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Experimental Studies
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Iesn. Paspaborats criocob moyueHus TkanernHkeHepHbix Konerpykuuii (TUK), Ha ocHOBe pe3uieHTHBIX Me-
3eHXMMAJIbHBIX TPOreHUTOPHBIX K1eTok (MIIK) cepaia yenoseka u oneHuTsh Baustaue Tpanciviantainn TUK Ha
pereHepaTUBHbBIE MTPOIECCHI B Cep/ille Ha Mojiesin MH(paPKTa MUOKApP/Ia KPBICHI.

Marepuasst u MeToabl. Pesnnentnpie MITK uestoBeka Bbijiesisiyin U3 yIka 1mpaBoro npeJcepaus naueHTos ¢
NBC. Ilo ananornunomy npotokosy Bbiessian MIIK kpeicer munnn Wistar. MeTozom npoTounoit nntogyopu-
metpun onpenensiu ummyHodenorun MITK. Ha ocHose nitacros MITK cepjiiia uesoBexa u KpbIc MOJYYann COOT-
serctytomue TUK. MHbapkT Muokapaa y Kpbic ObLI HHAYIUPOBAH IIyTEM IIE€PEBA3KH IIePeAHell HUCXOAsIEN
KOPOHAPHOU apTepu, mocje Yero mpoBoauan tpanciiantaiuio TUK. Yepes 30 aneli mocse TpaHCIJIaHTAITIT BbI-
MOJIHSIIN 9BTaHa3uio0. [[POBOMMIN MMCTONOTMUYECKYIO OIEHKY COCTOSIHUS KJIETOK MMILJIAHTATa ¥ BaCKYJISIPU3AIINH,
MopdoMeTprudecKuii aHaius, TpekuHr uddepernnpoBouHoil criocobnoctu MIIK, onpenesnerue copepskanus po-
CTOBBIX (haKTOPOB MeTO10M TBepaodaznoro MMA. CraTrcTiaecKyio O1eHKY 0CTOBEPHOCTH PA3JIITIIIT TPOBOINIIH
C UCTIOJIB30BAHNEM ITPOTPAMMHOTO MakeTa Statistica 8.0.

Pe3syabraTel. AHAIM3 TTOJTYyYE€HHBIX KJIETOUHBIX KOHCTPYKIIMIA TIOKA3aJl, YTO OHU COCTOSIT U3 HECKOJIBKUX CJIOEB
KJIETOK, B3aUMOJICHCTBYIONIMX MEXK/Y cO0O0il IPU TIOMOIIU KOHHEKCUH—43, U XapaKTEePU3YIOTCsT XOPOIIed JKU3He-
c11ocoGHOCTHIO KI1eTOK B coctase TUK. KomnuecTBo cocy10B B iepunH(apKTHOI 06IaCTH T10/] TPAHCILIAHTATOM 13
MIIK 6b110 3HaUUTEILHO OOJIbIIE, YeM B KOHTPOJBHOU IPyIIlie, ¢ Ipu3HakaMu JuddepeHInpOBKY TPAHCIIIAHTH-
poBanHbix MIIK cepsiia B aH0TEeIMATbHBIE KJIETKI COCYIOB.

VBesnueHne BaCKyJIsIpU3alui COYETAIOCH C YBEJMYEHUEM IO YIaCTKOB JKU3HECIIOCOOHOTO MUOKap/Ia,
yMeHbIteHueM auatannn nonoctu JIK. Ananns npoaykros cexperun MIIK cepsiia mokasais, 4To OHU TIPOJYIHU-
PYIOT BaskHelMe (hakTopbl pOCTa ¥ IUTOKUHBI, PETYJIUPYIOIIIE AaHTHMOTEeHe3 U MUTPAITIIO CTBOJIOBBIX KJIETOK.

3akmouenue. CTpaTeris UCIOJIb30BaHUs anuKapaAuaibHoil Tpanciuiantaiuu TUK #a ocrose mmactos uz MITK
[PEJICTABJISIETCS PALMOHAIBHBIM TIOAX0A0M JiJIst 9((MEKTUBHON JOCTABKY KU3HECIIOCOOHBIX CTBOJIOBBIX,/TIPOr€HMU-
TOPHBIX KJIETOK B MOBpexaeHHbiil Muokapi. [Ipumenerne TUK crioco6eTByeT yMEHBIEHNIO WM BPEMEHHOMY HC-
KJIFOUEHUIO IeHCTBUsE (PAKTOPOB, CIIOCOOCTBYONIMX IPOTPECCUPYIONIEH TUCHYHKIUN CEPALA, IyTeM JIOKAIbHOTO
MapaKPUHHOTO BO3/IEHCTBYS U aKTUBAIIMH TIPOTIECCOB PEBACKYJISPU3AIIIH 30HBI TOBPEKICHUS.

Knrouesote cnosa: mesenxumanvivie npozenumopHole KI1emKu, uuqbaprcm Muoxapﬁa; BACKYNAPUIAUUSL; MKAHEUN -
JHcenepHas KOHCMpPYKUUs U3 niacma Kjiemox

Purpose. To develop a method of producing tissue-engineered constructs (TECs) on the basis of resident mes-
enchymal progenitor cells (MPC) of the human heart and to assess the effect of TECs transplantation on regenerative
processes in the heart using a model of myocardial infarction in rats.
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Materials and methods. Human resident MPCs were isolated from the right atrial auricle of CAD patients. A
similar protocol was used to obtain MPCs from Wistar rats. The MPC immunophenotype was determined by cyto-
fluorometry. Corresponding TECs were obtained on the basis of MPC sheets of human and rats' hearts. Myocardial
infarction in rats was induced by ligation of the anterior descending coronary artery followed by TEC transplanta-
tion. Euthanasia was performed 30 days after the transplantation. Histological examination of the implant and vas-
cularization cells, morphometric analysis, tracking of the MPC differentiation ability, determination of the content
of growth factors by solid-phase ELISA were carried out. Statistical evaluation of the significance of differences was
performed using the Statistica 8.0 software package.

Results. The analysis of the obtained cell constructs showed that they consisted of several layers of cells inter-
acting with each other by means of connexin 43 and were characterized by good cell viability as a part TECs. The
number of vessels in the peri-infarction area under the transplant from the MPC was significantly higher than that

in the reference group with signs of differentiation of cardiac MPCs transplanted into endothelial vascular cells.

The increased vascularization was combined with an increase in the area of viable myocardial sites and a decrease
in LV cavity dilation. Analysis of the cardiac MPC secretion products showed that they produce the most important
growth factors and cytokines that regulate angiogenesis and migration of stem cells.

Conclusion. The strategy of using epicardial TEC transplantation based on MPC sheets seems to be a rational
approach for effective delivery of viable stem/progenitor cells to the damaged myocardium. The use of TEC helps
to reduce or temporarily eliminate the effect of factors that contribute to progressive heart dysfunction by local
paracrine exposure and activation of the revascularization processes in the affected zone.

Keywords: mesenchymal progenitor cells; myocardial infarction; vascularization; tissue engineering constructs from

a cell sheet
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BBeneunne

3a mocsjeqHue MOJIBEKA METOIUKA MEePecajiku
CepiIIia CoXpaHsieT CBOYM MO3UIUU B KaYeCTBE eIH-
CTBEHHOI BO3MOKHOCTH TIOBBIIIEHIST KAYECTBA JKI3HI
MAIUEHTOB C TSIKEJION CepAeYHON HeIOCTATOUHOCTHIO,
BO3HUKIIIEH BCIIE/ICTBYE UITIEMUYECKOT HOJIE3HU cepi-
na wim Kapamomuonatuii. OHaKo, BBIPAKEHHBIN
neunnT TOHOPCKUX OPTAHOB [IJIs1 TIPOBE/IEHIS TPAHC-
MJTAHTAIIMY CYIIECTBEHHO OTPAHUYUBAET €€ MIUPOKOe
npumenenue [1, 2]. HoBeiM HampaBienuem mccieo-
BaHWH B 9TOH OBJAaCTH SIBJSETCS pEreHepaTHBHAS
MEeUIIITHA, KOTOPas OTKPBIBAET AJTBTEPHATUBHBIE BO3-
MOJKHOCTHU JIJIsI BOCCTAHOBJIEHUSI TIOBPEKIEHHOTO
cepzia. bplio mokazano, 4To MHTPaMUOKAPAUATbHbBIE
UHBEKIUN ayTOJOTHYHBIX ME3€HXUMATbHBIX TIPOTE-
Hutopubix kiaetok (MITK) moryT akTuBrpoBaTh pere-
HepaTUBHBIE POIECCHI M CTOCOOCTBOBATH BOCCTAHOB-
JIEHWIO cuctonmdeckoir dpynknuu cepama. OmgHako
NOCTaBKa KJIETOK MHBEKIINEN B BUIe CYCIIEH3UU TIPU-
BOIUT K TUOEJIH 3HAYUTEIBHOT0 uxX yncaa (10 90%)
KaK 32 CUeT MeXaHIYeCKOTO MOBPEKIEHNUsI TP BBeJle-
HUU Yepe3 UTJIy, TAK U 32 CYeT anomnTo3a (aHOUKUC),
BbI3BAHHOTO HAPYTIIEHUEM MEKKJIETOYHBIX KOHTAKTOB
IPY TIePeBO/ie KJIETOK U3 aJTe3NOHHON KYJbTYDHI B
CYCIIEH3UI0. DTO TAK)Ke CO3[AeT CIOKHOCTH B TLJIAHE
JIO3UPOBAHUS, OTIPE/IEJICHUS TIeJIEBOI 06J1acTH BBEIe-
HUSI ¥ PacIpefieJieH s B MUOKap/e. AJTBTepHATHBOI
UHBEKITISM KJIETOUHOM CyCIIEH3UM MOJKET SIBJISIThCST
TPAHCILTAHTAINS KJIETOK B BHU/E YiKe chopMUpOBaH-
HBIX PA3JIMYHBIX TKAHEWH)KEHEPHBIX KOHCTPYKIIHIT
(TUK). Ocoboro BHUMaHK 3aCIyKUBAIOT HarboJiee
npocteie TUK, cocrostinme 3 niacToB KIeTok (aHTJI.
cell sheets) — cBoeoOpa3Hble «KJIECTOYHBIE 3ATIATKI>,
IpeJIcTaBJIsoNnue co60i OHO- WU MHOTOCTOWHBIE
CTPYKTYPBI I3 OJJTHOTO MJIN HECKOJIBKUX BU/IOB KJIETOK

