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Brnepssie Ha Teppuropun CHI' nepManbHbIi 3KBUBa-
neHT (/19) Ha OCHOBE T'HIpOTeNe pa3InIHON IPUPOIBI
HavaJy IPUMEHATH B KIIMHUYECKOM npakTuke B HCTUTYTE
xupypruu uM. A.B. Bumnesckoro PAMH (r. Mocksa)
[2, 3], u BI'Y «IHCTUTYT HEOTJIO)KHOM M BOCCTaHOBH-
tenbHOH xupypruu uM. B.K. I'ycakxa HAMH Ykpaunsn»
(r. Honenx) [1, 4]. B kauecTBe KJIETOUHOTO KOMIIOHEHTA
JOaHHBIX /13D UCIoIbh30BaU KyTETHBAPOBAHHBIC (heTaNb-
HbIe (UOpOOIACTH YeT0BeKa (TTOIyUCHHBIC U3 a00PTHB-
HBIX TKaHEW) B KOJU1areHoBoM rujiporene. OJJHAKO B HAaC-
TOSIIIIEE BPeMsI BO BCEM MHpE, B TOM YHCJIC B YKpauHe U
Poccun, BO3HHKAIOT HENIPEOAOINMBIE IOPUANYECKUE,
OMOATUYECKHE W PEIUTHO3HBIE MPETSITCTBUS OTHOCH-
TENFHO IPUMEHEeHNS aDOPTHBHOTO MaTepraa JUis Jede-
HUS 4ellOBeKa. B CBA3M C 3THM HCCIIEeIOBaTEIH Hall-
PABILIFOT CBOM YCHIIHS Ha Pa3pab0TKy KIETOYHBIX TIperia-
paToB JOHOPCKOTO IIPOUCXOXKACHHS U3 TKaHEH B3pOCIOro
OpraHu3Ma, FOTOBBIX K HEMEIJIEHHOMY NIPUMEHEHUIO —
TaK Ha3bIBaeMbIX PoayKToB «off-the-shelf». [Ipumepom
TAaKOro MPOAyKTa siBsieTcs nmpenapar Prochymal® («Osiris
Therapeutics Inc.», CIIIA) Ha 0OCHOBE KYIBTUBHUPOBaH-
HBIX aJUIOTEHHBIX MYJIBTUIIOTCHTHBIX ME3CHXUMAIIbHBIX
CTpoMalTbHBIX KIeTOK (a;mioMMCK), KoTopblii moy4aroT
13 KOCTHOTO MO3Ta B3pPOCIBIX JIOHOPOB U IPUMEHSIOT
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For the first time in the CIS, dermal equivalent (DE)
based on hydrogels of different nature was clinically
applied at the A.V. Vishnevskiy Institute of Surgery
(Moscow, Russia) [2, 3], and V.K. Gusak Institute of
Urgent and Recovery Surgery of the National Academy
of Medical Sciences of Ukraine (Donetsk, Ukraine) [1,
4]. These DE were based on cultured human fetal
fibroblasts (obtained from post-abortion tissues) in a
collagen hydrogel. However, to the date there are
insurmountable legal, bioethics and religious constraints
on the use of post-abortion material in human medical
care all over the world, including Ukraine and Russia.
In this regard, the researchers focus their efforts on the
development of cell products of donated adult tissues
origin which would be ready for immediate use, so called
‘off-the-shelf” products. Such an example is Prochymal®
(Osiris Therapeutics Inc., USA) based on the cultured
allogeneic multipotent mesenchymal stromal cells
(alloMSCs) which is produced from bone marrow of
adult donors and used for intravenous administration in
the treatment of type 1 diabetes, GVHD and Crohn’s
disease [8].

Recently reported experimental and clinical studies
have demonstrated the stimulatory effect of transplanted
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JUTSI BHYTPUBEHHOTO BBEJICHIS B Tepanuy quabera 1-ro TH-
na, PTIIX u 6one3nu Kpona [8].

