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HecMoTps Ha 3HaUMUTENBHBIE YCIIEXU COBPEMEHHOM
MEIHUIIMHBI, CEPICUYHO-COCYINUCThIe 3a00JIeBaHus, B
YaCTHOCTU UH(APKT MUOKAPJIa C Pa3BUBAIOIUMCS 3aTEM
KapIHOCKJIEPO30M, MO-TIPESKHEMY OCTAIOTCS IIaBHOMN
MIPUYUHON CMEPTHOCTH ¥ MHBAJIMIHOCTY HaceneHus [1].

B cBs13u ¢ TeM, 4TO CcyIIiecTBYIOMNE KOHCEPBATHBHEIC
U OIepaTUBHBIE METOMBI JICUEHHUS UIIEMUU MHOKapJa
Mano3(QeKTHBHBI, Pa3padaTHIBAIOTCS HOBBIE CIIOCOOBI
pereHepanuu TKaHEeH cepAla, B YaCTHOCTH, HA OCHOBE
HCTIONB30BAaHUS KJIIETOK KOCTHOTO Mo3ra [2, 3, 5].

JlaHHBII MOAXOJ OCHOBaH Ha CHOCOOHOCTHU KIJIETOK
KOCTHOT'O MO3Ta y4acTBOBAaTb B pETEHEPALIIY IOBPEKICH-
Horo MHOKapaa [4, 7]. B tepannu undapkra Muoxapaa
HCTIOJIB3YIOT Pa3InYHbIE KJICTKH KOCTHOTO MO3Ta: FeMOo-
nostuyeckue crpojossle [10], sHAO0TEIMANBHBIE IPOTE-
HUTOpHBIE [8], Me3eHXUMaJIbHbIE cTpoManbHble [12], a
TaKKe AAPOCOoAepKaIUe KIETKH KOCTHOro Mosra [13].
Haunbomnpmee pacmpocTpaHeHue Modyduia ayToTpaHc-
IUIAHTALMSA ME3EHXUMAJIbHBIX CTPOMAJIBHBIX U SIAPOCOAEP-
JKaIIUX KJIETOK KOCTHOTro Mo3ra. MHOTHe 3KCIIepUMeH-
TaJbHBIE Pa0OTHl IEMOHCTPHUPYIOT MOJOXHUTEIBHBIN
3¢ (deKT TpaHCIIaHTAIIUH ATUX KJIETOK Ha PereHepaIiio
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Despite advances in contemporary medicine, cardio-
vascular diseases, in particular, myocardial infarction
with following cardiac fibrosis, still remains a major cau-
se of death and disability among the population [1].

Due to the fact that existing conservative and surgical
treatments of myocardial ischemia are ineffective, the
new methods to regenerate heart tissue are developed,
particularly those involving bone marrow cells [2, 3, 5].

This approach is based on the ability of bone marrow
cells to participate in the regeneration of injuried myocar-
dium [4, 7]. The treatment of myocardial infarction invol-
ved a variety of bone marrow cells: hematopoietic stem
cells [10], endothelial progenitors [8], mesenchymal stro-
mal cells [12], as well as bone marrow nucleated cells
[13]. The autologous transplantation of mesenchymal
stromal cells and bone marrow nucleated cells became
the most widespread. A number of reported experiments
demonstrated the positive effect of transplantation of
these cells in regeneration of injured myocardium [6, 9,
11]. However, the issue of the most efficient cell type
and optimal administration of cells for myocardial reco-
very remains unclear and requires further study.
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MOBpEXICHHOTO Muokapna [6, 9, 11]. Oxnako Bompoc
0 Hanboee 3¢(HEeKTUBHOM THUIIE KIIETOK H ONTHMATBHOM
crioco0e BBEJACHUS KJIETOK IJIS BOCCTAHOBIICHHUSI MMO-
KapJia OCTaeTCsl HEPEIICHHBIM U TpeOyeT JalbHEeHIIIero
HCCIICIOBaHUS.

