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Pestome. I]ens pabompr — olicHKA UCIIOJIB30BAHUS KIle-
TOYHBIX TEXHOJOTUU IJI1 aKTUBAIMU PEreHEpaluu meve-
HU B (PU3UOJOTHYCCKHUX YCIOBUSX M B YCIOBHSIX €€ IO-
BPCIKICHUS.

Mamepuanvt u memoodwvl. VIcnonp30BaHbl paziuyHbIC
IKCIIEPUMEHTAIbHBIE MOJIEIH, 3aKITIOYAIOIIecs B TPaHC-
IDUTAHTAllMd MHTAKTHBIM JKMBOTHBIM H YKHBOTHBIM ITOCIE
YaCTHYHOMW renaTdKTOMUU TUMUYECKUX KICTOK HITU MYJTh-
TUTIOTEHTHBIX ME3CHXUMAJbHBIX CTPOMAJBHBIX KJIETOK
(MMCK). Pereneparuio neueHu OleHUBaIN 110 MOp(oII0-
THYECKUM 1 OnoxuMudeckum nokazareasiv. MMCK 0butm
BBIJIETICHBI U3 XOpHOHA TUTaneHTh! 10 J1abopaTopHBIX KU-
BOTHBIX MBIIIEH-CaMOK Bo3pacTa 3—4 Mecsiia, Maccoi 22-
25 1, cpok recrauuu 14 gueil. Kynsrusnposanue MMCK
npoBoausIoch B ycaosusax CO,-uHKyOaTopa npu Temnepa-
Type 37°C ¢ copeprkaHneM YIJIeKHCIIOro ra3a 5% u Biax-
HoCcThIO 90%. [Ins TpaHcmmaHTanuy 1abopaTOpHBIM KH-
BOTHBIM OBLTH HcTONh30BaHEl MMCK TpeThero maccaxa
B J103¢ 4 MIJTH. KIETOK/KT. Pe3yismamot. TpaHCTIIaHTAIHS
TUMHUYECKUX KJIETOK JOHOPOB MOCIEC YACTUUHON PE3EKIINU
TIEYCHU UHTAKTHBIM PELUIUEHTAM BhI3bIBAJIa YBEITUUCHHE
Yyucna ABYSAJEpHbIX renatouutoB U coxepxanus JJHK B
Hux. [leduur xene3a MpUBOIMII K CHIKEHHIO 3TOH CIIO-
cobroctu T-mumdonwmros. Tpaucmianramus MMCK na-
0OpaTOpPHBIM KUBOTHBIM ITOCIIE TEMATIKTOMUU MPHUBENA K
MOBBIIICHUIO MUTOTHYECKOTO WHJEKCA, YBEIUUCHHUIO KO-
JINYECTBA JIBYSJIEPHBIX TEMaTOIIUTOB, a TAKXKE K MOBBIIIE-
HUIO TUIOIIAJIH sI/Ipa IeraTolrTOB, YTO MPUBEIIO K BO3pac-
TaHUIO A/IEPHO-IIUTOIIIA3MATHIECKOTO HHIeKca. Taroke Ha
(one BBenenns MMCK y kpbIc ¢ pe3eKiueil meueHu oT-
MEYEHO CHWKCHHE aKTHUBHOCTU (EPMEHTOB, XapaKTepH-
3YIOIIMX IUTONU3 KJIETOK. 3aKjaiouenue. YCTaHOBIEHO,
yt0 uMpouanbie kietkn 1 MMCK criocoOHBI cTUMYITH-
pOBaTh pernapaTuBHBIE MPOIECCH B TedeHn. OOHapyKeHO
YCHIJIEHHUE KIIETOYHOH pereHeparui (OBBIIIEHNE MUTOTH-
YeCKOW aKTHBHOCTH) M BHYTPHUKJIIETOUHOW (yBeIHUYCHHE

Abstract. The aim of the work is to assess the possible
use of cell technology activating liver regeneration from
physiological conditions and after injury.

Materials and methods. Various experimental models
were used for transplantation of thymic cells or multipotent
mesenchymal stromal cells (MSCs) to intact animals and
animals after a partial hepatectomy. Liver regeneration
was evaluated by morphological and biochemical
parameters. MSCs were isolated from placenta chorion of
10 laboratory female mice aged 3-4 months, weighing 22-
25 g, gestation period of 14 days. MSCs were grown in
a standard cell culture incubator conditions — 37°C, 5%
CO,, with carbon dioxide content of 5% and humidity of
90%. For transplantation to laboratory animals MSCs of
passage 3 at a dose of 4 million cells/kg were used.

Results. Transplantation of donor thymic cells after
partial liver resection to intact recipients caused an
increase in the number of binuclear hepatocytes and in
DNA content in these hepatocytes. Iron deficiency led to a
decrease in this ability of T-lymphocytes.

Transplantation of MSCs to laboratory animals after
hepatectomy led to an increase in the mitotic index, the
number of binuclear hepatocytes, and the hepatocyte
nuclear area. All these factors led to an increase of the
nuclear-cytoplasmic ratio. After infusion of MSCs to rats
with liver resection, the activity of the cytolitic enzymes
that induce cell death decreased.