B HenaBHO OIyOIMKOBaHHBIX 3KCIEPUMEHTATIbHBIX U
KJIMHUYECKHUX paboTax ObLIO MOKa3aHO, YTO CTUMYIHPYIO-
niee BusiHUE TpaHciuianTupoBaHHbx MMCK Ha niporiecc
penapaTUBHON pereHepanuy peanus3yeTcs IpeuMyIecT-
BEHHO 4epe3 TPOopHUECKoe U UMMYHOMOIYIHPYIOIee
BO3/CICTBUE, a HE Onaroaaps UX CTPyKTYpHOU HHTErpa-
LMY B IOBPEKJEHHYIO TKaHb [5-7, 9].

Lenpio HACTOSIIIIETO UCCIICAOBAaHMS OBUIO H3YUECHHUE
TEePATIEeBTUYECKOTO ITOTEHIHaA U 3 ()EKTUBHOCTH IPAMeE-
HeHus J[D Ha OCHOBE KOJUIAT€HOBOTO W (PMOPUHOBOTO
ruzporesen ¢ KyasruBupoBaHHbIMU a;luIoOMMCK u3 xu-
poBoii Tkaan (OKT) B iedeHNM SKCIIEPIMEHTATIBHOTO TT0JI-
HOCIIOMHOT'O 0XOra.

OKCepUMEHTHI BBIOIHSITN ¢ COOIOEHUEM MTPUHLIH-
1oB OGMOATHUKH M HOPM OHMOJIOTHYECKOil Oe30IacHOCTH,
YTO NOATBEPHKACHO 3aKII0YEHUEM KOMUCCHHU TI0 BOIIPO-
cam Omoatuku npu HOLL «Muctutyt 6nonorum» KHY
uM. Tapaca [IleBuenko. Mbimu nuauu CBA Bo3pactom
2,5-3 mec u maccoii 17-20 1 ObUTH pa3esieHsl Ha IPyTI-
TIbI: KOHTPOJbHYO (03 anmunkanuu 1D (n = 4)) u akc-
TepUMEHTANIbHBIE — C anTuinKaiuen /[ Ha ocHoBe Koiia-
TEHOBOTO TU/IPOTelis ¢ KyJabTuBHpoBaHHbIMU aiIoMMCK
(n=15); c anmmkanmeil pruOPHMHOBOTO THAPOTENS C KYIIb-
tuBUpoBaHHBIMU AINTOMMCK (7 = 5). [TonHOCIONHBII
0KOT HAaHOCHJIW )KHBOTHBIM O] aBEPTUHOBBIM HAPKO30M
(«Avertin», «Sigmay, CIIIA) packalleHHOH JIaTyHHOI
IJIACTUHKON ArnaMeTpoM 15 MM (1-e cyTKu SKCiepruMeH-
ta). Ha cinenyromue cyTky NpOBOJUIN HEKPIKTOMUIO
CTpyIla C OIHOBPEMEHHOH anuinkanuei /19, HoBTOpHY10
armutrkarwo /13 — Ha 3-u cyTku. D(PeKTHBHOCTE IprUMe-
HeHus 1D onpenessiy IyTeM U3MEpEHUsI IIJI0IaAH 03K0-
TOBOW paHbI C MCIOIB30BAHNEM MOP(POMETPHUECKOTO
MeTOZa M mporpamMmHoro obecneuenus «Imagel 1.43u
Java 1.6.0_10» (CILIA) Ha 2-, 5-, 10-, 15- u 20-e cyTKH
IIOCJIe HAHECEHHUS 0XKOTa.

Hexporcnio kpaeBbIX y4aCTKOB paHbI IPOBOIIIIN HA
20-e CyTKH 1OCJIE HAHECEHUS 03KO0Tra. [ 0TOBUIM MUCTONO-
TMYECKUE MPENapaThl ¢ OKPaIBaHUEM TeMaTOKCUIMHOM-
503WHOM U TPUXPOMOM o Maccony aist naroMmopdo-
JOTMYECKOr0 aHalu3a.