[enpto maHHOM pabOTHI OBIIO CPaBHUTH d(HHEKTHB-
HOCTh PUMEHEHUSI MOHOHYKJIeapHOU (ppakiuu ayToso-
TUYHBIX KJICTOK KOCTHOIO MO3ra u MyJILTI/IHOTeHTHI)IX
ME3CHXHUMAJIbHBIX CTPOMAJIBHBIX KIJICTOK JJIs JICUCHUS
nocTUH(apKTHOTO Kapanockiepo3a. PaboTa Obuia BbI-
[IOJIHEHA B paMKax Hay4YHO-TEXHUYECKON NPOrpaMMBbl
«I/IHHOBaL[I/IOHHLIe TCXHOJIOTHUU B paBBI/ITI/II/I KJICTOYHBIX
TPAHCIUIAHTAINNA U BOCCTAHOBIICHUHN (PYHKIIMOHAILHON
aKTUBHOCTH OPTaHOB U TKaHeh» HarmonansHoro HayyHO-
T'O MEJIUIIMHCKOTO IIeHTpa MUHHUCTEPCTBA 3ApaBOOXpaHe-
Hust PecrryOnukn Kazaxcras.

OKcIeprUMEeHTHI BHIIOIHIN Ha 18 Kponukax Maccoi
3—5 Kr mpuOIM3UTEIIEHO OHOTO Bo3pacTa. JlJis Moaenu-
POBaHUSI MOCTUH()APKTHOTO KAPANOCKIIEPO3a KPOIHKAM
ObUIa IPOBE/IeHa JIEBOCTOPOHHSIA TOPAKOTOMUS B 00JIaCTH
5—6-r0 MexXpedephs C MepPEeBI3KOM JIEBOM KOPOHAPHOM
aprepun. Yepes 2—3 cyTOK y AKMBOTHBIX PETUCTPUPOBAIIH
anexTpokaparorpammel (OKI) u ananusuposanu comep-
*aHue pepMeHTOoB IeveHH (aTaHnHAMUHOTpachepassl U
acmapTaTaMHHOTpaHchepashl).

AyTtonoruunsie MOHOHYKIIeapHbie kieTkd (MHK) u
KYJIBTYPY MYJIBTHIIOTEHTHBIX ME3E€HXMMAaIbHBIX CTPO-
ManbHbIX KieTok (MMCK) mosy4asnu u3 KOCTHOTO Mo3ra
(KM) axcriepuMeHTaIbHbIX )KUBOTHBIX, U3BIEUEHHOT'O U3
rpebHei MonB3IOIIHON KOCTH. DPUTPOLUTHI U3 CYCIICH-
3um Ki1eTok KM ynansiim ¢ HoMOIIBIO JIM3UPYIOIIETO pacT-
Bopa. Jnsa nonyuenus MMCK kierku KM kynbTu-
BHPOBAIM C HCHOJBb30BaHneM cpenbl «MesenCulty
(«Stem Cell Technologies», CIILIA) B TeueHue 7 CyTOK
70 (OPMHUPOBAHHS MOHOCTIOS, TTOCIIE YeTO KIETKHU CHH-
manu 1 roroBuim cycnieH3nio MMCK c koHnieHTpanuei
1-1,2 MIIH KIIE€TOK/CM>.

[Nocne MmonenupoBanus HHpapKTa MHOKAP/Ia )KUBOT-
HbIe OBLITH pa3JielieHbl HA TPHU TPYIIILL: 1) KOHTpOIbHAS
(6e3 neuenust); 2) BHyTpuBeHHOE BBeAeHue 5 cmv® MHK
aytonoruuHoro KM; 3) BHYTpHUBEHHOE BBEJCHUE 5 cM°
cycnensuu KynsrupupoBaHHeIXx MMCK KM kposnuka.
Breagenne MHK KM ocymiecTsisiim 1ByKpaTHo uepes 7
u 14 cyrox, MMCK —uepe3 14 u 21 cyTok mocie Mmoae-
JIUPOBaHUS TOCTUH(PAPKTHOTO KapAHOCKIepo3a.

Mopdomoruueckre H3MEHCHUS B MHOKapAe N3ydalIi
gyepe3 7 CyTOK IOCIIe onepanuu (mepe/] BBEICHUEM Kile-
TOK) ¥ Ha 30-€ CyTKH ocIie BBeIeHH KIIeTOK. JKUBOTHBIX
BEIBOJIMJIN U3 OTIBITA, MaTepual pukcuposanu B 10%-M
pacTBOpe (opManrHa U IOJIyYadH THCTOJIOTHYECKHE
npenapatsl. [Ipenapars! okpanBaiy reMaToKCHINHOM-
J03MHOM U 110 MeTony BaH [ 130H.

