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BukopucranHs Me3eHXIMaTEHUX (MYJIBTHIIOTCHTHUX )
cToBOypoBuX (cTpoManbuux) KirituH (MCK) — oauH i3
METO/IiB Cy4acHOi pereHepaTUBHOT MeuHI. OCHOBHH-
mu xepernamu MCK BBaXarOThCS KICTKOBHH MO30K,
JKHPOBa Ta HEOHATAIbHI TKAaHUHY (TDTallCHTa, MyITOBHHA
tomio) [1, 3]. MaTpukc MyHOBHHU MiCTUTB MOXI1/THi [103a-
eMOpiOHANBEHOI ME3CHX1MH, 10 MOETHYIOTh BIIACTUBOCTI
JIOPOCIHX Ta eMOPiOHATBFHUX CTOBOYPOBHX KIITHH [7].
3rifHo 3 octanHiMU qochimkeHHsIMu MCK HeoGepHEeHO
3MIHIOIOTBCS IPOTATOM MacakxyBaHHS [9]. Ane Hemae
€IMHOI JYMKH II[0JI0 KUTBKOCTI €TalliB, sIKi He MPU3BOJISATh
1o Brpatn MCK BiacTHBOCTEH MyIBTHIIOTEHTHOCTI [6].
OpHi aBTOpHU BKa3yIOTh Ha HAsBHICTh 3HAYHUX MOpdodi-
310JI0T1YHUX 3MiH KIJIITHH BXKe Ha eTamni 2—3 macaxis [6],
iHOI — Ha eTami 5—6 macaxiB [4]. AHami3 oxep)KaHUX
JaHUX MIATBEPKYE BIICYTHICTH YHI(IKOBAHUX METOIB
T ATPUMAHHS KIIITUH Y MYJIBTUTIOTEHTHOMY CTaH1 Ta CTaBUTh
I1iJT CyMHIB JIOCTaTHICTh TPAIUIIIHHUX KPUTEPIiB OIIIHKU
XapaKTEPUCTHUK IIbOTO TUITY KITITHH.

MeToto TaHOTO MOB1IOMIICHHS € IGMOHCTPAIIist MOP-
(OJOTTYHUX 3MiH, IO CYIPOBOKYIOTH KYJIETHBOBAHI KITi-
TUHH MAaTPUKCY IIYNIOBUHH JIFOAWHU. Y paMKax MaciuTad-
HOi poOOTH, TOJOBHOIO 33/1a4€I0 SKOi OYJI0 OTPUMAaHHS
KyJBTYPH KJIITHH MaTPHUKCY ITyTIOBHHY, III0 BiAMOBITaIN
6 ommcanuM xapaktepuctukam MCK, Oyno BiaMideHO
JesiKl TEHIEHIII1 3MiH KYJIBTYp Y IPOLEC] MAacCaKyBaHHA.

basyrounchk Ha JaHUX, OTPUMAHUX MPOTITOM TPhOX
PpokiB poboTH 3 Kynsrypamu MCK 3 Marpukcy mymoBuHH,
MU IPHUITYCKAEMO, 110 PO3OIKHOCTI y CTaHi KIITHH Ha
PI3HHUX Maca)xxax MOXYTb OyTH OB’ s13aH1 3 IHIUBITyallb-
HUMH XapaKTepPUCTUKAMU JOHOPIB KIITHH.
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The application of mesenchymal (multipotent) stem
(stromal) cells (MSCs) is one of the methods in current
regenerative medicine. The main sources of MSCs are
bone marrow, adipose and neonatal (placenta, umbilical
cord etc.) tissues [ 1, 3]. Matrix of umbilical cord contains
derivatives of post-embryonic mesenchyma combining
peculiarities of mature and embryonic stem cells [7].
According to the recent investigations the MSCs are ir-
reversibly changed during passaging [9]. However, there
is no generally accepted point of view on the number of
steps, which do not result in the loss of multipotency
by MSCs [6]. Some authors report the presence of signi-
ficant morphophysiological changes of cells at the stage
of 2-3 passages [6], others do at the stage of 5—6 passa-
ges [4]. Analysis of the obtained data confirms the ab-
sence of the unified methods of cell maintenance in mul-
tipotent state and puts in doubt the sufficiency of
traditional criteria for assessment of characteristics of
this type of cells.

The research aim was to reveal the morphological
changes, accompanying cultured cells of matrix of
human umbilical cord. Within frames of wide research
a main task was derivation of cell culture of umbilical
cord matrix that would be corresponded to the described
characteristics of MSCs there were revealed some chan-
ges of cultures during passaging.