MynbTUIIOTEHTHBIE ME3eHXMMaJIbHbIE CTPOMAJIbHBIE
KJIETKH MOJIy4aJy U3 UHIBUHAJIBHOTO KUPA MBILIEH JIK-
unn FVB ¢epmenrarusasiM meTonom. Kietku kynbTuBm-
poBanu B POCTOBOH cpeie CIEAYIOLEro COCTaBa:
DMEM/F12 ¢ no6asnennem 10% 3MOpHOHANBHOI TS~
9beif ceiBOpoTKH 1 2 MM L-rimytamuna («Sigma-Aldrichy,
CIIIA). Cotictea MMCK mnoaTBepskaanu HampaBiieH-
HO M hepeHITMPOBKOH IO TPEM OPTOIOKCAIBEHBIM Ha-
MPABICHUSIM U OLICHKONH MOBEPXHOCTHOTO MMMYHO(]e-
HoTHNA [9].

JepManbHbIil 5KBUBAJICHT MPEICTaBIsUT cO00M rua-
porenu MOJMMEPH30BaHHBIX KoJIareHa M (puOpHHA C
BBeJeHHbIMU KyJIbTHBHpoBaHHBIMA MMCK KT mpItueit
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MSCs on the process of reparative regeneration as rea-
lized mainly through trophic and immunomodulatory
effects, rather than due to their structural integration
into the damaged tissue [5-7, 11].

The aim of this study was to assess the therapeutic
potential and efficiency of DEs based on collagen and
fibrin hydrogels comprising cultured alloMSCs from
adipose tissue (AT) in the treatment of experimental full-
thickness burns.

The experiments were performed in compliance with
the principles of bioethics and biosafety regulations, as
confirmed by the Bioethics committee at the Institute of
Biology of Taras Shevchenko Kyiv National University.
2.5-3 month-old CBA mice of 17-20 g weight were
divided into the following groups: a) the control (no DE
application (n = 4)) and two experimental ones, i. e. b)
with application of DE based on collagen hydrogel and
cultured alloMSCs (n = 5), and c) with application of
DE based on fibrin hydrogel and cultured alloMSCs (n =
5). Full-thickness burn was performed in animals under
Avertin anesthesia (Sigma, USA) using red-hot brass
plate with a diameter of 15 mm (1 day of the experi-
ment). Scab necrectomy was performed next day with
simultaneous DE application. The latter was repeated
on the third day. The effectiveness of treatment with
DE was determined by measuring the area of the burn
wound using morphometric method and ImageJ 1.43u
Java 1.6.0 10 software on the 2", 5%, 10%, 15% and 20%
day following the burn.

Necropsy of wound edges was performed to the 20t
day following the burn. Prepared tissue sections were
stained with hematoxylin-eosin and trichrome ac-cording
Masson to perform pathomorphologic analysis.

Multipotent mesenchymal stromal cells were obtained
from inguinal fat of FVB mice using enzymatic method.
Cells were cultured in DMEM/F12 medium supplemen-
ted with 10% fetal calf serum and 2 mM L-glutamine
(Sigma-Aldrich, USA). The nature of MSCs was con-
firmed by directed differentiation into three orthodox
ways and evaluation of surface immunophenotype [9].

The dermal equivalent was based on hydrogels of
polymerized collagen and fibrin with cultured AT MSCs
of FVB mice which were introduced in concentration
of 10° per ml of hydrogel. One application on the wound
involved 0.5 ml of DE.

Phenotype of AT MSCs was determined by flow
cytometry using BD FACSAria I cell sorter, FACSDiva
6.1.1 software (BD Biosciences, USA) and appropriate
monoclonal antibodies (BD Pharmingen, USA).

Imaging and photographic documentation of cell cul-
tures and histological sections was performed using Axio
Observer Al microscope and AxioVision Rel. 4.8 soft-
ware (Carl Zeiss, Germany).

The quantitative characteristics of random variables
were presented as a mean and standard error of the
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ymuanu FVB B kortienTparmu 109w rum-
porenst. [Ipu o1HOM anmIMKauy Ha paHy
Ha"ocw 0,5 Mo 13.

®enorunn MMCK KT onpenensiimn
METOZOM IPOTOYHOU MUTOPITYyOPOMET-
PUHU C HCIOJIB30BAHHEM MPOTOYHOTO
murodiryopumerpa-coprepa «BD FACS
Aria I» u nporpammHOro obecriedeHus
«FACSDiva 6.1.1» («BD Biosciences»,
CIIIA) ¢ npuMeHEeHHEM COOTBETCTBYIO-
IUX MOHOKJIOHAJbHBIX aHTUuTeN («BD
Pharmingen», CILIA).