JlaHHBIE 371€KTPOKapAMOTrpaMM, IOITYUEHHBIX Ha 2—
3-e CyTKHM [10CJI€ TOPAaKOTOMUU U NIEPEBA3KY, TI03BOJIMIU
CHeNaTh 3aKII0UCHHE O HAIHMYMM CyOKapIuasbHOTO
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The aim of this study was to compare the efficiency
of administration of autologous bone marrow mononuc-
lears and multipotent mesenchymal stromal cells for the
treatment of cardiac fibrosis resulted from myocardial
infarction. The investigation was performed as part of
the R&D project ‘Innovative Technologies in the Deve-
lopment of Cell Transplantation and Restoration of
Functional Activity of Organs and Tissues’ at the
National Scientific Medical Center of the Ministry of
Health Care of the Republic of Kazakhstan.

The experiments were performed in 18 rabbits, which
were of 3—5 kg weight and approximately of the same
age. Experimental myocardial infarction (MI) was indu-
ced by thoracotomy in 5-6" intercostal space from the
left side and ligation of the left coronary artery. After 2—
3 days electrocardiography was performed, and liver
enzymes (aspartate aminotransferase and alanin amino-
trasferase) were assessed.

Autologous mononuclear cells (MCs) and cultured
multipotent mesenchymal stromal cells (MMSCs) were
derived from bone marrow (BM) of experimental ani-
mals, which was aspirated from the iliac crest. Erythro-
cytes were removed from BM cell suspension using
lysing solution. To obtain MMSC the BM cells were
cultured in MesenCult medium (Stem Cell Technologies,
USA) during 7-8 days until monolayer formation, the
cells were detached and MMSC suspension was made
with concentration of 1-1.2 million cells per cm’.

Post-MI animals were divided into three groups: 1)
control (no treatment), 2) intravenous administration of
5 em?® of autologous BM MCs, and 3) intravenous admi-
nistration of 5 cm® of cultured rabbit BM MMSCs sus-
pension. The cells were introduced twice: BM MCs in 7
and 14 days, MMSCs in 14 and 21 days after MI modeling.

Morphological changes in the myocardium were as-
sessed 7 days following the MI induction (before the
introduction of cells), and in 30 days after cell intro-
duction. Animals were sacrificied, the tissue was fixed
in 10% formalin solution and histologic sections were
prepared. The sections were stained with hematoxylin-
eosin and according to van Gieson.

ECG data obtained at 2"-3 day after thoracotomy
and ligation allowed to reveal the presence of subcardial
myocard injury, violation of intraventricular conduction,
tachycardia, wandering pacemaker, subcardial ischemia,
and left ventricular hypertrophic cardiomyopathy. Liver
enzymes activity was increased. These observations
indicated the developed acute coronary syndrome in
experimental animals. Analysis of the ECG in the animals
of group 1 on day 30 of the experiment revealed the
presence of post-MI cardiac fibrosis.

Morphological study of myocardial tissue of the ani-
mals in group 1 in 7 days after anterior intraventicular
artery ligation revealed the presence in sub-epithelial zone
of necrotic lesions of muscle fibers, swelling of nuclei and
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MOBPEKICHUS MHOKAp/1a, HAPYIIICHUT
BHYTPIKEITYIOYKOBOH IIPOBOAMMOCTH,
TaXUKapIUH, MAT DAL BOTUTEIIS PUT-
Ma, cyOKapauaIbHON UIIEMIH, THIIeP-
TpoduIecKoit KapIHOMHOIIATHH JICBOTO
JKeylKa. YCTaHOBJIEHO MOBBIILIEHHE
YPOBHS ICYEHOUHBIX (pepMeHTOB. Takre
HaOIOCHUS CBUACTEIHCTBOBAIH O
HaJIMYUH OCTPOTO KOPOHAPHOTO CHH/I-
poMa y 3KCIepUMEHTAJIbHBIX KHBOT-
HbIX. AHanu3 OKI' y )KUBOTHBIX Ipym-
nel 1 Ha 30-e CyTKH 3KCIIepHUMEHTa
BBISIBIII HAJIMYKE NMOCTHH()APKTHOTO
KapJIUOCKIIepo3a.

