKA3anu,
YTO OHW YMEHbLLAKT KONN4YeCTBO CBOGOAHBIX PafMKanoB U OKasblBaOT
HelpopereHepaTUBHbIA  3d)hekT. OHAKO MCMONb30BaHWE [eKcame-
Ta30Ha MpU JeYeHUN THAXENOi TpaBMbl rONI0Bbl JEMOHCTPUPOBANO He-
NA0OXMe Pe3ynbraTbl MO HEKOTOPbIM MOKA3aTensm y BbDKMBLUMX Nauu-
€HTOB, HO NPW 3TOM YBEANYUNOCH YNCNO NALMEHTOB C «BEreTaTUBHbIM»
CTaTycOM, Yy KOTOPbIX YNyylleHne 6naronpusTHOr0 UCX0AA NEYeHUs He
Habnoganoch [39]. MpumeHeHne npenapata cendoTena — aHTarOHUC-
Ta NMDA-peuenTopa W MHrM6MTOPA BO3OYXAAIOLIMX AMUHOKUCNOT —
B KNMHUYECKMX UCMbITAHMSX NOKa3ano pa3BuUTE NCUXOAKTUBHbLIX MOBE-
QleHYeCKMX 90hheKTOoB y nauueHToB ¢ YHMT, 4TO NOCNYXKNIO OCHOBAHWEM
ANs NpeKpaLleHns KNvMHUYeckux mcnbitaHuin. [40]. 3aech npuBefeHbl
NNWb HECKONbKO NPUMEPOB fneyveHns nauuentos ¢ YMT Temu npenapa-
Tamu, KOTOPble MOKa3ann MOTeHUMAbHbIA TepaneBTUYecKMn 3deKT
Y XXMBOTHbIX Ha Mogensax YMT.



YyutbiBas rnobansHole nocneactsus YMT ans HaceneHws, kpaiiHe
BAXHO, YTOObI MCCNEA0BAHUA U PA3pPabOTKM HOBbIX METOAOB JieYeHMs
nauyueHToB NO-NPEXHEMY aKTUBHO Pa3BuUBaNNCh B 3TON 06NACTHL.

NCNoJIb30BAHUE CTBOJIOBbIX KNETOK

NPU NEYEHUU NOCNEACTBUIA YMT

B nocnegHee Bpems nosBUNAacb BO3MOXHOCTb WCMOMb30BaAHUA
cTBONoBbIX Knetok (CK) B kayectBe noTeHumanbHOW Tepanun YMT,
OCHOBbIBAACb HA UMX HENPONPOTEKTOPHbIX W HENWpOPereHepaTuBHbIX
ceoiicteax [41]. MHoro4ucneHHble UCCNE0BAHUA HA XXUBOTHBIX MOAeE-
nax YMT npoBoAATcA C UCMOIb30BAHMEM CTBOJIOBLIX KNETOK pasfmny-
HOrO reHe3a, a UMEHHO: 3H[OTEHHbIX HeliparnbHbIX CTBOMOBLIX KNETOK,
9MOpPUOHaNbHbIX U peTanbHbIX CK, MHAYLMPOBAHHBIX NAOPUNOTEHTHBIX
CK 1 meseHxumanbHbIx CK.

AxktuBaymna 3HpgoreHHoro HewporexHesa npu YMT. W3BeCTHO, 4TO
B [1BYX 0TAenax LeHTPaNbHOI HEPBHOI CUCTEMbI B3POCOr0 OpraHn3ma
NPOMCXOAMT MpPOLECC HeilporeHesa — CyOBEHTPUKYNApPHas 30Ha [42],
OKpYyXaroLiasn 60KOBOIA XeNyaodek, U 3ybyaras M3BUIMHA runnokamna
[43]. CTBONOBbLIE KNETKW B 3TUX 30HaX 0611af1al0T CBOMCTBAMU CamMo06-
HOBJIEHWSA U CMOCOBHBI AN DEPEHLMPOBATLCA B HEMPOHBI U MMUANbHbIE
Knetkm [44, 45].

bbio nokasaHo, 4To 3HAoreHHble HCK Cy6BEHTPUKYNSPHOM 30HbI
BNUAKOT HA MUKPOOKPYXXEHWE M CMOCOOCTBYHOT BbKMBAHWIO HEMPOHOB
u rnuu nocne YMT. ViccnegosaHns npoBOAUIN HA TPAHCTEHHbIX MbILAX,
9KCMPECCUPYLLMX FeH TUMUAWH KWHa3bl BUPYCA NPOCTOr0 reprneca nog
KOHTPOMIEM NMPOMOTOPA HECTUH, YBENUYEHUEe 3KCMPEcCUn KOTOporo Ha-
6n110anu Ha MOAENW KOHTPONNUPYEMOr0 KOPTUKANbHOTO MOBPEXAEHUS
[46]. Y Takux Mblwen ygansnm aHAoreHHble CK cy6BEHTPUKYNSPHOM
30Hbl. [1Be Hegenu nocne YMT y Mbllweid ¢ AedoMUUTOM 3HAOMEHHbIX
CK pernctpupoBanu CHWXEHWE YPOBHS BbIKMBAEMOCTM HEAPOHOB
1 YMEHbLUEHWE KONMYECTBA IMnaNbHbIX KNETOK B KOPE, 04HAKO 0TMeYanu
rMnepTpocomio COMbI KNETOK MMM B MECTe NOBPeXAeHus. Pesynbrarsl
nokasanu, 4To aHaoreHHsle HCK nrpatoT BaXKHyo posib B NOAAEPXKAHWM
MUKDPOOKPYXXEHUS B KOpE M TEM CamblM CMOCOBCTBYIOT BbDKUBAHUIO
HEePOHOB W rMunabHbIX KNeTok nocie YMT. Ha 0CHOBaHWUM NONYYeHHbIX
pesynbTaToB 6bi1 CAeNaH BbIBOL 0 TOM, 4TO 3HAOreHHble HCK moryT npo-
IBNATb 3aLUMTHbIE CBOMCTBA NOC/E TPaBMbl [46].

Takum 06pa3oM, 3HAOTEHHble CTBOSIOBbIE KNETKW, Haxonswinecs
B HEPOreHHOI HULLE, COCTABNAOT NOTEHLMAMBHbIA Ny KNETOK, Y4acTBY-
IOLLIMX B BOCCTAHOBJIEHUM MO3ra. BaXXHO OTMETUTb, 4TO (DYHKLMOHANbHASA
PONb 3TUX HOBBIX KMETOK B 3HAYUTENbHOW Mepe 3aBUCUT OT KOnuye-
CTBa BHOBb reHepuUpyeMbIX KNETOK, WX noTeHunana anddepeHumaunn,
BbIXMBAEMOCTU W MHTErpauun B CyLLECTBYIOLLE HEIPOHHbIE CETHU.

VccnepoBaHns nokazanu, 4to YMT 3HA4YMTENbHO YBENUYMBAET NPO-
nupepaunio 1 andepeHunaumntio pesnaeHTHbIX CTBONOBLIX KITETOK Kak
B CYyOBEHTPUKYNAPHOM 30HE, TaK U B 3y64aTON M3BWUSIMHE Y B3POCIbIX
TPaBMUPOBAHHbIX MbIled W KpbiC [47]. PereHepupoBaHHbIE HEpOHbI
B 3TUX 06/1aCTAX MOTYT UHTErPUPOBATLCA B HEAPOHHbIE CETU MO3ra 1 3a-
MeLLaTb YyTPa4eHHbIe HEeMPOHBI B MOBPEXAEHHBIX y4acTKax Mo3ra. B yact-
HOCTW, BHOBb 06pa30BaHHbIE rPaHyNAPHbIE KNETKKM B 3y64aTO N3BUNUHE
runnokamna 061agaT CnoCcoO6HOCTLIO 3PESbIX HEWPOHOB 3TOII 30HbI re-
HepupoBaTb NOTeHLManbl AeNCTBUA 1 06pa30BbIBATL (PYHKLMOHANbHbIE
cuHancol [45]. CnemoBatenbHO, BOSMOXHOCTb CTUMYNMPOBATh MPOUN-
thepauuio n andbdpepeHumaunio angoredHsix HCK aenseTcs npueneka-
TeNbHO CTpaTerueil BOCCTaHOBNEHUS MOBPEXAEHHOr0 MO3ra.