Busyanuzamnmro u ¢oTOI0OKYMEHTH-
pOBaHHE KIETOYHBIX KYJIBTYP M TUCTO-
MpernapaToB MPOBOIWIH C MOMOIIBIO
Mukpockona «Axio Observer Al» u
MPOrpaMMHOTO0 obecredeH st « AxXio Visi-
on Rel. 4.8» («Carl Zeissy, ['epmanns).

KonmuecTBeHHBIE XapaKTePUCTHKH
CIlyYaiHBIX BEJIUYWH NPEICTABICHEI B
BHJIE CPEIHUX 3HAYCHHUN ¥ CTAaHIAPTHBIX
OIMMOOK CPEJTHNX 3HAYCHHUIA. SHAYUMOCTh
pa3IuYuil mokaszaTenel OIEHUBAIH C
oMoIbIo t-kpurepus CTBIONCHTA.

C 11e71610 IOATBEPSKACHUS KIICTOUHO-
TO THIIa B HadaJie MCCIICAOBaHUI OblIa
OCyIIeCTBICHA HampapieHHas audde-
peHLMpoBKa KylnbTuBHpoBaHHBIX MMCK
KT 3-ro maccaxxa B aJuIIO-, OCTEO- U
XOHJIPOTCHHOM HAIPaBJICHUSIX U COOT-
BETCTBYIOIINE [TUTOXUMHUICCKHE OKpa-
mmBaHus [9], B pe3ynasraTe 4ero ObLI
YCTAaHOBJICH (DEHOTHII JAaHHBIX KICTOK:
CD44°CD73"CD90"Sca-1"CD45 .

Anmnukanust 1Byx Tumos J[D mpu
MOJTHOCJIOMHOM OKOTe BiiUsia Ha mpo-  x100
I[ECC PAHEBOTO 3aKUBJICHHS CICAYIO-
MM 00pa3oM: IepBOHAYaJIbHAS IUIO-
[Iagb TEPMHUYECKOTO MOPaKEHUS TMOCIEe HEKPIKTOMHHU
(1-e cytkm) cocraBuna (Mmm?) 271,8 + 4,1 B KOHTpOIIE;
232,8 + 12,6 B rpymme ¢ koyutareHoBbIM 10 n 284,8 £ 5,0
¢ ¢pubpunoBbM [ID. Ha 15-¢ cyTku HaOMo1amym 3Ha4u-
MO€ YMCHBIIICHHE IUIOIMAIN PAaHBl B 00CHX IKCIEPH-
MEHTaNBHBIX rpynmnax o 43,7 (xomnareHoBwii [13) u
29,7 mm? (pubpuHoBSIii J13). Ha 20-¢ cyTku B rpymre ¢
anruIMKanyen KojurareHoBoro J13 riionaab paHbl cocTa-
BUjIa 8,7 MM2, U IPOU3OIILIO MOJTHOE 3a)KHBIICHHE PAHBI
B IpyIIIIe, TAC HCIOIb30Bad GpubpuHOBEId 113, T. €. ar-
mkanyst /19 Ha ocHOBe (pUOPHHOBOTO THAPOTEIS IMEITa
Oolee BRIPAKCHHBIH TEPAIeBTHYCCKHIIA (P PEKT.

[Maromopdonorndaeckuii aHaN3 BBIIBUI B KOHTPOJIb-
HOU TpYIIIE CIACAYIONIYIO KapTHHY: Ha 20-¢ CyTKH HOoCIIe
HAHECCHHS 0)KOTa MMEIUCh HETIOKPBITHIC MUTEINEM
Y4YacTK{; MHOTOCIIOWHBIN TJIOCKHM OpPOTOBEBAIOLIUN
SMUTENNH OBbLJT UCTOHYCH, PErCHEPATOPHBIN BaJMK Ha

npo6nembl KpUOOMONOrUM 1 KPUOMEAULIMHDI
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Hekponcus KpaeBoro yyacTtka KOXXHOW paHbl Yyepe3 20 AHen nocne HaHeceHus
NOnHOCNONHOro oxora (ructonpenapar): A, B —koHTponbHas rpynna; C, D —rpynna
¢ annnukauwmew kornareHosoro 3 ¢ annoMMCK XXT; E, F — rpynna c annnukaumen
¢unbpurHosoro 13 ¢ annoMMCK XXT. A, C, E — okpacka reMaToKCUIMHOM-303MHOM;
B, D, F — Tpnxpomom no Maccony; x100.

