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Pe3tome. Ilenvro uccnedosanus ObLUTO N3yYINTH H3MEHE-
HUSI OMOXMMHUYECKUX TIOKazaTesel nepudepuieckon Kpo-
BU ¥ MOP(OMETPUUECKHX TOKa3arenel neueHu Ha (one
MPOBEJIEHUS AJUIOT€HHOM COYETaHHOW TpaHCIJIaHTALMU
MYJIBTUTIOTEHTHBIX ME3€HXMMAaJIbHBIX CTPOMAIBHBIX Kile-
Tok (MMCK) ¥ reMOmOSTHYECKHX CTBOJIOBBIX KJIETOK
(I'CK) mocrne pe3exIuu rneveHu.

Mamepuanvt u memoowt. Beiienenne kynstypsl MMCK
u ['CK ocymiecTBIsuIOCh U3 XOpHOHA TUIALICHTHI 5 11abo-
PaTOpPHBIX KUBOTHBIX MBIIIEH-caMOK Bo3pacTa 3—4 mecs-
11a, Maccoit 22-23 1, cpok recranmu 18 gHei. MoHOHYKIIE-
apHas (pakiys KJIETOK ObLIa MOJy4YeHa MyTeM TOCIeO0-
BaTeJIbHON MEXaHHUYecKOH U (epMeHTaTUBHOH 00padoT-
K1 TKaHu TuianeHtsl. Beinenenune I'CK ocymectsisiioch
METOJIOM MO3UTUBHOW MMMYHOMAarHUTHOM Cemapanuy 1o
aatureHam SCA-1 u CD 117. KynsruupoBanne MMCK
poBOAMIIOCH B yciosusax CO,-uHKybaTopa npu remiepa-
Type 37°C ¢ copeprkaHreM YITIEKUCIIOTO Ta3a 5% 1 Bimax-
HocThio 90%. Jlnst TpaHCIulaHTaUMyU J1a00paTOPHBIM KH-
BOTHBIM ObLIM ucnonb3oBansl MMCK B no3e 4 mutH. Kite-
tok/kr 1 ['CK B noze 330 Thic. kIeTok/kr. BBenenue xie-
TOK OCYIIECTBIISIIOCH B (PU3NOJIOTHYECKUX yCIOBHX (0€3
pEe3eKIINY TIeUeHN ) 1 uepe3 | gac mocie cyOToTabHOH pe-
3exiun redeHu. [IponsBoanmack oreHKa OMOXUMHUYECKUX
rokasareneil nmepudepudeckoil KpoBu U MoppoMeTpuie-
CKHX TOKa3arenel nedeHu Ha 1, 3, 7 cyTku mocie BBefe-
uus MMCK.

Pezynemamur. B pesynbrare McclieIoBaHUs MOIYUYEHO,
gTo coueranHas TpaHcmantamuss MMCK u 'CK moce
pE3eKIny TIeYeHH MPUBOIUT K CHUKEHHIO ypOBHS (ep-
meHToB nurtonm3a (ACT, AJIT, menouynoit docdarassl),
YAYYIICHNIO OETTOKCUHTETHYECKOH (yHKIIMU TiedeHu (To-

Abstract. The aim of the study was to study changes
in biochemical parameters of peripheral blood and liver
morphometric parameters against the background of
allogeneic combined transplantation of multipotent
mesenchymal stromal cells (MMSC) and hematopoietic
stem cells (HSC) after liver resection.

Materials and methods. The culture of MMSCs and
HSCswasisolated from the placenta chorion of 5 laboratory
animals of female mice 3-4 months old, weighing 22-23 g,
gestational age 18 days. The mononuclear fraction of cells
was obtained by sequential mechanical and enzymatic
treatment of placental tissue. HSC was isolated by positive
immunomagnetic separation by SCA-1 and CD 117
antigens. MMSC was cultured under conditions of a CO2
incubator at a temperature of 37 © C with a carbon dioxide
content of 5% and a humidity of 90%. For transplantation
to laboratory animals, MMSCs were used at a dose of 4
million cells / kg and HSCs at a dose of 330 thousand
cells / kg. The introduction of cells was carried out under
physiological conditions (without liver resection) and 1
hour after subtotal liver resection. The biochemical indices
of peripheral blood and morphometric indices of the liver
were evaluated on days 1, 3, 7 after the administration of
MMSC.

Results. As a result of the study, it was found that the
combined transplantation of MMSCs and HSCs after
liver resection leads to a decrease in the level of cytolysis
enzymes (AST, ALT, alkaline phosphatase), and an
improvement in the protein synthesizing function of the
liver (increase in total protein, albumin levels). Also, after
the introduction of cells against the background of liver
resection, an increase in the area of the hepatocyte nucleus,
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BBILLICHHE TOKa3aresell ooduiero Oenka, ypoBHs anbOyMu-
Ha). Takke mocie BBeACHUS KIETOK Ha (DOHE PE3EKIHH ITe-
YCHHN OTMECYCHO IMOBBINICHUEC TJIOIIAJU Apa IrenaToiuToB,
smepHO-IINTOIUIa3MaTndeckoro uHaekca (SLM), xommge-
CTBa JIBYyAJIEPHBIX KIIeTOK. [loBBIIIIEHNE ypOBHS MHUTOTH-
YECKOW aKTUBHOCTH, CHIDKEHHE BHIPAKEHHOCTH arlonTo3a
MPUBEJIO K YBETUUYEHHIO KOJMYECTBA TeNaTOUTOB.