B uccnegosaHuu, NpoBeEHHOM HAa KOpe FOMOBHOrO Mo3ra mno-
cTpagaswero yvenoseka ¢ YMT, o6Hapyxunu ysenuyeHue Konuye-
CTBa KNETOK, akcnpeccupyowmex mapkepbl CK, Takne kak DCX, TUC4,
PSA-NCAM, SOX2, NeuroD [48]. /3BecTHO, 4TO WHAYUMPOBAHHbIN
9H0HENPOoreHe3 cnoco6CTBYET YCKOPEHMIO PereHepaTuBHbIX NPoLeccoB
nocne YMT. B 4acTHOCTM, CEPOTOHWH, FMIOKOKOPTUKOMAbLI U (DAKTOPLI
poCTa CyLLEeCTBEHHO YBENNYMBAIOT NPOnMepaLio 1 CO3peBaHne KNeTok
B CyOBEHTPUKYNAPHOM 30He 1 3y64aTon u3sunuHe [44, 47]. BHyTpuxe-
Nyn04K0BOE BBEJEHNE 0CHOBHOMO (hakTopa pocTa pubpobnactos (bFGF)
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unu anuaepmanbHoro (aktopa pocta (EGF) ycunuBaeT 3HAOreHHbIN
HeiporeHes, yenuymeaetT YMT-1HAYLMPOBAHHYIO NPONMAeEpaLmto Kie-
TOK B Cy6BEHTPUKYNAPHONA 30HE, TUNMOKaMNe U 3HAYUTENbHO YryyLlaeT
BOCCTAHOBJIEHWE KOTHUTUBHbIX (PYHKLMIA [49].

PereHepatusHble peakuuu Ha (POKanbHOE MOPAXEHWE FONOBHO-
ro Mo3ra nokasanu, 4to nponudepauns Knetok B Jopconarepab-
HOl CYOBEHTPUKYNAPHOA 30He yaBounach K 48 yacam B NOBPEXAEH-
HOM MO3re MONOJbIX XMBOTHbIX MO CPABHEHUIO C OTCYTCTBYHLLNM
nponugepaTMBHLIM OTBETOM B MO3re B3pochbix ocobeii [50]. bonee
TOr0, KNETKU-NPOreHUTOPbI CYOBEHTPUKYNAPHOA 30HbI B MOBPEX-
JEHHOM MO03re MOM0AbIX XXMBOTHbIX 06pa30Bann B ABa pasa 6osblue
Heipocdpep u nponudepupoBann HaMHOro 6bICTPEe M0 CPaBHEHUIO
C XXMBOTHbIMM TOTO € BO3pacTa, y KOTOpbIX He noctpagan mo3r [50].
TeM He MeHee Takoil penapaTuBHbIA OTBET HE NPUBEN K 3HAYUTESNIbHON
pereHepaunu HeipoHoB. CTUMYyNAUMS 3HLOTEHHOTO HerporeHesa no-
cpeacTteom akTuBauun HCK sBnsieTcs HenpocToi 3agadeir. Heo6xoanmo
Y4UTbIBATb, YTO SHAOMEHHbIE CTBOJIOBbLIE KIIETKM HE MOTYT ObITb OfMHA-
KOBO CTUMYNMUPOBAHbI 13-32 MYNIbTUKOMIOHEHTHOI OKPYXXatoLLeit cpeabl,
B KOTOPOW Haxo4ATcA Knetku [51, 52].

[pyrvne nccnefoBaHus nokasanu, YTo 06pa30BaHUE HEAPOHOB M3
aHporeHHbIx HCK nocne YMT u ux uHTerpaums B CYLIECTBYHOLLYH CeTb
3aHumMaeT npumepHo 10-14 gHeit [47]. Takxe ObINO MNOKa3aHo, 4To
HEKOTOpble JIeKapPCTBEHHbIE Mpenapatbl W W3MEHEHUs B MNOBEAEHYe-
CKUX PeakUmMsxX Npu YCNOXHEHWU Cpefbl MPOXUBAHWUA MOTYT YCUINUTb
9HJOreHHbIA  HeilporeHe3 [53]. Hanpumep, npoTMBOAMAGETUHECKMIA
npenapar MeTOPMWUH YBENIMYNBAET SHLOTEHHbI HEliporeHes3 npu Mo-
JenpoBaHny ULLEMUYECKO TpaBMbl. BBeaeHne MeTchopMmuHa akTuBm-
poBaI0 NponudepaLnio, MUrpaumnio U andgepeHumnanmnio SHL0reHHbIX
HCK B noBpeXxaeHHOM MO3re HOBOPOXAEHHbIX MblLLel. B Helipocdepax,
chopmupoBaHHbix HCK y Takux mbilleid, 0TMeYanu 60nbLe 0fMrogeH-
JPOUNTOB M HEWPOHOB B MPUCYTCTBMM MET(POPMMHA MO CPABHEHWIO
C >KWBOTHbIMU KOHTPOSTLHOW rpynnbl. Kpome Toro, BBeAeH1e MeT(hopMmuHa
Cnoco6CTBOBAIO YITYYLLEHMIO CEHCOPHO-ABMIaTeNbHbIX (PYHKLMIA [54].

MHoro4mcneHHble pesynsTatbl WUCCELOBaHUA PONU 3HAOMEHHbIX
HCK ans ycnewHoro BOCCTAHOBMEHWUS MOBPEXIEHHOO MO3ra Heco-
MHEHHO NMOKasanu ux NO3UTUBHBIA NOTEHLMAN. BaxHoN 3afaqeil aBnseT-
sl co3AaHune ycnosuii ans nponudepaumn aHaoreHHbix HCK n ux and-
(hepeHuMaLMmM B LOCTATOMHOE KOJMYECTBO 3PENbIX HEAPOHOB U [IMIO,
CNOCOGHBIX MHTErPUPOBATLCS B MOBPEXAEHHYI0 HEMPOHHYIO CETb MO3ra.

Pasnn4Hble THNbI 3K30reHHbIX CTBOJIOBBIX K/ETOK, HCMOJIb3YEMbIE
apy YMT. Mo3r B3poCnbIX MIEKONUTAIOLLMX W YeloBeKa 06naaaeT orpa-
HWYEHHON CNOCOGHOCTbLIO FEHEPUPOBATL HOBbIE KNETOYHbIE 3NIEMEHTI,
B YaCTHOCTM, HEMPOHbI U TMNANbHbIE KMETKM MPU Pa3fMyYHbIX TUMax
nospexaeHuin. lMoatomy TpaHcnnavTaums 9k3oreHHblx CK saBnsetcs
NepcrneKTMBHOM Tepanuei ans nevenus nocnegctsmint YMT 1 MOXeT no-
MOJSTHUTL NN YTPa4YeHHbIX HEMPOHOB U MMUANbHLIX KIeToK [55]. cnonb-
30BaHME 3K30MEHHbIX CTBOJIOBbIX KNETOK B KA4eCTBE MOTEHLMANbHON
KNETOYHOI Tepanuu pasnuyHbix Buaos YMT 0CHOBbIBAETCSH Ha UX CMO-
CO6HOCTN AU depeHLMpoBaTLCA U MHTErPUPOBATLCS B HEMPOHHbIE CETH
PELMNMEHTa, a TaKkke NpoAyLupoBaTb PasHO0OpasHble Tpoduryeckue
thakTopsl [55, 56, 57].

