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CerojHs MmareHTa 4eJ0BeKa UCIOb3YEeTCsI KaK HC-
TOYHHUK CTBOJIOBBIX KJIIETOK JIJISl pEreHEPaTUBHOM Me/IH-
1uHBI [6]. OTHAKO OCTAETCst MHOTO HE M3YYEHHBIX BOTIPO-
COB, KacaloIINXCs CBOMCTB ATUX KJIIETOK, UX IMPOUCXOXK-
JICHUS ¥ pereHepaTuBHOro noteHuaia. He paspadboranst
METOJIbI COXPAaHEHHUS TKaHH IIALEHThI, HEOOXOIUMBIE ISt
poBeneHNs HHOEKINOHHOTO CKPHHUHTA, TPOBEPKHU Ha
CTEPUIIbHOCTB M TUCTOCOBMECTUMOCTb. JlaHHOE Hccieno-
BaHME MOCBSILEHO U3YUYEHHUIO CBOMCTB MYJIBTUIIOTEHTHBIX
ME3EHXUMaJIbHBIX CTBOJIOBBIX KieTok (MMCK), nomy-
YEHHBIX U3 HATUBHOW U KPUOKOHCEPBUPOBAHHOM TKaHU
TUTAIICHTHI.

[TnanenTy YenoBeka NoIy4aiy Nocie GU3N0IOTHIeC-
KHX POJIOB MIIM KecapeBa CedeHHUs. TKaHb IIAIlCHTHI
KpHUOKOHCepBUpoBaiy o 3aumTon 10% auMeTnuncynb-
¢doxcuma (JAMCO). KynbTypsl cTpOMadbHBIX KIETOK
HAaTUBHON U KPUOKOHCEPBUPOBAHHOM TKaHM IJIALIEHTHI
MOJTyYai METOAOM (epMmeHTannu B TeueHue 30 MUH B
pactBope 0,1% xkomnarenaser I u 0,6 ex/mn aucmassi,
KyasruBuposaiu pu 37°C B atmocdepe 5% CO,, npo-
BEPSJIM Ha MYJIBTUIIOTEHTHOCTh B MHAYKIIMOHHBIX Cpeniax,
AQHAJIM3UPOBAIIM METOJIOM MPOTOYHOU IIUTOMETPUHU Ha
J1a3epHOM NPOTOYHOM HIHTO(MIyOpUMETpE-copTepe
«FACSAria» («Becton Dickinsony, CIIIA) u MeTonom
HMMMYHOIIUTOXUMHH KaK OIIcaHo paHee [3]. Dkcrpeccuio
reHoB onpezaensian metonamu [P u ITHP B peanbrOM
BpeMmeHHU. CTpOMaNIbHBIC KIICTKH, TOJYYCHHBIC U3 HATHUB-
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Nowadays human placenta has been used as a source
of stem cells for regenerative medicine [6]. However,
many tasks relative to properties, origin and regenerative
potential of these cells have been remained unstudied.
There are no methods developed for preservation of
human placenta required for infectious screening, tests
for sterility and histocompatibility. This research was
devoted to the study of properties of multipotent
mesenchymal stem cells (MMSCs) derived from native
and cryopreserved placental tissue.

Human placenta was derived after delivery or Cae-
sarian surgery. Placenta tissue was cryopreserved under
protection of 10% dimethyl sulfoxide. Stromal cell cul-
tures from native and cryopreserved placenta tissue were
derived by treatment during 30 min in solution of 0.1%
collagenase I and 0.6 units/ml of dispase, cultured at
37°C in 5% CO,, tested for multipotency in induced
media, analyzed by flow cytometry with FACSAria cell
sorter (Becton Dickinson, USA) and immunocyto-
chemistry as described earlier [3]. Gene expression was
established by PCR and real-time PCR. Stromal cell
isolated from native placenta were then cryopreserved
uner protection of 5% dimethyl sulfoxide. Cardiac failure
in FVB mice was induced by isoproterenol, and to the
21% day thereafter the transplantation of MMSCs from
frozen-thawed placenta and frozen-thawed MMSCs
from placenta was performed. Histological,
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HOM IUTALEHTHl KPUOKOHCEPBUPOBAIH MO/ 3amuToi 5%
JAMCO. Cepaeunyio HEIOCTATOYHOCTH y MBIIIEH JINHUN
FVB unayuupoBanu n30npoTepeHosioM, ociie Yero Ha
21-e cytku npoBoauiu Tpancmantanuo MMCK, nomy-
YEHHBIX U3 KPUOKOHCEPBUPOBAHHOM TKaHU IJIALIEHTHI U
kpuokoHcepBrupoBaHHbIX MMCK u3 TKaHM IUIaleHTHI.
l'uctonoruueckue, uMmyHorucroxummuueckue 1 FACS
aHaJIM3bl MBIIIMHBIX cepJel] ObUTH POBEACHBI Ha 2-€ 1
28-e cyTKu 1ocje TpaHCIIaHTauuu Kietok. CraTucTu-
94ecKylo 00paboTKy MPOBOIMIHN C HCHONb30BaHHEeM U-
Kputepust MaHHa- YUTHU.