Conclusion. The study revealed that lymphoid cells and
MSCs are able to stimulate reparative processes in the
liver. Increased cellular (mitotic activity) and intracellular
(greater number of binuclear hepatocytes) regeneration
were revealed, normalization of biochemical parameters
after liver resection were discovered.
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OnHUM M3 HalpaBJICHUH HAay4YHBIX HCCIIENOBAaHUH MPod.
A.Il. ScrpeboBa Obuta auMpOHIHAS PErYNSIUS penapa-
THUBHOTO MOTeHIHana Tkand. OHO 6a3upoBaOCh Ha OTKPbI-
TOH paHee Y MIMMYHOKOMIICTEHTHBIX KJIETOK, IIPEXKIE BCe-
ro — T-mamdponmToB, MopdoreneTrnyeckoit ¢pyHkimn [1].
Omna 3akmodaercsi B CIIOCOOHOCTH JUM(OUIHBIX KIIETOK
«TPaHCIIOPTUPOBATEY PETCHEPATOPHYI0 HHPOPMALUIO B
YCIIOBHUSX aIONTUBHOTO nepeHoca. Bunmanue A Il Slctpe-
00Ba ¥ €ro yYeHHKOB OBLIO COCPENOTOUEHO Ha Pa3IMIHbBIX
ACIIEKTaX y4acTUsl THMHUYECKHX KJICTOK B PEreHepaIlly TKa-
Heil [2, 3]. Panee ObuM TIOTyYeHBI JaHHBIE O CIIOCOOHOCTH
T-nmuMQonHTOB TPaHCTIOPTUPOBATH «PETCHEPATOPHBIN CTH-
MyI». OT1a ocoberHocTh T-muMGOUUTOB Takke Oblia 00-
Hapy)keHa U Tpy MoBpexaeHuu neueHu [1]. B Toxxe Bpems
paHee OBIJIO YCTAHOBJICHO, UTO «OKeNe30/1e(hUIIUTHBIE» TH-
MHUECKHE KJIETKH YTPAUUBAIOT «IPUTPOHOITUUECKYIO) aK-
THUBHOCTb, HO CIIOCOOHOCTbH K peann3aluu MophoreHeTu-
YecKoM (DYHKLMH IPY NATOJIOTHU TIEYeHH TPeOyeT yTOUHe-
Hus. B mocnennue roasl mop pykoBoactBoM AL fActpe-
00Ba MPOBOJVIIMCH MUCCIIEIOBAHUS 110 M3YUYEHHIO BO3MOXK-
HOCTH MCIOJIb30BAaHMS Pa3/IMUHbIX BUIOB CTBOJIOBBIX Kile-
TOK JUISl aKTHBAaLlMM PEreHepalMy TKaHEH B YCIOBUSX HX
noBpexaeHus. OIHUM U3 BUJIOB TaKHX KIJICTOK SIBJISIOTCS
MYJIBTUIIOTEHTHBIE ME3€HXUMAaJIbHbIE CTPOMAJbHbIE KIIET-
ku (MMCK). MMCK o06naiaror criocoOHOCTBIO CHHTE3H-
poBarh (hakTop pocTa CTBOJIIOBOI KIIETKH, KOTOPBIN uepes
YBEIMYECHUE KOJINYECTBA 3BE3M4aThIX KJIETOK medeHu Mro
o0ecreynBaeT yBEJIMUCHUE KOJIMYECTBA I'€NaTOLHUTOB, BbI-
pabarbIBaTh NPOTHUBOBOCHAIUTENbHBIE INTOKHHBI (MJI-10,
TpaHcopmupyrommii pakrop pocra — ) [4, 5]. [lpunu-
Masi BO BHUMaHUs Ouosormueckue cpoiictea MMCK, mipe-
CTaBJISIETCS TIEPCIIEKTUBHBIM M3yY€HHE BOZMOKHOCTEH aK-
TUBAaLM{ pEreHepaluyl IEYEHH I0CIE €€ IMOBPEKACHUS C
HCIIOJIb30BAHUEM JITAHHOTO BU/IA KIIETOK.

Hacrosmee ncciaenoBanue MOCBSIIEHO I0OMIICIO Halle-
ro Yuurens — npodeccopa A.Il. Scrpedosa u siBisieT-
cs mponoypkeHueM ero uaei. Lleabio nanHoii padoTsl sB-
JISIeTCs OLIEHKAa MCIOJIb30BaHMS KIIETOYHBIX TEXHOJIOTUH
JUIsl aKTUBALMU PETeHEPALUH IIeYeHU B (PH3HOJIOTHUECKUX
YCIIOBHUSIX U B YCJIOBHSIX €€ TOBPEXKICHHUS.

One of the areas of scientific interest and research
work conducted by Prof. A.P. Yastrebov was lymphoid
regulation of tissue reparative potential. It was based on
the morphogenetic function, which was earlier discovered
in immunocompetent cells, primarily T-lymphocytes
[1]. It lies in the ability of lymphoid cells to transfer the
regeneration information in conditions of adoptive cell
transfer. The attention of A.P. Yastrebov and his students
was focused on various aspects of thymic cell involvement
in tissue regeneration [2, 3]. Previously, data were obtained
on the ability of T-lymphocytes to transfer “regenerative
stimulus”. This peculiarity of T-lymphocytes was also
detected in cases of liver injury [1]. At the same time, it
was previously established that “iron deficient” thymic
cells lose their “erythropoietic” activity. However, their
ability to realize morphogenetic function in cases of liver
pathology requires additional study. In recent years, Prof.
A.P. Yastrebov headed extensive research works related
to the possible use of different types of stem cells for
activation of tissue regeneration after injury or insult. One
type of such cells was multipotent mesenchymal stromal
cells (MSCs). MSCs have an ability to synthesize stem cell
growth factor, which, through an increase in the number
of hepatic stellate cells (Ito cells), provides an increase
in the number of hepatocytes. Besides, MSCs produce
anti-inflammatory cytokines (IL-10, transforming growth
factor B) [4, 5]. Taking into account the MSCs’ biological
properties, studying the possible use of this type of cells
for activating the injured liver regeneration seems to be
very promising.