Based on the data obtained during 3 years of the re-
search in cultures of MSCs from umbilical cord matrix
we suppose that differences in cell state at various pas-
sages may be associated with individual characteristics
of donor cells.
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[IpoanamizoBano Ginbme 300 3pa3kiB MyMOBUHU.
Konitray BUALII7 32 KOMOIHOBAHOKO MEXaHIYHO-EH3MMA-
THYHOIO MeTOMUKO0 (Moau(ikoBanotro 3a C.K. Tong [8]).
OTpuMaHi Me3eHXIMaNbHI KIITHHU KYJIbTHBYBAJIHUCh Y
cepenosuili DMEM («PA Ay, ABCTpis) 3 HU3bKHM BMicC-
TOM TITFOKO3H T JIOJaBaHHSAM aHTHOI0THKIB (TICHIIIIIIH Ta
cTpentoMinuH 1%) Ta aHTEMIKOTHKY (aM{oTepinuH B
0,1%), 10% emOpioHanbHOI TesT901 cupoBaTku («PAAY),
2 MM L-rimoraminy ta 10 HM FGF («Iatepdapm biorek»,
Vkpaina). Kynstuysanns nposoaunock y CO,-inky0a-
Topi (37°C, 5% CO,). BukopucToByBau KyJIbTypanbHi
¢nakonu («PAA») 75 ta 25 cm?. Kinituiu nepeciBanu 3a
JIOTIOMOT'OI0 CYMIIlli TPUTICHH-BEPCEH MPH JTOCSITHEHHI
KyI6Typoro 70% kou¢moerTHOCTI. KitiTnHu BUCiBaIH 13
pospaxynky 10* Ha cm?. ]Iy OI[HKH CTaHy KYJIBTYp
BHKOPHCTOBYBalll iHBEPTOBaHUU Mikpockon «Leica
DMIL» (Himeuunna) Ta ¢oroanapat «Canon PowerShot
640A» (Snonis). FACS-anani3 ekcipecii mapkepis MCK
(CD105,CD90,CD73 — «BD», CIIIA) BUKOHaHO Ha COp-
tepi «BD FACSAria» i3 3aCTOCYBaHHSM MPOrPaAMHOTO
3abesneuenHss «BD FACSDivay y Bijii KIIITHHHUX Ta
TKaHUHHUX TEXHOJIOT1H [HCTUTYTY reHeTHYHO1 Ta pereHe-
patuBHoi meaunman HAMH VYkpainu B.M. Kupukom.
Craructuyny 00poOKy pe3ynbTariB MpoBoAwIn y «MS
Excel» Ta mporpami st CTaTUCTUYHOT 00pOOKH «X7
2009».