s MMCK, BbLlIeNEeHHBIX U3 HATUBHOM U KPUOKOH-
CEPBHPOBAHHOM TKaHU IUIAIICHTHI YeJOBEKa, OBUIH
xapaktepHsl tMmMyHo(peHoTHIT CD90'CD73"CD105"HLA™
ABC"¥CD34CD45CD133-CD14 1 criocoOHOCTS K Ha-
TpaBIeHHOHN Tu(GepeHIIIPOBKE B OCTEO- U aIUIIOTCHHOM
HAaIpaBJICHUSX, YTO NPOSABIISIOCH B CTOCOOHOCTH KYJBTY-
PpBI 00pa30BBIBATh MUHEPATU30BaHHBII MaTPUKC U JKUPO-
Bble BKItoueHus (puc. 1) [1].

B xynsrype MMCK 1mnatieHTsl OblIa OOHapYyKeHA
TIOMYJISIIHS KIIETOK, MMOJIOKUTEIBHBIX HAa BUMEHTUH U
nuTokeparut 7 (puc. 2, A, B), 4To Takke moka3zaHo Jis
MMCK amumnotudeckoit obomouku [5]. [IpucyrcTeue
nonyyauuu nutokepatud 7 1 CD90 nmonoxuTenbHbIX
KIIETOK, BBIJICJICHHBIX U3 HATUBHOM U KPHOKOHCEPBUPO-
BaHHOM TKaHM MJIaleHThI (puc. 2, B), yka3piBaeT Ha BO3-
MOXXHO€ BO3HMKHOBEHHE ITOM MOMYJSALUN BCIEICTBUE
SMUTEINATBLHO-ME3EeHXUMAJIbHON
TpaHC(POPMAIIH KIETOK TPOgo-

Onacra [4]. DB

[To maHHBIM UMMYHOITUTOXH-
MHUYECKOTO aHAIHM3a MOKa3aHO
JOCTOBEPHOE YMEHBIICHUE KOJIH- )
YecTBa KJIETOK, IO3UTHUBHBIX IIO f gl

LIUTOKEPATUHY 7, B TEUEHUE TPEX ol
naccaxei ¢ 37,6 (26,6-49,4%, et %
n==6,p<0,05) 10 13% (2,5 Loyl

31,1%, n = 6, p < 0,05) B
Kkynberype kietok MMCK Hatug-
HOW IUTAIICHTHI. BBIsBIIEH ypOBEHB
xuMepu3Ma kietok matepu 0,85% A g
(0-3, n = 4) B KynbTypax KIETOK s
MMCK mnanentsr. BMMCK, no- :
JIyYeHHBIX M3 HATUBHOW TKaHU
TJIAlIEHTHI, YCTAHOBIIEHA 3KCIIPEC-
CHUsl TCHOB TPaHCKPUIIIIMOHHBIX
(haKTOpOB, XapaKTEPHBIX JUIS SMO-
PHOHAJILHBIX U CEPACYHBIX CTBO-
70BBIX KiIeTok OCT-4 u NKX2-5,
torna kak B MMCK u3 kprokoH-
CEpPBUPOBAHHOIN TKaHU — TOJIBKO
OCT-4.