This paper is dedicated to the jubilee of our Teacher —
Professor A.P. Yastrebov and is a continuation of his ideas.
The aim of this work is to assess the use of cell technology
for activation of liver regeneration under physiological
conditions and after injury.

Materials and methods

The effect of thymic cell and MSC administration
on liver regeneration of intact and hepatectomized
recipients was evaluated. Laboratory animals were kept in
standard vivarium conditions and all manipulations were
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MatepuaJjbl 1 MEeTOAbI

B pabote oneHmnn BIMSHUE BBEACHHUS THUMHYECKHX
kietok ¥ MMCK Ha pereHepaiyio nmeueHu MHTAKTHBIX
U TenaTdKTOMHPOBAHHBIX PELUNHMEHTOB. JlaboparopHbIX
JKUBOTHBIX COZIEP>Kalll B CTAHJAPTHBIX YCJIOBHUSAX BUBa-
pUs ¥ BCe MAHMIYJSLUHM MPOBOIMIM B COOTBETCTBUU C
Hupextusoii Ne63 ot 22 centsdps 2010 roma Ipesunu-
yma u [lapmamenta EBpomnsr «O 3ammTe >KUBOTHBIX, HC-
MOJIb3YEMBIX JUIsl HayYHBIX HCCIECJOBAaHUI» M NPHUKA30M
Munzapasa PO Ne267 ot 19.06.2003 «O6 yTBepKaeHUH
MpaBuI JIAOOPaTOpHOU MPaKTUKW». BrImonHeHune nccie-
JOBaHHWH O00OPEHO JIOKAJIBHBIM STHYECKUM KOMHTETOM
OI'bOY BO «Ypanbckuil rocyqapCTBEHHBINH METUITHH-
ckuii yHEBepcuTe mpoTokon Ne§ ot 20.10.2017. Pesek-
must 70% neuenn BeimosiHeHa o Meroxuke C. Mitchell,
H. Willenbring [6] B ycnOBHSX MHTAJSILIMOHHOTO HApKO3a
(opanom. 13 onbiTa >KUBOTHBIX BHIBOAMIIH ACKATUTAL[CH
O/ JIETKUM d(QUPHBIM HAPKO30M.

B nepBoii cepun SKCIEPUMEHTOB U3y4yaau BIUSHUE TH-
MOLIMTOB Ha PETCHEpALMIo IEYEHH IpU Kene3onedu-
uutHoW anemuu (JK/IA). DkcriepuMeHT BBITIONHEH Ha 48
KpbICcax-camuax JUHUU Bucrap (muroMHuK «PanmonoBoy
PAH) maccoit 180-200 r. /lu3aiiH TaHHOTO SKCHIECPUMEH-
Ta 3aKJII0Yajcs B TOM, YTO MHTAKTHBIM KpbICaM BBOJMIH
TUMOIIUTHI OT CHHI'€HHBIX JOHOPOB, KOTOPBIE OBLIN TIPEe-
CTaBJICHbl HHTAKTHBIMU >KHBOTHBIMH, KPBICAMHU IIOCTIE Ya-
ctuuHoi rernardkTomun (UI'D), skuBotHbIME ¢ JXKJ[A m0-
cie YI'D. TUMOLUTBI BBIIEISUTN POIYyCKaHUEM Yepe3 Ka-
MIPOHOBBIN (PHUIBTP MEXaHUUECKU N3MENTBICHHOTO TUMYCA.

KJIA MonenupoBanu MyTeM MOBTOPHBIX KPOBOIyCKa-
HUH, BBEJICHUS JKEJIE30CBA3BIBAIOLIETO KOMIICKCOHA JIeC-
(epan u conepkaHUEeM KUBOTHBIX Ha OOCTHEHHON XKeJe-
30M JHETe.

TpaHcnaHTaMIO JOHOPCKUX KJIETOK PELUINEHTOB
OCYIIECTBIISUIM B aCENTHUECKHUX YCIOBHUSIX B Kay/ladbHYIO
Beny B komuuectBe 100x10° mumdornurtor va 100 r mac-
CBI )KMBOTHOTO

Bropyro cepuro SKCrieprMEeHTOB BBIIOTHHUIN Ha 42 Oe-
JIBIX JTAOOpaTOPHBIX MEIIIIaX-caMIlaX Bo3pacta 7-8 Me-
caneB, Macco 25-30 . DKCEpUMEHTHI 1O MOJIYYEHUIO
KyapTypbl MMCK BBINOIIHEHB! U3 XOpHOHA 3peoi mia-
ueHThl 10 mabopaTopHBIX )KUBOTHBIX MBIIIEH-CAMOK BO3-
pacta 3-4 mecsna, maccoit 22-25 1.