Necropsy of the skin wound edge 20 days after full-thickness thermal burn
(histological sections): A, B — control group; C, D — group with application of collagen
DE with AT alloMSCs; E, F — group with application of fibrin with AT alloMSCs. A, C,
E — hematoxylin and eosin staining; B, D, F — trichrome staining according to Masson;

mean. Significance of the differences was evaluated
using Student’s t-test.

In order to confirm the cell type we initially performed
the directed differentiation of cultured AT MSCs of third
passage into adipo-, osteo- and chondrogenic directions
and corresponding cytochemical staining [9], and
resulted cell phenotype was CD44"CD73"CD90"Sca-1*
CD45-.

Application of two types of DE for treatment of full-
thickness burns affected the process of wound healing
as follows: initial area of thermal burn wound after nec-
rectomy (2" day) was (mm?) 271.8 + 4.1 in the control;
232.8 £ 12.6 in the group with collagen DE and 284.8 +
5.0 in the case of fibrin DE. To the 15" day, a significant
reduction in wound area was found in both experimental
groups, i. e. down to 43.7 (collagen DE) and 29.7 mm?
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Kpasx paHbl He BRIPaKCH; UCTOHYAIOIIUICS SITUACPMUC
NepPEX0oAn B IJIOTHBIN CJION IpaHyISILIMOHHON TKaHW,
cocrosei 3 pudpoOIIacTOB U XaOTHYHO PACTIONOXKEH-
HBIX BOJIOKOH COEIMHUTENIbHOM TKaHU C XOPOILLIO BhIpa-
YKESHHOH JICHKOIUTAPHO-TUM(POLUTAPHON HHIITBETPALIICH,
3aHUMAIOLIEH MPAKTUYECKH BCIO JEPMY M MOAKOKHYIO
OCHOBY (pUCYHOK, A, B).

B rpynne ¢ npumenenueM 13 Ha OCHOBE KOJLIAre€HO-
BOTO TUAporens Ha 20-e cyTKH ObLT OOHAPYKEH TOHKUN
CJION STHICPMHCA, MECTAMH HCTOHYABIIHUIICS 710 OJTHOTO
CJIOSI STIUTEITHANBHBIX KJIETOK; XOPOIIIO BEIPAYKCHHBIC TSDKH
COCIMHHUTEIHHOTKAHHBIX BOJOKOH, MEXIYy KOTOPBIMH
pacroyaraiuch COCIUHUTCIFHOTKAHHBIE KIETKH U He-
3HAYUTEIBHBIC HHPWIBTPATH TUM(OLIUTOB; Ha TPAHHILIE
paHeBoi 30HbI OBLIH PACIONIOKEHBI EIUHUYHbIE COCYABI,
coJiep>KaBIINe SPUTPOLUTHI (pUcyHOK, C, D).

Han6onee onTUManbHO MPOLECC PECTUTYLIMU AEPMBI
Y SMHUIEPMHUCA TPOTEKANT IOCIIE alUINKAH PUOPUHO-
Boro JI2. Ha 20-e cyTku B 00pa3uax AaHHOW IpymIbl
HaO0I01a]IM MHOTOCTIOWHBIM AMHUIEPMUC; BHIPAKEHHbBIE
TSDKH COCTIMHUTENIEHOTKAHHBIX BOJIOKOH, MEK/Ty KOTOPBI-
MU OBLTH XOPOIIIO PAa3NNIMUMbI MHIYHbIE (PHOpOOIacThI
1 TIM(OIHTHI; OBLITO O0OHAPYKEHO 3HAYUTEIHHO OOJIbIIIee
10 CPAaBHEHMIO C IPYIIIOHN ITOCIIE allTUINKAIX KoJuiare-
HOBOTO /|9 KONMM4YeCcTBO KPOBEHOCHBIX COCY/IOB, TPOCBET
KOTOPBIX COZIEpIKall 3pUTPOLUTHI (PUCYHOK, E, F).