3akntouenue. OOHAPYKEHO BOCCTAHOBIECHUE MOPQO-
(DyHKIIMOHAJIBHBIX CBOWCTB TI€YEHH IOCIIE €€ CyOTOTab-
HOH pe3eknuu Ha (OHE AIOTEHHOW COYCTaHHOW TpaHC-
manTauuu MMCK u I'CK. Oto Bblpakaercs B yayulue-
HUM OMOXMMHMYECKHX MoKa3aresel nepudepuieckoi Kpo-
BU TIEYCHU, 1 MOPPOMETPUUCCKUX TMMOKa3aTeNeil meueHH.
ITpu >TOM BBIsIBIIEHA aKTUBALIUS KaK KJIETOUHOM perenepa-
LIMH, TaK U BHYTPUKJIETOUYHOM.

KuroueBbie cioBa: pe3ekiysi NeUeHH, MYJIBTHIIOTEHT-
HBIE ME3E€HXUMAJIbHbIE CTPOMAJIbHBIE KIIETKH, FEMOIIOITH-
YECKUE CTBOJIOBBIE KIIETKH, KJIIETOUHAsI PETE€HEPALIMs], BHY-
TPUKJIETOYHAS] PEreHEPALIHS

nuclear cytoplasmic index (NRC), and the number of
binuclear cells was noted. An increase in the level of
mitotic activity, a decrease in the severity of apoptosis, led
to an increase in the number of hepatocytes.

Conclusion. The restoration of the morphological
and functional properties of the liver after its subtotal
resection against the background of allogeneic combined
transplantation of MMSCs and HSCs was found. This
is expressed in improving the biochemical parameters
of the peripheral blood of the liver, and morphometric
parameters of the liver. In this case, activation of both
cellular regeneration and intracellular was revealed.

Keywords: liver resection, multipotent mesenchymal
stromal cells, hematopoietic stem cells, cell regeneration,
intracellular regeneration
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N3BecTHO, YTO MOCiE Pe3eKINH CIIOCOOHOCTh MEUeHU
K pereHepany CyIIECTBEHHO YBEIMYMBAEeTCS. AKTHBa-
LUl pereHepaluy OpraHa MPOUCXONUT KaK Ha KIIETOYHOM,
TaKk ¥ Ha BHYTpHUKJIETOUHOM ypoBHsX [1]. [Ipu 3Tom, 00-
pamaer Ha cebs BHUMaHHUE BBICOKAsl JIETaJbHOCTH MOCTE
OOIIMPHOW PE3eKINH TEeUYCHH, KOTOpasi BapbUpyeT B M-
amazone ot 14 1o 32% [2]. DTo nmemaer akTyalbHBIM IO-
nCcK 3(QpPEeKTHBHBIX CTIOCOOOB BOCCTAHOBIICHHS pPereHepa-
LMY TICYCHH TTOCJIC €€ pe3eKINU. B HallleM ucciieI0BaHuH
ObUla HCIOJB30BaHA COYETAHHAS TPAHCIUIAHTALMS aJl-
JIOTEHHBIX TJIAIlEHTAPHBIX MYJIBTUIIOTEHTHBIX ME3EHXU-
MaJbHBIX cTpoMaibHBIX Ki1eTok (MMCK) u remomnosTu-
geckux cTBONOBBEIX KieTok (I'CK). MMCK moxHO cpaB-
HUTH C «(PabpHUKOi» 1O TPOU3BOJICTBY OMOJIOTHYECKH aK-
TuBHBIX BeniecTB. MMCK cniocoOHBI BIpabaThiBaTh pas-
JTUYHBIE (PAKTOPBI POCTA, MPOTHBOBOCTIAIUTEIILHBIE IIUTO-
KHHBI, CHHTE3UPYIOT KOMIIOHEHThI Marpukca ((huOpoHeK-
THH, TJAMUHHH, KOJUIAaT€HbI U MTPOTeOrIuKanbl) [3, 4]. [Ipu
stoM MMCK croco6us! nudpepeHInpoBaThCs B KICTKH
CTPOMBI, KOTOpPbIe 00eCIIeYHBalOT CHHTE3 JKCTPAIEIII0-

After resection, the ability of the liver to regenerate is
known to increase significantly. Moreover, the activation
of organ regeneration occurs both at the cellular and
intracellular levels [1]. At the same time, high mortality
after extensive liver resection, which varies in the range
from 14 to 32%, is noteworthy [2]. This makes it relevant
to search for effective ways to restore liver regeneration
after its resection. In our study, we used the combined
transplantation of allogeneic placental multipotent
mesenchymal stromal cells (MMSCs) and hematopoietic
stem cells (HSCs). MMSK can be compared with a
«factory» for the production of biologically active
substances. MMSCs are capable of producing various
growth factors, anti-inflammatory cytokines, and
synthesize matrix components (fibronectin, laminin,
collagens, and proteoglycans) [3, 4]. Moreover, MMSCs
are able to differentiate into stromal cells, which provide
the synthesis of an extracellular matrix that forms the
microenvironment necessary for the proliferation and
differentiation of stem cells [5, 6]. MMSC transplantation
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JSIPHOTO MAaTpHUKca, (OPMHUPYIOLIETO MHKPOOKPYKEHHE,
HeoOxoaumoe Juist nponudepanuu 1 auddepeHIupoBKH
CTBOJIOBBIX KJIETOK [5, 6]. TpancmnanTarus MMCK cro-
cobHa yckoputh mportecc npmxusienns ['CK u, cooreT-
CTBEHHO, IPOLECC BOCCTAHOBJICHHUS DPEreHEpalM TKa-
Heti [7, 8, 9]. B mocnemnue rogasl Joka3zaHa CIIOCOOHOCTD
I'CK ctumynupoBaTh pereHepanuio Me4eHu MyTeM CIus-
Hus ¢ renaroruramu [10]. Hanmmane y MMCK criocoOHo-
CTH K BBIpaOOTKE MMMYHOCYTpECCUBHBIX (akTopoB (MJI
10, TGFP) nemaer BO3MOKHBIM TIPOBEACHHUE AJIJIOTCHHOM
couetanHoi Tpancruantanuu MMCK u I'CK [11]. Ilep-
CIEKTUBHBIM MCTOYHUKOM [Is1 BBIJCICHUS JAHHBIX BUIOB
KJIETOK SIBIIIETCS TUIalleHTa. V3BeCTHO, YTO TKaHb 3pesoi
TUTALEHTHI YeJIOBEKa COACPIKUT Ha MOPSIOK Oobliee Ko-
nmuaectBo I'CK, yem mynoBHHHAS KPOBb U KOCTHBIH MO3T
[12]. IMomyuenne mmaneraTapabix MMCK u I'CK Bo3MOXk-
HO HEONEepPaTUBHBIM IIyTeM. YUHTHIBas OHOJOTMYECKHE
ceoiictea MMCK u I'CK npexacrasisercss nepcrneKkTuB-
HBIM M3Y4YEHHE MX BIUSHHUS Ha pereHepalyio Me4eHu Io-
CJie ee pe3eKIInH.

