Probl Cryobiol Cryomed 2019; 29(4):303-316
https://doi.org/10.15407/cry029.04.303

YK 611.721:611.724:616.72-018.3
KO.B. Yankoscknin™, C.b. lNepallenko?, E.WU. Oenbuosa?

I'Ipo6neMb| N nepcnekTnBbl NCMNOJTIb30BaHNUA CTBOJTOBbLIX

KINeTOK XpPSALLEeBOU TKaHN
UDC 611.721:611.724:616.72-018.3

Y.B. Chaikovsky', S.B. Herashchenko?, O.I. Deltsova?
Problems and Perspectives of Using Stem Cells of Cartilage Tissues

Pecpepar: B pabote obcyxaatoTcst obme BONpochl AN CneumManucToB B obnactn 6uonornm, KpuoMeguumHbl 1 OMOMEXaHMKN OT-
HOCUTENbHO NPUMEHEHUsT CTBOMNOBLIX kneTok (CK) npu neveHnn 3aboneBaHuii XpsLLEBON TkaHW. B HacTosilee BpeMsi BbiSBNIEHbI HULLK
CK B rmanuHoBbIX Xpsilliax, CUHOBMarbHbIX MEMOpaHax U CMHOBUAbHON XUAKOCTM ONAPTPO30B, MEXMO3BOHOYHbIX AMUCKAX, MEHUCKaX
KOMEHHbIX CYCTaBOB, BOJIOKHUCTbIX XPsilliaX BUCOYHO-HWKHEYEMOCTHOINO CycTaBa M 3MacTUYECKUX Xpsilax YLIHOW pakoBuHbl. Onpe-
neneHbl cneunduyeckne ocobeHHOCTN N MexaHn3M aencteust CK xpsileBow TkaHu. PaspaboTaHbl akCnepyMMeHTanbHble Mogenu na-
TOMNOrMKN XPSILLLEBON TKaHU Ha pasHbIX BMAAX XMBOTHbIX. Pe3ynbraTthl 3KkCnepuMeHTanbHbIX MCCneaoBaHUn Npo4eMOHCTPMpPOBany Bo3-
MOXHOCTb ncnonb3oBaHus CK ansa neveHus 3aboneBaHuii, BbI3BaHHbIX NaTONOrMeNn XpsLLeBon TkaHu. MNoka3aHo, YTO MPUMEHEHME KPUo-
KOHCepBMpoBaHHbIX CK XxpsilieBor TkaHW BO BpadebHOM MpakTuke siBnsetcs 3PgeKTUBHbIM M MEepCrneKkTUBHbIM. Ha cerogHsawHun
[eHb 3TOT BONPOC HEAOCTATOYHO MUCCreaoBaH, NO3TOMy Heobxoanmo paspaboTaTe onTUMarbHbIE PEXUMbI 3aMOpaXXMBaHusi, nogobpaTtb
KpMO3aLLMTHbIE Cpeapl, @ Takke OLeHUTb 6e30MacHOCTb Takon Tepanuu.

KntoueBble crnoBa: xpsilLeBble TKaHU, CTBOMOBbIE KINETKU, 3KCNePUMEHTaNbHbIe MOLenu, NabopaTopHble XMBOTHbIE, KPMOKOHCEPBU-
poBaHMe CTBOMOBLIX KMETOK.