AHannu3 METoJaMH MPOTOYHON
IUTO(GIyOPUMETPUH U HMMYHO-
TUCTOXMMHUHU TOKa3al HAJIHYHE
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immunohistochemical and FACS analyses of murine
hearts were performed by the 2% and 28t" days after
cell transplantation.

Statistical processing was carried-out with Mann-
Whitney U-criterion.

Immunophenotype CD90'CD73"CD105"HLA-ABC¥
CD34 CD45CD133 CD14 and capability of differentia-
tion into osteo- and adipogenic directions manifested in
culture ability to form mineralized matrix and adipose
inclusions are characteristic for MMSCs derived from
native and cryopreserved human placental tissue (Fig.1)
[1].

The culture of placental MMSCs contained the popu-
lation of cells positive for vimentin and cytokeratin 7
(Fig. 2A, B) that was also shown for MMSCs of amnio-
tic membrane [5]. The presence of population of cytoke-
ratin 7 and CD90 positive cells derived from native and
cryopreserved placental tissue (Fig. 2C) pointed to pos-
sible way of this population appearance, viz. due to epi-
thelial to mesenchymal transformation of trophoblasts
[4].

According to the data of immunocytochemical ana-
lysis it was shown a significant reduction of number of
cells positive for cytokeratin 7 during 3 passages from
37.6 (26.6-49.4%, n = 6, p < 0.05) down to 13% (2.5—
31.1%, n =6, p < 0.05) in culture of MMSCs of native
placenta. Chimerism rate of maternal cells in cultures of

Puc. 1. IlpenapaTs! KyasTyp CTPOMaNbHBIX KJIETOK IUIAIEHTHI, 3-i maccax, 21-e
CYTKH KyJIBTUBHUpOBaHUs 6e3 axTtopoB nuddepeHnnpoBkn (A, C) 1 B IPHUCYTCTBUU
(akTopoB agunoreHHoro (B) mimm ocreorennoro (D) nuddepenunposanus,
okpacka Oil Red O (A, B) u Alizarin Red S (C, D).

Fig. 1. Preparations of placental stromal cell cultures, 3" passage the 215 day of
culturing with no differentiation factors (A, C) and in the presence of adipogenic
(B) or osteogenic (D) differentiation factors, staining with Oil red O (A, B) and
AlizarinRed S (C, D).
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Puc. 2. Kynsrypa cTpoMajibHBIX KJIETOK IJIACHTHI: A — MHKpOIIpernapar KJIETOK, OKPalICHHBIX Ha BUMEHTHH; B —
MHKpOIpenapar KJIeTOK, OKpalleHHBIX Ha muTokepatud 7, X50; C — nByXMepHas THCTOrpaMMa HOMYISLIUHN KJIETOK,
TIOJIOKUTENBHBIX Ha ItuToKepaTud 7 u CDY0.

Fig. 2. Culture of placental stromal cells: A —microassay of cells stained for vimentin; B — microassay of cells stained for
cytokeratin 7; X50; C — 2D histogram of population of cells positive for cytokeratin 7 and CD90.

Puc. 3. Ilpenapatsl Muokapaa Melmy, 4 Hegenu nocie tpancmanranud MMCK mianeHTsI, okpacka Ha MUTOXOHIPUN
yenoBeka; nociue tpancmantaun MMCK HatuBHOM (A) 1 KpHOKOHCEpBHPOBaHHOM (B) TKaHNU MTaneHTs! (KOMOMHALINSA
(iryopectieHTHOI MUKpOCcKonHu H (a3oBoro koHTpacTa); C — nmocne tpaHcmianTanun MMCK kprHokoHCepBHpPOBaHHOM
TKaHH IUTAIICHTHI ), JOTIOJTHUTEIbHAS OKpacKa siziep KieTok kpacureneM Hoechst 33342 (duryopecrieHTHas MEKPOCKOIIHSA).

Fig. 3. Murine myocardium 4 weeks after transplantation of placental MMSCs stained for human mitochondria after trans-

plantation of MMSCs of native (A) and cryopreserved (B) placental tissue (merged images of fluorescent microscopy and
phase contrast light microscopy); C — after transplantation of MMSCs from cryopreserved placental tissue, additional

staining of cell nuclei with Hoechst 33342 dye (fluorescent microscopy).