MarepuaJjibl 1 METOABI

OKCIIepUMEHTHI BBITIOIHEHBI Ha 84 OenbIx Jraboparop-
HBIX MBIIIax-camIlax Bo3pacTta 7-8 MecdAues, maccoil 20-
23 1. IlpousBoaunocs BeAeneHue Kyasrypsl MMCK n3
XOpHOHA MJIAIEHTHI 5 1a00paTOPHBIX KUBOTHBIX MBIIIEH-
caMoOK Bo3pacta 3-4 mecs1ia, cpok recranuu 18 mueir. Mo-
HOHYyKJIeapHasi (hpaxiysl KJIETOK ObLTa MOJy4YeHa IyTeM
MOCIIeIOBAaTEIbHOM MEXaHMYECKOH M (hepMEHTaTUBHOM
(pactBop akkyTtassl (Millipore, CLLIA)) 06paboTku TKaHU
ranenTsl. Beienenne 'CK ocyiecTBiasioch METOIOM
MMO3UTHBHON MMMYHOMAarHWTHOM Cemapanuy 10 aHTHTe-
Ham SCA-1 (StemCell Technologies, CIIIA) u CD 117
(StemCell Technologies, CIIIA) (X. Munira et al., 2009).
Bce skcnepuMeHTBI, yXOn M COAEpkKaHHE OCYIECTBIs-
Jch B cooTBeTCcTBUH ¢ [JupexTuBoit Ne63 ot 22 ceHTs0ps
2010 roma I[Ipesunnyma u Ilapmamenta EBpomsl «O 3amu-
T€ JKUBOTHBIX, NCTIOIB3YEMBIX IS HAyYHBIX MCCIIEAOBA-
HUM» U npukazom MunzapaBa PO Ne267 or 19.06.2003
«O0 yTBepXIEHUM TPaBUJI JIAOOPATOPHOU IPAKTUKUY.
Brimonnenne uccnenoBaHuii 0100peHo JTOKaJbHBIM 3TH-
yeckuMm komutetom OI'BOY BO «VYpanbsckumii rocymap-
CTBEHHBIN MEMIIMHCKUI YHUBEPCUTET» MPOTOKON Ne§ ot
20.10.2017.

Kynsrusupoanue MMCK mnpoBoauiock B YCIOBH-
ax CO,-unky0Oaropa (Termo Scientific, CILIA) npu Tem-
neparype 37°C ¢ coaepkaHueM yIeKuciaoro raza 5% u
BIaXXHOCTBIO 90%. i1t TpaHciuianTanuu 1a00opaTopHbIM
KUBOTHBIM ObLTH ucnonb3oBanbl MMCK TpeThero mac-
caxa. Unentuduramms MMCK npoBonuiace UMMYHO-
LIUTOXUMHUYECKUM METOJOM C HCIIOJIb30BaHMEM Habopa
Mesenchymal Stem Cell Characterization Kit (Millipore,
CIIIA), comepskamero Mo3UTUBHBIE (AaHTHTENA K integrin
B1, CD 54, collagen type I u fibronectin) u HeraruBHBIE
Mmapkepsl (anturena k CD 14, CD 45). Usyuyenue (yHK-
LIMOHAJILHBIX CBOMCTB BBIJIEJICHHBIX KJIETOK OBIJIO TIPO-
BEJICHO TyTeM HampaBieHHOH nuddepeHIUpoBKH TOMY-

is able to accelerate the healing process of HSCs
and, accordingly, the process of restoration of tissue
regeneration [7, 8, 9]. In recent years, the ability of HSCs
to stimulate liver regeneration by fusion with hepatocytes
has been proven [10]. The presence in MMSCs of the
ability to generate immunosuppressive factors (IL 10,
TGFp) makes it possible to conduct allogeneic combined
transplantation of MMSCs and HSCs [11]. A promising
source for isolating these types of cells is the placenta. It is
known that the tissue of mature human placenta contains
an order of magnitude greater amount of HSCs than cord
blood and bone marrow [12]. Obtaining placental MMSC
and HSC is possible non-operatively. Given the biological
properties of MMSC and HSC, it seems promising to
study their effect on liver regeneration after its resection.

Materials and methods

The experiments were performed on 84 white laboratory
male mice aged 7-8 months, weighing 20-23 g. The
MMSC culture was isolated from the placenta chorion
of 5 laboratory animals of female mice 3-4 months old,
gestational age 18 days. The mononuclear fraction of the
cells was obtained by sequential mechanical and enzymatic
processing of placental tissue. HSCs were isolated by
positive immunomagnetic separation according to SCA-
1 antigens (StemCell Technologies, USA) and CD 117
(StemCell Technologies, USA) (X. Munira et al., 2009).
All experiments, care and maintenance were carried out
in accordance with Directive No. 63 of September 22,
2010 of the Presidium and the European Parliament “On
the protection of animals used for scientific research” and
Order of the Ministry of Health of the Russian Federation
No. 267 of 06.19.2003 “On the approval of laboratory
practice rules”.

