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BJIUSHUE COUYETAHHOM TPAHCIIJIAHTAIIMM MYJIbTUIIOTEHTHBIX
ME3EHXUMAJIBHBIX CTPOMAJIBHBIX U TEMOINIOTUYECKHUX
CTBOJIOBBIX KJIETOK HA PET'EHEPAIINIO ITEYEHUA ITOCJIE
EE PESEKIIUA Y CTAPBIX TABOPATOPHBIX )KUBOTHbBIX

'®I'BOY BO VYpanbckuii rocyaapCTBEHHBIN METUIIMHCKUI YHUBEPCUTET,
r. ExarepunOypr, Poccuiickas ®enepanus;
2TAY3 CO «MHCTUTYT MEIUIMHCKUX KICTOYHBIX TEXHOIOTHIT,
r. ExatrepunOypr, Poccuiickas deneparus

Pe3iome. I]envro 0annozo uccnedoeanus ctano usyye-
HUE U3MeHeHnH MOp(Oo(dyHKIIMOHAITEHOTO COCTOSHUS Tie-
YeHH CTaphIX JJAOOPATOPHBIX KUBOTHBIX MOCIE €€ Pe3eK-
MU Ha (OHE COYETAHHOW TPAHCIUIAHTAIIMU MYJIBTHIIO-
TEHTHBIX ME3E€HXHMAaJbHBIX CTPOMAIBHBIX U Te€MOIMO3THU-
YECKHUX CTBOJIOBBIX KIIETOK. Mamepuaivl u memoowl. Vic-
CJIEZIOBAHUS BBITIOJTHEHBI Ha CTapbIX JTAOOPATOPHBIX HKH-
BOTHBIX MblIIax-camiuax Bo3pacta 16-17 mec. [Ipousso-
JIIaCh pe3eKIus 2/3 TeueHu y CTapbiX J1ab0opaTopHBIX
Mmbrmeid no meroauke C. Mitchell u H. Willenbring. Ye-
pe3 1 yac mocne cyOTOTaNBbHON PE3eKIMH MPOBOIUIIACH
COYeTaHHas TPAHCIUIAHTAIMS JIBYX BUIOB KJIETOK: MYIb-
TUTIOTEHTHBIX ME3EHXMMaJbHBIX CTPOMANBHBIX (B A03€ 4
MJTH. KJIETOK/KT)H Te€MOITO3THYECKUX CTBOJIOBBIX KIIETOK
(B mo3e 330 ThIC. KIETOK/KT). DKCIIEPUMEHTHI IO TTOTyYe-
Huto Kynerypbl MMCK u ['CK BBINONHEHBI U3 XOpHOHA
rtateHThl 10 1abopaTopHBIX MblIeiH-caMok Bo3pacrta 3—4
Mecsa, maccoit 20-25 1, cpok recranuu 18 gaeit. Ornen-
Ka pereHeparuu Me4eHu ocyuecTsisiacsk Ha 1, 3, 7 cyT-
KH TIOCJIE PE3EKIINHY IIEYCHH Iy TeM aHann3a MophoMeTpu-
YEeCKHUX TOKa3aTejel MeyeHn W OMOXMMUYECKHUX TOoKa3a-
Tese nepudepuueckor kporu. Pezyrsmamut. [poseneH-
HbIE MCCJIeIOBAHUS MOKa3all aKTHBALMIO Y CTapbIX KH-
BOTHBIX OGJIOKCHHTETHYECKON (PYHKIMU TEUeHH, CHIKE-
HUE YPOBHS ()ePMEHTOB ITUTONIN3A, TOBBIIIICHHE aKTHBHO-
CTH KJIETOYHOU (yBEIIMYCHHE KOJIUYECTBA T'eIaTOLUTOB)
Y BHYTPUKJICTOYHOU (TIOBBINIEHUE IJIOMIANN SiApa Temna-
TOIIMTOB, KOJIMUYECTBA JIBYSJIEPHBIX KJIETOK) pereHepariuu
TMIEUCHH TTOCIIE €€ Pe3eKITNK Ha (JOHE BBEICHUS CTBOJIOBBIX
KIIETOK.

KamoueBble cjioBa: pe3CeKUrA MMCUCHU, MYJIBTUIIOTCHT-
HBIC ME3CHXUMAJIbHBIC CTPOMAJILHBIC KJIICTKH, TEMOIIO3TH-
YCCKHEC CTBOJIOBLIC KIICTKHU, PErc¢HEpalus 1nme4YCHu, CTtape-
HHUC

KoH(mukT nHTEpEeCcoB OTCYTCTBYET.

KonTakTHass mHpOpManms aBTOpa, OTBETCTBEHHOTO 32
MIEPETINCKY:

I'pedneB Jmutpuii KOpreBuu

dr-grebnev77@mail.ru

Hara noctymnenus 10.01.2020 .