MMCK, nony4yeHHBIX M3 HAaTUBHOW M KPUOKOHCEpP-
BHUPOBAHHOM IUIAIICHTHI, B TKAHU CEepALla MbIIled Ha 2 U
28-e cyTKH Mocyie TpaHCIIaHTaluu. JJoHOpCKue KIeTKH
JIOKAITU3UPOBAIIUCH, TIIABHBIM 00pa30M B TKAHU MHOKap-
Jla BO3JIE COCYJIUCTBIX CTCHOK (pHC. 3).

PesynbTaThl rHCTOIOTMYECKOTO aHAN3A M AIEKTPO-
KapOTPaMM IMOKa3ajii 3HAYUTEIbHOE YIyUYlIeHUE pe-
TeHepalui CepJIeYHON TKaHU TOCIe TPAHCIUIAHTAIlUU
MMCK [2].

B npyrux paborax aBropamu ObUIO YCTaHOBIIEHO, YTO
nocJe TpaHcIlanTauu miaueHTapabix MM CK mbliam
C MOJEINbI0 HH(ApKTa MHOKapAa 3HAYUTEIHHO YMEHbB-
mIanach 30Ha pyoua, 1 JOHOPCKUE KIETKH MPEeuMyLIecT-
BEHHO TU((HEPEHIIMPOBATICE B SHIOTEINATEHOM HAIPaB-
sennd [7].
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MMSCs of placenta was 0.85% (0-3, n =4). In MMSCs
derived from native tissue of placenta we established
expression of transcriptional factor genes characteristic
for embryonic and cardiac stem cells OCT-4 and
NKX2-5, whereas in MMSCs from cryopreserved tissue
only OCT-4 was found.

Analysis by flow cytofluorimetry and immunohisto-
chemistry showed the presence of MMSCs derived from
native and cryopreserved placenta in cardiac tissue of
mice by the 2" and 28" days after transplantation. Donor
cells were located mainly in myocardium tissue near
vessel walls (Fig. 3).

The results of histological analysis and electrocar-
diograms showed a significant improvement of cardiac
tissue regeneration after transplantation of MMSCs [2].
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Takum 00pa3oM, KIETKH, TIOJNYYCHHBIC U3 TKaHU
TUTALIEHTHI YeJIOBEKa, UMEIOT UMMYHO(DEHOTUITHYECKHE U
MYJIBTUIIMHEHHBIE CBOWCTBA, XapakTepHble 11t MMCK.

OCHOBHO# YHUKQJIBHOW 0COOEHHOCTBIO TUTAIICHTAP-
HeIXx MMCK sBnsieTcst Hanu4due MOMYJSIUU KIETOK,
OJTHOBPEMEHHO MOJIOKUTEIFHBIX HA BAMEHTHH, TUTOKEpa-
taH 7 1 CD90.

®cnotummyeckue MMCK, BBIICIICHHBIX U3 HATUBHOMN
1 KPHOKOHCEPBUPOBAHHOW TKaHU TUIAIICHTHI, OIMHAKOBBI.
Kpome Toro, oHu criocOOHBI MUTPHUPOBATH U 3aCEISATh
TOBPEXIEHHYIO TKaHb MHOKAp/1a HAa MOJIEITN KapIHOMHUO-
natuu y Mbiei. Kietku u3 HaTuBHOW TKaHU B OTJIMYNE
OT KPHOKOHCEPBUPOBAHHOMN AKCIPECCUPYIOT HE TOJIBKO
OCT-4, 5o 1 NKX2-5.
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It has been found recently by C. Ventura et al. that
trans-plantation of placental MMSCs into mice with
myocardial infraction resulted in a significant decrease
of cicatrix zone and and predominant differentiation of
donor cells towards endothelial direction [7].

Thus, it can be concluded that the cells derived from
human placental tissue have immunophenotypic and
multilinear properties characteristic for MMSCs.

A primary unique peculiarity of placental MMSCs is
the presence of cell population simultaneously positive
for vimentin, cytokeratin 7 and CD90.

Phenotypic characteristics of MMSCs derived from
native and cryopreserved placental tissue are equal, these
cells are able to migrate and repopulate the damaged
myocardium tissue in mice with cardiomyopathy.
MMSCs from native tissue unlike cryopreserved one
express not only OCT-4, but NKX2-5 as well.
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