KyneruBuposanne MMCK mnpoBogmiock B yCIIOBH-
sx CO2-unkybatopa (Termo Scientific, CHIA) mpu tem-
neparype 37°C ¢ conepkaHHEM YITIEKHCIIOro rasa 5% u
BIaXXHOCTBIO 90%. Jli1st TpaHcmianTauuu 1a00paTopHBIM
JKUBOTHBIM OBLTH Hcmonb3oBaHkl MMCK TpeThero mac-
caxa. Unentudukammst MMCK nmpoBoauiach UMMYHO-
LUTOXUMHYECKHMM METOJOM C MCIIOIb30BAaHMEM HaboOpa
Mesenchymal Stem Cell Characterization Kit (Millipore,
CIIIA), comepskalero mo3UTUBHBIC (AaHTHTENA K integrin
B1, CD 54, collagen type I u fibronectin) u HeraruBHBIC
Mapkepsl (antutena k CD 14, CD 45). XKuznecnoco6-
HOCTh KJIETOK ObLTIa OIpenereHa ¢ MOMOIIBI0 CyTpaBH-
TaJbHOW OKPAacKH PacTBOPOM TPHUIIAHOBOI'O CHHEIO U Iie-
pea TpaHcIuianTanueil cocrasuna 95-97%.

carried out in accordance with European Parliament and
Council Directive No.63 of September 22, 2010 “On the
Protection of Animals used for Scientific Research” and
Order No0.267 issued on 19/06/2003 by the Ministry of
Health of the Russian Federation “On the Approval of
Laboratory Practice Rules”. The studies were approved by
the local Ethics Committee of the Federal State Budgetary
Educational Institution of Higher Professional Education
“Ural State Medical University”, Protocol No.8 dated
20/10/2017. A 70% partial hepatectomy was performed
under inhalation anesthesia according to the technique
described by Mitchell C and Willenbring H [6]. The
animals were euthanized by decapitation under light ether
anesthesia.

In the first series of experiments, the effect of thymocytes
on liver regeneration in animals with iron deficiency anemia
(IDA) was studied. The experiment was performed on 48
male Wistar rats (Rappolovo Breeding Center, the Russian
Academy of Sciences) weighing 180-200 g. The design of
this experiment involved infusion of thymocytes in intact
rats. Thymocytes were obtained from syngeneic donors,
which were intact animals, rats after partial hepatectomy
(PH), and animals with IDA after PH. Thymocytes were
isolated from thymic tissues, which were mechanically
dispersed and sieved through nylon mesh.

IDA was induced by repeated phlebotomies,
administration of an iron-binding complex deferoxamine
(desferal) and keeping animals on an iron-poor diet.

Donor cells were transplanted to the recipient in aseptic
conditions. The cells were infused into the caudal vein
(100x10° lymphocytes per 100 g of animal weight).

The second series of experiments was performed on 42
white laboratory male mice aged 7-8 months, weighing 25-
30 g. The MSC culture was obtained from mature placenta
chorion of 10 female mice 3-4 months old, weighing 22-
25 g.

MSCs were grown in a standard cell culture incubator
conditions — 37°C, 5% CO,, with carbon dioxide content
of 5% and humidity of 90% (TermoScientific incubator,
USA). For transplantation in laboratory animals, the third
passage of MSCs was used. MSCs were identified by
the immunocytochemistry using the 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). Cell viability was determined by trypan blue
staining and before transplantation it was 95-97%.

The effect of MSCs on the morphometric parameters of
liver and biochemical parameters of peripheral blood was
studied under physiological conditions and after the liver
resection on days 1, 3, 7 after cell transplantation. The
choice of these dates was due to the fact that by the 10th
day the liver restores its mass. The animals were divided
into two groups: experimental and control. The animals of
the experimental group were intravenously administered
a suspension of MSCs at a dose of 4 million cells/kg.
The control rats received injections of 0.2 ml 0.9% NaCl
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Uccnenosanoce Bausnue MMCK nHa mopdomerpuye-
CKHE TIOKa3aTejy MeYCHU U OMOXUMHUYECKUE TOKa3aTeln
nepudepruIecKkoit KpOBU B (PU3UOJOTHUCCKHUX YCIOBUSIX U
Tocyie pe3eKnuu neueHn Ha 1, 3, 7 CyTKH Tociie TpaHc-
TUTAHTAIMH KIIETOK. BRIOOP MTaHHBIX CPOKOB OBLT 00YCIIOB-
JIeH TeM, 4To K 10 cyTkaM MpOMCXOAUT BOCCTAHOBJICHUE
Macchl neyeHu. bblu BBIIEICHBI OMBITHAS U KOHTPOJIb-
Has Tpymiibl. JKUBOTHBIM OTBITHOM TPYIIBEI BHYTPUBEHHO
BBOAMIack cycrnensuss MMCK B 103¢ 4 MIJIH KII/KT, KOH-
TponbHOH Tpymme BBoammn 0,9% pactBop NaCl — 0,2 m.
TpaHcruiaHTalusl KJIETOK OCYLIECTBISUIACh B BOPOTHYIO
BEHY Cpasy ke Mocie pe3eKLUUU MEYeHH OTHOKPATHO.

OLieHKY BOCCTaHOBHUTEIBHBIX MTPOLIECCOB B TICUCHU MPO-
BOJMIIM HA OCHOBaHUH MOP(OJIOTHUECKUX U OMOXUMHUE-
CKHMX HMCCJIE/IOBAaHU.

