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BinHOBNIEHHS TKaHUH OIOPHO-PYXOBOTO amapary
€ aKTyaJIbHHM HAaIlpsIMKOM Cy4YacHOi pereHepaTuBHOI
MenuIuHU. [lepCreKTHBHUM MIIIXOM € 3aTyYeHHS B
MEIUYHY TPAKTHKY ITOCSTHEHb MOJEKYISIPHOI Ta KIIi-
THHHOI 010JI0TIi, 30KpeMa 3aCTOCYBaHHS KPiOKOHCEPBO-
BaHUX MYJIBTHIIOTCHTHUX ME3EHXIMAIbHUX CTPOMAaJIb-
Hux kinitiH (MMCK), oTpuMaHuX i3 pi3HHX JDKEpen
[1-4]. BunineHns, KylIbTHBYBaHHS Ta KPIOKOHCEpBY-
BaHHA KJITHH ME3CHXIMaJbHOTO IOXOKCHHS € OcC-
HOBHUMH €TaraMH OTPHMAaHHS KIITHHHOTO Marepiaiy,
SIKUI BUKOPUCTOBYETHCSI B pereHepaTuBHIA MeIUIUHI
JUTS Tepartii maToJorii pisHoro renesy [5, 6]. J{is 3a6e3-
MIEYCHHS 0a3¥ HAIIUX NOJAIBIINX JOCIIIKEHb Ta BHOO-
Py Kparioro Jokepena KIITHH JUIS Teparii yIIKOIKeHb
TKaHUH OIIOPHO-PYXOBOTO arapary OyJio poaHali3oBa-
HO 1 MOPiBHAHO MOP(OPYHKIIOHATBHI XapaKTCPHUCTHKH
HATUBHHX 1 KpiokoHcepBoBaHux MMCK mypiB, oTpu-
MaHHMX 13 XPSIIOBOI TA JKUPOBOT TKAHHH.

Meta poOoTH — MOpPiBHSIbHA OLIIHKA BIUIMBY Kpio-
KOHCEpBYBaHHs Ha ()eHOTHMN 1 (PyHKIIOHAIbHI BIaCTH-
BOCTI MYJBTUIIOTEHTHHX ME3CHXIMAIbHAX CTPOMAIIb-
HUX KIIITHH 13 PI3HUX JDKEPEII.

ExcriepriMeHTaIBbHI TOCHTIPKEHHSI TIPOBEICHO 3 JIOTPH-
MaHHSIM BHMOT' TYMaHHOTO CTaBJICHHS JIO TIiJUIOCIITHUX
TBapHH, pEVIAMEHTOBaHUX 3akoHOM Ykpainu «IIpo 3axuct
TBapUH BiJ KOPCTOKOTo MOBOKEHH» (Ne 3447-1V Bixg
21.02.2006 p.) Ta «EBPONMEHCHKOIO KOHBEHIIIEIO MPO
3aXUCT XPEOCTHUX TBAPUH, SIKi BUKOPUCTOBYIOTHCS IS
JOCITIIHUX Ta HIIMX HayKoBUX Liiei» (CtpacOypr, 1986).
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Restoration of the musculoskeletal system tissues
is an important area of modern regenerative medi-
cine. A promising way is to involve into medical
practice the achievements of molecular and cell bio-
logy, in particular the use of cryopreserved multipo-
tent mesenchymal stromal cells (MMSCs), obtained
from various sources [1—4]. Isolation, culturing and
cryopreservation of cells of mesenchymal origin are
the main stages of obtaining the cell material used
in regenerative medicine to treat the pathologies
of different genesis [5, 6]. To provide a basis for
our further investigations and selection of the best
source of cells for the treatment of musculoskeletal
tissue damage, the morphofunctional characteristics
of native and cryopreserved rat’s MMSCs derived
from cartilage and adipose tissue were analyzed and
compared.

The research was aimed to comparatively assess
the influence of cryopreservation on the phenotype
and functional properties of multipotent mesenchymal
stromal cells derived from different sources.