Pedbepat: Y poboTi 06roBoptotoTbCs 3aranbHi MMTaHHA Ana daxisuiB y ranysi 6ionorii, kKpiomeanumHn Ta 6ioMmexaHiku WoaJo 3acTo-
cyBaHHA ctoBOypoBux knitnH (CK) npm nikyBaHHi 3axBOoproBaHb XpSALWOBOI TkKaHWHW. Ha gaHui yac BusieneHo Hiwi CK y rianiHoBux xps-
Lax, cuHoBianbHMX MembpaHax i CMHOBIaNbHIN PiAvHI AiapTposiB, MiXXxpebLeBMx AMCKaxX, MEHICKax KOMiHHWX CyrnobiB, BOMOKHUCTUX
XpsLax CKPOHEBO-HWXKHbOLLENENHOro cyrnoba i enacTnyHux xpsuiax BYLUHOI Mywni. BusHaveHo cneumdiyHi ocobnmeocTi Ta mexa-
Hi3m Aii CK xpswoBoi TkaHuHW. Po3pobrneHo ekcnepumeHTanbHi Mofeni naTonorii XpsALWoBOoi TKaHWHM Ha PisHMX Buaax TeapuH. Pe-
3ynbTaTv ekcrnepumeHTanbHUX AOCAiAXeHb NPOAEMOHCTPYBanM MOXIMBICTb BUKOpucTaHHA CK Ansa nikyBaHHA 3axBOpPOBaHb, BUKU-
KaHUX NaTosorielo XpALWOBOi TKaHNHW. MokasaHo, WO 3acToCyBaHHSA KpiokoHcepBoBaHMX CK XpsLOBOI TKAHUHM B MiKapCbKin NpakTuLi
€ eeKTMBHMM i NepcrneKkTMBHUM. Ha CbOrogHi ue nNUTaHHA HeAOoCTaTHbO BUBYEHE, TOMY HEOOXigHO po3pobuTU OMTUMArbHI PEXUMM
3aMOpOXXyBaHHs, NigibpaTy Kpio3axncHi cepefoBuLLa, a TaKoX OLIHUTK Be3neky Takoi Tepanii.

Knro4yoBi cnoBa: xpsLioBi TKaHWHW, CTOBOYPOBI KNiTUHW, eKcnepuMeHTanbHi Moaeni, nabopaTopHi TBapuHU, KPiOKOHCEPBYBaHHS
CTOBOYPOBMX KIITUH.

Abstract: The paper aims at providing general information regarding the use of stem cells (SCs) for the treatment of cartilage
tissue diseases for specialists in the field of biology, cryomedicine and biomechanics. To date, SCs niches have been identified in
hyaline cartilage, synovial membranes and synovial fluid of diarthrosis, intervertebral discs, and knee joints menisci, fibrous cartilages
of the temporomandibular joint and elastic cartilages of the auricle. Specific features and the mechanism of action of SCs of car-
tilage tissue were determined. Experimental models of cartilage tissue pathology in different animal species have been developed.
Experimental studies have demonstrated the possibility of using SCs for the treatment of diseases caused by cartilage pathology.
It is shown that the use of cryopreserved cartilage tissue SCs in medical practice is effective and promising. To date, this issue re-
mains understudied, therefore, it is necessary to develop optimal freezing regimens, select cryoprotective media, as well as evaluate
the safety of such a therapy.

Key words: cartilage tissues, stem cells, experimental models, laboratory animals, cryopreservation of stem cells.