[ToaroroBky 00pa3IoB TKaHU MEYSHH I THCTOJIOTHYe-
CKOT'0 HCCJIEIOBAaHUS OCYILIECTBISIIM HA aBTOMATUYECKOM
nporeccope Termo Scientific (I'epmanus) ¢ mociemyro-
el 3anuBkoi B mapaduH. ['UcToornyeckue cpessl Ie-
YEHU TOJIIMHON 3-5 MKM OKpPAaIIuBaid TeMaTOKCHIMHOM-
903uHOM. {7151 MOpdOMeTpHIeCKOro aHaIu3a TaHHBIX UC-
MOJIB30BAJIA KOMIIBIOTEPHYIO MPOrpaMMy aHajld3a H30-
Opaxenuii (Biovision, Poccus). [IponsBoannacek oreHka
CIIeYIoNMX MOP(OMETPUYECKUX MOKa3aTeei MEeYCHU:
KOJMYECTBO TeMmaToMTOB Ha 1 MM, TUIONIAab TenaToIu-
TOB, TUIOMIAMb SApa TEHATOIUTA, IUIOMIAAb ITUTOIIA3MbI
renarouTa = IUIOMA b TeMaToONnuTa — IJIOMAb sapa re-
TIaTOIINTA, SASPHO-IUTOIIa3MaTHIecKkuit nuaexc (SILN),
KOJIMYECTBO JBYXSJACPHBIX T'eMATOIIMTOB HA MMZ, MHUTO-
tnyeckuii uaaeke (MU). SnepHo-1MTOMIIa3MaTHIECKIHA
unaekc (S1LI) onpenensin Kak OTHOIIEHHUE sjpa U IU-
TOIJIA3Mbl KJIETKH. MUTOTHUECKHM HWHIEKC BBIPAKAIN
B npomminiie (%o), TO ecTh KonmuuecTBO MUTO30B Ha 1000
KJIETOK.

B opHOM u3 cepuil 3KCHEpUMEHTA TaKXe OLCHUBA-
mu conepxanue JIHK B remaronmrax muroduyopume-
TPUYECKUM METOAOM IO XadaTypoBy. Jjist 3TOro Masku-
OTIICUATKH TICYCHH PUKCHPOBAJIU B CMECH CITUPTA U YKCYC-
HO# kucnoThl, mpoBoauau ruaponn3 JJHK 0,1H pactBopa
COJISTHOM KHCIIOTBI C MOCJIEAYIONIEH OKPACKOW dTaKpUIu-
Ha JIAKTaToOM. 3aTeM OLIEHUBAJIU IJIOTHOCTh OKPALLIMBAHUS
siIep ¢ MOMOIUIBIO JIIOMUHECHEHTHOTO MUKpockona MJI-3
C JIIOMUHECIICHTHO-(DOTOMEeTpruIeckoi Hacaakoir OMDJI-
1A. Pe3ynbraT BeIpakalld B YCIOBHBIX €IMHUIIAX MHTCH-
CUBHOCTH JIFOMUHECLEHIIMU Ha OJUH renaToLuT.

buoxumuueckue mokazaTesd BKIIOYAIW OIpeneseHUuE
B CBHIBOPOTKE KpPOBHU OOIIEro Oernka OMypeTOBBIM METO-
JIOM, allbOyMHHA (KOJIOPUMETPUUYECKUN METON C OpoM-
KpE30JIOBBIM 3€JIEHBIM), MOYEBUHBI (ypea3o-caaulluiar-
TUIOXJIOPUTHBIN MeTox, peakuus bepriora), Tioko-
3Bl TYTFOKO300KCHIAa3HBIM METOIOM, OOIIero OmImpyOu-
na (Meron Mennparmexa-I'poda), 1 akTHBHOCTH (epMeH-
ToB acmapraramuHoTpancdepassl (ACT), amaHMHAMHHO-
tpancepassl (AJIT), wenounoit pocdaraszsl (D) ynu-
(pUIUPOBAaHHBIMU KMHETUYCCKUMH METOJIaMU Ha aBTOMa-
TUYECKOM OMOXWMHUYECKOM W MMMYHO(DEPMEHTHOM aHa-
nmm3arope Chem Well 2910 (Combi).

solution. The cell transplantation was performed via the
portal vein in the form of a single injection immediately
after liver resection.

The healing process of the traumatic liver lesion
was assessed on the basis of morphological studies and
biochemical analysis.

The liver tissue samples for histological examination
were prepared using TermoScientific detection system
(Germany), followed by embedding these specimens in
paraffin. The specimens were sectioned at a thickness of
2-3 um and the sections were stained with hematoxylin-
eosin. For morphometric data analysis, a computer image
processing program (Biovision, Russia) was used. In
addition to the total the number of hepatocytes per 1 mm?,
the following morphometric indices of the liver were
measured for each hepatocyte: the total cellular area,
nuclear area, cytoplasm area = hepatocyte surface area
— hepatocyte nuclear area, the nuclear-cytoplasmic ratio
(NCR), number of binuclear hepatocytes per mm?, the
mitotic index (MI). The nuclear-cytoplasmic ratio (NRC)
was determined as a ratio of the size of the cell nucleus to
the size of its cytoplasm. The mitotic index was expressed
in permille (%o), i.e. the number of mitoses per 1000 cells.

In one of the experimental series, the DNA content of
hepatocytes was investigated, by means of cytofluorimetric
method developed by Khachaturov. Liver imprint smears
were fixed in an ethanol-acetic acid mixture. DNA was
hydrolyzed with 0.1N hydrochloric acid solution, followed
by staining with ethacridine lactate. Then, the nuclear
staining density was measured using a ML-3 luminescent
microscope with a FMEL-1A luminescent-photometric
nozzle. The result was expressed in arbitrary units of
luminescence intensity per hepatocyte.

The studied biochemical parameters included the
following measurements: total protein in blood serum
(biuret reaction), albumin assay (bromocresol green
method), urea (urease-salicylate-hypochlorite method,
Bertlot reaction), glucose (glucose oxidase method),
total bilirubin (Jendrassik-Grof method), and the
tests for aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
which were performed by unified kinetic methods using
ChemWell 2910 (Combi), an automated biochemical and
enzyme immunoassay analyzer.