The MMSC was cultivated under the conditions of a
CO2 incubator (Termo Scientific, USA) at a temperature of
37°C with a carbon dioxide content of 5% and a humidity
of 90%. MMSCs of the third passage were used for
transplantation to laboratory animals. MMSC identification
was carried out by immunocytochemical method using a
Mesenchymal Stem Cell Characterization Kit (Millipore,
USA) containing positive (antibodies to integrin f1, CD
54, collagen type I and fibronectin) and negative markers
(antibodies to CD 14, CD 45). The study of the functional
properties of the selected cells was carried out by directed
differentiation of the obtained culture in the directions
characteristic for MMSCs - in adipocytic and osteogenic.
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- was 80-93%. Cell viability was
determined using supravital staining with trypan blue
solution and before transplantation was 95 - 97%. MMSC
and HSC were injected intravenously into the animals
of the experimental group, respectively, at a dose of 4
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YEHHOW KyJNbTYpbl B HANpaBICHHSAX, XaPAKTEPHBIX IS
MMCK — B aiumonuTapHOM M OCTeOreHHOM. VmeHTu-
¢ukarnusa ['CK 6puta mpoBesieHa Ha MMPOTOYHOM ITUTOME-
Tpe Beckman Coulter Navios. B cycnien3nu TpaHCILIaHTH-
pyeMbIX KJIETOK olieHuBanoch cogepxkanue I'CK ¢ ummy-
Ho(eHnoTunom nonoxkutenabHbix no CD117, Sca-1 u otpu-
narenpHbIX 110 Lin- (CDA45, C3e, Ly-6G, M1/70, Ter-119).
Conepxanue KJIETOK Mocie MMMYHOMAarHUTHOHM cemnapa-
mun ¢ ummyHodenorurniom CD117+, Sca-1+, Lin- cocra-
Buiio 80-93%. XKu3HecnocoOHOCTE KIETOK Oblia ompee-
JIeHa C TIOMOINIBIO CYNPaBUTANBHON OKPACKH PacTBOPOM
TPUIIAHOBOTO CHHETO U MIEPEe TPaHCIUIaHTalueH COCTaBU-
na 95-97%. JKMBOTHBIM ONBITHOM T'PYyMNIIBI BHYTPHUBEHHO
seoamiich MMCK u I'CK cooTBETCTBEHHO B 103€ 4 MIIH
KIeTOK/KT 1 330 ThIC. KIETOK/KT, CyclieHAupOoBaHHbIe B 0,2
M 0,9% pactBopa NaCl. JKuBOTHBIM KOHTPOIBHOH TpyT-
el BBoauin 0,9% pacteop NaCl — 0,2 M1 BHYyTPUBEHHO.
BryTpuBeHHBIE BBEIEHUS OCYLIECTBIISINCH Yyepe3 1 gac
nocine cyOTOTaJbHOM pE3eKIMU OJHOKpPATHO. Pesexius
2/3 meveHu y 1a0OpaTOPHBIX MBIIIEH BBITOJHEHA 10 Me-
tomuke C. Mitchell u H. Willenbring [11]. MccnemoBanoch
iusiHue couetanHou Tpanciuiantanui MMCK u I'CK Ha
OMOXMMHUYECKHE TIOKa3aTeNn Mepudepruvaeckoil KpoBU U
MOpOMETPUUECKUE MOKA3aTEeNN TICYCHU B (PU3HOIOTHYE-
CKHUX YCJIOBHUSIX U TIOCTIE CyOTOTaIbHOM pe3ekuun Ha 1, 3,
7 cytku. M3 onbITa >KMBOTHBIX BBIBOAWIM JIE€KaUTalME
O[T JIETKUM d(DUPHBIM HAPKO30M.

W3roraBnmuBamu THCTONOTHYECKHE CPE3bl TIEYSHU
TOJNIIMHONU 3-5 MKM, OKpallMBajdd TeMaTOKCUINHOM-
s03uHOM. [l MopdoMeTpruecKoro aHajau3a JaHHBIX
HCIIOJIb30BAJIN  KOMITBIOTEPHYIO TpOTrpaMMy aHaju3a
n3obpaxkenuit (Biovision, Poccus). C 3T0i menpo mpo-
W3BOAWIIA MHUKPO(OTOCHEMKY CIyYalHBIX IOJEH 3pe-
HUS THCTOJIOTHYECKUX IIpenaparoB mH(PpPOBOH Kame-
poit OLYMPUS XC30 na 6a3e mukpockona OLYMPUS
BX51 (OLYMPUS, Snonus) npu ysenumduenun X100,
%200, x400, x600, x1000 (ne menee 10 moneit 3peHUs B
Ka)KJIOM TUCTOJIOTHYIECKOM Cpe3e).