OO0pasen MUTHPOBAHUS:

Maxmnakosa W.1O., bazapusiii B.B., I'pe6nes J[.}O. Bnu-
STHUE COYETAaHHOW TPAHCIUIAHTAIIUH MYJIBTUIIOTCHTHBIX
ME3CHXHMAJIBHBIX CTPOMAIBHBIX M TEMOIMOITHYCCKUX
CTBOJIOBBIX KJIETOK Ha PEreHEepaInio Me9YeHu oce ee pe-
3eKIIMH y CTapblX Ja0OpaTOPHBIX KUBOTHBIX. BecTHWK
YpaJIbCKOM METUUUMHCKOW akajgemuueckond Hayku. 2020,
Tom 17, Ne2, c¢. 139-148, DOI: 10.22138/2500-0918-
2020-17-2-139-148

W3BecTHO, YTO NMPH CTApPEHUM IPOMCXOOUT CHIKCHUE
KOJIMYECTBA CTBOJIOBBIX KJIETOK B OpPraHHW3MeE, CHUKEHHUE
UX YyBCTBHUTEIBHOCTH K (hakTtopam pocta. IIpu sTom Ka-
YEeCTBEHHBIN M KOJTMYECTBEHHBIN COCTAB KIICTOK SIBIISICTCS
OTIPEJICIISIOIIMM B BOCCTAHOBJICHUH CTPYKTYpPhI B (PyHK-
LMW TKaHW, oprana [1]. B HacTosmeM uccnenoBaHuy n3y-
4aeTcsl BO3MOXHOCTb HCIIOJIb30BaHUs COUETAaHHOM TpaHC-
IUTAaHTALMK JBYX BHIOB CTBOJIOBBIX KIJIETOK: IJIallEHTAp-
HBIX MYJBTHIIOTEHTHBIX ME3CHXMUMaJIbHBIX CTPOMAalbHBIX
(MMCK) u remonosTnueckux ctBosoBbIX KieTok (I'CK)
JUIsl aKTUBAIIMM pereHepaluy pe3eliMpOBaHHON MEUeHH Y
CTapbIX J1a0OPATOPHBIX KUBOTHHIX. BBIOOP MMEHHO 3THX
BUJIOB KJIETOK ObLT 00YCIIOBJICH UX OMOIOTHYECKUMH OCO-
oenHoctsimu. M3eectHo, yto MMCK criocoOHBI BbIpa-
OarbiBath xemoartpakTanT st [CK — SDF-1 (stromal
derived factor 1), KOTOpBI cIOCOOCTBYET YCHIICHHIO XO-
YMUHTa TPaHCIUIAHTUPOBAHHBIX M ayTonoruuHbix ['CK
B MOBpEXACHHYIO TKaHb [2, 3, 4]. 'CK crmocoOHBI akTH-
BHUPOBAaTh PErCHEPALMIO TIEUCHU IMYTEM CIMSIHHUS C rema-
touutamu (fusion effect) [S]. Berpaborka MMCK nvmy-
HOCYNPECCHBHBIX (hakTOpoB (TpaHchOpMUPYIOIIUE (ak-
Top pocta, MJI10) mckiIodaeT BO3ZMOKHOCTH Pa3BUTHUS
MMMYHOJIOTHYECKUX KOH(IUKTOB [6, 7]. M3BecTHO, UTO
IIPU CTApEHUM CIIOCOOHOCTDH IEUEHH K PETreHEpaLuH Cy-
LIECTBEHHO CHMKaeTcs. Perenepanus nedeHu npu crape-
HUHM UMEET CBOM OCOOCHHOCTH. DTO MPOSBIISIETCS M B CKO-
pOCTH pereHepalnuu, 1 B MEXaHU3Max ee peanus3ainuu 8,
9]. B cTtapoM opraHu3Me percHepanusi IeUeHU peaTn3y-
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€TCSl TPEMMYIIECTBEHHO HAa BHYTPUKIETOYHOM YPOBHE
[10, 11]. Yka3aHHOE BBIIIEC OMPENETHIO AU3ANH JTaHHO-
TO WCcenoBaHus. B HacTosIeM uccleJOBaHUH TOTyYe-
HBI TaHHBIE TI0 U3MEHEHUIO OMOXUMUYECKIX TTOKa3aTeNeH
repudepuIeckoil KpoBH, MOP(POMETPHIESCKUX TTOKa3aTe-
Jiel meyeHu nocie couetanHoi tpancriantanun MMCK
u ['CK crapbiM 1a00paTOpHBIM JKUBOTHBIM C PE3CKIUCH
MEeYCHH.

MarepuaJjibl 1 METOAbI

HccnenoBanus BBIIOIHEHBI HA 84 cTaphiX JlabopaTop-
HBIX JKMBOTHBIX MBbIIIaX-caMiiax Bo3pacta 16-17 wmec,
Maccoit 27-30 1. DKCIepUMEHTHI M0 MOTYUYEHHUIO KYJBTY-
pet MMCK u I'CK BbInonHeHs! U3 X0pHOHa mianeHTsl 10
abOpaTOPHBIX JKUBOTHBIX MBIIIEH-caMOK Bo3pacta 3—4
Mecsia, maccoit 20-25 1, cpok recraumu 18 naueit. Xu-
BOTHBIE COIEPKAIHMCH B CTAaHIAPTHBIX YCIOBHUX Jlabopa-
TOPHOTO BUBapus, npeaycMoTpeHHbix «[IpaBuinamu mpo-
BeIeHUS Pa0OT C MCIOIBb30BAaHUEM JKCICPHUMEHTAIBHBIX
KUBOTHBIX», yTBepkAeHHBIX [Ipukazom M3 CCCP Ne
755 ot 12.08.1977 r. u llpuxazom M3 CCCP Ne 1179 ot

10.10.1983 «O06 yTBep»kJCHUU HOPMATHUBOB 3aTpar Kop-
MOB JJIs1 JJA0OPATOPHBIX JKUBOTHBIX B YUPEIKICHUSIX 37Ipa-
BOOXpaHEHMs». MaHUIYISAIUN C SKCIEPUMEHTAIbHBIMH
YKUBOTHBIMHU BBITIOJHSUIUCH B COOTBETCTBUH C TIOJIOKEHU-
SIMH XeJIbCUHCKOW JISKJIapallid O TYMaHHOM OTHOIICHUH
K )KMBOTHBIM, METOAMYECKUMH PEKOMEHIANUSIMH IO BbI-
BE/ICHUIO U3 OTIbITA U DBTaHA3UH.