Introduction

Over the past fifty years, heart transplantation has
maintained its position as the only option to improve
the quality of life of patients with severe heart failure
caused by coronary heart disease or cardiomyopathy.
However, marked shortage of donor organs for trans-
plantation significantly limits the wide use of this treat-
ment method [1, 2]. The regenerative medicine is a new
area of research in this area, which opens up alternative
possibilities for the restoration of a damaged heart. It has
been shown that intramyocardial injections of autolo-
gous mesenchymal progenitor cells (MPCs) can acti-
vate regenerative processes and contribute to the
restoration of systolic heart function. However, the de-
livery of cells by injection in the form of a suspension
leads to the death of a significant number of them (up
t0 90%) both due to mechanical damage when adminis-
tered through a needle and due to apoptosis (anoikis)
caused by impairment of intercellular contacts when
transferring cells from the adhesive culture into the sus-
pension. This also creates difficulties for dosing, deter-
mining the target area of administration and
distribution in the myocardium. Transplantation of cells
in the form of already generated various tissue-engi-
neered constructs (TECs) may be an alternative to the
injection of the cell suspension. Special attention should
be paid to the most simple TECs consisting of cell
sheets, a kind of «cell patches», which are single- or
multi-layer structures of one or more cell types in com-
bination with the accumulated extracellular matrix. The
purpose of this study was to develop a method of pro-
ducing such TECs on the basis of resident MPCs of the
human heart, as well as to evaluate of the effect of trans-
plantation of these TECs on regenerative processes in
the heart using a model of myocardial infarction in rats.
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B KOMILJIEKCE ¢ HAPAOOTAHHBIM MU K€ BHEKJIETOYHBIM
MaTpukcoMm. [{esbio JanHoro ncesieioBanus Obiia pas-
paboTka crocoba nomyuenus mogobusix TUK Ha
ocHoBe pesuzieHTHBIX MIIK cepaiia yesnoBeka, a Takxe
OllcHKa BIUAHUA TpaHciyantanuu takux TUK na
pereHepaTUBHbBIC TPOIECCHI B CEpAlle HAa MOJEJU
nHpapkTa MUOKap/1a KPHICHI.

MaTepI/IaJI N METO/1bl

Boigenenue u kyipTuBupoBanue pe3uaeHTHsIx MITK
yesnoBeka. /lis soyiesnennsa MIIK cepania uestoBexa ncnosn-
30BaJi 00PA3IIbI YIIIKA PABOTO TIPEICEP/INs], TIOTyIeHHbIE
ot naiuenToB ¢ VIBC, KoTOPbIM BBITTOJHIIN 20PTO—KOPO-
HapHOeE IIYHTHPOBAHUE B OTIEJIE CEPACTHO—COCY TUCTOI X~
pypruu MuctutyTa Kanandeckoit kapauogorunt um. A. JI.
Mscuukosa OI'BY «HarmonaabHbIi MeTUIIMHCK I HCCTe-
JIOBATEIbCKUI 11eHTp Kapauosoruny» M3 PO. [onyyenue
MIIK cep/iia BBITTOMHAIN € UCIOTB30BAHIEM METO/A IKC-
MJTAHTHON KYJIBTYPBI € TIOCJeyIoNell MMMYHOMAarHUTHON
CeJIEKI[ell B COOTBETCTBHM C TIPOTOKOJIOM, OIUCAHHBIM
panee [3, 4]. Kynprusuposanue MIIK cepaia mposoaniu B
cpene Cardiac Cellutionstm Media («DV Biologics»,
CIIIA).

Boigenenue u kyipTuBupoBanue pe3uaeHTHsIx MITK
KpbICBL. /[JIs1 McceoBanms pereHepaTuBHBIX a(derTon
KJIETOYHBIX TIJIACTOB Ha MOJIeJIN MH(ApKTa MIOKap/a TT0JTy-
yasin MITK kpbichl ¢ ncrosnb3oBanneM METO/1a SKCIIJIAHTHOM
KYJIBTYPBI U TIOCJIEIY IO MMMYHOMArHUTHON CEJIEKIINHU B
COOTBETCTBUU C IPOTOKOJIOM, OITMCAHHBIM paHee [5], aHaso-
rmaHBIM TTpoTokoy nomxydenust MITK wenoseka. Kynsrusu-
poBanue kjeTok mpoBoauan B cpexre DMEM/F12,
nonosHenHoi 10% deTanbHOIl TesTubeil CHIBOPOTKOI
(«ATCC», CIIIA), 100 ex/ms TeHUIMIIMHA,/CTPETITOMU-
mHa, 2 MM L-riryramuna, 2% B27, 1x uncyann-Tpancdep-
puH-cenuHar u ¢axropamu pocra: 20 ur/ma bFGF, 20
ur/mia EGE 10 ar/mu LIE

Anamu3 ummyHnogenoruna IIKC merosom nporou-
Ho# nuTodryopuMeTpuu. /1711 IpoBeieHNsT aHATN3A KIETKH
nenTpudyruposaan (200 g, 5 MuH), cylepHATAHT YAAJISLIH,
ocaziok uHKyOuposasu B reyenne 30 mun npu + 4°C ¢ nep-
BUYHO MeYeHHbIMU aHTHTeTaMu K Mapkepam CD 105 FITC
(«AbD Serotec», CIIIA), CD 73 FITC («Biolegends,
CIIIA), CDI0 PeCy5 («BD», CIIIA), c-kit PE («Myltenyi
biotec», CIITA), CD 45 FITC («Biolegend», CIIIA), CD 34
FITC («BD», CIIIA) niu coOTBETCTBYIONUMHU KOHTPOJTb-
HbIMU aHTuTe amu. [Tociae 30-MuHYTHON MHKyOALuu 1Ipy
+4°C KJIeTKU TPOMBIBAIIN 3 Pa3a, PecyCrneHnpoBain B oc-
darrHo—coseBom 6ydepe (DCB) 1 aHAIU3UPOBAIN € HC-
noJib3oBaHueM rpotoaroro nutogayopumerpa FACS Canto
II (BD, CIIIA).

IHoxyuenne TUK na ocuose miacroB MIIK cepana
yenoBeka. /[ nomydenus TUK n3 MIIK yesnoBeka kietkn
3-T0 maccaska BBICAKMBAINM HA KYyJBTYpPaJbHbIE YaIIKN
Nunc™ Dishes, mveromux TepMouyBCTBUTETBHOE TTOKPBITHE
UpCell™ Surface («Thermo Scientific», CIIIA) (210 000/cm?
mtotaau mosepxuoctn). lanee, MIIK kysnsruBupoBamu B
teuenne 72 yacos B cpege Cardiac Cellutionstm Media («DV
Biologics», CIIA). Ilpu temueparype 37°C moBepXHOCTb
KyJbrypanbroit yanku ¢ UpCell™ Surface o61agaer ruapo-
(hobGHBIMI CBOHCTBAMM, CIIOCOOCTBYET a/Ire3UK U POCTY KJie-
TOYHOW KyJBTYPbL. [Ipy mOHMKEHWM TeMIIepaTyphbl HIKe
32°C, oBepXHOCTb CTAHOBUTCS TUAPODUIBHOH, TTOJUMED
CBSI3bIBAET MOJIEKYJIBI BOIBI, «HA0YXAeT», 4TO IIPUBOHT K OT-
KPEIUIEHNIO KJIETOYHBIX TJIACTOB OT MOBepXHOCTH. Ileperoc

Materials and Methods

Isolation and cultivation of human resident MPCs.
In order to isolate the human heart MPCs, samples of the
right atrial auricle were obtained from CAD patients who
underwent coronary artery bypass grafting in the depart-
ment of cardiovascular surgery of the A. L. Myasnikov In-
stitute of Clinical Cardiology in the National Medical
Research Center of Cardiology under the Ministry of Health
of the Russian Federation. Cardiac MPCs were obtained
using the explant culture technique followed by immuno-
magneticseparation in accordance with the protocol de-
scribed earlier [3, 4]. The cardiac MPCs was cultivated in
the Cardiac Cellutionstm Media («DV Biologics», USA).

Isolation and cultivation of rat's resident MPCs. In
order to study the regenerative effects of cell sheets in a
model of myocardial infarction, rat's MPCs were obtained
in accordance with the protocol similar to that of obtaining
the human MPCs. Rat's cardiac MPCs were obtained using
the explant culture technique followed by immunomagnet-
icseparation in accordance with the protocol described ear-
lier [5]. Cells were cultivated in DMEM / F12 medium
supplemented with 10% fetal bovine serum (FBS «ATCC»,
USA), 100 U/ml of penicillin / streptomycin, 2 mM of L-
glutamine, 2% B27, 1x insulin-transferrin-selinate and the
following growth factors: 20 ng/ml of bFGF, 20 ng/ml of
EGF and 10 ng/ml of LIE

Analysis of the PCCs immunophenotype by flow
cytofluorometry. In order to carry out the analysis, the cells
were centrifuged (200 g, 5 min), the supernatant was re-
moved, the precipitate was incubated for 30 min at +4°C
with primary labeled antibodies against the following mark-
ers: CD 105 FITC («AbDSerotec», USA), CD73-FITC
(«Biolegend», USA), CD90-PeCy5 («BD», USA), c-kit-PE
(«Miltenyi Biotec», USA), CD45-FITC («Biolegend»,
USA), CD34-FITC («BD Pharmingen», USA) or appropri-
ate reference antibodies. The cells were washed 3 times after
a 30-minute incubation at +4°C; then they were resus-
pended in phosphate-buffered saline (PBS) and analyzed
using a flow cytofluorometer FACS Canto IT (BD, USA).

Obtaining TECs on the basis of human cardiac MPC
sheets. To obtain TECs from human MPC, cells harvested
following the 3 passage were inoculated into culture
Nunc™ Dishes with a heat-sensitive coating UpCell™ Sur-
face («Thermo Scientific», USA) (210 000/cm? surface
area). Further, MPC was cultivated for 72 hours in the Car-
diac Cellutionstm Media («DV Biologics», USA). At a tem-
perature of 37°C, the surface of the culture dish with
UpCell™ Surface possesed hydrophobic properties, pro-
moted adhesion and growth of cell culture. When the tem-
perature dropped below 32°C, the surface became
hydrophilic, the polymer bound water molecules and begun
to «swell», which resulted in detachment of cell sheets from
the surface. The detached cell layer was transfered to the
epicardial surface of the heart using a low adhesion mem-
brane («Thermo Scientific», USA).