Mopdonorunyeckoe ncciaenoBaHue
TKaHU MHOKap/ia )KMBOTHBIX TPYHIIEI 1
Ha 7-€ CYTKHU TEpeBsI3KU MepeaHent
MEXOKEITYI0YKOBOM apTepUH BBISIBUIIO
HAJIMYUE B CYOIMUTEINATBHON 30HE
0YaroB HEKPOTHU3NPOBAHHBIX MBIIICY-
HBIX BOJIOKOH C Ha0yXaHHEM JIN30COM
U si7iep, MoTeper OMePEeYHO-TI0JI0CATON
HCYEPUEHHOCTH, UCUE3HOBEHUEM KJIe-
TOYHBIX TpaHHLl. KpoBEeHOCHEIE COCYIBI
OBLTH MTOTHOKPOBHBIMU; KJICTOUYHAS
peakuus — He3HaYnTeNbHOH. OTMEUeHBI
nponudepanus hpudpodmactos u Gop-
MHPOBAHHE y3KUX IPOCIOCK COCTIMHNU-

TENbHOW TKaHU; MBIIICYHBIC BOJIOKHA,
OKpY’Karolue 30Hy WH(papKTa, ObLIH
runepTpodupoBansl (pucyHok A). Ha
30-e cyTKH epeBsI3KHU NepeTHEN MEX-
KEIyA0YKOBOHW apTepruu HaOII0maIn
TG PY3HYIO U METKOOYAroByI0 pyoIo-
BYIO TKaHb, 3aMECTHBITYIO HEKPOTH3HU-
POBaHHBIE MBIIIICYHBIC KIICTKH. XapaK-
TEPHBIMH OCOOCHHOCTSIMH COCIMHHU-
TENIFHOTKAHHBIX PyOIIOB OBLTH 00JIHTE-
panus MpOCBETOB COCYIOB T'HITEpPILIa-

TkaHb MUOKapAa XWBOTHbIX MOCNe MOAENUPOBaAHUSA NMOCTUHMAPKTHOrO
kapaunocknepo3sa (A, B), a Takke BeegeHns MHK KM(C, D) n MMCK (E, F) Ha
oHe cmoaenupoBaHHoW natonorum: A — KoHTponb (rpynna 1), 7-e cyTku
nocne onepauuun, x200; B — koHTpornb (rpynna 1), 30-e cyTku nocne onepauuu,
x200; C, D — BBegeHne MHK KM (rpynna 2), 30-e cyTku nocrne nepeBoro
BBeaeHusi, x200; E, F — eBegeHne MMCK (rpynna 3), 30-e cyTkv nocne nepsoro
BBegeHus, x200 (E), x400 (F). Okpacka reMaToKCUITMHOM-303UHOM.

Animal myocardial tissue after initiation of myocardial infarction (A, B), as well
as after introduction of BM MCs (C, D) and MMSCs (E, F) after initiation of pa-
thology: A — control (group 1), 7" day after initiation, x200; B — control (group 1),
30" day after initiation, x200; C, D — introduction of BM MCs (group 2), 30" day
after the first introduction, x200; E, F — MMSCs introduction (group 3), 30""day
after the first introduction, x200 (E), X400 (F). Staining by hematoxylin-eosin.

3UpPOBAHHBIMU KJIETKaMU HUHTHUMBI,
3aMEIEHUE MBIIIEYHBIX BOJIOKOH XKU-

POBO# TKAaHEIO, OTEK ¥ 04aroBast TMM(OIUTApHAS HHPITH-
tpauus. Ilo mepudepun 30HBI HEKpPO3a pacronaraiach
TPaHyISAIOHHAS TKaHb C 0YaroBBIMH JTUM(OIUTaAPHBIMU
uH}mIETparamu (pUCYHOK B).