B pesynbrari npoBeIeHHX AOCTIIKEHb OTPHMAHO
HacTymHe. 3 eKcIiepuMeHTiB Oynu BukiroueHi 10% 3pasz-
kiB Ha etami (-2 macaxiB y 3B’s3Ky 3 rpuOKoBOtO abo
OakTepiaabHOI0 KOHTaMiHaIi€er0. 3 15% 3pa3KkiB MymoBUH
HE BJAJIOCH OTPUMATH KYJIBTYPY KIIITHH 0€3 BHSBICHHS
KOHKpeTHOI puauHU. 3 75% IynoBHH OyI0 OTpUMaHO
KIITHHHU ($i0pobiaacTonoaioHoi hopMu H0BKUHOW 20—
100 MM (puc. 1), sIKi IpH i ABUIICHHI KOH(IIOEHTHOC-
Ti KyJBTYPH CXHJIbHI IO TOAOBKCHHS, CTOHIIICHHS Ta Ha-
OyTTs MIUTFHOTO MOHOIIApy. Y OUTBIIIN YacTHHI TIpOaHa-
J1I30BaHUX 3pa3KiB KyJIbTYp IOCTaTHHO TOMOT€HHUMH 32
MOP(OIOTIYHUMHU O3HaKaMu Oynu 1-i Ta 2-i macaxi.
3a3Buuaii 0-if macax € JOCHTh FeTePOreHHAM Ta KOHTaMi-
HOBaHHM EPUTPOIUTAMH, SKi TIOBHICTIO SNIMIHYFOTHCSI JIH-
me micns 3—4 3MiH cepelloBUINA. Y NESKHX 3pa3kax 3
3-ro macaxy y KyJlbTypi IOYHHAIOTH 3’ IBISITHCH TOOIU-
HOKI KJIITHHU aTUIOBOI (GOpMHU. 3 OJANBIINM MACaKy-
BaHHSM Yy KyJIETYPi HAKOIIMIYFOTBCS CTAPitoUi Ta MraHTChKI
KITITHHA. BOHU BUPI3HSFOTHCS OKPYTJIO 200 MONIrOHAb-
HOI0 ()OPMOIO, TETEPOTEHHOIO IIMTOILIA3MOIO, MOSBOIO
MPO30puX a00 TEMHUX Bakyosiel (puc. 2). BcranosneHo,
10 HAWOIBIN OTHOPITHUMH € 1-1 Ta 2-if macaxi, mporte
BEJIMKA KiJIbKICTh IPOaHaIi30BaHUX KYJIBTYP JI03BOJHIIA
CIIOCTEPITaTH BiIIMIHHOCTI y CTaHAX KYJIBTYpP, OTPUMaHHX
3 pi3HUX 3pa3KiB, HA OJHHX 1 THX CaMHX Macaxax. Y
25% criocTepiranach paHHs IeTpaallist KyJIbTypH: TosIBa
ATUTIOBHX KJTITHH Ta 3HIKSHHS IBUIKOCTI Tipotidepartii
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More than 300 samples of umbilical cord were ana-
lyzed. The cells were isolated by combined mechanic-
enzymatic method (modified according C.K. Tong [8]).
The obtained mesenchymal cells were cultured in
DMEM (PAA, Austria) with low content of glucose and
supplemented with antibiotics (penicillin and 1%
streptomycin) and antimycotic agent (0.1% amphotery-
cin B), 10% fetal bovine serum (PAA), 2 mM of L-glu-
tamine and 10 nM FGF (Interfarm Biotec). The culturing
was performed in CO, incubator (37°C, 5% CO,). Cultu-
re flasks (PAA) of 75 and 25 cm? were used. The cells
were passaged using trypsin and Versen’s solutions mix-
ture when culture achieved 70% confluence. The cells
were inoculated in the amount of 10* per cm?. To assess
the state of culture we used the inverted microscope
Leica DMIL (Germany) and Canon PowerShot 640A
(Japan). FACS-analysis of MSC markers expression
(CD105, CD90, CD73 — BD, USA) was performed with
BD FACSAria cell sorter and BD FACSDiva software at
the Department of Cell and Tissue Technologies of the
Institute of Genetic and Regenerative Medicine of the
National Academy of Medical Sciences of Ukraine by
V.M. Kyryk. Statistical processing of the results was
performed with Excel and x7 ver. 2009 software.

The performed investigations gave the following
results. At the stage of 0-2 passages 10% of samples
were excluded from the experiments due to fungal and
bacterial combination. We did not manage to obtain the
cell culture from 15% of the samples for unclear reasons.
From 75% of umbilical cords we have obtained the cells
of fibroblast-like shape with 20—-100 pm length (Fig. 1),
which were inclined to elongation, thinning and forming
dense monolayer when reaching confluent culture. In
the bulk of the studied culture samples the 1% and the

Puc. 1. ’)KuBa Hezabapeiena kynsTypa MCK, 1-it macax, x100.

Fig. 1. Viable non-stained culture of MSCs, the 1% passage,
x100.
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(imxonu Bxke Ha 1-my macaxi), a 'y 50% —
KynbTypa 30epirana ¢iopodmacTomoniony
Mopdooriro 10 3—6-ro macaxy. Lle cocre-
PEKEHHS € TOKa30M HEOTHOPITHOCTI 3pa3KiB
YTIOBUHU sIK MaTepiaiy st otpuManas MCK.