Experimental studies were performed in comp-
liance with the requirements of humane treatment of
experimental animals, regulated by the Law of Uk-
raine ‘On the Protection of Animals Against Cruelty’
(No 3447-1V of 21.02.2006) and the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).
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[lepBUHHY CyCHEH3iI0 KIITHH 13 >KHPO-
Boi (OKT) Ta xpsmoBoi (XT) TkaHuH 11ypiB
OTpUMYBaIX 3 O10MTATIB MIISIXOM (epMeH-
TaTuBHOI 00poOKK [7]. CyOKyIBTUBYBaHHS

Tabnuusa 1. LlutodpnyopomeTpryHuin aHania HaTUBHUX
i kpiokoHcepsoBaHux MMCK XT T1a XT (%, M = 0)

Table 1. Flow cytometry of native and cryopreserved AT and CT

MMSCs (%, M £ o)

MIPOBOJUIIN JI0 TOCATHEHHS MOHOIIAPY KYJb-
i fpyna Annexin V-/7AAD- | Annexin V+/7AAD- | Annexin  V/7AAD™
typamu MMCK XKT Tta XT 3 HacTynmHuM ix Group Annexin V-/7AAD*
KplOKOHCEepBYBaHHAM miJ 3axuctoM 10%
JIMCO («ITanEko», Pocis) 3 nomaBaHHSIM
20% emOpioHanbpHOI cupoBarky. LIIBHIKICTS X"TM,\S,:,P\(,';'EZ 81,21 + 12,90 4,39 + 1,57 14,40 + 4,27
oxonomkeHHsa cxiagaina 1°C/xs mo —80°C
13 TIOJANIBIIMM 3aHYpPEHHSIM y PIAKHIA a30T
P, - KeMMCK T | 74 35 + 6,73% 5,29 = 1,25 23,36 + 3,22*
[7]. BinirpiB kpiokoncepBoBanux MMCK AT cMMSCs 99 = O e = S0 E S
(KpMMCK) 3niiicHroBanu Ha BOAsHiM OaHi
npu 40°C no mosiBu pinkoi dasu. Buna-
p A pimoi ¢ N o 81,96 + 4,32 5,32 = 1,49 12,72 + 4,12
JIEHHsI KPIOMPOTEKTOpa MPOBOAWIM IS~ s
XOM JI0JlaBaHHA po3unHy XeHkca («PAAY,
ABCTpisl) y criBBigHOMmIEHHI 1:9 3 HacTyn- ré;_)rl\/(l:l\'\/}linl-(s)él' 74,08 + 1,45 5,80 + 1,75 2012 + 8,12
HUM UeHTpudyryBanasm mpu 250g mpo-

TATOM 5 XB.

Y MMCK i3 focimiuKeHuX JpKepen 10 Ta
MiCIsl KPIOKOHCEPBYBAaHHS BUBYAIM (PEHO-
tun (CD44-FITC, CD45-FITC, CD73-FITC,
CDO90-FITC, CD105-PE) Ta nporecu amnomn-
To3y/HeKkpo3y (Annexin-V-FITCTta7-Amino-
Actinomycin (7AAD)) Ha npoTo4HOMY IUTOIIYOpH-
MmeTpi«FACS Calibur» («BD Biosciencesy, CILIA)3rigHo
3 iHCTpyKui€lo (ipMU-BUpOOHMKA. PesynbTaru anamizy-
BaJM 3a jonomororo nporpamu «Win MDI v.2.8». IIpo-
nigeparuBHO-Mirpaniiauii noreHuian MMCK BuzHaua-
JIM 32 1X 3AaTHICTIO JI0 3alIOBHEHHS JIe(heKTy MOHOLIAPY
MpH KYJIBTHBYBaHHI 3a MeToaoM Liang Ta criBaBT. [§]
y Hamiii momudikamii. HatuBHI Ta KpioKOHCEpBOBaHI
KIITHHH y KibkocTi 1,5 X 10° ki1/cm? BuciBanu B 6-J1yH-
KOB1 TUIAQHIIETH 1 KyJIBTHBYBaJM TpoTsroM 10 nmi6 g0
YTBOPEHHSI KOH(MDIFOCHTY, TTICIISI 4OTO HAHOCHIIH JIe(heKT
po3mipom 2 % 0,1 cm. Ha 4 ta 7-y nobu BuU3Hauamu
IIJTBHICT KIITHH Y 30H1 AedekTy. 3HATyIiCTh BiAMiH-
HOCTEW MiX TpylamH OI[iHIOBAJIM 32 JIOTIOMOTOK KpPH-
Tepito MaHHa-YiTHI 3 BUKOPUCTaHHAM Mporpamu «Sta-
tistika 8» (StatSoft Inc., CILIA). KputuuHe 3Ha4eHHS
PpiBHS 3HauyLI0CTI puiiManocs pisaum 0,05.

n=25).

n=25).