Obtaining TECs on the basis of rat's cardiac MPC
sheets. In order to obtain TECs from the rat's MPC sheets,
a protocol developed for TEC production from human
MPCs was applied. Nunc™ Dishes with a heat-sensitive
coating UpCell™ Surface («Thermo Scientific», USA) were
used for assembling and detaching of TECs..

Characteristics of MPC-based TECs. Frozen TEC
cryosections were fixed with 3.7% paraformaldehyde (5
min) and then washed with PBS 3 times (5 min). Myocar-
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E)KCHepI/lMCHTaAI)Hble MCCACAOBAHMA

OTKPEIJIEHHOH KJIeTOUHON HAKJIA/IKK Ha SNNKAPANATBHYIO
MOBEPXHOCTb CEP/IIIA OCYIIECTBIISIN C TIOMOIIIBIO HI3KO-aJ1-
resronHoi memOpanbl («Thermo Scientific», CIITA).

Iloayuyenne TUK na ocnoBe miacroB MIIK kpsicsr

g nonyaennst TUK w3 mimactoB MIIK xpeicsr nic-
[0JIb30BAJIM [IPOTOKOJI, paspaboranubiil it TUK us miia-
croB MIIK uwesnoseka. [Inst c6opku u orkpervieruss TUK
UCIIOJB30BAIM KyJIbTypasibHble damku Nunc™ Dishes,
HUMEIOIX TePMOUyBCTBUTEMbHOE TOKpBITHE UpCell™ Sur-
face («Thermo Scientific», CIITA).

Xapaxkrepuctuka TUK na ocnose MIIK. 3amopo-
skennble kprocpessl TUK dukcuposamu 3,7% mnapadop-
Masibjierniom (5 mun) u 3ateMm rpombiBain MCH 3 paza 1o
(5 Mun). Cpessl MuOKap/a 6JI0KHPOBAJII PACTBOPOM, COZIEP-
skammM 1% BCA, 10% cbIBOPOTKH JOHOPA BTOPHIX AaHTUTE
B MCDB (30 mun). [Tocsie 5T0T0, KPUOCPE3DI TIOKPHIBAJIN Pac-
TBOPOM TIOJINKJIOHATBHBIX KPOJMUBHIX AaHTUTEN K MapKepaM
Ki-67 («Abcam», CIITIA), cleaved caspase-3 («Cell signal-
ing», CIIIA), Connexin43 («ThermoFisher Scientific»,
USA), kosnareny I («Bio-Rad», USA), kosunareny 3 («Bio-
Rad», USA) u pubponextuny («Abcam», USA) B Teuenue
1 gaca, 3areM IPOMBIBAJIN M TIOKPBIBAJIN AaHTUTEIAMH, KOH-
BIOTMPOBAHHBIMU ¢ (uryopectienTHOi MeTKkoi AlexaFluor488
(«Invitrogen», CIIIA, 1: 800, 1 4 mpu 37°C).

Omenky mrametpa u tosmwabl T K mpoBoammm ¢ mo-
MOIIbIO MUKpOCKoa Zeiss Axiovert 200 M (Carl Zeiss, Tep-
MaH#sl) 1 IporpaMMHoro obecriederus Axiovision 3.1 (Carl
Zeiss, lepmanmst)

MonempoBanue nndapkTa MUOKapAa ¥ TPAHCILIAH-
taima TUK. Dxcrnepuments! no tpancmaantanun TUK
HPOBOJIIJIN HA KpbIcax iy Wistar, mpnobpeTeHHbIX B 1~
TOMHUKe JTabopaTopHbIX KUBOTHBIX «[Iymmmno» (Ilymuto,
Poccust). 9BTaHA3MIO KPBIC TPOBOIUIIN MOCJIE MHTATISIINOH-
HOIT HapKoTusanuu Vzoduopanom ¢ OMOIIBIO METOIA INC-
JoKanuy  IMeHHOro  oT/Aesa  NO3BOHOYHMKA.  Bce
HEOOXOIMMbIe MAHUITYJISIIIN BBITOTHSIIN B COOTBETCTBUH C
[upextusoit EC 2010/63/EC 1o akcriepuMeHTaM Ha K-
BOTHBIX U GBI 0J0OPEHbBI ATUIECKIM KOMHTETOM HHCTH-
tyTta (HannonampHbI TIEHTP MEAUTIMHCKUX MCCIeIOBAaHUN
Kapzmosorn, paspenierue Ne 385.06.2009). Mnpapkt muo-
Kap/a ObLI HHLYI[MPOBAH Ty TEM TIEPEBA3KU Mepe/Heil Hic-
XO/JIsA1Iel KOPOHAPHOH apTepuu Kpbic Wistar ¢ moMonsio
criocoba, onucanHoro panee [6]. Tlepen TpanciuianTammeii
MIIK metnmm dayopectientabiM kpacuteniem CM DIL
(«Invitrogens, CIIIA) B cooTBeTCTBIU C pEKOMEH/IAIUSIMI
(bUPMBI-M3rOTOBUTEJIS PeareHTa. DKCIePUMEHTATBHBIX K-
BOTHbIX Pas/ieJInJu Ha 2 IPYIIIIbL: KOHTPOJIbHYIO (n=235) 1
TpynIy ¢ asmuuKapAauanpHoll TpaHcmmanTaruein MIIK
(n=25). DBTaHa3MIo JKUBOTHBIX BITOJHUIN Yepe3 30 /Heit
HocJIe TPAHCITAHTAIIH KJIETOYHOTO TIJIACTOB.

Mopdomerpuyeckuii ananus. [lepen zabopom cep-
Je1t B nosocts Muokap/a JIZK ssognanm 0,1 mMur nacbiien-
Horo pacreopa KCl, uro mpuBoamio K ocTaHOBKe
cokpareHuii B auactoay. IIpencepaust u KpyIHbIE COCY/IbI
MCCEKAJIH, Cep/IIIa TPOMBIBAIN HOPMAJIbHBIM (PH3UOJIOTHYE-
CKUM pacTBOpoM, nomentain B kprocpexy OCT u 3amopa-
JKUBaTU B JKUAKOM azore. Kpmocpeswr cepzernt (7 MKM
TOJIIITHA KaXK/I0TO0, pe3ayin ¢ nHTepBasioM 300 MKM MeK1y
cpesaMu, MoTepeK OT BEPXYIIKH JI0 OCHOBAHUS JIEBOTO JKe-
ayznouka) xpanuau npu —70°C. Bee moxydennsie kpuoc-
pe3bl  OKpaIlUBAIM C IIOMOIbI0O MeToza Masropn ¢
MCIIOJIb30BAHUEM CJIE/IYIONNX PACcTBOPOB: pacTBop A (1%-
HbII Kucabiit hykenn), B (1% dochomonnbaenonast kic-
gota) u C (2% opamkessiit G, 0,5% MeTHIOBbI cuHMi, 2%
maBeJsieBasi KHcsiora). 3aduKCIPOBaHHbIE KDHOCPE3bl HHKY-

dial sections were blocked with a solution containing 1%
BSA, 10% serum of a donor of second antibodies in the PBS
(30 min). After that, cryosections were coated with a solu-
tion of polyclonal rabbit antibodies against the following
markers: Ki-67 («Abcam», USA), cleaved caspase-3 («Cell
signaling», USA), Connexin43 («ThermoFisher Scientific»,
USA), collagen I («Bio-Rad», USA), collagen 3 («Bio-Rad»,
USA) and fibronectin («Abcam», USA) for 1 hour, then
they were washed and coated with antibodies conjugated
with the fluorescent AlexaFluor488 label («Invitrogen»,
USA, 1: 800, 1 h at 37°C).

The diameter and thickness of TECs were estimated
using a Zeiss Axiovert 200 M microscope (Carl Zeiss, Ger-
many) and Axiovision 3.1 software (Carl Zeiss, Germany)

Modeling of myocardial infarction and TEC trans-
plantation. Experiments on the TECs transplantation were
performed on Wistar rats purchased in the nursery farm of
laboratory animals «Pushchino» (Pushchino, Russia). Rats
were euthanized after inhalation anesthesia with Isoflurane
by means of cervical spine dislocation. All necessary manip-
ulations were performed in accordance with the EU Direc-
tive 2010/63/EC on animal experiments and were approved
by the Institutional Ethical Committee (National Center for
Medical Research in Cardiology, permission No.
385.06.2009). Myocardial infarction was induced by ligation
of the anterior descending coronary artery in Wistar rats
using a technique described earlier [6]. MPCs were labeled
with fluorescent CM-DIL stain («Invitrogen», USA) in ac-
cordance with manufacturer's guidelines prior to the trans-
plantation. Experimental animals were divided into 2
groups: the reference group (n=25) and the group with epi-
cardial MPC transplantation (n=25). The animals were eu-
thanized 30 days after transplantation of cell sheets.

Morphometric analysis. 0.1 ml of KCI saturated solu-
tion was injected in the cavity of the LV myocardium before
explantation of hearts, which led to diastolic arrest. Atria and
large vessels were excised; the hearts were washed with nor-
mal saline solution, placed in the OST cryo-medium and
frozen in liquid nitrogen. Heart cryosections (each 7 um
thick were cut with an interval of 300 pm between sections,
crosswise from the top to the bottom of the left ventricle)
were stored at —70°C. All cryosections were stained by means
of the Mallory technique using the following solutions: solu-
tion A (1% fuchsin), B (1% phosphomolybdic acid) and C
(2% orange G, 0.5% methylene blue, 2% oxalic acid). The
fixed cryosections were sequentially incubated in solution A
(2 min), solution B (4 min) and solution C (15 min). The
slides were washed with distilled water between staining, de-
hydrated and mounted using a xylene-based medium.

Quantitative analysis of the scar size and other mor-
phometric parameters was performed using MetaMorph®
Microscopy Automation & Image Analysis Software (USA).
The size of the infarction was estimated based on calcula-
tions of the scar area relative to the area of the left ventricle
expressed as a percentage.