Taking into account that the statistical dispersion was
close to normal and the value variations did not exceed
30%, parametric criteria were used for statistical analysis.
The significance of differences between the groups was
evaluated by Student's t-test.

Results

In the first experimental series, transplantation of
“intact” thymic cells did not cause any changes in the
activity of intracellular regeneration in the livers of intact
recipients (see Table 1).

Under the influence of thymocytes obtained from donors
with partial hepatectomy, evident signs of stimulation of
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VY4uThIBas, YTO paclpenecHIe BEITMYNH B BApUALIMOH-
HOM psiTy IPUOIMKAIOCh K HOPMaJIbHOMY W Bapualus He
npesbimiana 30%, Mpu CTaTHCTHYECKOM aHAJN3€ HCIOJb-
30BaJIM TapaMeTpuieckue Kputepuu. JloCTOBEpHOCTDH
pa3Iymii MeX Iy TPyNIaMy OIIEHHBAIIN C TIOMOIIBIO KPH-
tepusi CTbIOICHTA.

Pe3yabTarsl

B niepBoii cepun skcriepuMEHTOB TpaHCIIAHTALMS «UH-
TaKTHBIX)» TUMHYECKHX KJIETOK HE BbI3bIBAJIa N3MECHEHUS
AKTMBHOCTH NPOLECCOB BHYTPUKJIETOYHOM pereHepanuu
B IIEYCHU Y MHTAKTHBIX PEUUNUEHTOB (Tabmuna 1).

Tabnnua 1
MoKasaTenn aKTMBHOCTM BOCCTAHOBUTE/IbHbIX MPOLLECCOB
B MNEYEHU Y PELMNNEHTOB TUMOLMTOB

MokasaTenu peumnueHToB
pynnbl AoHOpOB OHK ycn.en/ | OsyagepHble
KNeTKa KNeTkn,%
MHTaKTHblE XMBOTHbIE (KOHTPO/Ib) 32,7£3,6 2,0£0,4
YnBoTHble nocne Yra 43,1+4,2%* 14,0+0,8*
MuBoTHble nocne Y3 + KOA 34,3+2,5 5,1+0,6*

MpumeyaHue. B Tabaunuax 1 n 2: * — p<0,05 B cpaBHEHUMU
C KOHTpOAEM.

Ilox BIusSTHUEM THMOIIUTOB OT TOHOPOB ¢ UI'D oTueTiin-
BO BHHBI NMPU3HAKK CTUMYIALUN pPEeTeHEepaIiyl TeUeHH.
DTO MPOSBIAETCS YBEIMYEHUEM YHCIIA JIBYSJIEPHBIX KIle-
TOK, YTO COIPOBOXKAAETCS YCUICHUEM B HUX CHUHTETHYE-
ckux mpoueccoB — coaepxkanue [JHK B simpe Bo3pocio
Ha 31%.

VY «okene30epUIUTHBIX» PEIHUITNEHTOB MOP(OTEHETH-
yeckasi QyHKIUs ObUTa CHIDKEHA: YUCIIO JIBYSIACPHBIX Te-
MaTOIIMTOB MMEJIO TeHJCHIINIO K MOBBIIEHUIO, HO 3aMeT-
Horo Bo3pactanus yposus JJHK ne ormeuanocs.

JanpHelmmM 3Tanom padoThl ObIIIO U3YUESHUE BIUSHUS
tpancutantanmn MMCK Ha pereHeparuro neueHu mocie
ee pe3exknun. Ha 1 u 3 cyrku nmocne BBeaernss MMCK mna-
00opaTOpHBIM )KHUBOTHBIM C Pe3eKINel IIedeHn He 00Hapy-
JKEHO JIOCTOBEPHBIX M3MEHEHUH M3ydaeMbIX MOKa3arese
[0 CpaBHEHHIO C rpynnod koHtposs. [Ipu ananuse Ouo-
XUMHUYECKUX TOKa3aresel nepudepudeckorl KpoBu Ha 7
CYTKH I10CJIe pe3eKInu reueHu Ha Gpone BeeaeHuss MMCK
OTMEUYEHO CHIDKEHHE YPOBHS TOKa3aTelel IUTOJHN3a Te-
natouutoB. Tak, BbISIBICHO CHUKeHUE akTUBHOCTH ACT
Ha 23,8%, (p<0,05), AJIT Ha 26,2%, (p<0,05), menounoi
(docdarassl Ha 20,8%, (p<0,05). [TIpu 3TOM, CpaBHUBAS U3-
y4aeMble IMOKa3aTeu ¢ JaHHBIMU MHTAKTHBIX KUBOTHBIX,
CJIeyeT OTMETHTh, YTO OTMeUYeHO BoccTaHoBieHne ACT,
AJIT, menounoit hocarasa mo 3naueHni KOHTPOIIA. Tak-
YK€ OTMEYeHa HOpMaJIM3allis YPOBHS MOYEBHHEI JI0 3HAYE-
HUH WHTAKTHBIX )KUBOTHBIX (Tabnuna 2).