Nmvmynopenornn MMCK xapakrepusyercs: CD115+,
Scal+, CD29+, CD45- [10]. NmmyHODEeHOTHTIHPOBA-
Hue cycnensun MMCK 0Oputo TipoBeIeHo0 METOZOM TIpO-
TOYHOM LHUTOMETPHM C HCIOJIB30BAHUEM MOHOKJIOHAJIb-
HBIX aHTHTEN, KOHBIOTHMPOBAHHBIX C (IIyopoXpoMaMu
(Becton Dickinson, CIIIA). Bo ¢paknuu TpancrianTu-
PYEMBIX KJIETOK olleHnBasochk coneprkanrie MMCK ¢ um-
MyHO(heHoTHIIOoM ToNokuTeNnbHbIX 1mo CD105, CD29,
Sca-1 u orpunarensHbix no CD45 Ha IPOTOYHOM LUTOME-
tpe Beckman Coulter Navios ¢ momomipto Habopa Mouse
Mesenchymal Stem Cell Multi-Color Flow Cytometry Kit
(Bio-Techne, CILIA). KonudecTBO )KU3HECTIOCOOHBIX KJIe-
ToK ¢ erHoruriom CD45-CD105+Scal+CD29+ cocraBu-
110 93,5% (pucyHok 1).
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PucyHok 1. UgeHTndumKaums MMCK meTogom NpoToYHOM LUTODAYOPOMETPUN

Nmvmynodenotan I'CK MpImmm Xxapakrepusyercs: Scal+,
CD38+, CD117+, Lin-, CD34-. Unentuduramus ['CK
Obula mpoBeleHa Ha MPOTOYHOM LuToMeTpe Beckman
Coulter Navios. B cycneHsun TpaHCIUTaHTHPYEMBIX KJle-
TOK oneHuBanoch conepxkanne ['CK ¢ ummyHOopeHOTH-
oM monokuTenbHeIx o CD117, Sca-1 u orpunaresns-

HbeIX 1o Lin- (CD45, C3e, Ly-6G, M1/70, Ter-119). Co-
Jep’KaHue KJIETOK MOCIe MMMYHOMArHUTHOW Cemapamuu
¢ mmmyHodenoruriom CD117+, Sca-1+, Lin- cocTaBuio
90-96% (pucyHox 2).

JKWBOTHBIM ONIIBITHOW TPYIIIEI BHYTPUBEHHO BBOIIIIUCH
MMCK u I'CK coOTBETCTBEHHO B 403€ 4 MIIH. KJIIETOK/KT
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u 330 ThIC. KIETOK/KT, cycneHaupoBanubie B 0,2 Mt 0,9%
pactBopa NaCl. )KuUBOTHBIM KOHTPOJBHOH TpYIBI BBO-
i 0,9% pactBop NaCl — 0,2 mn BHyTpHBEeHHO. BHy-
TPUBEHHbIC BBEICHMS OCYIIECTBIIMCH dyepe3 | uac mo-
ciie cyOTOTaNbHON PE3eKIMN OJHOKpaTHO. Pesexius 2/3
MECYCHH y JTAOOPATOPHBIX MBIIIEH BBHIMOIHEHA [0 METOIHU-
ke C. Mitchell u H. Willenbring [12].
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PucyHok 2. UaeHtndumkayma ICK metogom npoTouHOM LMTOPayopoMeTpum

IIpousBoaunace omeHka clexyrmmx  Mopdome-
TPUYECKUX TI0Ka3aTelield IEeYeHHW: KOJIMYECTBO Tella-
TONMUTOB Ha | MM?, TUIOINIAah TEMATOIUTOB, ILIOIIAb
sipa TENarolMTa, IUIONAJb I[UTOIJIa3Mbl TeMaTOLH-
Ta = IUIONIA/b I'eMaToUTa — IJIOIAb siApa IrenaronTa,
siIepHO-IIUTOTUIa3MaTndecknii mHaeke (L), kommde-
CTBO JIBYSIJICPHBIX TEMATOIUTOB Ha | MM?, MUTOTHYECKHH
nuaekc (MU), amonrornueckuit uaaekc (AW). Snepro-
nuroruiazmarudeckuii unpeke (ALW) onpenensim kak
OTHOILICHUE siipa M IUTOIIa3Mbl KJICTKH. MuUTOTHYE-
CKHUH, allONTOTUYECKUI WHICKCHI BHIPAYKAIH B TIPOMHUILIC
(%0). MuTOTHUECKHII WHIEKC OTPENesICs KaK OTHOIIIe-
HUE YHCTia KJIETOK B COCTOSHUU MUTO3a K OOIIEMY YHCITY
MOJICYMTAHHBIX I'eaTouTOB. Bepudukanus BepaKeHHO-
CTH aromTo3a OCYIIECTRISUIACH C UCIIOIb30BAHUEM METO-
na Apop Tag® Peroxidase In Situ Oligo Ligation (ISOL)
(Millipore, CIIIA). AOTITOTHYECKIH HHAECKC OTIpenemsii-
sl KaK OTHOIICHHE YUCIIa KIETOK B COCTOSTHHH arlonTo3a K
00IIIeMy YHCITY TIOJICYUTAHHBIX TEMaTOIUTOB.