[To craructuke 6onee 60% mromeit B Mupe cTpa-
Jal0T OT 3a00JIeBaHMM, CBS3aHHBIX C TIATOJIOTHEH
XpAlla: MOSICHUYHBIA OCTEOXOHIpo3 [29], ocTeoap-
tput (OA) [25], nereHepaTuBHbIE H3MEHEHUS BUCOY-
HO-HMXKHedemocTHoro cycraBa (BHYUC) [6], mocT-
TpaBMaTHYECCKUH CHHIPOM [3] W BPOXICHHBIC aHO-
manuu [53]. [larmeHTaM ¢ JaHHOW MaTONOTHEH
Ha3HA4YaeTCsl KOHCepBaTWBHAs Tepamus (00e300m-
BaIOIIME W XOHIPOIIPOTEKTOPHBIE TpenapaTsl), a mpu
HEKOHTPOJIHMPYEMOil OO — XHpypruueckoe Jiede-
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According to statistical data over 60% of people
worldwide suffer from various diseases related to the
cartilage pathology: low back pain [29], osteoarthritis
(OA) [25], degenerative temporomandibular joint
disorders (TMJ) [6], post-traumatic syndrome [3]
and congenital abnormalities [53]. Patients with
these pathologies are prescribed conservative therapy
(pain killers and chondroprotective agents), and
surgery for uncontrolled pain [49]. Unfortunately
these methods do not ensure a complete cure and
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Hue [49]. [lockonbKy yka3aHHbBIE METOABI, K COXKa-
JICHHUIO, He 00SCIICUMBAIOT MOJHOTO M3IICUCHUS, Ta-
KHM OOJIbHBIM TIPOBOAMTCS TPAHCIUIAHTAIMS XPsi-
meBold TkaHu [1]. [lms obecredeHus omeparuii
HEoOXOAMM 3amac OMOIOTHYECKOT0 MaTepuata, KOTo-
pBIIf MOXKET OBITH CO3aH C MOMOIIBI0 KPUOKOHCEP-
BupoBaHusA [61, 66]. B HacTosmee BpeMs aKTHBHO
TIPOBOISITCSL WCCIICIOBAHUS, HApaBJICHHBIE HA CO-
BEPIICHCTBOBAHMUE JAHHOTO MeTona [5, 28]. Baxno
OTMETHTD, YTO PE3YJIETAThl MOCICTHUX KIMHUYECKIX
HCIBITAHUHN TPOJICMOHCTPUPOBATIH 00Jiee BBICOKYIO
TEPaNEeBTHUSCKYI0 d3PPEKTUBHOCTD TPAHCIUIAHTAIUH
pasznuuHbix cTBOJOBBIX KieTok (CK) mo cpaBHeHuUIo
¢ mepecaakoi Bcero xpsama. [lokazana BO3MOKHOCTb
MIPUMEHEHUSI B JIeYeOHON TMpaKTUKE SMOpPHUOHAIB-
Hbix U nepuHaraidbHbiX CK [50]; me3enxumubix CK
rkoctHOM TKaHn (MCKKT) [7]; MCK >kupoBO# TKaHH
[38]; MCK cunoBuansnoit xuakocta [17]; CK myis-
el 3y6a [54]; CK HIKHHX HOCOBBIX pakoBuH [21],
a taxke uHAynupoBanHbIXx CK [64]. OmHako cBexe-
Beieniennbie CK Hepenko TpeOyroTcst B OoblieM
KOJIMYECTBE, YEM UX MOXXHO OJHOMOMEHTHO MOJTY-
quTh. Bo3MoxHBI cuTyanuu, korja HatuBHble CK He-
00XOAMMO JUTMTEIBHO COXPaHSTh Mepe]] TPaHCIIaH-
Talue, a CPOKM XpaHEHMsI OrpaHuyeHsl [5]. OTu
pOOJIEMBbl MOXKHO PEIIMTh C TOMOIIBI KPUOKOH-
CEPBHUPOBAHUS, KOTOpOEe 00ECHeunBaeT JO0NTOCpPOd-
HOE XpaHEHHE W BO3MOXKHOCTH 3aTOTOBKU OOJIBIIIOTO
Kolm4yecTBa omomarepuana [18, 19].

Pe3ynbraThl MHOTOYHCICHHBIX JKCIIEPUMEHTAIh-
HBIX paboT mokazanu 3(H(OEKTUBHOCTL TMPUMCHCHHUS
CK na Momemsix MmaToJOTHH XPsIia, HO IMOCJICIHUE
KIMHWYECKUe nanHble yedeHuss OA, nereHeparwB-
ueix m3Menenuit BHUC u natoioruu mo3BoHOYHUKA
HEOAHO3HAYHBI [15].

Lenpro pabOTHI SBUJICS aHAIW3 JIMTEPATYPHI, IO~
CBAILIECHHON N3YYEHHIO CTBOJIOBBIX KJIETOK XPSIIEBOM
TKaHU, OSKCIIEPUMEHTAIBHBIX MOJIEJIEH TaTOJIOTHH
Xpslia, KPUTEPUEB TOA00pa JTa00PATOPHBIX KHUBOT-
HBIX, WCIOJB3YyEeMBIX ISl MOJEIUPOBAHUS TaTONO-
THH XpSIa; OINpPEIeTeHbl BO3MOXXHOCTH TPHUMEHe-
HUSl CTBOJIOBBIX KJIETOK XPSIIEBOW TKaHW B KIIMHU-
K& W PaCCMOTPEHBI METOIBI KPHUOKOHCEPBUPOBAHMUS
PE3UICHTHBIX XPSIIIIEBBIX CTBOJIOBBIX KICTOK.