The modified Hochman method was used for quantifi-
cation of the LV dilatation degree: dilatation index = (LV cav-
ity area/total LV area) U (average thickness of LV unaffected
area/average LV wall thickness at risk zones). LV wall thick-
ness after the infarction was measured in 3 equidistant sections
using MetaMorph® Microscopy Automation & Image Analy-
sis Software (USA). The resulting value was averaged.

Histological assessment of implant and vasculariza-
tion cells. Frozen myocardial cryosections were fixed with
3.7% paraformaldehyde (5 min) and then washed with PBS
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OGupoBaIu NocJaeL0BaTebHO B pacTBope A (2 MuH), pac-
tBope B (4 mun) u pactBope C (15 mut). Craiiipr IpomMbI-
BaJIM JAMCTUJUINPOBAHHON BOJOW MEXKIY OKpAIlNBaHMEM
KpacuTessiMi, 00e3BOKUBAIIN 1 MOHTUPOBAJIH, UCTIOJb3YsT
cpely Ha OCHOBE KCHJIOJIA.

KoJsmyecTBeHHbII aHATN3 PasMepoB pyOIla 1 APYTUX
MOPGOMETPIUECKIX TTAPAMETPOB BBITTOJIHSIH € TIOMOIIBIO
nakera nporpamm MetaMorph® Microscopy Automation &
Image Analysis Software (CIIIA). Pasmep undapkra one-
HIBAJIM Ha OCHOBAHUY MO/ICYETA TIIONA/K pyOIia 1mo oTHO-
MIEHWIO K TUTONIAN JIEBOTO JKEeJy/I0YKa, BBIPA’KEHHOTO B
MPOIEHTAX.

J171s1 KOJIMUeCTBEHHOTO OTIpeIeIeHUsT CTEeNeHN JIHJIa-
tanmu JIZK wmcmosib3oBamum Moan@uUIMPOBAHHBIN METO
XoxmaHa: nH/eKce aumaranuu = (Turomazas nojgoctu JIJK /
obmrast mrotaas JIJK) X (cpemHsist TOMINHA HEMOBPEsK/IEH-
Hott obmacti JIK / cpexnsis TommuHa crenku JIJK B 3onax
pucka). Tommuny crenkn JIJK nocsre nndapxra namepsian
B 3-X PaBHOYZAJEHHBIX OT/EJIaX C MOMOIIBIO TPOTPAMMBI
MetaMorph® Microscopy Automation & Image Analysis
Software (CIIIA). [Toyuernoe 3HAYEHIE YCPEAHSIII.

Tucronoruyeckasi oneHKa COCTOSIHHSI KJIETOK HM-
IUIAHTaTa ¥ BaCKyJISAPU3aLUH. 3aMOPOKEHHbIE KPUOCPE3bI
Muokapza dukcnposan 3,7% napadopmanbaeruiom (20
muH) u mpoMbiBain MCB (5 mum). Cpessl Muokapaa 6710-
KHPOBAJH pacTBopoM, comepskamuM 1% BCA, 10% cviBo-
potkoii sjoropa Bropsix antutes B GCH (30 mun). [locie
9TOTO KPHOCPE3bI HOKPBIBAJIN PACTBOPOM aHTUTEN K MapKe-
pam Ki-67 (« Abcam», CIIIA), cleaved caspase-3 («Cell sig-
naling», CIITA), Pecam (CD31) («Becton Dickinsons,
CIITA), B Tevenne 1 gaca, 3aTeM MPOMBIBATIN W TIOKPBIBAIIH
AQHTUTEJAMHU, KOHBIOTHPOBAHHBIMHE € (DJIyOPECIIEHTHOI MeT-
koii, AlexaFluor488 (kar # A11001 u A11008, Invitrogen,
CIIIA, 1: 800, 1 w ipu 37°C).

AHamM3 TIOTHOCTH COCYTUCTON CeTH B TIepUIH(MAPKT-
Hoit o6mactu BRJoyas mojcyer CD31-mo3uTHBHBIX Karui-
asapos Ges npocsera u CD31-1I03UTHBHBIX CTPYKTYP €
mpocsetoM. [Tozcuer mpoBoann B mporpammve Imaje J soft-
ware («National Institute of health», CIIIA). /Tantbie npes-
CTaBJIeHBbI B (hopMaTe KOJMIECTBO COCY/I0B Ha MM? TJIOMIA/N
CTEHKH JIEBOTO JKEJTYI0UKA.

KosmmuecTBO COXpaHUBIINXCS TTOCTE TPAHCTIAHTAIINT
MIIK, coxmep:xarmux dayopectientnyio metky Cell Tracker
CM-DIL, onermBany ¢ momotibio ¢hJryopeciieHTHOTO MUK-
pockona Zeiss Axiovert 200 M («Carl Zeiss», Tepmanus) u
pyuHOro nojcuera B nporpamme Imaje J software («National
Institute of health», CIIIA).

OrciexxuBanie «CyabObl» TPAHCILIAHTUPOBAHHDBIX
MIIK. [{ns Tpexwnra (orciaexxuBanus) nuddepeHnnpo-
BOUHOI crioco6HocT MITK mocsie TpaHciianTanuu 10-
CTaBJISIIM  KJETKM  KPbIC-CAMIIOB B MHOKap[
CaMOK-PEIUITHEHTOB. JKCIIePUMEHTAIBHBIX >KUBOTHBIX
paszesnuin Ha 2 TPYNIBL: KOHTpoJibHYIO (n=10) u rpymiry
¢ ammkapauarbHoll Tpancmiantanmeir MIIK (n=12)
(TUK, chopmupoBannas u3 100*10* kieTok, HaKJIabIBa-
JIaCh Ha OIHMKAPAMATIBHYIO IIOBEPXHOCTH CEP/AIA, HAaj
06J1aCTBIO TIOBPEKICHUST ). DBTAHAZUIO KIUBOTHBIX BBITOJI-
HUH yepes 30 fHel Tocse TPaHCIIAHTAINN KJIE€TOYHOTO
npenapara. /lerekTnpoBain Y-XpOMOCOMBI B TPAHCIIJIAH-
tupoBarubix MITK ¢ momornibio Habopa Mouse & Rat IDe-
tect™ Chromosome Paint Probes FISH («Cambio»,
CIITA) B cooTBeTCTBUY ¢ peKOMEHAIMSMY (PUPMBI—U3TO-
toBuTess. AuddepeHIIMpoBKka TpaHCIJIAHTHPOBAHHBIX
MIIK B aHIOTEIMAIBHOM HAIPABJIECHUH OIEHUBATIACH HA
OCHOBAHWH HAJINYUS Y-XPOMOCOMBI ¥ OJTHOBPEMEHHOTO

(5 min). Myocardial sections were blocked with a solution
containing 1% BSA, 10% serum of a donor of second antibod-
ies in the PBS (30 min). After that, cryosections were coated
with a solution of antibodies against the following markers:
Ki-67 («Abcam», USA), cleaved caspase-3 («Cell signaling»,
USA), andPecam (CD31) («Becton Dickinson», USA) for 1
hour, then they were washed and coated with antibodies con-
jugated with the fluorescent AlexaFluor488 label (cat. #
A11001 u A11008, «Invitrogen», USA, 1 800, 1 h at 37°C).

The analysis of vascular network density in the peri-
infarction area included the count of CD31-positive capillar-
ies out of the lumen and CD31-positive structures within the
lumen. The counting was carried out using the Imaje J soft-
ware (National Institutes of Health, USA). The data are pre-
sented as the number of vessels per mm? of the LV wall area.

The number of MPCs remaining after transplantation
to contain the Cell Tracker CM—DIL fluorescent label was
assessed using the Zeiss Axiovert 200 M fluorescence micro-
scope (Carl Zeiss, Germany) and manual counting in the
Imaje J software (National Institute of health, USA).

Tracking the «fate» of transplanted MPCs. Cells of
male rats were transferred to the myocardium of female re-
cipients for tracking the differentiation ability of MPCs
after the transplantation. Experimental animals were di-
vided into 2 groups: the reference group (n=10) and the
group with epicardial MPC transplantation (n=12) (TEC
formed of 100*104 cells was placed onto the epicardial sur-
face of the heart, over the affected area). The animals were
euthanized 30 days after transplantation of cell sheets. Y—
chromosomes were detected in the transplanted MPCs
using the Mouse & Rat IDetect™ Chromosome Paint
Probes FISH kit («Cambio», USA) in accordance with
manufacturer's guidelines. Differentiation of transplanted
MPCs in the endothelial direction was assessed on the basis
of the presence of the Y-chromosome and simultaneous
staining for the PECAM (CD31)endothelial cells marker
(«Becton Dickinson», USA).

The content of growth factors was determined by
solid-phase enzyme immunoassay (ELISA). The quanti-
tative analysis of the accumulation of HGF, VEGF, angiopo-
etin—1, PDGF BB, TGFS and uPa in conditioned media
obtained during the cultivation of human MPCs was carried
out using the corresponding reagent kits: Human VEGF
Quantikine Kit («R&D Systems», USA), Human HGF Im-
munoassay («R&D Systems», USA), Human Angiopoetin-
1 Immunoassay («R&D Systems», USA), Human
PDGF-BB Immunoassay («R&d systems», USA), Human
TGF-f1 Immunoassay («R&D Systems», USA), Human u-
Plasminogen Activator/Urokinase Immunoassay («R&d
Systems», USA) in strict compliance with manufacturer's
protocol.

Microscopy and image analysis. Myocardial cells and
cryosections were analyzed using a Zeiss Axiovert 200 M
microscope (Carl Zeiss, Germany) and Axiovision 3.1 soft-
ware (Carl Zeiss, Germany).

The data are presented in the form of mean + SD. Sta-
tistical analysis of the significance of differences was per-
formed using the Mann-Whitney test and Statistica 8.0
software package (Statsoft, USA).

Results and Discussion

The choice of the optimal method of cell trans-
plantation is the most important factor determining
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SKCHGPMMCHTHABHBIG MCCACAOBAHMA

OKpamBaHusl Ha Mapkep kJietok aumportenuns PECAM
(CD31) («Becton Dickinson», USA).