OrneHka OMOXMMHYECKUX ITOKa3aTelel nepudepudeckoi
KpPOBH IPOW3BO/IMIACH HA aBTOMATUYECKOM OMOXMMHYE-
ckoM U uMMyHo(depmeHnTHOM aHanmu3arope Chem Well
2910 (Combi). M3yuanuce crnemyromniie OMOXUMUYECKHEe
TTOKa3aTeyn: o0ImmiA OeJToK (OMypeToBast peaxitus), asoy-
MUH (KOJOPUMETPHUCCKUI METO/I ¢ OPOMKPE30JIOBBIM 3¢-
JICHBIM), MOYEBHHA (ypea30-CalUIIIaT-TUITOXJIOPUTHBIH
MeToa, peakius beptiora), miroko3a (peakiust Tpunne-
pa), obmmit 6ummpyoun (Meton Menmpameka-Ipoda),
actapraramuaoTpancdepasa (ACT), araHmHAMIHHOTpAHC-
tdepaza (AJIT), menounas docdaraza (LLD). ITpu ompe-
JeNICHUH OMOXUMHUECKUX TMOKa3areneld MCIOoNb30BATUCH
HaOopbl kKomnannu «OnpBekc Jlnarnoctukym», Poccwst.

JlocTOBEepHOCTh OTIIMYMI B CPaBHHBAEMBIX BBIOOpKAX
MIPOBEJICHO C MPUMEHEHUEM HellapaMeTPHUECKOTo (paHro-
Boro) Merona Manna-Yutuu. Craructudeckas o06padboT-
Ka JTAaHHBIX MTPOBEJICHA C TIOMOIIIBIO MPOrPAMMHOTO MaKeTa
SPSS Statistics (Bepcust 17,0).
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Pe3yabrarhl ucciieoBaHusA

[Tpu ananmm3e OMOXMMHUYECKHX TTOKa3arene nepudepu-
YeCKOW KpOoBH W MOP(OMETPHUECKUX ITOKa3aresei mede-
HU CTapbIX J1a00paTOPHBIX JKUBOTHEIX Ha 1, 3, 7 CyTKH I10-
cie coueranHoi Tpancmiantauun MMCK u I'CK nocro-
BEPHBIX Pa3JIMUMil ¢ HHTAKTHOM TPYIION HE OOHAPYKEHO.
Taxoxe Ha 1 U 3 CyTKH mOCje Pe3eKIUU MMeYeHn Ha (HOoHE
cogerannoi Tpancmnantannd MMCK u I'CK ne BrIsBITe-
HO OTJIMYHMHA B OMOXMMHUYECKHX TOKa3aTelsax rnepudepu-
YEeCKOW KPOBHU OT JIAHHBIX KOHTPOJIHOW T'PYTIITHL.

AHanm3upys OMOXUMHUYECKHE TIOKA3aTeln eprudepuie-
CKOH KPOBH CTapbIX J1a00paTOPHBIX JKUBOTHBIX Ha 7 CyTKH
oCJIe pe3eKIIny Me4eHu Ha (hoHe coueTaHHO! TpaHCIIIaH-
tarmmt MMCK u I'CK oTMeueHo TTOBBIIIIEHUE COMEPIKAHS
obmiero Oenka Ha 22,9%, anpOymuna Ha 21,4%, Mo4eBH-
Hbl Ha 23,6%. Takxe BBIBIEHO CHUXKEHUE YPOBHS ITOKa-
3arened nuroausa renaronutoB: ACT Ha 21%, AJIT Ha
24,5%, menouHoit ¢ocdarassl Ha 20,4% 10 CpaBHEHUIO C
JMAHHBIMH KOHTPOJLHOU rpymiibl. Takke BBISIBICHO ITOBHI-
menne ypoBHs GpuoOpuHoTeHa Ha 23,8% (Tabnwma 1).

Tabnuua 1

Bruoxmmunyecknme nokasatenn KpoBM cTapbix nabopatop-
HbIX MbILIEN Ha 7 CYTKM NMOC/Ie pe3eKkuMn neyeHun Ha poHe
coyeTaHHOM TpaHcnaaHTaumn MMCK u ICK, Mtm, n=7

3HayeHune
NaCl (koh- MMCK+ICK
MokasaTtenn MNHTaKTHble (
KUBOTHBIE TPONbHaA rpyn- | (ONbITHaA rpyn-
na) na)
O6wwit 6enok, r/n | 73,39t4,42 | 47,63t3,77* |58,53£3,20* **
AnbBYMUH, r/n 26,76+2,21 | 18,13+1,42*% |[22,01+2,41* **
MovuesuHa, 6,20:0,43 | 4,54+0,35* | 5,61+0,36**
MMOSb/ N
frioko3a, 593:0,36 | 4,26%0,39* 4,69+0,27*
MMOANb/ N
O6wuit bununpy- % *
10,07+0,46 | 17,14+2,21 16,34+1,84
6MH, MKMOb/N
144,34+12,92*
ACT, Ea/n 102,7317,83 | 183,59+16,79* 3 o 9
4 *
AT, En/n 92,87£7,19 | 175,01¢12,82% | 3217949
Ef}’; bochatasa, | gg c145,8) | 114,89:9,67* |91,466,82% **
OubpuHoreH, r/n | 3,80£0,23 | 2,440,16* | 2,99:0,16* **

MprmeyaHue: * oTIMUME OT MHTAKTHOM TrPYNMbl CTapbIX
NabopaTopHbIX XKMBOTHbIX, AOCTOBEPHO € p<0,05; ** oT-
NMYME OT KOHTPONbLHOM Fpynmnbl CTapbix NabopaTopHbIX
*KMBOTHbIX, AOCTOBEPHO C p<0,05.