AHai3 OTpUMaHUX pe3yNbTaTiB MMOKa3aB, IO Bij-
HOCHA KUTBKICTh JKMBUX KITHH Annexin V-~ /7AAD~
3HIKyBaJlacs IICsT KPIOKOHCEPBYBAHHS: y BUITAIKY
KpMMCK XT na 9,86%, KpMMCK XT — na 7,91%
nopiBHsAHO 3 HaTHBHUMH MMCK 13 BiAMOBIAHUX JIKe-
pen (tabn. 1). BimHocHa KiIBKICTh KIITHH Annexin
V*/TAAD™ (panns cragis amonto3dy) B KpMMCK XT
ta XT 3Havymie He BiJpi3HsIIACs BiJl MOKa3HUKIB y Ha-
TUBHHUX 3pa3kax. ITokasnuk Annexin V*/7AAD* Tta
Annexin V /7AAD" kmituH (mi3HI cTamii amomnrtosy,
HEKpO3) 3Hauylle 30UIbIIyBaBCs MiCIsl KPIOKOHCEpPBY-
BaHHS Ha 8,96% y Bumagky MMCK XT rta Ha 7,4%
y Bunagky MMCK XT.
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MpumiTka: * — pi3HMUA 3HaYyLLa BIGHOCHO HATUBHMUX KNiTuH (p < 0,05;

Note: * — difference is significant relative to native cells (p < 0.05;

Primary suspension of cells from rat’s adipose
(AT) and cartilage (CT) tissues was obtained from
biopsies by enzymatic treatment [7]. Subculturing was
performed until AT and CT MMSCs cultures reached
the monolayer, followed by their cryopreservation
under 10% DMSO protection (PanEco, Russia) with
the addition of 20% fetal serum. The cooling rate was
1°C/ min to —80°C with subsequent immersion into li-
quid nitrogen [7]. Cryopreserved MMSCs (crMMSCs)
were heated in a water bath at 40°C until the appearance
of the liquid phase. Removal of the cryoprotectant
was performed by adding Hanks’ solution (PAA, Aust-
ria) in a ratio of 1:9, followed by centrifugation at 250g
for 5 minutes

The phenotype (CD44-FITC, CD45-FITC, CD73-
FITC, CD90-FITC, CD105-PE) and apoptosis / nec-
rosis (Annexin-V-FITC and 7-Amino-Actinomycin)
were studied in MMSCs from the studied sources
before and after cryopreservation 7AAD) with a flow
cytometer ‘FACS Calibur’ (‘BD Biosciences’, USA)
according to the manufacturer’s instructions. The re-
sults were analyzed using the ‘Win MDI v.2.8’ soft-
ware. The proliferation and migration potentials of
MMSCs were determined by their ability to fill the
monolayer defect when cultured by the method of
Liang et al. [8] in our modification. Native and
cryopreserved cells in the amount of 1.5 x 103 cells / cm?
were seeded in 6-well plates and cultured for 10 days
to form a confluent, after which a defect of 2 X 0.1 cm
was applied. On days 4 and 7 the cell density in the
defect area was examined. Significance of differences




Tabnuusa 2. Bnnue kpiokoHcepByBaHHA Ha peHoTun MMCK XXT ta XT (M + o)
Table 2. Influence of cryopreservation on phenotype of AT and CT MMSCs (M + o)