ImbpuoHanbHele M (beTanbHble CTBONOBbIE KNETKH. CTBONOBbIE
KNeTKW, NONy4eHHble U3 B3POCNOro OpraHu3mMa, 061afarT OrpaHnNYeH-
HOIA CMOCOBHOCTLI0 ANPDEPEHUMPOBATLCA B PA3SIMYHbIE TUMbI KNETOK.
B npoTnBOnonoXHocTb, aM6puoHanbHbie CK (embryonic stem cells) BHy-
TPEHHEN KJIETOYHOM MacChbl 61aCTOLUMTLI SABMIAKOTCSA NNOPONOTEHTHLIMMY,
a heTanbHble CK nnofoB ABAAKTCA MynbTUNOTEHTHbIMU CK 1 CNOCOG6HSI
AndhdepeHUNpoBaTbCa BO BCE BMAbl KNETOK LEHTPanbHOW HEpPBHOI
cucTembl [58].

®eTanbHble CK MOXHO BbIAENATb Yy MbIWKW W3 TFAHMIUO3HBIX
BO3BbILLEHNIT 3MOPUOHOB Ha 14-16 AeHb GEPEMEHHOCTU, a TAKXKE U30-
nnpoBatb M3 0611aCTU aKTUBHOTO HENpOreHe3a — CyOBEHTPUKYIAPHON
30HbI 60KOBOr0 Xenynoyka [59, 60]. /13-3a X BbICOKOI NIacTUYHOCTYH
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ornsaau

Takne CK ABNAKOTCA MAeanbHbIM UCTOYHUKOM KETOK ANS TPaHCNaHTa-
LMK, NOCKONbKY OHW MOTYT AU (epeHLMpoBaTbCs B PasfuyHbIe TUMbI
KNETOK HepBHOW TKaHW, MUIPUPOBATb U MHTErPUPOBATLCA B PA3NNYHbIE
y4acTku mosra [61]. OHu o6nagatoT Takxe 1 TPOUYECKUM AeiiCTBMEM.
A VMEHHO, TPaHCNNAHTUPOBAHHbIE KNETKN MOTYT CEKPETUPOBATL B MEC-
Te NOBPEXJeHUs LWMPOKUIA CMEKTP XeMOKUHOB, LWUTOKUHOB, POCTOBbIE
(hakTopbl, UMMYHOCYNPECCUBHbIE MONEKYNbl W ApYyrue Tpouyeckne
(hakTopbl, KOTOPbIE AKTUBHO BAMSIOT HA MUKPOOKPYXXEHUE U, COOTBET-
CTBEHHO, Ha peakuuio CO CTOPOHbI KIETOK-X0351eB [62]. bbino nokasa-
HO, 4YTO HelpoTpodouyeckne daktopbl GDNF u BDNF, npomyunpyemble
MVANbHLIMA U HEPBHBIMW KNETKaMK, MOrYT TaKXe CeKpeTMpoBaTbCs
am6puroHanbHbiMn CK [62].

ImbpuoHanbHble HCK, BbiaeneHHble M3 nnoja mo3ra 4enoBeka
1 MbILLEIA, MCMOMb30BANMCh B Ka4ECTBE UCTOMHWKA ANs TPAHCMaHTaLum
Ha pasHblX XMBOTHbIX Mogenax YMT, a nocne TpaHcnnaHTauum peru-
CTPUPOBAIN BOCCTAHOBNEHWE [ABUraTeNbHbIX U KOTHUTUBHBIX (HYHKLMIA
[47]. Bbino noKasaHo, 4TO TPAHCMNAHTUPOBAHHbLIE 3MOPUOHANbHbIE
HCK, nony4eHHble u3 10-HeAenbHOro 4en0BEYeCKOro Mo3ra, B MO3r
Kpbic nocne YMT (B Mofenu CBOGOLHOrO NafeHws rpysa), BbIKUBam
n anddepeHLMpoBanucL B HEMPOHbI W acTPOLMTBLI MOCNE MUrpaLmm
B KOHTpanarepanbHyto KOpy rofoBHOro mo3ara kpbic [60]. B uccnegosa-
HUAX MO TPaHCMNaHTauum AnddepeHUMpoBaHHbIX Yenosevecknx HCK
B MOBPEXAEHHbIA MO3r Kpbicam MOCMe KOHTPONMPYEMOro KOpTUKalb-
HOTO MOBPEX[EHWUS TONIOBHOMO MO3ra AEeMOHCTPUPOBANK BPEMEHHOe
YBENINYEHNE aHTNOreHe3a 1 BbDKMBAEMOCTb HEWPOHOB B 0611aCTW nopa-
XKEHUS C YMEHbLUEHNEM acTpOrnno3a u 06bema NoBPEXAeHHON TKaHW ro-
nosHoro mo3ra [59]. bonee Toro, HCK, BblfieneHHbIe U3 ronoBHOro Moara
9MOPUOHOB MbILLEI W TPAHCNIAHTUPOBAHHBIE B MO3I TPABMMPOBAHHbIX
B3POCIIbIX MbILLENA, 3HAYUTENBHO YIYYLWIUAN MOTOPHbIE U KOTHUTUBHbIE
(PYHKUMIA TaKUX XMBOTHBIX, MOCKONbKY 3TW KNETKN AncdepeHLmnposa-
NINCb B HEWPOHbI U FMnanbHbIe KNETKWU, KOTOPbIe CNOCOBCTBOBANN BOC-
CTaHOBJIEHUIO NOBPEXAEHHbIX TKaHen [59].

B [aHHblil MOMEHT pa3paboTaHbl MHOMOYUCNEHHbIE MPOTOKOJbI
BblaeneHns amopuoHanbHblx HCK 1 nx HanpaesneHHom anddepeHuma-
LN ¢ pasHoii cTeneHbto ycnexa. OrpoMHbIM HEAOCTaTKOM MCMNONb30Ba-
HNS TaKMX KNETOK SBNSETCA 3TMYeCKas CTOPOHA UX nonyyeHus. ToT chak,
YTO TPAHCMNAHTUPOBaHHbIE AMOPUOHaNbHbIe/eTanbHble HCK MoryT uH-
TerpupoBaThCs B HEPBHYIO TKaHb PeLMUnUeHTa, 0651eryaeT BOSMOXHOCTb
NCNONb30BAHUA MX B KNETOYHOI Tepanum npy TpaBMaTUYeCcKUX NoBpex-
[eHUsAX HEePBHOWN CUCTEMBI.

HeiipanbHble cTBONOBbLIE KNETKM, MOMYYEHHbIE W3 B3POC/Or0 Opra-
H13ma. Hapsgy ¢ am6prnoHanbHbIMM 1 dheTanbHbiMu HCK B KNeTo4HoIA Te-
panun YMT ncnonb3yroT HelpanbHble CTBOMOBbIE KITETKU, U30/IMPOBAHHbIE
113 B3POCNOro opraHnama. icnonb3osaHne aMGpuoHanbHbIX U geTasibHbIX
CK B KNETOYHOI Tepanuu OCNOXHSETCA MHOMMMU  TEXHUYECKUMM
W 3TMYeckumu npobnemamu, pUcKoM 06pasoBaHus onyxoneld u 60Mb-
Leil BEPOSTHOCTLIO UMMYHOSIOMMYECKOro OTTopXeHus [63]. Ans npeog-
0fIEHUA 3TUX OCNOXHEHWUIA HEMpasbHble CTBOMOBbIE KIETKMW, NONMYYeHHble
13 B3POCNOr0 OPraHW3ma, CYMTAIOTCH MEPCMEKTUBHLIM NOTEHLMANbHBIM
ncTo4HUKOM Tepanun YMT [64]. Takue KNeTku BbIAENAOT U3 Cy6BETPUKY-
NAPHOI 30HbI 6OKOBbIX XXENYA04YKOB B3POCIbLIX OPraHU3MOB 4enoBeKa uiu
XKMBOTHbIX. OHU NpeaCTaBNAOT CO60I YHMNOTEHTHbIe CK, MMEIOT HU3KNIi
NoTeHuuan camoo6bHOBNEHUS U AUPEEPEHLMPYIOTCA TOMbKO B OJHY Kre-
TOYHYIO NIUHWKO TKaHU, B KOTOPOM OHU HaxodsaTcs. Takum o6pasom, HCK
B3POCMNOro OpraHu3ma MoryT AudhepeHumnpoBaTbes B KNETKU HEPBHOI
TKaHW 1, CIE[0BATESbHO, MX MOXHO MCMOMb30BaTh B KA4ECTBE BO3MOXHO-
ro neyeHuns nocneactamin YMT.