Excnpecist THITOBHX MTO3UTHBHUX MapKepiB
(CD105, CD90, CD73) — onHa 3 OCHOBHUX
xapaktepuctuk MCK [5]. 3rigHo 3 HammMu
JAHUMH EKCIIPECisi MOBEPXHEBUX MapKepiB
ME3CHXIMAIIbHUMU KIIITHHAMHU MaTPUKCY T1y-
MIOBUHH Ma€ TCHICHIIIFO 3MiHIOBATUCH Y Maca-
Kax 1 cAraTH HAMEHIINX CEePeIHIX 3HAYCHb
Ha erarti 6-ro macaxy. CepeiHIO KUTbKICTb KITi-
THH y TomyJsinii (y BiZICOTKax), 10 eKCIpe-
CYIOTh THUIIOBI MapKepH, IIOKAa3aHO Ha pHC. 3.
CrmocrepiraeTbcsi TEHACHIIS 10 3HMKCHHS
IHTeHCUBHOCTI ekcnipecii MapkepiB CD105 Ta
CD90 Bix 1 o 6-ro macaxis, mpoTe I1i 3MiHH
HE € CTAaTHCTUYHO JocToBipHUMH (p > 0,05)
Yyepe3 HasBHICTh 3HAYHHUX BIAMIHHOCTEH y
eKcrpecii B Mekax ofHoOro macaxy. ITomy-
TS KiTHH 0-ro macaxy € HalO1TbII FeTePOreHHOIO 32
crynesHem ekcmpecii CD90 (min 8%, max 97,8%), a
TIOTTYJIAS KIIITHH 3-TO MacaxKy — 3a CTyIIeHEM eKCTpecii
CD105 (min 5,5%, max 75%). Lle Moxe BKazyBatu Ha
IHIUBIAyalIbHI BIAMIHHOCTI MiX 3pa3kaMy MyHOBHUHHU.
Haii6inbmioro cTabiIbHICTIO eKeIpecii BOJIoIie MapKep
CD73 (Bix min 70,1% na 6-My macaxi g0 max 99,3%
Ha 1-My macaxi) — Horo eKcrpecisi HalMEeHIIIE 3MIHIOETh-
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Puc. 3. Tenaenii 3MiH ekcrpecii MO3UTHBHUX TTOBEPXHEBHUX
MmapkepiB MCK y macaxax (1mokazaHo cepeiHi 3Ha4eHHsI Ta
cranaaptHa noMuika cepeaporo): ll— CD90; O—-CD105;
O-CD73.

Fig. 3. Trends of changes in the expression of MSCs positive
surface markers in passages (mean values and standard
mean error are presented): ll— CD90; 00— CD105;0-CD73.
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Puc. 2. Atunosi kiitiay y Kynstypi MCK Ha 2—-3-My nacaxax. XKusi,
He3abapsieHi, X200.

Fig. 2. Atypical cells in MSC culture in the 2™ and the 3™ passages.
Vital non-stained cells, x200.

2 passages were rather homogenous by morphological
characteristics. Usually culture of passage 0 was rather
heterogenic and contaminated by erythrocytes which
were entirely eliminated only after 34 changes of the
medium. In some samples we observed single cells of
atypical shape starting to appear from the 3™ passage.
Further passaging was accompanied with accumulation
of the senescent and giant cells in the culture. They we-
re distinguished by rounded and polygonal shape, hetero-
genic cytoplasm, appearance of clear and dark vacuoles
(Fig. 2). It was established that the most homogenous
were the 1% and the 2™ passages, but a great number of
analyzed cultures enabled to observe the differences in
state of cultures obtained from different samples at the
same passages. In 25% of samples we noted early cul-
ture degradation: appearance of atypical cells and decrea-
se in proliferation rate (sometimes even at the 1% passa-
ge), in 50% the culture preserved fibroblast-like morpho-
logy till the 3™ through the 6" passage. This investigation
is the evidence for non-homogeneity of umbilical cord
samples as the material for obtaining MSCs.

Positive expression of typical markers (CD105,
CD90, CD73) is one of the main characteristics of MSCs
[5]. According to our data the expression of surface
markers by mesenchymal cells of umbilical cord matrix
had a tendency to change through passages and reached
the minimal average values at the 6" passage. An average
number of cells in population (in percents) expressed
the typical markers is shown in Fig. 3. We observed the
tendency to the lowering of expression intensity for
CD105 and CD90 markers from the 15 to the 6™ passages
but these changes were not statistically significant (p >
0.05) due to the presence of essential differences in ex-
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Csl i Yac MacakyBaHHS, a Y MEXaxX OJHOTO ITacaxy
PpO3KUJ 3HaYEeHb € HaliMeHIIUM. BapTo 3a3HaunTH, 110
KYJBTYPH, SIKi XapaKTepU3yBaJIUCh OIBIION TOMOT€HHIC-
TIO Ta BUPAXKEHOIO (hi0p0oOIacTOno1iOHOI0 (HOPMOKO KJTi-
THH, ICMOHCTPYBAJIH i BHUII IIOKa3HUKH €KCIIPeCii mo3u-
TUBHHX IIOBEPXHEBHUX MapKepiB.