[IpomsBonmiace  OlleHKa ClEAyIOIUX  Mopdome-
TPUUYECKHUX T[IOKa3aTeliell IIeYeHU: KOJMYECTBO Tera-
TOIMTOB Ha | MM?, IJIOIIagh TENaTOLMTOB, IUIOLIAIb
sipa TENarolWTa, IUIONA/b IUTOIIa3Mbl TelaToIH-
Ta = IUIOILAAb TeNaTOUUTa — IIOLIaab Apa IrernaToluTa,
simepHO-IUTOIUIa3Matnyeckuit uaaeke (SLN), komuue-
CTBO JIBYSIICPHBIX T'€MATOIMTOB HA 1 MM?, MUTOTHYECKHIA
nanekc (MU), anonroruueckuit uamexc (AUW). SnepHo-
nurorutazMarndecknii mHaeke (SILM) ompenensin, kak
OTHOIIICHUE sIIpa W IUTOIIa3Mbl KIETKH. MuTOTHYE-
CKHH, allONTOTUYECKUI WHAEKCHI, BBIPAXKaJl B IIPOMUILIE
(%0). MUTOTHYECKUN MHIIEKC OMpPEAeIsICs KaK OTHOIIE-
HHUE YHCciia KJIETOK B COCTOSHUU MUTO3a K OOIIEMY YHCITY
MTOJICYNTAHHBIX TeTaTONTOB. Bepudukanus BepaXxeHHO-
CTH aronTo3a OCYMIECTBISIIACH C UCIOIB30BAHUEM METO-
na ApopTag® Peroxidase In Situ Oligo Ligation (ISOL)
(Millipore, CILIA). AmonToTn4eckuii HHACKC OTpeIesisii-
sl KaK OTHOIIEHHE YUCIIa KJIETOK B COCTOSTHUM aronTo3a K
00IIIeMy YHCITY TIOJICYUTAHHBIX TEMaTOIUTOB.

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 [11]. The
effect of combined transplantation of MMSCs and HSCs
on the biochemical parameters of peripheral blood and
morphometric parameters of the liver under physiological
conditions and after subtotal resection on days 1, 3, 7 was
studied. From the experience of the animals was removed
by decapitation under mild ether anesthesia.

Histological sections of the liver with a thickness of
3-5 um were made, stained with hematoxylin-eosin. For
morphometric data analysis, a computer image analysis
program (Biovision, Russia) was used. For this purpose,
micrographs were taken of random fields of view of
histological preparations with an OLYMPUS XC30
digital camera based on an OLYMPUS BX51 microscope
(OLYMPUS, Japan) at a magnification of %100, %200,
%400, x600, x1000 (at least 10 fields of view in each
histological section )

The following morphometric indicators of the liver
were evaluated: hepatocyte number per | mm?, hepatocyte
area, hepatocyte core area, hepatocyte cytoplasm area =
hepatocyte area - hepatocyte core area, nuclear cytoplasmic
index (NRC), number of binuclear hepatocytes per 1 mm?,
mitotic index (MI ), apoptotic index (AI). 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.
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
(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).

Research results
When analyzing biochemical parameters of peripheral
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Onenka OMOXMMHUYECKUX MTOKa3aTeel nepudepuaeckon
KpOBHU IMPOU3BOANIIACH HAa aBTOMATUYCCKOM 61/IOXI/IMI/I'-IC-
ckoM ¥ uMMyHo(depmentHoM aHanuzarope Chem Well
2910 (Combi). M3yuanuce ciemyronue ONMOXUMUYCCKHEC
ToKa3aTesu: oot Oenok (OmypeToBast peaxius), arb0y-
MUH (KOJTOPUMETPHUECKUI METO/T ¢ OPOMKPE30JIOBBIM 3¢-
JICHBIM), MOYEBHHA (ypea30-CalUIMIAT-TUIIOXJIOPUTHBIH
MeTOJl, peakiusi beptnora), rimoko3a (peakuus Tpunme-
pa), obmmit 6ummpyoun (Meron Menmpameka-I'poda),
acnapraramMmuHoTpancdepasa (ACT), araHmHAMHHOTPAHC-
tbepaza (AJIT), memnounas ¢ocdaraza (ILD). [Ipu ompe-
JICJICHUU OMOXMMUYECKUX TOKa3aresieil UCIOb30BajlCh
HaOopb! komnanuu «OnbBekc Jlnarnoctukym», Poccust.

JlocToBepHOCTh OTIMYMI B CPaBHHUBAEMBIX BBIOOpKaxX
MpoBeJIeHa C IPUMEHEHHEM HelapaMeTPHUYECKOro (paHro-
Boro) Meroma Manna-Yutau. Craructudeckas oOpadboT-
Ka JJAaHHBIX [TPOBE/ICHA C TIOMOIIBIO MPOrPAMMHOTO MaKeTa
SPSS Statistics (Bepcus 17,0).

Pe3yabTarhl ucciie10BaHuA

Ilpu amanm3e OMOXMMHYCCKHUX ITOKa3aTenei mepude-
pUYIECKO KPOBU B MOP(OMETPHUECKUX TTOKA3aTeIeH Te-
YeHH Y JIaDOPATOPHBIX KUBOTHBIX 0€3 PE3EKIUHU TCUCHH
Ha 1, 3, 7 cyTtku nocne coueranHoro BBeAaeHuss MMCK u
I'CK nocTtoBepHBIX pa3innyuii ¢ KOHTPOIBHOM rPyNIoi He
00OHapYKEHO.

IIpy m3ydeHNM OMOXMMHYECKUX TOKa3aTeyel mepude-
pUYecKoil KpoBu U MOP(HOMETPUIECKHX ITOKa3aTelnel me-
YeHH Ha | CyTKH IOCIie pe3eKInU IeYeHN Ha QoHe coye-
tanHo# TpancianTaiuu MMCK u I'CK otnuuuit oT nau-
HBIX KOHTPOJILHOW TPYIIIBI, TAKKE Kak B (pu3ronoruye-
CKHX YCIIOBUSX, HE BBISBIICHO.

Ha 3 cyTku mociie pe3ekiuu nedeHy Ha (hoHe BBEICHUS
mraneHTapabix MMCK u I'CK y mabopaTopHBIX KHBOT-
HBIX BBEISBICHO cHIbkeHHe mokaszareneii ACT nHa 23,7%,
AJIT na 24,0%, menounoi docdaraser Ha 22,3% (Tab-
nuna 1).