Mocne TpaHcnnaHTauuu B NoBPeXAeHHbIA Mo3r Kpbic HCK B3poc-
N0r0 OpraHu3Ma AeMOHCTPUPOBANA XOPOLLYIO BbIKWBAEMOCTb B TeYe-
HUe ANMTeNbHOro nepuoja u auddepeHuMpoBanucs B cneuuduye-
CKMe KJIeTKN TKaHU peuunueHTa. [65, 66]. [ToKasaHo, 4TO TakMe KIeTKu
MUTPUPYIOT HA HeBOMbLUNE PACCTOSAHUA OT MecTa BBELEHUS, rhe OHU
9KCMPEecCcMpoBanM Mapkepbl HEMPOHOB M TMUANBHBIX KIETOK, TAKNX Kak
acTpOLMTbl U ONMIOAEHAPOLMTLI, YTO YKa3bIBAET HAa WX CMOCOGHOCTbL
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AnddepeHLMpoBaTbCa Kak B HEMPOHbI, Tak 1 B ruto [67]. Opyroe uc-
cnejoBaHune nokasano, 4yto HCK, BblaeneHHble M3 CMUHHOTO MO3ra
YenoBeKa M TPAHCMNAHTUPOBAHHbIE B MOBPEXAEHHbLIA CMMHHOA MO3r
B3POC/IbIX KPbIC, AN depeHUnpoBaNNCL B HEMPOHLI U UHTErpUPOBAINCH
B HEMPOHHbIE CETW peLunueHTa [68].

Takxe wuccnefoBanu TepaneBTUYECKUA MOTEHUMAN HelpanbHbIX
CTBOJIOBbIX KNETOK N9 NeYeHuns udcdpy3Hoin natonorum 6enoro eLue-
CTBa MOC/e TPaBMaTM4ecKoro nospexaeHus mosra. HenpanbHble CK,
M30NUPOBAHHbIE U3 CYOBEHTPUKYNAPHOIA 30HBI B3POCNON MbILLK, 6blN
TPaHCNNAHTUPOBAHbI B 60KOBOI XXeNyfo4eK Mo3ra MblLLei Yepe3 ABe He-
aenv nocne YMT. Bbino nokasawo, 4To TpaHcnnanTaums CK 3Ha4MTeNbHO
CHVKaNa pPeakTUBHbLIA MMO3 B MO30NIUCTOM Tesie MO3ra W, TeM CambiM,
yMeHbLUana Helmposocnanexue [69]

Bbino  NpPOBEJEHO  HECKONMbKO  KMWUHWYECKWUX  UCCNEeS0BaHui,
CBA3aHHbIX C ucnonb3osaHuem HCK y nioaei, B 4aCTHOCTH, BblAGNEHHbIE
1 o4uweHHble HCK YenoBeka OblnyM TPaHCNIAHTUPOBAHbI MauueHTam
C XPOHWYECKUMU TpaBMamm cninHHoro moara [70]. Mokasano, 4to HCK uH-
TErpUPOBATIUCH B HEPBHYKD MAPEHXMMY U MOMY4eHHbIE PesynbTaThl JaOT
HaZIeX[y Ha JanbHeiLee NCnoNb30BaHNE TaKMX KIETOK B Ka4ecTBe Kie-
TOYHOW Tepanuu Npu TPaBMATUYECKMX NOBPEXIEHUAX HEPBHON CUCTEMBI.

B HacTosLlee Bpems BO3HWKNA HEOOXOAMMOCTb MCMoNb3oBaHus CK
C OMpejeneHHbIM TMNOM AuddepeHumnauun ana neveHns pPasnnyHbIx
sugos YMT. Tak, Hanpumep, npu aucpdysHon YMT, B otnuyme ot o-
KanbHoit YMT, noBpexaaoTCcs akCOHbI, HTO NPUBOAUT K UX JEMUENUHN-
3auun. Ins Takoro BuUAa NoBpexXaeHus, BEPOATHE BCero, noTpebyercs
NPUMEHATb KOMOUHUPOBaHHYKO Tepanuio CK, koTopble NpeaBapuTenbHO
AnhdhepeHUNPoBaHbl He TOMbKO B HEMPOHBI, HO 11 B ONIUTOLEHAPOLUMTBI.

WHayunpoBaHHble NAOPUNOTEHTHBIE CTBOM0BbIE KneTkn (ul1CK).
MepenporpammupoBanne AMGHEPEHLMPOBAHHBIX COMATUYECKUX KIle-
TOK B natopunoTeHTHble CK MOXET 6biTb BbINMOMHEHO MOCPEACTBOM
9KTOMWYECKOI 3Kcmpeccun 4eTbipex DakTopoB TpaHckpunuuu: Oct4,
Sox2, c-Myc u KIf4 [71]. MonyyeHHble Takum 06pa3omM MHAYLNPOBAHHbIE
NAOPUNOTEHTHbIE CTBONIOBbIE KNETKN MOTYT CaMOOGHOBAATLCS M AUdD-
(bepeHUMpOBATLCA B PA3MMYHbIE TWUMbI KNETOK, aHANOrNYHo 3Mopuo-
HanbHbiM HCK. Bo3aM0XHOCTb Mcnonb3oBaHus ullCK oTKpbIBaeT HOBbIE
NepcnexkTMBLI ANs KNEeTOYHOW Tepanuu 1 UMeeT OrPOMHOE MpenmyLLe-
CTBO: MO03BONSAET M36eratb MCMNONb30BaHWA 3MOPUOHanbHbIX CK no
9TUYECKUM COOOPAXEHUAM U FeHepUpOBaTh ayTONOrMYHbIE KNETKW OT
Cammx NauneHToB W, TaKUM 06Pa3oM, He BbI3bIBaTb KAKOr0-n60 NMMmy-
HONOrMYECKOro OTTOPXKEHUS NPU UX TPaHCIaHTauun [47].

Mpu TpaHcnnaHtaumm (MMNCK) B NOBpeXAeHHbIA MO3r KpbicaM Ha
MOZENN KOHTPONUPYEMOro KOPKOBOTO MOBPEXAeHus Obino nokasa-
HO, 4YTO KNETKN BbDKMBAKOT U CMOCOOCTBYIOT YIYYLLEHUIO KOTHUTUBHBIX
1 OBUraTenbHbIX XapakTepucTik. OfHAKO MONHOE KOTHUTUBHOE BOCCTa-
HOBMEHWe 6bIN0 3apPerncTpUPOBaHO TONLKO NPU KOMMNIEKCHOM NeYeHnn
YCNOXHEHHO Cpefio NPOXWBAHUA, B KOTOPOW HAXOLWUIIUCH KPbICHI,
1 TpaHcnnaxTaumeii ulck [72].