Onpenenenne cofep:KaHus pOCTOBBIX (aKTOPOB Me-
TOZIOM TBepA0(pa3HOro MMMYHO(DEPMEHTHOTO aHAJIM3a
(UDA). KosmvecrBennbiii ananus Hakorienus HGE,
VEGE, auruonoaruna-1, PDGF BB, TGFf u uPa B konuu-
IIHOHMPOBAHHDIX CPE/IAX, MOJYICHHBIX TPU KYyJIHTUBUPOBA-
nun MIIK desnoBeka, NPOBOAMJIM C HUCIOJb30BAHUEM
cooTBercTByOIMX Habopo pearentoB Human VEGF
Quantikine Kit («R&D Systems», CIITIA), Human HGF
Immunoassay («R&D Systems», CIITA), Human Angiopo-
etin-1Immunoassay («R&D Systems», CIHIA), Human
PDGF-BB Immunoassay («R&D Systems», CIIA),
Human TGF-81 Immunoassay («R&D Systems», CIIIA),
Human u-Plasminogen Activator/Urokinase Immunoassay
(«R&D Systems», CIIIA) B cTporom coOTBETCTBUU C TIPO-
TOKOJIOM (PUPMBI-TTPOM3BOIUTEIS.

MuKPOCKONHS U aHAJIU3 U300paskeHuit. AHAIN3 Kile-
TOK 1 KDHOCPE30B MUOKAP/Ia ITPOBO/IVJI C NCIIOJb30BAHUEM
dayopectenTHoro Mukpockora Zeiss Axiovert 200 M (Carl
Zeiss, [epmanuist) 1 IporpaMMHOTo obecriedeHust Axiovision
3.1 (Carl Zeiss, Tepmanust).

CraTucrinyeckuii aHam3 JaHHbIX. /lamibie mpeicTas-
sensl B popmare cpepnee £SD. CratucTueckyio OoleHKY
JOCTOBEPHOCTH PA3JIMUUil TPOBOANIIN C UCIOTH30BAHNEM
Tecta Manna—YuTHU 1 TporpaMMHOTO TTakeTa Statistica 8.0
(Statsoft, CIITA).

Pe3yabrarhl 1 00CyKA€eHIE

HauboJiee BaxKHBIM (DAKTOPOM, OTTPEIEISIIOIIAM
9 GEKTUBHOCTh KJETOYHON Tepanuu 3abojieBaHmii
Cep/IIia, SIBJSAETCS BBIGOP ONTUMAIBLHOTO criocoba ux
TPAHCIIAHTAIUU, YTO OOECIIEUNBAET UX BbIKUBAe-
MOCTb (CIIOCOOHOCTD K TMOJJIEPIKAHIIO COOTBETCTBYIO-
1ero GeHOTUIIA U BBIIIOJHEHUIO UX OUOJOTHYECKUX
dbyHKIWiT), U pereHepaTUBHbBIE cBOWCTBA. J[1s1 00€ec-
HeYeHns DTHX XapaKTepUCTUK Mbl paspaboranmu TUK
Ha ocHoBe 1iactoB u3 MIIK cepiia, Bbiie/ieHHBIX 13
06pasIloB yliKa MPaBoro TPeACePAns: Cep/Ia, moy-
yennbix Bo Bpemst AKI. [Tosyuennbie MIIK uenose-
Ka XapaKTepPU30BaJIUCh PUCYTCTBUEM HA KIETOYHOM
nosepxuoctu mapkepoB CD105, CD90, CD73, orcyT-
CTBUEM MapKepPOB KJIETOK TeMATONO3THYECKOTO Psjia
U CIIOCOOHOCTBIO K MYJIBTHIIOTEHTHOH nuddepennn-
POBKE, 4YTO COOTBETCTBYET CBOMCTBAM PE3UICHTHBIX
MIPOTEHUTOPHBIX KJIETOK Cep/illa ME3eHXUMAJIbHOTO
pana [7-9]. Mbl mokasaiu, 4To KyJbTHBUPOBAHUE
MIIK na yamkax ¢ TEpMOYYBCTBUTETBHBIM TTOKPBITH-
em UpCell™ SurfaceTM, criocoberByer cbopre TUK
U ee TIOCJIeYI0IIEMY OTKPEILIEHII0 Oe3 HapyIIeH s ee
CTPYKTYPHOH 11€JIOCTHOCTH.

AHam3 MoJIy4YeHHBIX KJIETOYHBIX KOHCTPYKIIUH €
MTOMOIIBIO TUCTOJIOTUYECKOT0 M UMMYHOMJIYOPECIIEHT-
HOTO OKpAIIUBaHUS CPE30B TIOKA3JIU, YTO OHU COCTOAT
M3 HECKOJIbKUX CJIOEB KJIETOK, B3AUMO/IEHCTBYIONTNX
MesKy co00ii IpK MOMOIIY KOHHEKCHH-43 comepka-
MIMX MIeJIEeBbIX KOHTAKTOB. JacTb KJIETOK B COCTaBe
THUK akcrpeccupoBasa Mapkep mposmdeparn Ki-67
(84,7£32 na 1000 xJieTOK), 4TO B COBOKYITHOCTU C
OTCYTCTBMEM MapKepoB arolTo3a (aKTUBUPOBAHHAS
Kacriaza 3), yKa3blBaeT Ha XOpOoIIlee Mo/ijiepyKaHue Ku3-

the effectiveness of cell therapy of heart disease, which
ensures cell survival (ability to maintain the corre-
sponding phenotype and perform their biological func-
tions) and regenerative properties. To ensure these
parameters to be included, we developed TEC based
on sheets from the cardiac MPC isolated from the
samples of the right atrial auricle obtained during
CABG. The obtained human MPCs were character-
ized by the presence of CD105, CD90, CD73 markers
on the cell surface, the absence of hematopoietic cell
markers and the ability to multipotent differentiation,
which corresponds to the characteristics of resident
cardiac mesenchymal progenitor cells [7-9]. We have
demonstrated that the cultivation of MPCs in dishes
with heat-sensitive coating UpCell™ SurfaceTM con-
tributes to TEC production and its subsequent de-
tachment without impairing its structural integrity.

Analysis of the obtained cell structures by histo-
logical and immunofluorescent staining of sections
showed that they consisted of several layers of cells in-
teracting with each other by means of connexin—43-
containing gap junctions). Some of the cells in the
TEC expressed Ki-67 proliferation marker (84.7+32
per 1000 cells), which together with the absence of
apoptosis markers (activated caspase 3), indicated
good maintenance of viability of cells in the TEC (Fig.
1). Extracellular matrix proteins (fibronectin, collagen
1 and collagen 3) produced by cells (fig. 1 ¢, d, ¢) were
in the TEC composition. The diameter of the obtained
TEC was 0.99+0.24 cm? The average TEC thickness
was 101.9£17 pm.

Since the obtained TEC was made of human
cells, thus making it very difficult to test it in vivo, the
strategy of <homologous tissue engineering design»
was used. It is based on the use of MPCs obtained in
the same way as human cells to produce TEC by cul-
tivation in culture dishes Nunc™ Dishes with heat-
sensitive coating. The TECs obtained from rat and
human cells had similar size, thickness, and prolifera-
tion/apoptosis levels. In addition, they included com-
ponents of ECM (fibronectin, collagen 1, and collagen
3), which were contained in the constructs of human
cells. To assess the state of TEC cells after transplan-
tation, they were labeled with the vital membrane Cell
Tracker CM-DIL stain («Invitrogen») (fig. 2 a, b, ¢).
It was found that the number of proliferating cells
(CM-DIL+ Ki67+ cells) was 521.3+112 per mm? of
the TEC area 30 days after TEC transplantation onto
the infarction zone; at that, only a few CM-DIL+ cells
containing the apoptosis marker (activated caspase 3)
were found in the composition of the graft, thus indi-
cating a low level of apoptosis in the cell graft with
preserved ability to proliferation.

The number of vessels in the peri-infarction area
under the transplant from MPCs was significantly
higher than that in the reference group, thus indicating
stimulation of vascularization under the cell graft (fig.
3 a, b). At that, a small number of vascular cells co-ex-
pressed two markers (CM Dil and CD31), which indi-
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Puc. 1. Xapaxrepucruka THK na ocnose MIIK cepana yesnoBexka.
Fig. 1. Parameters of TECs based on MPCs from the human
heart.

Note. Representative images of TEC staining with antibodies
against proliferation markers (Ki67 (a; red)), apoptosis (activated
caspase 3 (b; green)), extracellular matrix proteins: collagen 1 (¢;
green), collagen 3 (d; green) and fibronectin (e; green). Arrows
point to cells with positive staining for the respective markers. Cell
nuclei are stained with DAPI. Magnification: a, b, ¢, e X63; d X100.
IIpumeuanue. PenpesenTaTuBibie n306pakennsT OKPAITHBAIIS
TUK anturteramu k Mmapkepam mposudeparun (Ki67 (a; kpac-
HbIiT)), aronTosza (akTuBMpoBaHHas Kacnasza 3 (b; 3esenbiit)), Ges-
KaM BHEKJIETOUHOTO MaTpuKca: KoJutaret 1 (¢; 3esenslit), Kosiaren
3 (d; 3enensiit) u huGporexTH (; 3eseHsbiit). CTpeskn yKasblBalT
Ha KJIETKU, MMEIOIIHe TTO3UTHBHOE OKpAllMBaHie Ha COOTBET-
CTBYyIOINe MapKepbl. A apa kiretok okpamensl DAPI. YBennuernme:
a, b, ¢, e x63; d <100.

HecriocobHocTr KieTok B coctase TUK (puc. 1). B
cocras THK Bxozmin 6e/IKu BHEKJIETOYHOTO MaTpUKCa
(bubpoHekTHH, KoJutarex 1 u Kojutares 3), HapaboTaH-
Hble kireTkamu (puc. 1 ¢, d, e). Inamerp chopmupoBan-
Hoit TUK cocrassin 0,99+0,24 cm? CpeHsist TOJIIITHA
TUK cocrasisiia 101,9+17 pm.