Tabnuua 1

Buoxmmmuyeckme nokKasatenm KpoBW N1abopaTOpHbIX Mbl-
Wen Ha 3 CyTKM nocne cybToTasNibHOM pe3eKuMn neveHu
Ha poHe BBegeHMa MMCK u ICK, Mtm, n=7

Mokasatenwu 3HayeHue

NaCl MMCK+ICK
06wt 6enok, r/n 50,03+4,82 * 54,1+4,83 *
AnbbymuH, r/n 19,80+2,51 * 21,71+1,79 *
MoyeBuHa, MMOJb/N 4,37+0,33 * 4,54+0,69 *
[NtO0KO3a, MMOAb/N 3,66+0,29 * 3,71+0,36 *
Obwmit BunnMpybumH, 21,9945,47 * 19,84+1,85 *
MKMOAb/N
ACT, Ea/n 209,53+13,85 * 159,83+15,8 * **
ANT, Ea/n 155,24+9,38 * 117,94+10,95 * **

LLen. docdaTasa, Ea/n 106,67+10,45 * | 82,90+11,34 * **
MpumeyaHue: * — oTANYME OT MHTAKTHOW rPynMnbl 3pesiblxX
NabopaTopHbIX KMBOTHbIX, AOCTOBEPHO C p<0,05; ** —
OT/INYME OT KOHTPO/IbHOM FPYMMbl 3pesiblX 1ab0PaTOPHbIX
*KMBOTHbIX, AOCTOBEPHO C p<0,05.

blood and morphometric parameters of the liver in
laboratory animals without liver resection on days 1, 3, 7
after the combined administration of MMSC and HSC, no
significant differences were found with the control group.

When studying biochemical parameters of peripheral
blood and morphometric parameters of the liver on the
Ist day after liver resection against the background of
combined transplantation of MMSC and HSC, there were
no differences from the control group data as well as under
physiological conditions.

On the 3rd day after liver resection against the
background of the introduction of placental MMSC and
HSC, laboratory animals showed a decrease in AST by
23.7%, ALT by 24.0%, alkaline phosphatase by 22.3%
(table 1).

Table 1

Biochemical blood parameters of laboratory mice on
the 3rd day after subtotal resection of the liver on the
background of the introduction of MMSC and HSC, Mtm,
n=7

Parameters Value

NacCl MMSC+ HSC
Total protein, g/ | 50.03+4.82 * 54.1+4.83 *
Albumin, g/ | 19.80+2.51 * 21.71+1.79 *
Urea, mmol /| 4.37+0.33 * 4.54+0.69 *
Glucose, mmol /| 3.66+0.29 * 3.71+0.36 *
Total bilirubin, umol / | 21.99+5.47 * 19.84+1.85 *
AST, U/I 209.53+13.85 * | 159.83+15.8 * **
ALT, U/ 155.2449.38 * 117.94410.95 * **
alkaline phosphatase U/I 106.67+£10.45 * 82.90+11.34 * **

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

By analyzing the biochemical parameters of the
peripheral blood of laboratory animals on the 7th day
after liver resection, an increase in total protein, albumin,
urea, and an increase in glucose were noted against the
background of the administration of MMSC and HSC.
There was also a decrease in the level of enzymes: AST,
ALT, alkaline phosphatase to the values of intact animals
(table 2).

When studying morphometric parameters of the liver
on the 3™ day after liver resection in animals that were
injected with MMSC and HSC, an increase in the area of
the hepatocyte nucleus by 25, 1%, an increase in Nuclear-
cytoplasmic ratio by 20.0%, an increase in the number
of binuclear cells by 24.2% was found. Also revealed a
decrease in the apoptotic index by 25.5% (table 3).

When analyzing morphometric parameters on the 7th
day after liver resection against the background of the
administration of MMSC and HSC, the experimental
group showed an increase in the number of hepatocytes by
21.5%, an increase in the area of the nucleus of hepatocytes
by 20.9%, an increase in Nuclear-cytoplasmic ratio by
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Ananuzupys OHOXUMHUUYECKUE TIOKa3aTeIn nepudepude-
CKOH KpOBH J1a0OPAaTOPHBIX KUBOTHBIX Ha 7 CYTKH TOCIE
pesekuuu nieueHu Ha (oue BBeneHuss MMCK u I'CK or-
MEUCHO IOBHIICHHUE 00IIero 0enKka, arp,0yMIHa, MOYCBH-
HBI, TIOBBILICHUE YPOBHSI IVIFOKO3bl. TakKe OTMEYEHO CHU-
xenue ypoBHs ¢epmentoB: ACT, AJIT, menounoii ¢oc-
(baraspl 1O 3HAYCHUH MHTAKTHBIX KUBOTHBIX (TabaHLa 2).

Tabnnua 2

Buoxmmunueckme nokasaTennm KpoBW 3penbix nabopatop-
HbIX MblLLIEN Ha 7 CyTKM Nocne pe3ekuum neyeHn Ha poHe
BeegeHna MMCK u ICK, Mtm, n=7

Mokasatenu 3HayeHue
NacCl MMCK+ICK
O6wumit 6enok 44,27+3,62 * 54,1043,69 * **
AnbbyMUH 20,59+1,90 * 25,03+3,74 * **
MoyeBuHa 4,57+0,46 * 5,77+0,48 **
[niokosa 4,3040,29 * 5,20+0,34 * **
06wt bunmpybuH 15,41+2,76 * 14,06+1,28 *
ACT 153,86+16,96 * 111,94+12,04 **
ANT 137,10+16,29 * 96,2419,21 **
Len. pocdaTasa 83,11+£5,93 * 65,59+3,73 **

MprmeyaHue: * OTAMUME OT MHTAKTHOM TPYMMbl 3pesbix
NabopaTopHbIX XKMBOTHbIX, AOCTOBEPHO € p<0,05; ** oT-
NIMYMEe OT KOHTPOJ/IbHOM rpynnbl 3penbix NabopaTopHbIX
*KMBOTHbIX, AOCTOBEPHO C p<0,05.