3BecTeH npotokon reHepauun UMCK ¢ nOMOLIbIO TpaHCcAyKunu
HeuHTerpupylowmum Bupycom CeHpail (hubpo6nactoB, BbIAENEHHbIX
13 TBepLOoh 060n04KM Mo3ra y 60-neTHero nauymeHTta, CTpafatoLLero
Cepbe3HbIMU KOTHUTUBHbIMU HapyLlieHuamn [73]. KneTtkn TBepaoi 060-
NI0YKM MO3ra MOXHO JIerko BblJensTb BO BPeMs GONbLUNHCTBA Helipo-
XUPYPru4eckux onepauuii, 4To fenaer ux 3eKTUBHbIM UCTOYHUKOM
ans redepauun uMCK. bbino nokasaHo, 4To KnoHbl MINCK akcnpeccupytot
HekoTopble Mapkepbl CK, Takue kak Nanog, TpaHCKpUMLMOHHbIE
thakTopbl Sox2 n Oct4 [73]. Takum 06pasom, nofo6Hble IMCK asnstoTcs
NOTEHUMANbHBIMI KaHANAATAMI HA ayTOTPAHCMNAHTALMIO, KOTOPbIE MO-
ryT 3(pheKTMBHO MCMNOMb30BATLCS B KNETO4HOI Tepanuu

Ha wmogenu noBpeXAEHHOr0 CMWHHOrO MO3ra y B3POCHbIX
MapTbilweK 6bl10 MOKA3aHO, YTO TpaHcmiaHTMpoBaHHble MICK Yeno-
BeKa BbDKMBANM M AUDEEPEHLMPOBANIACE B HENPOHBI, ACTPOLMUTLI
1 ONMJ0JEHAPOLNTBI, YCUNUBANM PEreHepaLmio akCOHOB 1 NPeLoTBpaLLa-
NI UX AEMUNENVHI3ALLAI0, NPY 3TOM He NPOSBASANM OHKOTEHHOr0 ah(hekTa.
TpaHcnnaHTupoBaHHble UICK He TONbKO CNOCOBCTBOBANM PereHepauum,



HO 1 NPOSBAANM UMMYHOMOZYNNPYIOLLME U HEApONPOTEKTOPHbIE CBOW-
CTBa Ans NpefoTBPaLLeHUs JanbHeALero noBpexaeHus Tkanei [74].

Ha pJaHHblii MOMEHT TexHonorus ucnonb3osanus ulCK umeert
HEKOTOpble Cepbe3Hble orpaHuyeHus. CyliecTByeT puUCK 06pa3oBa-
HWS ONyXOMnei M3-3a MCMONb30BAHWA BMPYCHbIX BEKTOPOB W HU3KAs
9(h(heKTUBHOCTb NepenporpaMMupOBaHna Npu NPOU3BOACTBE 3TUX Kie-
TOK. KpaiiHe BaXXHO TLLATeNbHO UCCNefoBaTh 6e30MacHOCTb UCMONb30Ba-
HWs UMNCK B KNMHMKE, NOCKOMBKY Y MHAYLMPOBAHHbIX KNETOK HEN3BECTEH
FEHeTUYECKNA 1 NUreHeTUYecknint oH [75]. Heob6xoanmo fanbHeiilee
cuctematuyeckoe uccnefosaHue WIMCK pns npuUMEHeHUst 3TUX KIeTOK
B KJIETO4HOMN Tepanum.

MynbTHNOTEHTHBIE ME3EHXMMANIbHbIE CTPOMANbHbIE KneTku (MMCK).
MMCK — 3TO MymnbTUNOTEHTHbIE CTBOMOBbIE KIIETKW, KOTOPbIE MOXHO
BbIAENUTb M3 KOCTHOrO MO3ra W ApYrux B3poCnbix TKaHeid [76]. MMCK
XapakTepu3yTCA SKCMPECCUel Pa3nnyHbIX NOBEPXHOCTHBIX MONEKYI,
Takux kak GD105, CD73 n CD90 n OTCYTCTBMEM Y HUX FEMOMO3TUYECKIX
mapkepos, Bkntoyas CD45, CD19 n CD34 [65, 77]. X MOXHO nerko
BbILENUTb U3 TKAHEW rPbI3YHOB 1 Y€N0BEKA, KyNbTUBMPOBATbL U UCNONb-
30BaTb B mMoaensx in vitro w in vivo. MMCK 06nanaioT 3HaYuTenbHoi
NNacTUYHOCTbIO, BbICOKMM YPOBHEM CaMOOBHOBNEHMS, nponudepawmm
W andpdepeHymnaummn. 3t xapakTepucTukn no3soNAT MCMNob30BaTh
MMCK B KneTo4HoM Tepanuu Ans NeYeHus LNPOKOro cnekTpa 3abone-
BaHUMA, BKNIOYaA HEBPONOrMYeckue Tpasmbl, Takue kak YMT [76, 77].
KynbtusuposanHble MMCK MoryT 6biTb BBefeHbl BHYTPUBEHHO WM
HENOCPEeLCTBEHHO B MECTO MOBPEXAEHUS, rhe OHW 6yayT BbIAENATb
pOCTOBbIE (PAKTOPbI, TeM CaMbIM BOCCTaHABANBATb MOBPEXIEHHbIE
TKaHW 1 WHAOYLMPOBaTh aHruorexes [78]. MNpu BHYTPUBEHHOM BBELEHWN
6b110 NoKa3aHo, 410 MMCK npoHUKalOT Yyepes reMaTosHuedanyeckui
6apbep 1 NPOAYLMPYIOT Tpo(Uyeckne haktopbl B MO3re KpbiC nochne
4YMT. Haubonee n3secTHbiMu cekpetupyembimu paktopamu MMCK ss-
nstotcs BDNF, NGF, cocyamncTbiit aHaoTenmanbHbiin haktop pocta (VEGF)
1 rnanbHblin HeipoTpoduyeckmin dpaktop (GDNF) [79].
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bnarogaps BbICOKAM aare3avBHbIM XapakTepucTukam U cnocoBHoC-
™ OndhdepeHynpoBaTheca B pasHble KnetouHble nuHun, MMCK 6binu
npeanoXeHbl B KA46CTBE KaHauAaToB ans nedeHns YMT. [deiicTButens-
HO, KNETKKM, 3KCMpeccupyroLme Takme Mapkepbl, kak 6eta-ty6ynud I
n GFAP, moryT 6bITb nonyyeHbl n3 MMCK, Korga oHM KynbTUBMPYHOTCA
¢ bFGF n hEGF. MokasaHo, 4T0 Npu COKYNLTUBUPOBAHMN C aCTpOLMTaMK
MMCK yenoseka, BblaeneHHbIx u3 nynosuHsl (hUC-MSCs), ycunmeanacs
nponudepauns MMCK 1 nosbiwanach 3pekTUBHOCTb X AuddepeH-
umauums B HelipoHbl [80].

bbINo nokasaHo, YTO TpaHCNNaHTUPOBaHHbIe Yenoseveckne MMCK
Kpbicam nocne YMT ynyyiuanm nokasatenn HeBPONOrM4ecKnX hyHKLMIA
Ha OCHOBE MOKa3zaTeneii TecTa poTapod M OLEHKM TSHXKECTW HEeBPONOri-
YeCKMX HapywweHWiA. B [ONOMHeHNe K 3TOMY, Y XWBOTHbIX YNy4LIan1ch
noKasaTeni KOrHUTUBHbLIX (DYHKLMNIA, KOTOPbIE OLEHMBANNCH C MOMOLLbIO
TecTa BOAHOro nabupuHta Moppwuca [81].

B Hactosiwee Bpems Tepanus MMCK nokasana MHoroob6etia-
toume 3addeKkTbl NpyU NeveHU MHorux 3abonesaHwii. B yacTHOCTW,
9KCMepUMEHTaNbHOE MUccnefoBaHmue Obifo NPOBELEHO C UCMONb30BaAHU-
€M HelipOHaNbHbIX CTBOJIOBLIX KMETOK, MOMYYEHHbIX U3 ayTONOTNYHbIX
MMCK koctHoro mo3ra y 10 naumeHToB ¢ Taxenoi doopmoit HMT. bbina
nposegeHa | hasa KNMHMYECKOro MCCNEeA0BaHNA C LeNblo OLEHKN 6e30-
MacHoCcTW, 060CHOBAHHOCTM M 6UONTOrMYECKOro 3(peKTa BHYTPUBEHHON
WAWN MHTPATEKANIbHON TPAHCMMAHTaUMKM KNeToK. B pesynbrarte BBefeHMs
TaKnX KNETOK He Habioaanuch NpU3Haku yXyALWeHUs HeBPOOr1YeCcKmx
(byHKUMIA y BCEX NauueHToB. bonee Toro, B 0TAANEHHbIX NepUofax nocne
TpaHcnNaHTauu y 7 NauMeHTOB OTMEYanoch Yiy4lieHne HeBPONOruye-
CKMX (hYHKLMIA MO CPABHEHMIO CO 3HAYEHUAMY [0 TpaHcnnaHTauum [82].

bnarofaps cpaBHUTENBHOM NErKOCTW NOYYEeHU MYNbTUMOTEHTHbIX
ME3eHXMManbHbIX CTPOMasbHbIX KIETOK U MX CNOCOBHOCTM K Audde-
peHUMaumn B ONPeaeNeHHbIA TUM KNeToK HepBHOW cuctembl, MMCK sB-
NATCA HaMbonee NepcrnekTUBHLIMU KaHAMAATaMu 15 IeYeHUs nocnes-
ctBuit YMT CTBONIOBLIMI KNETKamm

HU3MEHYNBOCTb, OKOHYATENbHBIN OTBET BYAET AaNeK 0T NPoCcToro.