AHnanu3upys Mop(OMETpUYEeCcKHe I10Ka3aTeNlu MEYCHU
Ha | CyTKH mociie pe3eKiy eYeH! y cTapblx Jjadboparop-
HBIX JKMBOTHBIX Ha ()OHE COUETAHHOW TPaHCIUIAHTALUH
MMCK u I'CK He 0o0Hapy:Xe€HO IOCTOBEPHBIX OTIMYHUH
MEX/1y ONBITHOW M KOHTpOJbHON rpynnamu. Ha 3 cytku
IOCJIE PE3eKIINY ITeYeHH Ha (DOHEe COueTaHHOW TpaHCIIIaH-
tarmmt MMCK u I'CK o6HapykeHO CHIKEHHE allONTOTH-
gyeckoro nHuekca Ha 20,8% (tabmuma 2).

Tabnuua 2

MopdomeTpryeckme nokasaTtesn neyeHu crapbix nabo-
PaTOPHbIX MbILLEN Ha 3 CYTKM NOC/IE Pe3eKLUnN NeYeHn Ha
¢doHe BBeaeHna MMCK mn ICK, M+m, n=7

3HayeHune
NaCl (koH- MMCK+ICK
MokasaTtenn WNHTaKTHble
wuBoTHbe | TPOBHaA TPyn- (onbiTHas rpyn-
na) na)
Ronuuectso rena- | 5)4 14182 73 | 1814,204137,96* | 1860,43+142,37*

TOUMTOB Ha 1 Mm?

Mnowaapb renato-
LMTOB, MKM?

297,10+20,77 | 379,31+32,58* | 372,47+32,68*

Mnowaapb agpa re-

) 57,60+3,97 76,01+8,56* 81,6617,36*
NaToOLMUTOB, MKM
MNnowaab umto-
nnaasmbl renaTo- 239,5424,74 | 261,57+24,08 | 390,81+25,82
LMTOB, MKM?
AU 0,25+0,04 0,29+0,01* 0,28+0,02*
Konnyectso asys-
OepHbIx renatouun- | 241,06+7,61 | 343,43+25,8* | 361,0+30,57*
TOB Ha MM?
MW, %o 0,40+0,05 2,81+0,27* 2,98+0,39*
AW, %o 0,51+0,04 2,29+0,20* 1,81+0,15* **

MprmeyaHue: * oTIMUME OT MHTAKTHOM TPYNMbl CTapbIX
NabopaTopHbIX }KUBOTHbIX, AOCTOBEPHO € P<0,05.

IIpu ananusze MoppoMeTpUYSCKUX TIOKa3areiei cra-
pBIX JITA0OPATOPHBIX MBIMICH HAa 7 CYTKH IOCIE PE3CK-
nuu niedern Ha Gone BBenenns MMCK u I'CK B ompiT-
HO¥ TpyTITIe OTMEUEHO TTOBBIMIECHHE KOIMYECTBA TeMaTOIH-
ToB Ha 21,3%, NoBBILLIEHUE IO SApa renarolUTOB
Ha 35,7%, Bo3pacTaHue sIEPHO-LUTOIIA3MATUYECKOTO
nuaekca (ALW) na 20,4%, yBenuueHue KOJIUYECTBA
JIBYXsIepHBIX KJIeToK Ha 28,1%. Taxke BBIABICHO MOHU-
JKEHHUE armonToTndeckoro uuaekca Ha 20,4% (tabmwuma 3).

TakuM oOpa3oM, TPOBEACHHBIC HCCICAOBAHHS CBHJIC-
TEJIBCTBYIOT, YTO CTapble JabOpaTOpHbBIE >KHUBOTHBIE OT-
BEYAIOT Ha MPOBEJCHHYIO COYETaHHYIO TPAHCILIAHTAIIUIO
MMCCK u I'CK akruBanueli 0eT0KCHHTETHYECKOH QyHK-
LIUH, CHIDKCHUEM aKTUBHOCTH (hepMeHTOB 1utosu3a. Ore-
HUBasl TaHHBIE MOPPOMETPUUICCKUX HMCCIEAOBAHUMN, Clie-
JyeT OTMETHTH, YTO B CTAPOM OpraHu3Me Ha (poHe TpaHC-
IUTAHTAIUU CTBOJIOBBIX KIIETOK IPOMCXOIUT CHUKCHHUE 3a-
MIPOrpaMMHUPOBAHHOMN KIIETOYHOUN THOEIN, aKTUBAIIVSI Me-
XaHU3MOB KJICTOYHOW (YBETHWYCHHUE CONCPIKAHHS Tera-
TOLIUTOB) M BHYTPHUKJIETOYHON (MOBBIIICHUE KOJIUYECTBA
IBYSICPHBIX KIIETOK, YBEIMUCHHUE sIIpa TeaTOIUTOB) pe-
TeHEepalvH.
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Tabnuua 3

MopdomeTpuyeckme nokasaTenu nevyeHu ctapbix fabo-
PaTOPHbIX MblLLIEl Ha 7 CYyTKM Noc/e pe3eKLUnmn neyeHu Ha
¢doHe BBeaeHna MMCK n ICK, M+m, n=7

na)

3HayeHune
NaCl (koH- MMCK+ICK
flokasatenm WHTaKTHbIe - | (onbiTHas rpyn-
KUBOTHbIE TpO/bHasA rpyn py

na)

KonuyecTso rena-
TOUMTOB Ha 1 Mm?