IIpu n3ydernn MmophoMeTprIeCKUX IMoKa3aresei mede-
HU Ha 3 CYTKH ITOCJIe PE3EKIINU ITEYeHN Y KUBOTHBIX, KO-
topsiM BBoaMI MMCK u I'CK, obnapyxeHo yBenmuue-
HUE MJIOIIAIU sIIpa renarouToB Ha 25, 1%, moBbIeHne
AN nva 20,0%, NOBBIIIEHHE KOJIWYECTBA IBYSAEPHBIX
kieTok Ha 24,2%. Taxoke BBISABICHO CHIDKEHUE allONTOTH-
YecKoro uHjeKkca Ha 25,5% (tabnwma 3).

Tabnuua 3

MopdomeTpuyeckme nokasaTenn nedvyeHun 3penbix nabo-
PaTOPHbIX MblLLEl Ha 3 CYTKM Noc/e Pe3eKLunmn neyeHm Ha
¢oHe BBeaeHna MMCK u I'CK, Mtm, n=7

28.43%, an increase in the number of binuclear cells by
22.3%. An increase in the mitotic index by 27.2% and a
decrease in the apoptotic index by 26.6% were also noted
(table 4).

Table 2

Blood biochemical parameters of mature laboratory mice
on the 7th day after liver resection against the background
of the introduction of MMSC and HSC, Mtm, n=7

Parameters Value

NacCl MMSC+ HSC
Total protein, g/ | 44.27+3.62 * 54,10+3.69 * **
Albumin, g/ | 20.59+1.90 * 25.03+3.74 * **
Urea, mmol /| 4.57+0.46 * 5.77+0.48 **
Glucose, mmol /| 4.30+0.29 * 5.20+0.34 * **
Total bilirubin, umol / | 15.41+2.76 * 14.06+1.28 *
AST, U/I 153.86+16.96 * 111.94+12.04 **
ALT, U/ 137.10£16.29 * 96.24+9.21 **
alkaline phosphatase U/I 83.11+5.93 * 65.59+3.73 **

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

Table 3

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

Parameters

Value

NaCl
2489.91+66.89 *

MMSC+ HSC
2557.0£77.71 *

Number of hepatocytes
per 1 mm?

Hepatocyte area, um?
The area of nucleus of
hepatocytes, um?

The area of the cytoplasm
of hepatocytes, um?
Nuclear-cytoplasmic ratio
Number of binuclear

331.81+24.02 *
67.13+7.01 *

338.0£20.57 *
84.0+8.29 * **

243.64+19.25 254.0+£12.29

0.27+0.01*
380.97+10.15 *

0.33+0.02 * **
473.14423.55 * **

Ha 1 mm?

MNokasaTtenn 3HavyeHune hepatocytes per mm?
NaCl MMCK+ICK Mitotic index, %o 8.1+0.60 * 8.240.49 *
KonunyecTso renatounTos 2489,91+66,89 * 2557,0£77,71 * Apoptotic index, %o 2.13+0.20* 1.59+0.13* **

Mnowaab renaToLUUTOB, 331,81+24,02 * 338,0+20,57 *

MKM?

Mnowaab agpa renatoun- 67,13+7,01 * 84,048,29 * **

TOB, MKM?

Mnowaab uMTONNA3MbI re-
naToLUUTOB, MKM?

243,64+19,25 254,0+12,29

AUn 0,27+0,01* 0,33+0,02 * **

380,97+10,15 * 473,14+23,55

*, ¥ %

KonnuecTBo AByAfepHbIX
renatouuTos Ha Mm?

MW, %o 8,1+0,60 * 8,2+0,49 *

AW, %o 2,13+0,20* 1,59+0,13* **

MpumeyaHue: * oTAnUYME OT UHTAKTHOM NoArpynmnbl 3pe-
NblIX NabopPaTOPHbIX KMBOTHbIX, AOCTOBEPHO € p<0,05; **
OT/INYME OT KOHTPO/IbHOM NOATrPYNMbl 3penblx 1abopaTop-
HbIX YXMBOTHbIX, focToBEpHO ¢ p<0,05.

Note: * — difference from the intact subgroup of mature
laboratory animals, significantly with p<0.05; **
difference from the control subgroup of mature laboratory
animals, significantly with p<0.05.
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[lpu anammze mopdoMeTpuuecKux Mokazatenei Ha 7
CYTKH I1OCJIE pe3eKIuu neueHu Ha Gpoue BeeaeHuss MMCK
u ['CK B onpITHOI TpyIINIE OTMEYEHO MOBBILIICHUE KOIHYe-
cTBa rernartonnuToB Ha 21,5 %, MOBEIICHHUE TIOMATH SApa
renatouuToB Ha 20,9 %, Bo3pactanue AU Ha 28,43 %,
YBEIMUYEHNE KOJMUYECTBA JBYXAIEPHBIX KIETOK Ha 22,3 %.
Tax:xe 0OTMEUEeHO yBeJIMYEHHE MUTOTHYECKOTO HH/IEKCa Ha
27,2 % w1 CHI)KEHHUE alloNTOTHYEeCKOro nHaekca Ha 26,6 %
(Tabmuma 4).

Tabnuua 4

MopdomeTpryeckme nokasatenu nedeHun 3penbix nabo-
PaTOPHbIX MbiLLEN Ha 7 CYyTKU NOCNEe pe3eKUum NneYeHn Ha
¢doHe BBeaeHna MMCK n ICK, Mtm, n=7

Moka3zaTenu 3HayeHune

NaCl MMCK+ICK

KonunuyecTso renatoumntos 1918,29+82,04 * | 2330,14+112,98*
Ha 1 mm? *x

Mnowaab renaToLumTos,
MKM?