HEBO3MOXHO.

N

HecmoTpsa Ha yBennyenne KOM4ecTBa CCNeL0BaHni N0 JNarHoCTHKe, NeYernto n npoghunaktuke YMT, ocHOBHOI BOnpoc ocTaerca 6e3
OTBETA: 4YTO ABNAETCA HaNBONEe IhHeKTHBHbIM METOLOM BOCCTAHOBNEHUA (hyHKYnn mo3ra nocne YMT? Otkpbitne CK u nx o6Hapyxexne
B MO3re 3MOPHOHOB H B3POCIIbIX OPraHn3MOB H3MEHNIIO HALLE NOHUMaHNE nnacTudHocTH LIHC, ofgHaKo, y4nTbIBasA nX CI0OXHYHO F€HETHYECKYID

CTBONOBbIE KNETKN ABNAIOTCA XOPOLUINMY KaHAnAAaTamu ana nevenns YMT u, cnegoBarensHo, HaAEXA0H ANa MHOrUX NIH0LEN, NePEXHB-
wux YMT. Hecmotps Ha paHHue ycnexn B usydeHnn CK, no-npexHemy ocTaeTcss MHOXeCTBO BONPOCOB W NPO6EM, TPEGYIOLYNX BCECTOPOHHNX
ucenegosanni. OCHOBHbIMHU U3 HUX ABAAKOTCA cnegyrowme: 1) cnocobHocTs CK BbI3bIBaTh PA3BUTHE 3/10KAYECTBEHHBIX ONMYX0NEN NPy BBEJE-
HHH B OPraHu3m peynnuenta; 2) cnocobHocte CK k HenpeaBuAEHHON AnGhghepeHYNpPOBKE n TPYAHOCTH 3(hheXTHBHOA HANPaBNEHHOH Anthihe-
PEHYNpPoBKy; 3) UMMYHONIOrMYECKAA HECOBMECTHMOCTb CK ¢ pPeLMNHEHTOM B CIy4ae nx annoreHHoro npUMeHeHNs.

be3 agekBatHoro pewwenns npo6nem, cBA3aHHbIX ¢ 6uonornei CK, ahhekTuBHOE HCONL30BAHNE ITHX KNETOK B KNMHWYECKOA NPAKTHKE

~

J

CMNCOK LNTUPYEMBIX NCTO4HIKOB

e

40.

ok~ DN

Position statement: definition of traumatic brain injury / D. K. Menon, K. Schwab, D. W. Wright, et al. // Arch Phys Med Rehabil. - 2010. — Vol. 91, Ne 11. - P. 1637-

Classification of traumatic brain injury for targeted therapies / K. E. Saatman, A. C. Duhaime, R. Bullock, et al. // J Neurotrauma. — 2008. — Vlol. 25,Ne 7.— P. 719-38.
Rostami E. Traumatic Brain Injury Models in Animals / E. Rostami //Methods Mol Biol. — 2016. — Vol. 1462. — P. 47-59.

The pathophysiology of traumatic brain injury at a glance / M. Prins, T. Greco, D. Alexander, et al. // Dis Model Mech. — 2013. — Vol. 6, Ne 6. - P. 1307-15.
Traumatic Brain Injury in the United States: Emergency Department Visits, Hospitalizations and Deaths / M. Faul, L. Xu, M. M. Wald, et al. // Atlanta, GA: Centers

for Disease Control and Prevention, National Center for Injury Prevention and Control. — 2010. — Pexxum goctyny: https://www.cdc.gov/traumaticbraininjury/pdf/

blue_book.pdf

Jlexan B. M. OcobnmBocTi enigemionorii 4epenHo-mo3koBoi TpaBmu B Ykpaiti / B. M. Jlexan, A. 1. [y // Ykpaina. 3gopos’s Hauii. — 2010. - T.2,Ne 14. - C. 7-14

7. Social and Epidemiological Aspects of Craniocerebral Trauma (review) / D. M. Ovsyannikov, A. A. Chekhonatsky, V. N. Kolesov, et al. // Saratov Journal of Medical

KnituHa Ta opratta Tpaicnnaronoria | Tom 5, N° 2, iuctonan 2017 205



ornsaau

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.

20.
21.
22.
23.

24.

25.

26.

27.
28.
29.
30.
31.

32.

33.

34.
35.

36.
37.

38.
39.

40.

4.
42.

43,
44,

Scientific Research — 2012. - Vol. 8, Ne 3. — P. 777-85.

Agoston D. V. Bench-to-Bedside and Bedside Back to the Bench; Seeking a Better Understanding of the Acute Pathophysiological Process in Severe Traumatic
Brain Injury / D. V. Agoston // Front Neurol. — 2015. — Viol. 6. — P. 47.

Blyth B. J. Traumatic alterations in consciousness: traumatic brain injury / B. J. Blyth, J. J. Bazarian // Emerg Med Clin North Am. —2010. - Vol. 28,Ne 3. - P. 571-
94.

Masel B. E. Traumatic brain injury: a disease process, not an event/ B. E. Masel, D. S. DeWitt // J Neurotrauma. — 2010. — Vol. 27, Ne 8. — P. 1529-40.
Werner C. Pathophysiology of traumatic brain injury / C. Werner, K. Engelhard // Br J Anaesth. — 2007. — Viol. 99, Ne 1. - P. 4-9.

Xiong Y. Animal models of traumatic brain injury / Y. Xiong, A. Mahmood, M. Chopp // Nat Rev Neurosci. —2013. — Vol. 14, Ne 2. — P. 128-42.
Patients with head injury who talk and die / P. L. Reilly, D. I. Graham, J. H. Adams, et al. // Lancet 2. — 1975. — Vlol. 7931. - P. 375-7.

Algattas H. Traumatic Brain Injury pathophysiology and treatments: early, intermediate, and late phases post-injury/ H. Algattas, J. H. Huang // Int J Mol Sci. - 2014. -
Vol. 15, Ne 1. - P. 309-41.

Glucose metabolism following human traumatic brain injury: methods of assessment and pathophysiological findings / 1. Jalloh, K. L. Carpenter, A. Helmy, et al.
/I Metab Brain Dis. — 2015. — Vol. 30, Ne 3. - P. 615-32.

Disruptions in the regulation of extracellular glutamate by neurons and glia in the rat striatum two days after diffuse brain injury / J. M. Hinzman, T. C. Thomas, J.
E. Quintero, et al. // J Neurotrauma. — 2012. — Vel. 29, Ne 6. — P. 1197-208.

Mitochondrial dysfunction and calcium perturbation induced by traumatic brain injury / Y. Xiong, Q. Gu, P. L. Peterson, et al. // J Neurotrauma. — 1997. — Vol. 14,
Ne1. - P.23-34.

Farkas 0. Cellular and subcellular change evoked by diffuse traumatic brain injury: a complex web of change extending far beyond focal damage / 0. Farkas, J. T.
Povlishock // Prog Brain Res. — 2007. — Vol. 161. — P. 43-59.

Blood-brain barrier breakdown following traumatic brain injury: a possible role in posttraumatic epilepsy / 0. Tomkins, A. Feintuch, M. Benifla, et al. // Cardiovasc
Psychiatry Neurol. —2011. — doi:10.1155/2011/765923.