1883,29+90,61*

*%

1323,14+82,73 | 1552,0+101,14*

MNnowaap renato-

LATOB, M 297,10420,77

348,19+28,36* | 355,71+20,53*

Mnowaapb agpa re-

8. Michalopoulos G.K. Liver regeneration // J. Cell Physiol.
—2007.-V. 213, Ne 2. — P. 286—-300.

9. Timchenko N.A. Aging and liver regeneration // Trends
in Endocrinology & Metabolism. 2009. Ne4. Vol.20.

10. CaszoHos C.B., Bpunnanant A.A., Bpunnmant HO.B. CBA3b
COCTOAHUA nponndepaTmBHbIX NpoLeccoB U ocobeHHo-
CTeli peuenTopHOro annapaTta OMNyXxo/ieBbIX KNETOK Kap-
LMHOMbI MONIOYHOM enesbl // feHbl n Knetkn. 2017. 12.
T.4.C. 76-81

11. Nucci R. A. B., Teodoro A. C. S., Gama, E. F. Liver
regeneration and aging: a review // Morphol. Sci. 2016.
vol. 33. Ne. 4. P. 179-182

MprmeyaHue: * oTIMUME OT MHTAKTHOM TPYNMbl CTapbIX
NabopaTopHbIX XKMBOTHbIX, AOCTOBEPHO € p<0,05; ** oT-
IMYMEe OT KOHTPONLHOM Fpynnbl CTapbiXx NabopaTopHbIX
*KMBOTHbIX, AOCTOBEPHO C p<0,05.
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EFFECT OF COMBINED TRANSPLANTATION OF MULTIPOTENT
MESENCHYMAL STROMAL AND HEMATOPOIETIC STEM CELLS
ON LIVER REGENERATION AFTER LIVER RESECTION IN OLD
LABORATORY ANIMALS

'Ural State Medical University, Yekaterinburg, Russian Federation;
2 Institute of Medical Cell Technologies, Yekaterinburg, Russian Federation

Abstract. The aim of this study was to study the
changes in the morphological and functional state of
the liver of old laboratory animals after its resection
against the background of combined transplantation of
multipotentmesenchymal stromal and hematopoietic stem
cells.

Materials and methods. The studies were performed
on old laboratory animals, male mice of the age of 16-17
months. Resection of 2/3 of the liver was performed in old
laboratory mice according to the method of C. Mitchell
and H. Willenbring. One hour after subtotal resection, a
combined transplantation of two types of cells was per-
formed: multipotentmesenchymal stromal cells (at a dose
of 4 million cells / kg) and hematopoietic stem cells (at a
dose of 330 thousand cells / kg). The experiments on ob-
taining the MMSC and HSC culture were performed from
the placenta chorion of 10 laboratory female mice 3-4
months old, weighing 20-25 g, gestational age 18 days.
Assessment of liver regeneration was carried out on days
1, 3, 7 after resection of the liver by analyzing morphomet-
ric parameters of the liver and biochemical parameters of
peripheral blood.

Results. Studies have shown the activation of protein
synthesizing liver function in old animals, a decrease in
the level of cytolysis enzymes, an increase in the activity
of cellular regeneration (increase in the hepatocyte nucleus
area, the number of binuclear cells) of liver regeneration
after resection against the introduction of stem cells.

Keywords: liver resection, multipotentmesenchymal
stromal cells, hematopoietic stem cells, liver regeneration,

aging
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It is known that with aging there is a decrease in the
number of stem cells in the body, a decrease in their
sensitivity to growth factors. At the same time, the
qualitative and quantitative composition of cells is crucial
in restoring the structure and function of tissue and
organ [1]. This study explores the possibility of using
combined transplantation of two types of stem cells:
placental multipotentmesenchymal stromal (MMSC)
and hematopoietic stem cells (HSC) to activate the
regeneration of the resected liver in old laboratory
animals. The choice of these types of cells was due to their
biological characteristics. It is known that MMSCs are
capable of producing a chemoattractant for HSCs - SDF-1
(stromal derived factor 1), which enhances the homing of
transplanted and autologous HSCs into damaged tissue [2,
3,4]. HSCs are able to activate liver regeneration by fusion
with hepatocytes (fusion effect) [5]. The development of
MMSC immunosuppressive factors (transforming growth
factor, IL10) excludes the possibility of developing
immunological conflicts [6, 7]. It is known that with
aging, the ability of the liver to regenerate is significantly
reduced. Regeneration of the liver during aging has its
own characteristics. This is manifested both in the rate of
regeneration and in the mechanisms of its implementation
[8, 9]. In the old body, liver regeneration is realized mainly
at the intracellular level [ 10, 11]. The above determined the
design of this study. In this study, we obtained data on the
change in the biochemical parameters of peripheral blood,
morphometric parameters of the liver after combined
transplantation of MMSCs and HSCs with old laboratory
animals with liver resection.