Otxe, MOXXHA IIPUITYCTUTH, IO BIZIMIHHOCTI y BITaCTH-
BOCTSIX KyJBTYp, III0 BUPOIIYBAJIUCh y CTAaHAAPTHHUX
yMOBaX, MOXYTh OyTH IIOB’sI3aHi 3 iHAMBITyaTbHUMHI
0COOIHMBOCTAMU KOXHOTO 31 3pa3KiB IyIOBUHH, 1[0 MO-
XKYTb BIIPI3HATHUCH Y 3aJISKHOCTI BiJl CTaHY 30POB’ s HO-
BOHAPOKCHOTO Ta MaTepi, a TAKOXK Bif BIIMBY Pi3HUX
XIMIYHEX pedoBHH (Y TOMY YHCIHI JIiKiB) MIPOTSITOM Ba-
riTHOCTI Ta nmosoris. OTpuMaHi aHi MOXXYTb OyTH IOTEH-
Li{HO KOPUCHUMH ITPU PO3pOoOLIi Ta onTUMi3allii cnoco0iB
KpiOKOHCEPBYBaHHS ME3CHXIMAIBHNX KJIITHH MaTPUKCY
ITyHOBHHH.
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pression within one passage. Cell population of passage
0 was the most heterogenic by expression level of CD90
(min 8%, max 97.8%) and cell population of the 3%
passage was the most heterogenic by expression level
of CD105 (min 5.5%, max 75%). This may point to
individual differences between umbilical cord samples.
Marker CD73 had the most stable expression (from min
70.1% at the 6™ passage up to max 99.3% in the 1%
passage) and within one passage the range of values is
the least. It should be mentioned that the cultures
characterized by the highest homogeneity and expressed
fibroblast-like shape of cells demonstrated also higher
expression indices of positive surface markers.

Thus it could be supposed that the differences in
properties of the cultures grown in standard conditions
may be associated with individual peculiarities of each
umbilical cord sample. These samples may differ de-
pending on the health state of mother and newborn as
well as the influence of different chemical substances
(including drugs) during pregnancy and labor. The obtai-
ned data may be potentially useful to develop and optimize
the ways of cryopreservation of mesenchymal cells from
umbilical cord matrix.

References

. Augello A., Kurth TB., De Bari C. Mesenchymal stem cells: a
perspective from in vitro cultures to in vivo migration and ni-
che. // Eur. Cell Mater. — 2010. — Vol. 20. — P. 121-133.

. Bieback K., Brinkmann |. Mesenchymal stromal cells from hu-
man perinatal tissues: From biology to cell therapy. //World J.
Stem Cells. — 2010. — Vol. 2, N4. — P. 81-92.

. Taghizadeh R.R., Cetrulo K.J., Cetrulo C.L. Wharton's Jelly
stem cells: Future clinical applications // Placenta. — 2011. —
Vol. 32, Suppl. 4. — P. S311-315.

. Wagner W., Horn P,, Castoldi M. et al. Replicative senescence
of mesenchymal stem cells: A sontinuous and organized
process // PLoS ONE. — 2008. — Vol. 3, N5. —P. e2213.

. Osipova E.Y,. Shamanskaya T.V., Kurakina O.A. et al. Biological
characteristics of mesenchymal stem cells during ex vivo ex-
pansion // Br. J. Med. Med. Res. — 2011. — Vol. 1, N3. — P. 85-95.

. Angelucci S., Marchisio M., Di Giuseppe F. et. al. Proteome ana-
lysis of human Wharton's jelly cells during in vitro expansion //
Proteome Science. — 2010. — Vol. 8: 18.

. Chong P, Selvaratnam L., Abbas A., Kamarul T. Human peri-
pheral blood derived mesenchymal stem cells demonstrate
similar characteristics and chondrogenic differentiation poten-
tial to bone marrow derived mesenchymal stem cells //J. Orthop.
Res. — 2011. — Vol. 30, N4. — P. 634-642.

. Tong C.K., Vellasamy S., Tan B.C. Generation of mesenchymal
stem cell from human umbilical cord tissue using a combination
enzymatic and mechanical disassociation method //Cell Biol.
Int. — 2011. — Vol. 35, N3. — P. 221-226 .

. Dominici M., Le Blanc K., Mueller I. et. al. Minimal criteria for
defining multipotent mesenchymal stromal cells. The Interna-
tional Society for Cellular Therapy position statement //Cyto-
therapy. — 2006. — Vol. 8, N4. — P. 315-317.

Accepted 01.06.2012

problems
of cryobiology

Vol. 22, 2012, Ne2