PiBeHb ekcnpecii mapkepa, %
Expression rate, %
3pa3sok
Sample
CD 44 CD 45 CD 73 CD 90 CD 105
MMCK KT
AT MMSCs 93,4 + 0,6 08 =03 90,7 £ 0,5 89,2 + 0,9 95,1 = 0,8
KpMMCHK T
AT cMMSCs 82,3 £ 0.6% 0,6 +0,3 88,7 £ 0,7 85,4 + 0,6 92,2 + 0,3
MMCK XT
CT MMSCs 96,1 + 0,3 0,6 + 0,1 89,56 + 1,1 92,1 £ 0,7 94,4 + 0,6
KpMMCK XT %
CT cMMSCs 87,3 + 0,5 0,4 + 0,1 87,5 + 1,5 92,5 + 0,4 92,6 + 0,3

MpumiTka: * — pisHMUS 3HavyLLa BIAHOCHO KynsTUBOBaHMX KNiTWH (p < 0,05; n = 5).
Note: * — significant difference relative to cultured cells (p < 0.05; n = 5).

JocmipkeHi HaTUBHI KYJABTYPU XapaKTepH3yBaIUCs
tunoBuM 1t MMCK ¢eHOTHIIOM 13 BUCOKUM piBHEM
ekcrpecii (> 90%) CD 44, CD 90, CD 73, CD 105 Ta
HU3BKUM piBHeM ekcrpecii (< 1 %) reMomoeTnaHoro
mapkepa CD 45 (tab. 2).

[Ipote B 3pazkax KpMMCK XKT i XT cnocrepira-
JIM 3HAUyIe 3HWKEHHS KitbkocTi CD 44" KimiTHH m0/10
HatuBHUX aHajoris Ha 11,1 Ta 8,8% BigmosigHo. Bigo-
Mo, 1o Mapkep CD 44 Binnosinae 3a OCHOBHi (DyHKIIIT
KIIITUHH, CepeJl sIKUX aare3isi, XOyMiHT y nepugepudHi

300
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LinbHicTb, kKn/MMm?
Optical density, arb. units

50 A

0 T T T
1 2 3 4
Bnnue KkpiokOHCepBYyBaHHS Ha MirpauilHy akTUBHICTb
MMCK XXT i XT: O — 4 poba, m— 7 poba; * — pisHnusa
3HavyLla BigHOCHO HaTUBHUX KNiTUH (p < 0,05; n = 5);
1 — MMCK XT, 2 — KpMMCK XT, 3 — MMCK XT,
4 — KpMMCK XT.

Influence of cryopreservation on migration activity of AT
and CT MMSCs: o — 4 days, @ — 7 days; * — difference
is significant relative to native cells (p < 0.05; n = 5);
1 — AT MMSCs, 2 — AT ¢crMMSCs, 3 — CT MMSCs,
4 — CT crMMSCs.

between the groups was assessed by the Mann-Whit-
ney test using ‘Statistics 8’ software (StatSoft Inc.,
USA). The critical value of the significance level
was assumed to be 0.05.

Analysis of the findings showed that the relative
number of living cells Annexin V- / 7AAD™ decrea-
sed after cryopreservation: in case of AT ¢cMMSCs
by 9.86%, CT cMMSCs — by 7.91% compared with
native MMSCs from the relevant sources (Table 1).
The relative number of Annexin V'/7AAD ~ cells
(early apoptosis stage) in AT and CT ¢crMMSCs did
not differ significantly from the values in native
samples. The index of Annexin V*/7AAD" and Anne-
xin V/7AAD" cells (late stages of apoptosis, necrosis)
increased significantly after cryopreservation with
8.96% for AT MMSCs and by 7.4% in the case of CT
MMSCs.

The studied native cultures were characterized
with a typical for MMSCs phenotype with a high
expression rate (= 90%) of CD 44, CD 90, CD 73,
CD 105 and a low level of expression (< 1%) of he-
matopoietic marker CD 45 (Table 2).

However, in the samples of AT and CT ctMMSCs
there was observed a significant decrease relative
to native analogues of the number of CD 44" cells
by 11.1 and 8.8%, respectively. It is known that
the CD 44 marker is responsible for the main func-
tions of cell, including adhesion, homing of cells
to peripheral and lymphoid organs and foci of
inflammation, cell activation and increased produc-
tion of cytokines and growth factors [2].

The results of determining the migratory activity
of AT and CT MMSCs (Figure) showed a probable
rise in cell density in the defect area during culturing
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Ta JMiMQOIHI OpraHM Ta BOTHUINA 3allaJiCHHS, aKTH-
Ballis ¥ 30UIBIICHHS MPOMYKIIT UTOKIHIB 1 (haKkTOpiB
pocry [2].