Stoica B. A. Cell death mechanisms and modulation in traumatic brain injury / B. A. Stoica, A. I. Faden // Neurotherapeutics. — 2010. — Viol. 7, Ne 1. — P. 3-12.
Corps K. N. Inflammation and neuroprotection in traumatic brain injury / K. N. Corps, T. L. Roth, D. B. McGavern // JAMA Neurol. —2015. — Vol. 72, Ne 3. — P. 355-62
Physiology of microglia / H. Kettenmann, U. K. Hanisch, M. Noda, et al. // Physiol Rev. — 2011. — Vol. 91, Ne 2. — P. 461-553.

Chronic gliosis and behavioral deficits in mice following repetitive mild traumatic brain injury / R. Mannix, J. Berglass, J. Berkner, et al. // — 2014. — Vlol. 12, Ne
6.-P. 1342-50

The microglia-activating potential of thrombin: the protease is not involved in the induction of proinflammatory cytokines and chemokines / U. K. Hanisch, D. van
Rossum, Y. Xie, et al. // J Biol Chem. — 2004. — Viol. 279, Ne 50. — P. 51880-7.

Zabenko Y. Y. Flavonoid quercetin reduces gliosis after repetitive mild traumatic brain injury in mice / Y. Y. Zabenko, T. A. Pivneva //Fisiol Zh. — 2016. — Viol. 62, Ne
5. - P. 50-6.

Wurzelmann M. Therapeutic potential of brain-derived neurotrophic factor (BDNF) and a small molecular mimics of BDNF for traumatic brain injury / M. Wurzelmann,
J. Romeika, D. Sun // Neural Regen Res. —2017. - Vol. 12,Ne 1. - P. 7-12.

Loane D. J. Microglia in the TBI brain: The good, the bad, and the dysregulated / D. J. Loane, A. Kumar // Exp Neurol. — 2016. — Vol. 275, Pt 3. — P. 316-27.
Ludice A. Pharmacological prophylaxis of post-traumatic epilepsy / A. ludice, L. Murri // Drugs. — 2000. — Vol. 59, Ne 5. — P. 1091-9.

A fluid percussion model of experimental brain injury in the rat/ C. E. Dixon, B. G. Lyeth, J. T. Povlishock, et al. // J Neurosurg. — 1987. — Viol. 67, Ne 1. — P. 110-9.
Finnie J. W. Animal models. Traumatic brain injury / J. W. Finnie, P. C. Blumbergs // Vet Pathol. — 2002. — Vol. 396. — P. 679-689.

Experimental models of traumatic brain injury: Do we really need to build a better mousetrap? / D. M. Morales, N. Marklund, D. Lebold D, et al. // Neuroscience. —
2005. - Vol. 136, N2 4. — P. 971-89.

Zabenko Ye. Behavioral reactions and structural alterations of hippocampal tissue after repetitive mild traumatic brain injury in mice / Ye. Zabenko, T. Pivneva //
Studia Universitatis Babes — Bolyai, Biologia, Lix. — 2014. - Vol. 2. - P. 63-71.

A new model of diffuse brain injury in rats. Part |: Pathophysiology and biomechanics / A. Marmarou, M. A. Foda, W. van den Brink, et al. // J Neurosurg — 1994. —
Vol. 80, Ne 2. — P. 291-300.

Lighthall J. W. Controlled cortical impact: a new experimental brain injury model / J. W. Lighthall // J Neurotrauma. — 1988. — Vol. 5. — P. 1-15.

A controlled cortical impact model of traumatic brain injury in the rat / C. E. Dixon, G. L. Clifton, J. W. Lighthall, et al. // J Neurosci Methods. — 1991. — Vol. 39,
No 3. - P. 253-62.

Clinical trials in head injury / R. K. Narayan, M. E. Michel, B. Ansell, et al // J Neurotrauma. — 2002. — Vol. 19, Ne 5. — P. 503-557.

Voltage-gated calcium channel antagonists and traumatic brain injury / G. Gurkoff, K. Shahlaie, B. Lyeth, et al. // Pharmaceuticals (Basel). —2013. — Vol. 6, Ne 7. —
P.788-812.

Hall E. D. Antioxidant therapies for traumatic brain injury / E. D. Hall, R. A. Vaishnav, A. G. Mustafa // Neurotherapeutics. — 2010. — Vol. 7, Ne 1. - P. 51-61.

Gudeman S. K. Failure of high-dose steroid therapy to influence intracranial pressure in patients with severe head injury / S. K. Gudeman, J. D. Miller, D. P. Becker
/I'J Neurosurg. — 1979. — Vol. 51, Ne 3. - P. 301-306.

Failure of the competitive N-Methyl-D-aspartate antagonist Selfotel (CGS 19755) in the treatment of severe head injury: results of two phase Il clinical trials. The
Selfotel Investigators / G. F. Morris, R. Bullock, S. B. Marshall, et al. // J Neurosurg. — 1999. — Vol. 91, Ne 5. — P. 737-43.

Stem cells for therapy in TBI/ A. I. Ahmed, S. Gajavelli, M. S. Spurlock, et al. // J R Army Med Corps. — 2016. — Vol. 162, Ne 2. — P. 98-102.

Isolation of multipotent neural precursors residing in the cortex of the adult human brain / Y. Arsenijevic, J. G. Villemure, J. F. Brunet, et al. // Exp Neurol. —
2001.-Vol.170,N2 1. — P. 48-62.

Cameron H. A. Restoring production of hippocampal neurons in old age / H. A. Cameron, R. D. McKay // Nat Neurosci. — 1999. — Vol. 2, Ne 10. — P. 894-97.

Sun D. The potential of endogenous neurogenesis for brain repair and regeneration following traumatic brain injury / D. Sun //Neural Regeneration Research. —
2014. -Vol. 9,Ne 7. - P. 688-92.

206 KnituHa Ta oprara Tpaxcnnaxtonoria | Tom 5, N 2, nucronan 2017



45.
46.

47.

48.
49.

50.

51.

52.

53.

54.

55.
56.
57.

58.
59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.
7.

72.

73.

74.

75.
76.

77.

78.

www.transplantology.org

Functional neurogenesis in the adult hippocampus / H. van Praag, A. F. Schinder, B. R. Christie // Nature. — 2002. — Vlol. 415, No 6875. — P. 1030-34.

Endogenous neural stem/progenitor cells stabilize the cortical microenvironment after traumatic brain injury / K. J. Dixon, M. H. Theus, C. M. Nelersa, et al. // J
Neurotrauma. — 2015. — Vol. 32, Ne 11. - P. 753-64.

Rolfe A. Stem Cell Therapy in Brain Trauma: Implications for Repair and Regeneration of Injured Brain in Experimental TBI Models / A. Rolfe, D. Sun. — CRC Press:
Taylor & Francis (c), 2015. — 200 p.

Neurogenesis in adult human brain after traumatic brain injury / W. Zheng, Q. ZhuGe, M. Zhong, et al. // J Neurotrauma. — 2013. — Vol. 30, Ne 22. — P. 1872-80.

The effect of epidermal growth factor in the injured brain after trauma in rats / D. Sun, M. R. Bullock, N. Altememi, et al. // J Neurotrauma. — 2010. — Vol. 27, Ne
5. - P. 923-38.

Single-cell transcriptomics reveals a population of dormant neural stem cells that become activated upon brain injury / E. Llorens-Bobadilla, S. Zhao, A. Baser, et
al. // Gell Stem Gell — 2015. - Viol. 17, Ne 3. — P. 329-40.

Neural stem cells in the immature, but not the mature, subventricular zone respond robustly to traumatic brain injury / M. T. Goodus, A. M. Guzman, F. Calderon,
et al. // Dev Neurosci. —2015. — Vol. 37,Ne 1. — P. 29-42.

Emerging concepts in neural stem cell research: autologous repair and cell-based disease modelling / P. Koch, Z. Kokaia, O. Lindvall, et al. // Lancet Neurol. —
2009. -Vol. 8, N2 9. - P. 819-29.

van Praag H. Running increases cell proliferation and neurogenesis in the adult mouse dentate gyrus / H. van Praag, G. Kempermann, F. H. Gage // Nat Neurosci.
-1999. — Vol. 2, Ne 3. — P. 266-70.