[Ipu ananuze MophoMeTpUUECKHUX MOKa3aTeyel Jiabo-
PAaTOPHBIX MBILIEN HA 7 CYTKH IIOCJIEC PE3EKLIUN TIEUECHU B
OTIBITHOHM TPYIIIIE OTMEUEHO yBEIMYCHUE MUTOTHYECKOTO
nHaekca Ha 27,7%, yBelIn4eHHe KOJIMYECTBA ABYSIEPHBIX

liver regeneration are clearly visible. This is manifested
by an increase in the number of binuclear cells, which is
accompanied by an increase in their synthesis — the DNA
content in the nucleus increased by 31%.

Table 1
Parameters of Regenerative Process Activity in the Livers
of Thymocyte Recipients

Recipient Parameter
Group of Donors DNA arbitrary Binuclear
unit / cell Cells,%
Intact animals (control group) 32.7+3.6 2.0+0.4
Animals after partial hepatectomy 43.1+4.2% 14.0+0.8*
Ar.umals aftgr partial he_patectomy 343425 5.140.6*
+ iron-deficiency anemia

Note. In Tables 1 and 2: * — p<0.05 compared with the
control group.

In “iron deficient” recipients, the morphogenetic function
was reduced: the number of binuclear hepatocytes tended
to increase, but there was no noticeable increase in the
DNA content.

The next stage of the work was to study the effect of
MSC transplantation on liver regeneration after resection.
On days 1 and 3 after administration of MSCs to laboratory
animals with liver resection, no significant changes in the
studied parameters were found in comparison with the
control group. On the 7th day after liver resection, the
analysis of peripheral blood biochemical parameters in
MSC-injected rodents showed reduction of hepatocyte
cytolysis: for example, AST activity decreased by 23.8%,
(p<0.05), ALT by 26.2%, (p<0.05), alkaline phosphatase
by 20.8%, (p<0.05). At the same time, comparison of the
studied parameters with the data of intact animals revealed
that AST, ALT and ALP parameters returned to control
values. Normalization of the urea level to the values of
intact animals was also noted (Table 2).

Table 2
Blood Biochemical Parameters of Laboratory Mice on the
7th Day after Liver Resection

barameters Groups of Animals
NaCl MSC

Total protein, g/l 52.87+3.34 54.06+4.73
Albumin, g/I 24.47+2.60 25.19+3.73
Urea, mmol/I 4.57+0.46 5.57+0.48 *
Glucose, mmol/I 4.79+0.38 4.91+0.51
Totalbilirubin, umol/I 15.41+2.76 14.81+2.02
AST, U/I 135.9749.92 | 103.57+12.42 *
ALT, U/I 117.04£11.34 86.34+7.52 *
Alkaline Phosphatase, U/I 83.11+5.93 64.2316.00 *

Note: * P<0.05 — the difference is statistically significant
compared with the control group
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KJIeToK Ha 22,8%. Takke OTMEUEHO YBEIUYCHHE ILIOIIA-
1y siapa renatouutoB Ha 20,9%, 4To mpuBeEIo K BO3pacTa-
auto AU ua 31,0% (Ttabmuma 3).

Tabnuua 2
Buoxmmmueckune nokasateniv KpoBu 1abopaToOpHbIX Mbl-
e Ha 7 CYyTKM Nocsie peseKkummn neveHmn

The analysis of the morphometric parameters of
laboratory mice on the 7th day after liver resection in the
experimental group showed an increase in the mitotic
index by 27.7%, and in the number of binuclear cells
by 22.8%. An increase in the hepatocyte nuclear area by
20.9% was also noted, which led to an increase of the
nuclear-cytoplasmic ratio by 31.0% (see Table 3).

Table 3
Liver Morphometric Parameters of the Liver Cells of
Laboratory Mice on the 7th Day After Liver Resection

Groups of Animals

Hoxasatenm lpynmnbl }KMBOTHBbIX

NaCl MMCK/MMSC
06wwuit 6enok, r/n 52,87+3,34 54,06+4,73
AnbbymuH, r/n 24,47+2,60 25,19+3,73
MoueBuHa, MMOb/N 4,57+0,46 5,57+0,48 *
[NtoKo3a, MMOb/N 4,79+0,38 4,91+0,51
O6wWmit BUANPYBUH, MKMOAb/ N 15,41+2,76 14,81+2,02
ACT, Eg/n 135,97+9,92 | 103,57+12,42 *
ANT, Ep/n 117,04+11,34 | 86,34+7,52 *
LLlenoyHan docdarasa, Ea/n 83,11+5,93 64,23+6,00 *

MpumeyaHue: * — OTAMYME OT KOHTPO/IbHOW NoArpynnbl
*KMBOTHbIX, AOCTOBEPHO € p<0,05.

Tabnuua 3
MopdomeTprueckme nokasatenu nevyeHn nabopaTtopHbIx
MblLLIel Ha 7 CYTKM nocae pe3ekUmm neyeHu

[pynnbl *XMBOTHbIX
NaCl MMCK/MMSC
1918,29+82,04* | 1881,86+75,55*
286,41+22,44 | 275,14%24,16
63,3945,12* | 76,63+4,92% **

Mokasartenn

KonnuecTso renatounTos Ha 1 mm?

Mnowaab renaToLmToB, MKM?

Nnowaab A4pa renatoLnTos, MKM?

Maowaas uMTONNa3Mbl

22 +1
renaToLmToB, MKM? 3,03£17,97

204,37+22,80

AloepHoO-LMTONIA3MaTUYeCKoe

0,29+0,02*
OTHOLLEHe

0,38+0,02% **

Konunuectso ABysaepHbIX

320,77+10,64*
renaToLmToB Ha MMm? ! !