Materials and methods

The studies were performed on 84 old laboratory
animals, male mice aged 16-17 months, weighing 27-30
g. Experiments on the production of MMSC and HSC
cultures were performed from the placenta chorion of
10 laboratory animals of female mice 3-4 months old,
weighing 20-25 g, gestational age 18 days. The animals
were kept in standard laboratory vivarium conditions
provided for by the «Rules for the Use of Experimental
Animals», approved by Order of the Ministry of Health
of the USSR No. 755 of 08/12/1977 and Order of the
Ministry of Health of the USSR No. 1179 of 10/10/1983
«On Approving the Norms of Cost of Feed for Laboratory
Animals in healthcare facilities». Manipulations with
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experimental animals were carried out in accordance with
the provisions of the Helsinki Declaration on the Humane
Treatment of Animals, guidelines for deducing from
experience and euthanasia.

The immunophenotype of MMSC is characterized
by: CDI115 +, Scal +, CD29 +, CD45- [10].
Immunophenotyping of the MMSC suspension was
carried out by flow cytometry using monoclonal antibodies
conjugated with fluorochromes (Becton Dickinson, USA).
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The content of MMSCs with immunophenotype positive
for CD105, CD29, Sca-1 and negative for CD45 on a
Beckman Coulter Navios flow cytometer using the Mouse
Mesenchymal Stem Cell Multi-Color Flow Cytometry Kit
(Bio-Techne, United States) was evaluated in the fraction
of transplanted cells. The number of viable cells with the
phenotype CD45-CD105 + Scal + CD29 + was 93.5%
(Figure 1).
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Figure 1. MMSC identification by flow cytometry

The mouse HSC immunophenotype is characterized by:
Scal+, CD38+, CD117+, Lin-, CD34-. HSC identification
was carried out on a Beckman Coulter Navios flow
cytometer. In the suspension of transplanted cells, the
content of HSCs with immunophenotype positive for
CD117, Sca-1 and negative for Lin- (CD45, C3e, Ly-6G,
M1 / 70, Ter-119) was evaluated. The cell content after
immunomagnetic separation with the immunophenotype
CD117+, Sca-1+, Lin- amounted to 90-96% (Figure 2).

MMSC and HSC were injected intravenously into the
animals of the experimental group, respectively, at a
dose of 4 million cells / kg and 330 thousand cells / kg,
suspended in 0.2 ml of a 0.9% NaCl solution. The control
group animals were injected with 0.9% NaCl solution - 0.2
ml intravenously. Intravenous administration was carried
out 1 hour after subtotal resection once. Resection of 2/3
of the liver in laboratory mice was performed according to
the method of C. Mitchell and H. Willenbring [12].

The following morphometric indicators of the liver
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were evaluated: hepatocyte count per 1 mm2, hepatocyte
area, hepatocyte core area, hepatocyte cytoplasm area =
hepatocyte area - hepatocyte core area, nuclear cytoplasmic
index (NRC), number of binuclear hepatocytes per 1 mm2,
mitotic index (MI), apoptotic index (Al). The nuclear
cytoplasmic index (NRC) was determined as the ratio of
the nucleus and cytoplasm of the cell. Mitotic, apoptotic
indices were expressed in ppm (%o). The mitotic index
was defined as the ratio of the number of cells in the state
of mitosis to the total number of hepatocytes counted.
Verification of the severity of apoptosis was carried out
using the ApopTag® Peroxidase In Situ Oligo Ligation
(ISOL) method (Millipore, USA).

The apoptotic index was defined as the ratio of the
number of cells in the state of apoptosis to the total number
of hepatocytes counted.

Assessment of biochemical parameters of peripheral
blood was performed on a Chem Well 2910 (Combi)
automated biochemical and enzyme immunoassay analyzer.
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The following biochemical parameters were studied: total
protein (biuretreaction), albumin (colorimetric method with
bromocresol green), urea (urease-salicylate-hypochlorite
method, Bertlot reaction), glucose (Trinder reaction), total
bilirubin (Yendrashek-Grofotersatz method, aspart (AST),
alanine aminotransferase (ALT), alkaline phosphatase
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(ALP). When determining biochemical parameters, sets of
Olvex Diagnosticum, Russia were used.

The significance of differences in the compared samples
was carried out using the nonparametric (rank) Mann-
Whitney method. Statistical data processing was performed
using the SPSS Statistics software package (version 17.0).

103

R

i

L | \IHIIl

" 1023

FS INT LIN

1023

FS INTLIN

103

102

107

Sca1l

10°

cD117
Figure 2. HSC identification by flow cytometry

Research results

When analyzing biochemical indices of peripheral
blood and morphometric indices of the liver of old
laboratory animals on days 1, 3, and 7 after the combined
transplantation of MMSCs and HSCs, no significant
differences were found with the intact group. Also, on
days 1 and 3 after liver resection against the background
of combined transplantation of MMSCs and HSCs, there
were no differences in the biochemical parameters of
peripheral blood from the control group.

Analyzing the biochemical parameters of the peripheral
blood of old laboratory animals on the 7th day after liver
resection, combined with transplantation of MMSCs
and HSCs, an increase in the total protein content by
22.9%, albumin by 21.4%, urea by 23.6% was noted. A
decrease in the level of hepatocyte cytolysis indicators
was also revealed: AST by 21%, ALT by 24.5%, alkaline
phosphatase by 20.4% compared with the control group.
An increase in fibrinogen level by 23.8% was also revealed

T

- — JIIH:I|O3

(table 1).