YuutsiBas, uto paspaborannas TUK usrorosie-
Ha 13 KJIETOK Y€JIOBEKA, YTO BBI3BIBACT 3HAYUTEJIbHDIC
TPYAHOCTH [JIi €e TeCTUPOBAHMSA in vivo, Oblia
MCIIOJIb30BAHA CTPATErUs «TOMOJOTMYHON TKaHEWH-
JKeHEPHOW KOHCTPYKIUuW». B ee ocHoBe JeXUT
ucnosbzoBanne MITK, mosydeHHbIX TEM JKe CIioco-
6OM, 9TO U KJIETKH YesIoBeKa, 1711 coopku THUK myTem
KyJbTUBUPOBAHUA Ha KYJbBTYPAJbHBIX YalllKax
Nunc™ Dishes ¢ TepMOYyBCTBUTEIBHBIM TIOKPHITHEM.
[Mosmyuennbie TUK u3 KyieTOK KPbICHI M 4YesiOBEKA
MMeJIM CXOJIHBIM pa3Mmep, TOJIUHY U TIOKa3aTesu
ypoBHs npoJsirdeparuu/anornrosa. Kpome Toro, B ux
cocTaB Bxouiu komoHerTst BKM (¢pubponekTiH,
koJutaren 1, kosuaren 3), KOTOpbIe COJIEPIKAJNCH B
KOHCTPYKIIUAX U3 KJIETOK 4desioBeka. [lyg oreHku
cocrostaust kietok TUK rmocse TpanciianTanum onu
OB TIOMEUYEHBI BUTAIBLHBIM MEMOPAaHHBIM KPacuTe-
sem Cell Tracker CM-DIL («Invitrogen») (puc. 2 a,
b, ¢). Bouio obHapy:keHo, yto yepes 30 aHeil moce
rpanciiantanuu THUK Ha o61acts nndapkTa Kojm-
yectBO nposudepupyomux kiaerok (CM-DIL+

Puc. 2. IIpomudepaumus MIIK u ¢popmupoBanue cocyaucrsix
cTpykryp B coctaBe TUK, TpaHciulaHTHPOBaHHOM Ha dNUKap/H-
aJIbHYI0 TIOBEPXHOCTDb cepana yeped 30 aneii mocae undapkra

MHOKap/a.

Fig. 2. Proliferation of MPCs and formation of vascular struc-
tures in the composition of TECs transplanted onto the epicar-
dial surface of the heart 30 days after myocardial infarction.
Note. a — Immunofluorescent staining of heart tissue with anti-
bodies against Ki67 proliferation marker. MPCs marked with flu-
orescent Cell Tracker CM-DIL stain (red) transplanted as TECs.
Arrows point to proliferating cells (Ki67+CM Dil+); b — Immuno-
fluorescent staining of myocardial tissue with antibodies against
the CD31 vascular marker. MPCs marked with fluorescent Cell
Tracker CM-DIL stain (red) transplanted as TECs. Arrows point
to CD31 + CM Dil+ MPCs integrated in the composition of newly
formed vessels; ¢ — Immunofluorescent staining of heart tissue with
antibodies against the CD31 vascular marker and Y-chromosome.
Arrows point to CD31+Y chromosome+ cells in the vessels vascu-
larizing the graft, which confirms the endothelial differentiation of
transplanted MPCs. Magnification: a, b X20; ¢ }40.
IIpumeyanue. a — UMMYHO(IYOPECIEHTHOE OKpaIlUBaHUE
TKaHW cepilla aHTuTejsaMu K Mapkepy mnposmdepannn Ki67.
TpancmmantuposBannsle B Bujie TUK MIIK nomeuens! daryopec-
nentupiM Kpacuresem Cell Tracker CM-DIL (kpacHubrii).
Crpenku ykaspiBaioT Ha mposmdepupyionue kiaetkn (Ki67+CM
Dil+); b — nmmyHObIyOpeceHTHOE OKpAIINBAHIE TKAHU MUO-
Kapzia aHTuTesaMu K Mmapkepy cocynos CD31. Tpaucuiantupo-
Banupie B Buze TUK MIIK mnomeuensr ¢ayopecieHTHBIM
kpacuresem Cell Tracker CM—DIL (kpacHbiit). CTpenakn yKasbi-
Baior Ha CD31+CM Dil+ MIIK, unrerpupoBanibie B coCTaB HO-
BOOOPA30BAHHBIX COCYIOB; € — WMMYHOMIYOPECIEHTHOE
OKpalIMBaHUe TKAHU CepAlla AHTUTEJAMU K MapKepy COCYIOB
CD31 u Y—xpomocome. Ctpenku ykazpiBaioT Ha CD31+Y—xpo-
MocoMat KJIETKH B COCYIax, BACKYJISIPUSUPYIONINX TPAHCIIAH-
TaT, YTO TMOATBEPKAAET IHAOTEIUATBHYIO AUDHEPEeHINPOBKY
rpanciiantupoanbix MITK. Yeenuuenue: a, b X20; ¢ X40.
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Puc. 3. IIpommdepanusa MIIK u ¢hopmupoBanue cocyauctsix cTpykryp B coctaBe TUK, TpancmiaHTHpOBaHHON Ha SMUKAPIUATBHYIO
MOBEPXHOCTH cepyua yepes 30 xueii mocite nundapkra MHOKap/a.

Fig. 3. Proliferation of MPCs and formation of vascular structures in TEC’ composition transplanted onto the epicardial surface of
the heart 30 days after myocardial infarction.

Note. a — Immunofluorescent staining of heart tissue with antibodies against Ki67 proliferation marker. MPCs marked with fluorescent
Cell Tracker CM-DIL stain (red) transplanted as TECs. Magnification: a X10. b, ¢ — study parameters. * — statistical significance in re-
lation to the control, P<0.05.

Ipumeuanue. TEC — TUK; the number of capillaries — uncio kanumaspos; vessels with a lumen — cocyab ¢ pocsetom; scar size —
pasmep py6ua; LV — JIJK; average LV wall thickness — cpennsist tosmna crenky; dilatation index — uHzeke aumaranun. a — UMMy-
HOMIIYOPECIEHTHOE OKPAIINBAHIE TKAaHU CeP/Ila aHTuTeaMu K Mapkepy nposudepanuu Ki67. Tpancnnantuposantbie B Buge TUK
MIIK nomeuenst (ayopectientbiM Kpacuresiem Cell Tracker CM—DIL (kpacubiit). Yeenuuenwue: a X10. b, ¢ — uccienyempie mapa-

METPBI. * — Pa3ianyust JOCTOBEPHBI 110 CPABHEHHIO ¢ KOHTposeM, p<0,05.

Ki67+knerox) cocraBisiio 521,3+112 na mm? rora-
mu TUK, ipu 5TOM B cocTaBe TPaHCIIJIAHTATA BbISIBJIS-
sch auntb eguanaabie CM-DIL+ knetku, copepixka-
Iye MapKep arolTo3a — aKTUBUPOBAHHYIO KacIazy 3,
YTO YKa3bIBAET HA HUBKUI YPOBEHD AIlONTO3a B KJIe-
TOYHOM TpadTe TPU COXPAHEHHOI CIHOCOOHOCTH K
npoJsinceparuu.

KosmuecTBo cocy1oB B niepunHdapKTHON 06.1a-
cru ozt TpanciianTaTtoM 13 MITK 6b110 3HaYUTETLHO
GOJIBIINM, YeM B KOHTPOJIbHOI TPYTIIe, 4TO YKa3biBa-
JIO HA CTUMYJISILIIUIO BACKYJISIPU3AIIIH TI0]] KJIETOUHBIM
rpacdrom (puc. 3 a, b). Ilpu sToM HeOOIbINAS YACTD

rectly indicates the differentiation of the transplanted
cardiac MPCs of the heart in endothelial cells of blood
vessels. The possibility of endothelial differentiation of
cardiac MPCs was also confirmed by transplantation
TECs made of male cardiac MPCs to females with sub-
sequent test for the Y-chromosome. It was found that
0.4%+0.3% of the total number of endothelial cells in the
vessels carry the Y-chromosome in their nuclei, which
indicates the differentiation of a number of trans-
planted MPCs in the endothelial direction.

The increase in vascularization of the post-in-
farction scar zone and the peri-infarction zone was
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|
KJIETOK COCY/IOB KOIKC- o
npeccupoBaja jBa Map-
kepa CM Dil u CD31, 300
4TO KOCBEHHO YKa3bIBa-

800

eT Ha nquddepeHImpoB-

Ky TPaHCILTAaHTUPOBAH-
ubpix MIIK cepama B

700

9HAOTEJNHNaJIbHbIE KJIET-
K1 COCyIOB. Bosmox-
HOCTb 9HJIOTEINATBHON

Concentration, pg/ml
g

nuddepennnupoBKuU : ] 1
MIIK cepana 6bL1a 101~ 300
TBEP)K/IEHAa U C TTOMO-
IIbI0 TPaHCIJIAHTAIUU v
THUK n3 MIIK camiios B 100
Cep/iIle CaMOK € TIocJie-
0