Pesynprati BH3HAUCHHS MIrpamiiHoi aKTHBHOCTI
MMCK XT y XT (puCyHOK) CBIIUHIN HPO 3HAUYyILE
301IbIIEHHS] LIUIBHOCTI KJIITUH B 30HI Je(eKTy Npu
kynstuByBanHi MMCK XT BigHochHo MMCK XT
HAa BCIX CTPOKaX CHOCTEPEIKCHHSI.

Ha 4-y no6y mocmimxenass y KpMMCK XT ra
KpMMCK XT cnocrepiraiu 3HWKEHHS IIIBHOCTI BiJI-
HOCHO HaTMBHHX aHaioriB y 1,3 ta 1,2 pa3u Biamno-
BimHO. OJIHaK 3HAYYIIMX BIMIHHOCTEW y MirpamiiHii
aKTMBHOCTI Ha 7-y 100y MiX HATHBHUMH Ta KpPiOKOH-
cepoBanuMu MMCK 13 000X JOCTiIKEHUX KEepes He
criocTepiraiy.

TakuM YUHOM, TPOBEACHE IOCIIKEHHS BILUIHBY
HU3BKOTEMIICPATYPHOTO KOHCEPBYBaHHSI Ha MOpQo-
(hyHKIIOHATBHI XapakTepucTuku Kyastyp MMCK, ort-
PUMaHHX 13 )KUPOBOI Ta XPSAIIOBOi TKAHWH, TOKA3allo,
o iX KPIOKOHCEPBYBaHHS 13 3aCTOCYBaHHSM HH3BKOI
mBuAKocTi oxonomkeHHs 1°C/xB 1o —80°C 1 cepeno-
Buma kpiokoHcepsyBanus (10% JIMCO Tta 20% ewm-
OpiOHATBLHOI CUPOBATKM) HE MPU3BOIUTH 10 aKTHBI3aIlil
MIPOLIECIB anoITO3Y, 103BOJIsiE 30epertu (heHoTu 1 31at1-
HICTh 10 Mirpanii. OfgHaK pyu NOPIBHSUIBHOMY aHami31
OUX XapaKTePUCTUK OYyJI0O BCTAHOBICHO, IIO SIK HATHB-
HUM, TaK i kpiokoHcepBoBanuM MMCK KT Bnactusuii
HU3BKHIA MiTpamiiHui morenian BigHocHo MMCK XT
[4-5].

Pesynomamu  nposedenoco 0ocniodcents moxcyms  Oymu
BUKOpUCMAHT O CMBOPEHHS KPIOOANKY aymonociunux cmoeoy-
POBUX KIIMUH CIPOMATBLHO20 NOXOOMCEHHS 3 MONCIUBICIIO IX
N00ANbLULO20 PAYIOHATLHO2O 3ACMOCY8ANHA 01 hompeb biomex-
Honoz2ii ma KAimunHoi mepanii YWKoO#CeHb ONOPHO-PYX08020

anapamy.
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of CT MMSCs relative to AT MMSCs at all obser-
vation periods.

On day 4 of the study in AT and CT crMMSCs
here was observed a decrease in cell density rela-
tive to native analogues by 1.3 and 1.2 times, respec-
tively. However, no significant differences in the
studied index on day 7 between native and cryo-
preserved MMSCs from both studied sources were
observed.

Thus, a study of the effect of low-temperature
preservation on morphofunctional characteristics of
MMSC cultures derived from adipose and cartila-
ge tissues showed that their cryopreservation using
a low cooling rate of 1°C / min to —80°C and cryo-
preservation medium (10% DMSO and 20% emb-
ryonic serum) did not lead to apoptosis activation,
allowed to preserve the phenotype and ability to
migrate. However, when these characteristics were
comparatively analyzed, it was found that both native
and cryopreserved AT MMSCs had a low migra-
tion potential relative to CT MMSCs [4-5].

This study results can be used for establishing the cryo-
bank of autologous stem cells of stromal origin with their
further possible rational use for the needs of biotechnology
and cell therapy in musculoskeletal injuries.
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