Activating endogenous neural precursor cells using metformin leads to neural repair and functional recovery in a model of childhood brain injury/ P. Dadwal, N.
Mahmud, L. Sinai, et al. // Stem Cell Reports. — 2015. — Viol. 5, Ne 2. — P. 166-73.

Lipim6anitok B. M. HelporeHHble CTBONOBbIE KNeTkM / B. Y. Libimbasiok, B. B. Mezsezges — Knes: Kosanb, 2005. — 596 c.
Systemic injection of neural stem/progenitor cells in mice with chronic EAE / M. Donega, E. Giusto, C. Cossetti, et al. // J Vis Exp. —2014. — Vlol. 86. — P. 51154.

Long-term fate of grafted hippocampal neural progenitor cells following ischemic injury / O. Tsupykov, V. Kyryk, E. Smozhanik, et al. // J Neurosci Res. — 2014. —
Vol. 92, Ne 8. — P. 964-74.

Gage F. H. Stem cells of the central nervous system / F. H. Gage // Curr Opin Neurobio. — 1998. — Viol. I8, Ne 5. — P. 671-76.

Long-term benefit of human fetal neuronal progenitor cell transplantation in a clinically adapted model after traumatic brain injury / M. Skardelly, K. Gaber, S.
Burdack, et al. // J Neurotrauma. — 2011. — Vol. 28, Ne 3. — P.401-14.

Proliferation, migration, and differentiation of human neural stem/progenitor cells after transplantation into a rat model of traumatic brain injury / A. Wennersten,
X. Meier, S. Holmin, et al. // J Neurosurg. — 2004. — Vol. 100, Ne 1. — P. 88-96.

Hentze H. Cell therapy and the safety of embryonic stem cell-derived grafts / H. Hentze, R. Graichen, A. Colman // Trends Biotechnol. — 2007. — Vol. 25, Ne 1. — P.
24-32.

Baraniak P. R. Stem cell paracrine actions and tissue regeneration / P. R. Baraniak, T. C. McDevitt // Regen Med. — 2010. — Vol. 5 — P. 121-43.

Grafted neural progenitors migrate and form neurons after experimental traumatic brain injury / U. Wallenquist, K. Brannvall, A. Clausen, et al. // Restor Neurol
Neurosci — 2009. — Vol. 27, Ne 4. — P. 323-34.

Intravenous transplants of human adipose-derived stem cell protect the brain from traumatic brain injury-induced neurodegeneration and motor and cognitive
impairments: cell graft biodistribution and soluble factors in young and aged rats / N. Tajiri, S. A. Acosta, M. Shahaduzzaman, et al. // J Neurosci. — 2014. - Vol.
34,Ne1. - P. 313-26.

Progenitor cell therapies for traumatic brain injury: barriers and opportunities in translation / P. A. Walker, S. K. Shah, M. T. Hurting, et al. // Dis Model Mech. —
2009. - Vol. 2, Ne 1-2. — P. 23-38.

Sustained survival and maturation of adult neural stem/progenitor cells after transplantation into the injured brain / D. Sun, M. Gugliotta, A. Rolfe, et al. //
J Neurotrauma. — 2011. — Vol. 28, Ne 6. — P. 961-72.

Barkho B. Z. Adult neural stem cells: response to stroke injury and potential for therapeutic applications / B. Z. Barkho, X. Zhao // Curr Stem Cell Res Ther. —
2011.-Vol. 6,Nc 4. — P. 327-38.

Yan J. Extensive neuronal differentiation of human neural stem cell grafts in adult rat spinal cord / J. Yan, L. Xu, A. M. Welsh, et al. // PLoS Med. — 2007. — Vol. 4,
Ne 2. - P. 39.

Sullivan G. M. Transplanted adult neural stem cells express sonic hedgehog in vivo and suppress white matter neuroinflammation after experimental traumatic
brain injury / G. M. Sullivan, R. C. Armstrong // Stem Cells Int. — 2017. — doi: 10.1155/2017/9342534.

Trounson A. Stem cell therapies in clinical trials: progress and challenges / A. Trounson, C. McDonald // Cell stem cell. — 2015. — Vol. 17, Ne 1. - P. 11-22.

Takahashi K. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors / K. Takahashi, S. Yamanaka // Cell. — 2006.
—Vol. 126, Ne 4. - P. 663-76.

Combining enriched environment and induced pluripotent stem cell therapy results in improved cognitive and motor function following traumatic brain injury / J.
Dunkerson, K. E. Moritz, J. Young, et al. // Restor Neurol Neurosci. — 2014. — Vol. 32, Ne 5. - P. 675-87.

Efficient Generation of Induced Pluripotent Stem and Neural Progenitor Cells from Acutely Harvested Dura Mater Obtained During Ventriculoperitoneal Shunt
Surgery / W. A. Cary, C. N. Hori, M. T. Pham, et al. // World Neurosurg. — 2015. — Vol. 84, Ne 5. — P. 1256-1266.

Pre-evaluated safe human iPSC-derived neural stem cells promote functional recovery after spinal cord injury in common marmoset without tumorigenicity / Y.
Kobayashi, Y. Okada, G. Itakura, et al. // PLoS One. —2012. —Vol. 7, Ne 12. — P. £52787.

Yamanaka S. Nuclear reprogramming to a pluripotent state by three approaches / S. Yamanaka, H. M. Blau // Nature. — 2010. — Vol. 465, Ne 7299. — P. 704-12.

Hypoxic preconditioning enhances the therapeutic potential of the secretome from cultured human mesenchymal stem cells in experimental traumatic brain injury
/ C. P.Chang, C. C. Chio, C. U. Cheong, et al. // Clin Sci (Lond). — 2013. — Viol. 124, Ne 3. - P. 165-76.

Nardi N. B. Mesenchymal stem cells: isolation, in vitro expansion and characterization / N. B. Nardi, da Silva Meirelles L. // Handb Exp Pharmacol. — 2006. —
Vol. 174. - P. 249-82.

Effects of intravenous administration of allogenic bone marrow and adipose tissue-derived mesenchymal stem cells on functional recovery and brain repair markers
in experimental ischemic stroke / M. Gutierrez-Fernandez, B. Rodriguez-Frutos, J. Ramos-Cejudo, et al. // Stem Cell Res Ther. —2013. - Vol. 4,Ne 1. - P. 11.

KnituHa Ta opratta Tpaicnnaronoria | Tom 5, N° 2, iuctonan 2017 207



ornsaau

79.

80.

81.

82.

Mahmood A. Intravenous administration of marrow stromal cells (MSCs) increases the expression of growth factors in rat brain after traumatic brain injury /
A. Mahmood, D. Lu, M. Chopp // J Neurotrauma. — 2004. — Vol. 21, Ne 1 — P. 33-9.

Transplantation of RADA16-BDNF peptide scaffold with human umbilical cord mesenchymal stem cells forced with CXCR4 and activated astrocytes for repair
of traumatic brain injury / W. Shi, C. J. Huang, X. D. Xu, et al. // Acta Biomaterialia — 2016. — Vol. 45. - P. 247-261.

Treatment of traumatic brain injury in adult rats with intravenous administration of human bone marrow stromal cells / A. Mahmood, D. Lu, M. Lu, et al. //
Neurosurgery. — 2003. — Vol. 53, Ne 3. — P. 697-703.

Safety of neural stem cell transplantation in patients with severe traumatic brain injury / Z. Wang, Y. Luo, L. Chen, et al. // Exp Ther Med. — 2017. — Viol. 13, N2 6. —
P. 3613-18.

ABTOpbI MOATBEPKAAIOT OTCYTCTBHE BOSMOXHbIX KOHGDSIMKTOB HHTEPECOB.

[=] 7 red: (]

CTATTS HA CANTI lNoctynuna B pegakymio 10.05.2017 .
TRANSPLANTOLOGY.ORG pursTa k nevatv 30.11.2017r.

208 KnituHHa Ta oprara Tpaxcnnaxtonoria | Tom 5, N 2, nucronan 2017