IYIOIINM aHAT30M KJIe-
TOK Ha Y-XPOMOCOMY.
Oxazasocn, uto 0,4+0,3%

oHGVe VEGFa Ang-1 aSDF-1= uPASPDGF BB @ TGF beta

oT 00IIero KOJmyecTBa
SHIOTENNATBHBIX KJle-
TOK B COCYyZax HecyT Y-
XPOMOCOMY B SIZIPE, YTO
ykasbiBaeT Ha mudde-
PEHIIMPOBKY JacTu
TPAHCIJIAHTUPOBAHHBIX
MIIK B suumorenmnab-
HOM HAIPABJIECHI.
YBenuuenue BacKyJIsSPU3ANUU 30HBI MMOCTUH-
dapkrHOTO py6Ia N IepunHMGaPKTHON 30HbI coYeTa-
JIOCh C YBEJINYEHUEM TOJIIIUHBI CTEHKH JIEBOTO JKey-
nmouka B obaactu nocTuHdapKkTHOrO py6ua U
YBEJIMUEHUEM TIONIA/IH YYaCTKOB KU3HECTIOCOOHOTO
MHOKap/a B 3TOi 06JIaCTH, YTO, BEPOSATHO, SIBJISICTCS
CJIEJICTBHMEM YJIydIlleHusT TKaHeBoil nepdysuu. Xors
OOGHAPYIKUIIN TEHJIEHIIMIO K YMEHBIIIEHUIO pa3Mepa
nocTuH(apKTHOrO pyOIa, MOCTOBEPHBIX OTJIHUUI
9TOrO TIOKa3aTess He BbIIBUIU. TeM He MeHee, Mbl
OOHAPYIKUJIU CTATUCTUYECKH JIOCTOBEPHOE YMEHbIITe-
Hue auiatanuy mosgoctu JIJK, 4to siBiisieTcst Xopoumm
IMPOTHOCTHYECKIM MAaPKEPOM 1 MOKET CJIYKUTh BaXK-
HBIM UHIUKATOPOM CHUKEHUSI PUCKA TTPOTPECCUPOBa-
HUSI cep/levHoit HeoctaTouHoCTH. [locKoIbKY TOJIBKO
OrpaHUYeHHOe YUCJI0 TpaHcIanTupoBanibix MIIK
JIEMOHCTPUPOBAJIO NMPU3HAKU AU(PDEPEHITNPOBKY B
HHJIOTETINATBLHOM HATIPABJICHUY U GOJILITUHCTBO COCY-
10B (hOPMUPOBATIOCH 13 KJIETOK JKUBOTHOTO—PEIUIIN-
€HTa, MOJKHO TIPEIOJIOKHUTh, YTO OJArOTNpPUSTHOE
BJIMSTHUE TPAHCIJIAHTATA HA TTOCTUH(APKTHOE PEMO-
JeJUPOBAHNE CEPIIA, CKOPee BCEro 00YCIOBIEHO
HNapAKPUHHBIM JE€CTBUEM TPAHCIIAHTUPOBAHHBIX
kyeToK. Ananus npoaykros cekperr MIIK cepaia
MOKA3aJl, YTO OHU MPOAYIUPYIOT MPAKTUYECKU BCE
BakHeiine GakToOpbl POCTa U IIUTOKUHBI, PETYJIIH-
pyIoIliue aHTUOTeHE3 U MUTPAITIIO CTBOJIOBBIX KIIETOK
(VEGF, HGF, SDF1 1 uPA), 4ro MoxeT croco6cTBO-
BaTh UX IPUBJIEYEHUIO U3 KPOBOTOKA B 30HY TIOBPEXK-
nenus (puc. 4). Cienyer TaksKe OTMETUTbD, YTO YPOKH-
naza (uPA), cexperupyemasi wuerkamu TUK]

immunoassay.

Puc. 4. KosmyecTBeHHas1 O1leHKa CO/lep:KaHUs POCTOBBIX (paKkTOPOB B cpene KyasruBupoBanusa MITK
4eJIOBEK, ONpe/IeIeHHAs METOI0OM TBePI0(ha3HOro UMMYHO(EPMEHTHOTO aHAIN3A.
Fig. 4. Concentration of growth factors in the human MPC culture medium by solid-phase enzyme

Note. HGF — hepatocyte growth factor; VEGF — vascular endothelial growth factor; Ang-1 — angiopoi-
etin 1; SDF-1 — stroma cell-derived factor 1; uPA — urokinase-type plasminogen activator.

IIpumeuyanue. HGF — dakrop pocra renaroruros; VEGFE — daxrop pocra snzporenus cocynos; Ang-1 —
anruonoatun 1; SDF1 — daxrop kierok crpomsl 1; uPA — akTiBaTop miasaMuHOTeHa ypOKUHA3HOTO THTIA.

combined with an increase in the left ventricular wall
thickness in the post-infarction scar zone and an in-
crease in the area of viable myocardial sites in this
zone, which is probably a result of improved tissue per-
fusion. Although there was a tendency toward reduc-
tion in the size of the post-infarction scar, there were
no significant differences in this parameter. However,
we found a statistically significant decrease in LV cav-
ity dilation, which is a good prognostic marker and can
serve as an important indicator of reducing the risk of
heart failure progression. Since only a limited number
of transplanted MPCs showed signs of differentiation
in the endothelial direction and most vessels were
formed from the cells of the recipient animal, it can be
assumed that the favorable effect of the transplant on
post-infarction cardiac remodeling is likely due to the
paracrine effect of the transplanted cells. Analysis of
cardiac MPC secretion products showed that they
produce almost major growth factors and cytokines
that regulate angiogenesis and migration of stem cells
(VEGF, HGF, SDF1 and uPA), which can help to at-
tract them from the circulation to the affected zone
(fig. 4). It should also be noted that urokinase (uPA)
secreted by TEC cells is a factor contributing to ex-
tracellular proteolysis facilitating cell migration, re-
lease/activation of growth factors and modulation of
the status of extracellular matrix proteins, i.e. the main
stages of regenerative processes. In addition, MPCs
produced major proangiogenic growth factors (VEGFEF,
HGF, angiopoietin-1), which are important both at
the initiation stage and at the stage of maturation of
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sBasieTcst (hakToOpoM, 06eCIednBAIONIUM BHEKJIETOY-
HBIIT IPOTEOJINS, CIIOCOOCTBYIONMIA MUTPAIIUH KJIETOK,
BBICBOOOKICHUIO/aKTUBAIMK  (DaKTOPOB pOCTa U
MOJLYJISITIUU COCTOSAHYST OEJIKOB BHEKJIETOYHOTO MaT-
pHUKCa, T. €. OCHOBHBIX 3TAIlOB PereHepaTuBHBIX IPO-
1eccoB. B gononnenun k aromy, MITK npoymposa-
JI1 OCHOBHbBIE ITPOAHTHUOTEHHBIE (DAKTOPBI PocTa
(VEGE HGE anruomnoatun-1), kotropble BasKHbI KaK
Ha CTaJIMU WHUIIMAINHN, TaK ¥ Ha CTAJMH CO3PEBAHUSA
HOBOOOPA30BAHHBIX COCYIOB. YCTONUUBAS CEKPEIUsT
sTux (hakropos kiaerkamu TUK, Moxer criocobcTBO-
BaTh (POPMUPOBAHUIO TPAJUEHTA, 0OECTICUNBAIONIETO
HarpasieHHoe (hOpMUPOBaHNE HOBBIX KOMIIOHEHTOB
COCYIIMCTON CEeTH TIOBPEKICHHOTO Cep/IIia.

OcTtpoe HapyliieHe KOPOHAPHOTO KPOBOOOPAa-
I[EHUS BBI3BIBACT THOEIh 3HAUNTENLHOTO KOJIMYECTRA
KapIMOMUOIIUTOB CEP/IeYHON CTEHKHU, KOTOpas B
COBOKYITHOCTH C TeMOJIMHAMUYECKUMU U HEHPOTYMO-
pabHBIMU (PAKTOPAMHU BBI3BIBACT PA3BUTHE TSKEJIOM
ceplieuHolt HegoctaToyHocTu. [Ipn atom cocrosinnu
B3aNMO/IOTIOTHSAIONIEeE BO3/IEHCTBIE TATOJOTHYECKUX
(hbakTOpPOB BeseT K peMoIeTMPOBAHUIO TTOJOCTH CEP/I-
11a ¥ PA3BUTHIO TSKEIBIX (DYHKIIMOHATIBHBIX HapyIIe-
Huil. Vcnosb3oBanne KJETOYHOU Tepanuu B BHjE
BHYTPUKOPOHAPHOTO MJIM BHYTPUMHOKAPUAIBLHOTO
BBE/ICHUS CTBOJIOBBIX/TIPOTE€HUTOPHBIX KJIETOK [IJI5
JeyeHus MH@ApKTa MUOKapaa U MOCTUH(APKTHOM
Cep/IeYHON HEeJOCTATOYHOCTH 1TOKA3aJIH BeCcbMa yMe-
peHHyio aheKTUBHOCTD, YTO B 3HAYUTEJILHOM cTerle-
HU 06yCI0BIeHO TH6EIbio GOMbINEil YacTH KIeTOK
nocJjie Tpancianranuu [10—12]. B gannoit pabore
MBI OIlEHMBATU Ha MOjeJn HH(MAPKTA Y KPbICHI
9 HEKTUBHOCTD ATBTEPHATUBHOTO CIIOCOOa TpaHC-
MJIAHTAIMY KJIETOK B BUjie c(hOPMUPOBAHHBIX i71 Vit10
TKAHEWHKEHEPHBIX KOHCTPYKIIMI, COCTOAIMUX W3
KJIETOYHBIX TJIACTOB, 0OPA30BAHHBIX ME3EHXUMAJb-
HBIMU TIPOTEHUTOPHBIMU KJyeTkamu cepana. TUK
6biTr yerenHo nosrydensl Kak u3 MITK yiika nmpaso-
TO IIpe/Icepns YeIoBeKa, KOTOpoe UcceKaeTcs B XOIe
oTiepaliy a0PTO-KOPOHAPHOTO IIYHTUPOBAHUS, TaK 1
n3 MIIK, BbI/Ie/IeHHBIX 110 aHATIOTUYHOMY TTPOTOKOJTY
u3 cepia kpwicbl. B copmupoBanubix TUK MITK
06pasyIoT HECKOJBKO CJI0eB, (hOPMUPYIOT crienuu-
Yeckoe MUKPOOKPYIKEHUE 32 CYET MEKKJIETOYHOTO
B3auMo/lelicTBUS (KOHHEKCUH-CcOiepKaliie KOHTaK-
TbI) 1 GOPMUPYIOT KOHTAKTBI C KOMITOHEHTAMU MEX-
KJIeTOYHOTO MaTpukca (kosareH 1, konmaren 3 u
(UOGPOHEKTUHOM), KOTOPbIE OOECIeYnBAIOT OTITH-
MaJIbHble MEXaHUYEeCKHe 1 OMOJOrHYECKHIe XapaKTe-
PUCTUKH, CTIOCOOCTBYIOIIIE BBIKUBAEMOCTH KJIETOK B
cocTaBe KOHCTPYKIIUU TIOcsIe TpaHciianTam. Oub-
POHEKTHH CIIOCOOEH aKTUBUPOBATH TIPOJIH(EpaInio
MIIK, unnyrnupoBats auddepeHIupoBKy B Kap/ino-
MUOIMTAPHOM U HAOTEJINATBHOM HAIIPABICHUSAX N
vivo TIyTeM aKTUBAIUU CUTHAJTU3aIluu depe3 adf1
nHTerpuHOBBIE perienTopsl [ 13]. Kpome Toro, mmMeHHO
cocTosiHUE OEJIKOB MaTpUKCa OINpele/isieT pereHepa-
TUBHBIE CBOMCTBA MPOTEHUTOPHBIX KJIETOK PA3HbBIX
tunios [14]. Mbl nokasasu, 4To KJIeTOUHbIN rpadT