Analyzing morphometric parameters of the liver on the
Ist day after liver resection in old laboratory animals on
the background of combined transplantation of MMSCs
and HSCs, no significant differences were found between
the experimental and control groups. On the 3rd day
after liver resection against the background of combined
transplantation of MMSCs and HSCs, a decrease in the
apoptotic index by 20.8% was found (table 2).

When analyzing the morphometric parameters of old
laboratory mice on the 7th day after liver resection against
the background of the administration of MMSCs and
HSCs, the experimental group showed an increase in the
number of hepatocytes by 21.3%, an increase in the area
of the hepatocyte nucleus by 35.7%, an increase in the
nuclear cytoplasmic index (NRC) by 20.4%, an increase
in the number of binuclear cells by 28.1%. Also revealed a
decrease in the apoptotic index by 20.4% (table 3).
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Table 1

Blood biochemical parameters of old laboratory mice on
the 7th day after liver resection on the background of
combined transplantation of MMSC and HSC, M+m, n=7

Table 3

Morphometric parameters of the liver of old laboratory
mice on the 7th day after liver resection against the
background of the introduction of MMSC and HSC,

Value Mtm, n=7
+
Parameters . NaCl (control MMSC. Hsc Parameters Value
Intact animals group) (experience Intact animals | Intact animals | Intact animals
deroup) Number of 1883,29£90,61*
Totalprotein, g/ | 73,39+4,42 47,63+3,77* |58,53+3,20* ** hepatocytes per 1323,14482,73 | 1552,0+101,14* o
Albumin, g/ | 26,76%2,21 | 18,13+1,42* |[22,01£2,41* ** 1 mm?
Urea, mmol /| 6,20+0,43 4,54+0,35* 5,61+0,36** Hepatocyte area
! + + * + *
Glucose, mmol /| 5,93+0,36 4,26+0,39* 4,69+0,27* pum? 297,10£20,77 | 348,19£28,367 | 355,71+20,53
Total bilirubin, * " The area of
umol /| 10,07£0,46 | 17,14£2,21% | 16,34+1,84 nucleus of 57,6043,97 | 72,77+10,32% |98,77+9,25% **
144,34+12,92* [ | hepatocytes, um?
* 7’ ’
AST, U/I 102,73+7,83 | 183,59+16,79 % The area of the
132,1749,49* cytoplasm of 239,5424,74 | 227,13#15,37 | 256,94+11,28
ALT, U/I 92,87+7,19 | 175,01+12,82* - hepatocytes, um?
Alkalinephospha- Nuclear- + +0.02* +0.02% **
tase Ul 78,615,82 | 114,89+9,67* |91,46+6,82* ** cytoplasmic ratio 0,25£0,04 0,32£0,02 0,38£0,02
Fibrinogen, g/ | 3,80+0,23 2,44+0,16* | 2,99+0,16* ** Number of
: . .
E;””actlsfrtes o | 24106761 | 305,74£22,52% 391,73£31,97
Note: * difference from the intact group of old laboratory mnF:Z yiesp
animals, significantly with p<0.05,‘ dlfft.ere!wf:e from t‘he Mitotic ndex. % 0,40£0,05 1502010 15420,13"
control group of old laboratory animals, significantly with Apoptotic index, - .
p<0.05. o 0,51+0,04 1,810,17 1,44+0,10

Table 2

Morphometric indicators of the liver of old laboratory
mice on the 3rd day after liver resection against the
background of the introduction of MMSC and HSC,
M+m, n=7

Value
Parameters . NacCl (control MMSC.+ HSC
Intact animals (experienced
group)
group)
Number of
hepatocytes per 1323,14+82,73 | 1814,29+137,96* | 1860,43+142,37*
1 mm?
E;‘iatocyte A€ 1 597,10+20,77 | 379,31432,58* | 372,47+32,68*
The area of
nucleus of 57,60+3,97 76,01+8,56* 81,66+7,36*
hepatocytes, um?
The area of the
cytoplasm of 239,5+24,74 | 261,57+24,08 | 390,81+25,82
hepatocytes, um?
Nuclear- | 6554008 | 029001 | 0,28:002*
cytoplasmic ratio
Number of
binuclear 241,06+7,61 | 343,43£25,8* | 361,0430,57*
hepatocytes per
mm?
Mitotic index, %o 0,40+0,05 2,81+0,27* 2,98+0,39*
f)p"pto“c ndex, | 0514004 | 2,29:0,20¢ | 1,8120,15% **
00

Note: * the difference from the intact group of old
laboratory animals, significantly with p<0.05.

Note: * difference from the intact group of old laboratory
animals, significantly with p<0.05; ** difference from the
control group of old laboratory animals, significantly with
p<0.05.

Conclusion

Thus, the conducted studies indicate that old laboratory
animals respond to the combined transplantation of MMSC
and HSC by activation of the protein synthesizing function,
and a decrease in the activity of cytolysis enzymes.
Assessing the data of morphometric studies, it should be
noted that in the old organism, against the background of
stem cell transplantation, there is a decrease in programmed
cell death, activation of cellular mechanisms (increase in
the number of hepatocytes) and intracellular (increase in
the number of binuclear cells, increase in the nucleus of
hepatocytes) regeneration.
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