286,41+22,44 289+23,63

Mnowaapb Aapa renatoym- 63,3945,12 * 78,07+6,32% **

TOB, MKM?

MNnowaab uMTONNa3mbl re-
naToLMTOB, MKM?

223,03+17,97 211,36+17,52

Aln 0,29+0,02 * 0,37+0,01%* **

KonunuecTtso aByxsaepHbIX 320,77+10,64 * | 392,43+£20,94% **

renaTtoumnToB Ha Mm?

MW, %o 4,51+0,47 * 5,74+0,49% **

AW, %o 1,25+0,09* 0,92+0,09* **

MpumeyaHue: * — oTIMUME OT MHTAKTHOM Moarpynmnbl
3penbix 1abopPaTOPHbIX }KUBOTHbIX, 4OCTOBEPHO ¢ p<0,05;
** — OTAMYME OT KOHTPOIbHOM NOArPYNMbI 3penbix Nabo-
PaTOPHbIX XMBOTHbIX, AOCTOBEPHO € P<0,05.

3akiouenue

IIpoBenenHble HccaeI0BaHNs CBUAETENBCTBYIOT O TOM,
YTO COUeTaHHas TpaHCIUIaHTanus rmaneHTapasx MMCK
u I'CK crmocoOHa akTHBHPOBATh PereHepaItiio IMeueHH I1o-
clie ee CyOTOTalTbHOW pe3eKIny. BBeieHne qaHHbIX BUIOB
KJIETOK 00eCIIeYrBaeT BOCCTAHOBIIEHUE OCJIOKCHHTETHYE-
CKOM (D)YHKIIMU TICYCHH, HOPMAJIU3alusl TIoKaszarenen dep-
MEHTOB IHMTONU3a. VI3MEHEHUs CO CTOPOHBI CTPYKTYPHI
[IEYEHN B OTBET HA COYETAHHYIO TPAHCIUIAHTALMIO KJle-
TOK BBIPA)KAIOTCS B aKTHBAIIUH MEXaHU3MOB KJIETOYHOH H
BHYTPHUKIIETOYHON pereHepanny, CHUKEHUHU BBIPaKEHHO-
CTH amonTo3a. YMEHbLICHUE 3apOrpaMMUPOBAHHON KJle-
TOYHOHM TMOENH TenaTrolruTOB MOKHO OOBSICHUTH CHOCO0-
HocThio MMCK HHIyIMpoBaTh B HUX BBIPAOOTKY OEIIKOB
TEIUIOBOTO MIOKA IyTeM (HhOPMHUPOBAHHS MEKKIETOTHBIX
KOHTaKTOB. belku TerioBoro moka, B CBOI0 04epeb, I10-
BBIIIAIOT YCTOHYMBOCTH CTPYKTYPHBIX M (PYHKIIMOHAIb-
HBIX OENKOB OT pazpymenus. ObecreunBas TakuM oOpa-
30M YCTOMYMBOCTH (PEPMEHTOB perapanuu, JOCTUTACTCS
AHTHAIIONTOTeHHBINA A((EKT. AKTUBAIIUS BHYTPUKIICTOY-
HOHM pereHepanuu MOKEeT OBITH OOyCIIOBJICHA CIUSHUEM
MMCK u I'CK ¢ renarormmramu. Ciocobnocth MMCK
K BbIpaboTke (aktopoB pocra (SCF, HGF) obecnieunBaer
AKTHBAIMIO KIIETOYHOH pereHepanuu.

Table 4

Morphometric parameters of the liver of mature
laboratory mice on the 7th day after liver resection
against the background of the introduction of MMSC and
HSC, M+m, n=7

Parameters

Value

NaCl MMSC+ HSC

Number of hepatocytes 1918.29+82.04 * | 2330.14+112.98*
per 1 mm? *x
Hepatocyte area, um? 286.41+22.44 289+23.63
The area of nucleus of 63.3945.12 * 78.0716.32* **
hepatocytes, pm?

The area of the cytoplasm
of hepatocytes, um?
Nuclear-cytoplasmic ratio
Number of binuclear
hepatocytes per mm?
Mitotic index, %o 4.51+0.47 * 5.74+0.49%* **
Apoptotic index, %o 1.25+0.09* 0.92+0.09* **
Note: * — difference from the intact subgroup of mature
laboratory animals, significantly with p<0.05; ** —
difference from the control subgroup of mature laboratory
animals, significantly with p<0.05.

223.03+17.97 211.36+17.52

0.37+0.01* **
392.43+£20.94%* **

0.29+0.02 *
320.77+10.64 *

Conclusion

Studies have shown that the combined transplantation
of placental MMSCs and HSCs is able to activate liver
regeneration after its subtotal resection. The introduction
of these types of cells ensures the restoration of protein
synthesis of the liver, normalization of cytolysis
enzyme parameters. Changes in the structure of the
liver in response to combined cell transplantation are
expressed in the activation of mechanisms of cellular
and intracellular regeneration, a decrease in the severity
of apoptosis. The decrease in the programmed cell death
of hepatocytes can be explained by the ability of MMSCs
to induce the production of heat shock proteins in them
by forming intercellular contacts. Heat shock proteins,
in turn, increase the stability of structural and functional
proteins from destruction. Thus ensuring the stability of
repair enzymes, an anti-apoptogenic effect is achieved.
Activation of intracellular regeneration may be due to
the fusion of MMSCs and HSCs with hepatocytes. The
ability of MMSCs to produce growth factors (SCF, HGF)
provides activation of cell regeneration.
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