393,90423,23% **

MMUTOTUYECKUI UHAEKC/ 4,51+0,47* 5,76+0,49* **

MpumeyaHue:

* — OT/InYMEe OT MHTAKTHOM noarpynnbl N1abopPaTOPHbIX
*KMBOTHbIX, gocToBepHO ¢ p<0,05;

** — OT/IMYMe OT KOHTPO/IbHOM noArpynnbl nabopatop-
HbIX }MBOTHbIX, 4OCTOBEPHO C p<0,05.

Pesynbrarel BTOpOro 3tama HMCCIIEAOBAHUS CBHICTEIb-
cTByl0T 0 cniocobHoctt MMCK obecrieunBaTh BOCCTa-
HOBJICHHE OMOXMMHYECKUX U MOP(OIOrHUecKuX MoKa3a-
Tenel paboThl MEUSHH.

3akaouenue

B pesynbrare ncciienoBaHusl yCTaHOBJICHO, YTO JIUM(O-
uanele kiaetkn 1 MMCK criocoOHBI cTUMYIHPOBATh MPoO-
LECChl pereHepanyu B neueHu. Hapymenue merabomnmye-
CKHUX TPOLIECCOB B TPAHCIUIAHTHUPYEMBIX KJIETKax (Harpu-
Mep, TUMOIUTOB Tipu JKJIA), CHIKAET ATy CIOCOOHOCTH.
[Ipu 5TOM BBISIBIIEHBI MEXaHU3MBI, YepPe3 KOTOPhIE peasu-
3yeTcsl BOCCTAHOBJICHHE M3y4yaeMbIX IOKazaTeJel Ieue-
HU. OOHapyKEHO yCHUIIEHUE KIETOYHOH pereHepanu (1o-

Parameter
NacCl MSC
Number of hepatocytes per 1 mm? | 1918.29+82.04* | 1881.86+75.55%*
Hepatocyte surface area, um? 286.41+22.44 275.141+24.16
Hepatocyte nuclear area, um? 63.3945.12*% | 76.63+4.92%* **
Cytoplasmic area of hepatocytes, um? | 223.03+17.97 | 204.37+22.80
Nuclear-cytoplasmic ratio 0.29+0.02* 0.38+0.02* **
C“y‘ig"sb;;r";ﬂ?“dear MePato | 350.77410.64% | 393.90£23.23* **
Mitotic index 4.51+0.47* 5.7610.49* **

Note: * P<0.05 — the difference is statistically significant
compared with the intact group

** P<0.05 — the difference is statistically significant
compared with the control group.

The results of the second experimental stage indicated the
ability of MSCs to stimulate restoration of the biochemical
and morphological liver parameters.

Conclusion

The study revealed that lymphoid cells and MSCs
are able to stimulate regeneration processes in the liver.
Any abnormal chemical reactions that alter the normal
metabolic processes in transplanted cells (for example,
thymocytes in case of IDA) reduces this ability. The
mechanisms of restoration of the liver parameters were
studied. An increase in cellular (mitotic activity) and
intracellular (greater number of binuclear hepatocytes)
regeneration was found. The biochemical study showed
reduction in the parameters of hepatocyte cytolysis and
synthetic activity of hepatocytes. Analyzing the obtained
data, it can be assumed that lymphoid and mesenchymal
cells have the ability to affect the regeneration processes
in the liver through both intercellular cooperation and
through the production of cytokines. In particular,
T-lymphocytes produce IL-6, IL-17, IL-22 and others,
which have pleiotropic effects, including stimulation of
synthetic processes in hepatocytes [7, 8, 9].

Studies have proved a possibility to stimulate liver
regeneration using cell technology both under physiological
conditions and after liver resection.
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BBIIIICHUE MUTOTHYECKOW aKTHMBHOCTH) M BHYTPHKJICTOY-
HO¥ (YBEIMUYEHHUE KOJIMYESCTRA JABYSICPHBIX T€IATOIIUTOR).
ITo maHHBIM OMOXMMHMYECKOTO HCCIIEJOBAHHS BBISIBICHO
YMEHBIIICHHUE TTOKa3aTeNel ITUTONN3a TeIaToOINTOB U UX
CUHTETUYECKON aKTHBHOCTH. AHAIU3UPYs IOydYeHHBIC
JaHHBIE, MOYKHO T0JIaraTh, YTO JTUMQPOUTHBIC U ME3CHXU-
MaJIbHbIC KJICTKH 00Jadar0T CIIOCOOHOCTBIO BO3IEHCTBO-
BaTh Ha MPOIECChI PETCHEPAIINY B ITEUYCHHU KaK Yepe3 MEK-
KJICTOYHYIO KOOIEPAIIMIO, TaK U Yepe3 MPOAYKIIUIO IIUTO-
kuHOB. B wactHoCcTH, T-TuMdonuTe mpoayuupyrot UJI-6,
WII-17, NJI-22 n npyrue, obnanaroniie iedoTPOITHBIME
a¢dekramMu, B YNUCIIe KOTOPHIX — CTHUMYJISIUS CHHTETH-
YEeCKHX MPOLIecCoB B remaromnuTax [7, 8, 9].

[IpoBeieHHBIE MCCIIEIOBAHUS CBUCTEILCTBYIOT O BO3-
MOKHOCTH CTUMYJISILIUM PEreHEepaIiy MEYCHU C HUCIIOJb-
30BaHHEM KJIETOUHBIX TEXHOJOTHH Kak B (pr3mosornye-
CKUX YCIIOBUSIX, TaK H IMOCJIE PE3EKIIUHU TIEYCHU.
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