Takum 00pa3oM, MONTyUeHHbIE Pe3yabTaThl AT OC-
HOBaHHE 3aKJIIOUUTh, YTO B UCIIOIb30BAHHBIX IKCIIEPU-
MEHTAJIbHBIX YCIOBHIX Haubosee ONTUMaIbHBIM ObLIO
npumenenue /I3 na ocnoe amnoMMCK KT u ¢pubpu-
HoBoro ruzporess. CyoontumanbHbIM ObLI BapUaHT HC-
nonbp3oBaHus I3 ¢ KomareHoBbIM ruaporeneM. Hamu
MOKA3aHO, YTO TepaneBTHUeCKuil 3pdexT KyabTUBHpO-
BaHHBIX ajutoreHHBIXx MMCK B coctaBe ruporeneii Obut
peann3oBaH 0e3 KaKOH-TH00 peakIui OTTOPKEHHUS, 9TO
MOXXHO CBf3aTh C MMMYHOMOJYJIUPYIOIEH NPUPOAOH
MMCK [10, 11]. Takue maHHBIC JAIOT OCHOBAHHUE JJIS
Havayia pa3paboTKu W IUNTAHUPOBAHUSA KIMHUYIECKHUX
HCIBITAaHUH 1O MPUMEHEHHUIO paHee HCCIETOBaHHBIX
aJIJIOTEHHBIX OHOPCKUX TEPaneBTUYECKUX JUHUI
kynsruBupoBaHHEIX MMCK desnoBeka ¢ 1ebio co3/1aHust
KJIETOUHBIX pemapatoB «off-the-shelfy.
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(fibrin DE). To the 20" day, the wound area was
8.7 mm? in the group with collagen DE application, and
the complete healing of the wounds was observed in
the group which was treated using fibrin DE, pointing
to a greater therapeutic effect caused by application of
DE based on fibrin hydrogel.

Pathomorphological analysis in the control group
specimens revealed the following: to the 20™ day follow-
ing the burn the epithelium-free areas were present;
keratinizing stratified squamous epithelium was thinned,
regenerated tissue on the wound edges was not discer-
nable, the thinning epidermis alternated by a dense layer
of granulated tissue consisting of fibroblasts and random-
ly arranged connective tissue fibers with a significant
leukocyte and lymphocyte infiltration, which occupied
virtually the entire dermis and subcutaneous tissue (Fi-
gure A, B).

In the group with the application of collagen hydrogel
based DE to the 20™ day a thin layer of the epidermis
was found, which was represented somewhere by a
single layer of epithelial cells; well-defined connective
tissue fiber bundles were observed together with con-
nective tissue cells and a slight lymphocyte infiltration
in between, single vessels with red blood cells were
found on the edges of the wound area (Figure C, D).

Dermal and epidermal restitution was the most opti-
mal in the case of fibrin DE application. To the 20" day
the samples in this group contained stratified epidermis;
discerned connective tissue fiber bundles with clearly
distinguished single fibroblasts and lymphocytes in
between; number of observed blood vessels was signi-
ficantly higher if compared with the group after the col-
lagen DE, their lumen contained red blood cells (Figure
E, F).

Consequently, these results allow to conclude that in
the studied experimental conditions the most optimal was
the application of DE based on AT alloMSCs and fibrin
hydrogel. As suboptimal could be considered the appli-
cation of DE based on collagen hydrogel. We have shown
that the therapeutic effect of cultured allogeneic MSCs
introduced into the hydrogels was achieved without any
rejection response observed, which can be associated
with immunomodulating nature of MSCs [10, 11]. These
findings provide the basis to start the development and
planning of clinical trials involving the application of
previously studied human allogeneic donor MSC thera-
peutical lines of cultured human cell to create ‘off-the-
shelf” products.
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