newly formed vessels. Stable secretion of these factors
by TEC cells may contribute to formation of a gradi-
ent that provides directed formation of new compo-
nents of the vascular network of the affected heart.
Acute coronary circulation impairment causes
the death of a significant number of cardiomyocytes
of the heart wall, which causes severe heart failure to-
gether with hemodynamic and neurohumoral factors.
At that, the complementary effect of these pathologi-
cal factors leads to remodeling of the heart cavity and
development of severe functional disorders. The use
of cell therapy in the form of intracoronary or intramy-
ocardial administration of stem/progenitor cells for
the treatment of myocardial infarction and post-in-
farction heart failure showed very moderate effective-
ness, which is largely due to the death of most cells
after transplantation [10—12]. In this paper, we eval-
uated the efficiency of an alternative method of cell
transplantation in the form of tissue-engineering con-
structs formed in vitro, consisting of cell sheets formed
by cardiac mesenchymal progenitor cells, in a rat's
model of myocardial infarction. TECs were success-
fully obtained both from MPCs of the human right
atrial auricle, which was excised during coronary ar-
tery bypass surgery and MPCs obtained from rat's
heart according to the same protocol. MPCs form sev-
eral layers in TECs; they create a specific microenvi-
ronment due to intercellular  interaction
(connexin-containing gaps) and form contacts with
the components of the intercellular matrix (collagen
1, collagen 3 and fibronectin), which provide optimal
mechanical and biological characteristics that con-
tribute to cell survival in the constructs after trans-
plantation. Fibronectin is able to activate the
proliferation of MPCs, induce in vivo differentiation
in cardiomyocytic and endothelial directions by acti-
vating signaling via ¢581 integrin receptors [13]. In
addition, it is the state of matrix proteins that deter-
mines regenerative properties of different types of pro-
genitor cells [14]. We demonstrated that the cell graft
persisted for 30 days of observation. Transplanted
TECs are integrated into the damaged heart tissue of
the recipient animal; TEC cells are not subjected to
apoptosis, retain proliferative potential, partially dif-
ferentiate in the vascular direction, and participate in
the formation of blood vessels. In addition, trans-
planted TEC affects both the area of the underlying
myocardium, and the peri-infarction area, where a sig-
nificant activation of new vessel formation takes place,
which may be the basis for limiting of negative remod-
eling. This effect can be explained by the paracrine
mechanism of action of transplanted cells that secrete
a set of angiogenic growth factors and cytokines that
complement each other in influencing the vasculariza-
tion process. It is well known that formation of func-
tionally mature vessels requires combined or
consistent actions of several growth factors [15]. For
example, endogenous VEGF-A triggers angiogenesis,
but its combination with Ang-1 is necessary for stabi-
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coxpansiercst Ha npotsikennu 30 aHelt HabmoAeHU.
TpancnnantupoBanubie TUK wHTErpupyitoTcs B
MOBPESKJCHHYIO TKAHDb CEP/IIla JKUBOTHOTO—PEIIUTIN-
enta, kiaetkn TUK mHe moasepraioTcd amomnrtosy,
COXPaHAIOT TPOJIU(EPATUBHBIA MOTEHIUAN, U
yacTuyHo AuddepeHupyoTess B COCYAUCTOM
HAIPaBJIEHNH, Y4aCTBYIOT B (pOPMUPOBAHUN COCYIOB.
Kpowme Toro, tpancirantnosannas TUK oxasbiBaer
BO3/ICIICTBIE KAaK HENIOCPEICTBEHHO HA 30HY <ITOJIJIe-
JKAIIeTo» MHUOKap/la, Tak M Ha MepurnH(papKTHYIO
006J1aCTh, T/Ie TTPOUCXOUT 3HAUNTEIbHAS AKTUBATIUS
(hopmMupoBaHng HOBBIX COCY/IOB, UYTO MOKET JIC5KATh B
OCHOBE OTPAHMYEHUS HETATMBHOTO PEMOIEJIMPOBA-
Hust. 1ot dhheKT MoKeT ObITH 0ObsICHEH TTapaKPUH-
HBIM MEXaHU3MOM JIeHICTBUS TPAHCIIJIAHTUPOBAHHBIX
KJIETOK, CEKPETUPYIOMUX HAOOP aHTHOTEHHBIX (haK-
TOPOB pOCTa U IMTOKMUHOB, B3aUMOJOTOJIHSIONNX
JIPYT Jpyra 1o BJIMSAHUIO HA MPOIIECC BACKYJIsIpU3a-
1un. XOPpoIo U3BECTHO, UTO /17151 (hOPMUPOBAHNL 3pe-
JIBIX (DYHITHOHATIBHO MOJHOIEHHBIX COCY/I0B HEOOXO-
JIMMO COBMECTHOE WJIX TIOCTe[oBaTe/IbHOE JIeliCTBHE
HECKOJIbKUX POCTOBBLIX hakTopos [15]. Tak anmoren-
uoiii VEGF-A samyckaer aHruoreses, Ho st cTabu-
JIM3AIMN/CO3PEBaHUsA HOBBIX COCYIOB, HEOOXOMMMA
ero xomOunanusa ¢ Ang-1 [16]. Pesysbrarsl Hammmx
MPEIBIYIINX UCCIAEIOBAHII, & TaKKe PaboT IPyTUX
HAYYHBIX TPYII, TAKKE YKA3bIBAIOT HAa HEOOXO/uU-
MOCTH COBMECTHOTO BJINSAHUS aHTUOTEHHBIX (haKkTo-
poB 171 3(PHEKTUBHON CTUMYJIAIUN BaCKYJIsIpU3a-
UM MHUOKapja u ckejxeTHbx Mbrmmg [17, 18]. B
JaHHOM WCCJIeJOBAaHUU OBLIO TIPOJEMOHCTPUPOBAHO,
yto MIIK B cocTaBe KJI€TOUHBIX IJIACTOB CEKPETH-
PYIOT MPAKTUYECKH ONTUMAIBHBIH HAOOP GaKkTOPOB
JUISL CTUMYJISIIUN BCeX ATanoB JOPMUPOBAHUS COCY-
JIUCTON ceTH OT 3allycka Ipollecca aHTHOTeHe3a
(VEGEF, uPA) 10 cospesanus/crabuinsanuy HOBO-
obpasosannbix cocynos (HGF, Ang-1) [19-22].
MIIK cekpetupyior (akTtopbl, TpUBJIEKaIONIAE U3
KPOBOTOKA CTBOJIOBbIE KJIETKH, BKJIIOYAS SHIOTEJIN-
anbuble nipemmecrBennuku (SDF-1, VEGF) u dak-
Tophl, B 300y noBpexxaenust (SDF-1) [23], a takske
MPUBJIEKAIONINE DHIOTEHHBIE CTBOJOBBIE KJIETKU
cepana (HGF) [24]. HGF — Baskueiinuii perysisitop
narpasyerHoit murparuu MITK, necymnux na coei
MOBEPXHOCTHU PEIENTOP K 3TOMY (hakTopy — c-met.
Cexpennst HGF nmporeHUTOpHBIMU KJIETKaMU Cep/ilia
ABJIAETCA BAXKHON YaCThIO MEXaHM3Ma UX ayTOKPUH-
noit peryamuu. HGF ob6nagaer antudubporude-
ckM 3 PEeKTOM U MO/IAaBJLgeT TPOAYKIIMIO KoJiare-
HOB GubpobiacTamMu, TPENSITCTBYsI HEraTUBHOMY
pemogenupoBanuio JIJK mocse nndapkra Muokapaa
[22]. [TomuMo 5THX aKTOPOB KII0YeBast PoJib B 00ec-
MeYeHUH PereHepaTuBHOrO Mpollecca B cepiile mpu-
HA/JIC)KUT CUCTEME ITPOTeas, IPesk/ie BCEro YpoKUHa3-
HOW cucteMme, BKJIodaionieil ypokunaszy (uPA), ee
penenrtop (UPAR) u unruburop (PAI-1). 9ta cucre-
Ma 00ecIieynBaeT 3aycK JOKATM30BAHHOTO BHEKJIE-
TOYHOTO TIPOTEOJIN32, HEOOXOIMMOTO JIJIs HATTPABJICH-
HOM MUTpAIMN KJIETOK B TKaHM, & TAaKyKe aKTUBAINU

lization/maturation of new vessels [16]. Results of our
previous studies, as well as the work of other research
teams, also indicate the need in the joint influence of
angiogenic factors for effective stimulation of myocar-
dial and skeletal muscle vascularization [17, 18]. In
this study, we demonstrated that MPCs in the com-
position of cell sheets secreted an almost optimal set
of factors for stimulation of all stages of vascular net-
work formation from the start of the angiogenesis
(VEGE, uPA) to maturation/stabilization of newly
formed vessels (HGFE, Ang-1) [19-22]. MPC secretes
factors that attract stem cells from the bloodstream,
including endothelial precursors (SDF-1, VEGF) and
factors, to the affected zone (SDF-1) [23], as well as
attaract endogenous cardiac stem cells (HGF) [24].
HGEF is the most important regulator of directed MPC
migration carrying a c-met receptor on its surface.
HGF secretion by cardiac progenitor cells is an impor-
tant part of the mechanism of their autocrine regula-
tion. HGF has an antifibrotic effect and inhibits
collagen production by fibroblasts, preventing nega-
tive LV remodeling after myocardial infarction [22].
In addition to these factors, a protease system, prima-
rily the urokinase system, including urokinase (uPA),
its receptor (uPAR) and inhibitor (PAI-1), plays a key
role in ensuring the regenerative process in the heart .
This system enables the initiation of localized extra-
cellular proteolysis required for directed cell migration
into tissues, as well as activation of growth factors re-
quired for successful vascularization. In general, epi-
cardial TEC transplantation onto the epicardial
surface in the infarction zone ensures the MPC sur-
vival for a sufficiently long time, maintenance of their
proliferative potential, and probably their paracrine
properties, which stimulate the repair/regeneration of
damaged myocardium.

Conclusion

In general, the strategy of using epicardial TEC
transplantation based on MPC sheets seems to be a ra-
tional approach for effective delivery of viable
stem/progenitor cells to the damaged myocardium.
The use of TEC helps to reduce or temporarily elimi-
nate the effect of factors that contribute to progressive
heart dysfunction by local paracrine exposure and ac-
tivation of the revascularization processes in the af-
fected zone.
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