[TaTorucronoruueckoe ucciaeroBaHUE MUOKapia B
rpyIIIe )KUBOTHBIX uepe3 30 cyTok mocie TpaHCIUIaHTa-
nuu aytoiornyasix MHK mokasano coxpanenue 30HbI
MEJIKOOYaroBoi pyOIIOBOM TKaHU C YMEPEHHOU BOCIa-
JIUTETHLHON peakuel U KpyITHBIMU TOJTHOKPOBHBIMHU CO-
cyzamu 1o nepudepun. B rpaHyIsImoHHON TKaH! NepH-
pyOIIOBOIf 30HEI, a TaKXKE B COCIUHUTEIBHOTKAHHBIX
(mpocoiikax) Tspkax pyOLOBOH TKaHH PacHoaraliiuch
1 dy3HO 1 oYaramu MeNKHe U KPYITHBIE KPOBEHOCHBIE
cocynsl (pucynok C, D). Habironanucsk sipko BbIpaxeH-
HBIC SIBIICHUS OTeKa MHTepcTHiusa. Mopdomorndeckas
KapTHHa MHOKapjaa nocie TpaHcmiantaunn MMCK
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lysosomes, loss of cross striation, disappearance of the
cell boundaries. Blood vessels were full-blooded; cell
response was insignificant. Signs of fibroblasts prolife-
ration and formation of narrow layers of connective
tissue were revealed; muscle fibers surrounding the
infarction were hypertrophied (Figure A). In 30 days
after anterior intraventricular artery ligation we observed
diffuse and small focal scar tissue, that replaced the
necrotic muscle cells. The features of connective tissue
scars were obliteration of the vessel lumen by hyper-
plastic intimal cells, substitution of muscle fibers by adi-
pose tissue, edema, and focal lymphocytic infiltration.
Necrotic area was surrounded by granulation tissue with
focal lymphocytic infiltrates (Figure B).

Pathological examination of the myocardium in the
group of animals 30 days following introduction of auto-
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OTIMYanack 6ojee BhIpaXKEHHBIM IPOLIECCOM HEOAHTHO-
TeHe3a, HU3KOW CTEIICHBIO BOCHATUTEIBHON WHPUIBT-
panuu ¥ MEHbIIEH BEIPa)KEHHOCTHIO OTeKa (pUCYHOK E,
F).

Taxum o6pa3om, Hanbonee F3PPEKTUBHBIMU TPAHC-
IJTAHTUPYEMBIMH KJIETKaMHU KOCTHOTO MO3ra JIsl peBac-
KyJSIpU3alliil MUOKapaa ¢ MOCTHH()APKTHBIM KapJro-
CKJICPO30M B 3KCIIEPUMEHTE ObLIN MYJIFTUIIOTCHTHBIE Me-
3eHXUMaJIbHbIE CTBOJIOBBIE KJIEeTKU. IloayyeHHbIe HaMu
Ppe3yIBTaThI COMIACYIOTCS C JAaHHBIMU JIUTEPaTyphbl, CBU-
JICTEJILCTBYIOIIMMHU O HAMMEHBIIIeH KOMMUTHPOBAHHOCTH
u HanOonpIIel crocoOHoCTH K npeBpaenno MMCK B
JIpyTHe TUIBI KJIETOK, B TOM YKCJIE U B KADAUOMHUOLUTHI,
U B DHJOTeNUanbHbie KiIeTku. Kpome toro, MMCK
00 ar0T UMMYHOMOIYTUPYIOIUM 3P HEKTOM Ha Op-
TaHN3M PEIUITUEHTA, YTO B IIEJIOM JIEJIAeT MX BOCTPEOO-
BaHHBIMH JIJ151 KJIICTOYHOM Teparnuu.
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logous MCs revealed small focal scar tissue areas with
mild inflammatory response and full-blooded large ves-
sels at the periphery. Granulation tissue of peri-scar zone,
as well as the connective tissue bands of scar tissue
contained diffuse of focally located small and large blood
vessels (Figure C, D). Significant interstitial edema was
found. Morphology of the myocardium after MMSCs
introduction was marked by more pronounced neoangio-
genesis, as well as by low inflammatory infiltration and
less severe edema (Figure E, F).

Thus, the multipotent mesenchymal stem cells were
shown as most effective bone marrow cells for revas-
cularization of myocardium with experimental post-in-
farction cardiac fibrosis. Our results were consistent
with the reported data about low committing of MMSCs
and their high ability to develop into other types of cells,
including cardiomyocytes and endothelial cells. Further-
more, MMSCs possessed immunomodulatory effect on
the recipient organism, that would make them prospective
for cell based therapy.
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