Cospemennvle npeocmasnenus o CK xpsawesoi
mxanu. VMeromuecs: JaHHBIE CBUACTEIBCTBYIOT O
TOM, YTO IPH JICYCHUU Pa3IMYHBIX MATOJOTUI TKa-
Hel ¢ momomnkto TpaHcmantanun CK Heobxonumo
YYUTHIBaTh OCHOBHBIE CBOMCTBA PE3UICHTHBIX KIle-
Tok. T. Maerz u coaBr. [39] cunratot, uTo pa3paboTka
HOBBIX KJIETOYHBIX METONOB JIEYeHHS 3a00JIeBaHUI
ITO3BOHOYHHUKA TpeOyeT MOHUMaHUS OMOJIOTHN U de-
HOTHUTIMYECKUX OCOOEHHOCTEH KIIETOK MEXKIT03BO-
HouHOTO mucka. [To maermio G. Patappa u coaBr. [52]

such patients undergo cartilage tissue transplanta-
tion [1]. To provide for the surgical procedures a
stock of biological material is needed, which can be
created using cryopreservation [61, 66]. Currently,
active research is underway aimed at improving
this method [5, 28]. It is noteworthy that the results
of recent clinical trials have demonstrated higher
therapeutic efficacy of transplantation of various
stem cells (SCs) as compared to transplantation of
the entire cartilage. The possibility of using emb-
ryonic and perinatal SCs [50]; bone-derived mesen-
chymal SCs (BDMSCs) [7]; adipose tissue-derived
MSCs [38]; synovial fluid MSCs [17]; dental pulp
SCs [54]; inferior turbinate SCs [21]; as well as
the induced SCs [64] in medical practice has been
shown. However, freshly isolated SCs are often
required in larger quantities than they can be ob-
tained at once. There may be the situations when
native SCs must be stored for a long time before
transplantation, and storage periods are limited [5].
In this regard, cryopreservation which enables long-
term storage and the possibility of harvesting a
large amount of biomaterial is promising [18, 19].

The results of numerous experimental studies
have shown the efficacy of using SCs on models of
cartilage pathology, however the latest clinical data
on OA, degenerative changes in TMJ and spinal
pathology treatment are ambiguous [15].

The research was aimed at reviewing the pub-
lished reports on studying the cartilage tissue stem
cells, experimental models of cartilage pathology,
criteria for selecting laboratory animals used to
simulate cartilage pathology; the possibilities of
using cartilage stem cells in clinical practice have
been determined and the methods of cryopreserva-
tion of resident cartilage stem cells have been
considered.

Modern views on cartilage tissue SCs. Available
evidence demonstrates that the treatment of various
tissues pathologies by SCs grafting should always
take into account the essential properties of the
resident SCs. T. Maerz et al. [39] believe that de-
velopment of new cell therapies for spine diseases
requires an understanding of biology and pheno-
typic features of the intervertebral disc cells. Pa-
tappa et al. [52] suggest that regenerative therapy
approaches to treatment of the damaged interver-
tebral disc should rely on the knowledge of specific
features of the cartilage SCs which determine dif-
ferentiation of the transplanted cells and preserve
the ‘correct’ phenotype, since these factors ensure
the cartilage functioning [55].

Stem cells/progenitor stem cells (SCPCs) niches
were found in the articular cartilages, synovial
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MOAXO/bI PEreHepaTuBHON MeaH-
LUHBI K JICYEHUIO MTOBPEKICHHO-
IO JTUCKA JOJDKHBI OCHOBBIBATHCS
Ha 3HAHUH CHEIUPUIESCKHX 0CO-
oennocteit CK xpsimia, KoTopble
onpeneisitoT audGepeHInpoBKy
MepecakeHHBIX KJIETOK M COXpa-
HSIIOT «IPAaBUJIBHBIN) (DEHOTHII,
[MOCKOJIbKY 3TH (hakTophl o0ecIe-
quBaloT paboTy xpsma [55].

Humiu CTBOJIOBBIX KIIETOK/
knetok-npeqmectseHaunt (CKKIT)
OoOHapyXeHbl B CYCTaBHBIX Xpsi-
1aX, CHHOBHAJIBHBIX MeMOpaHaXx,
CUHOBHAJLHON KUJIKOCTH, MEX-
MTO3BOHOYHBIX JIMCKaX U JJIaCTH-
yeckux xpsamax [40, 46]. Humm
o0ecrneunBaloT yCIoBUs IS ca-
MooOHOBIeHUS U auddepeHim-
poBku CK. C.R. Fellows u coasr.
[12] cumratot, uto CKKII momy-
YaroT OMpEICICHHBIC CUTHAJIBI U3 MUKPOOKPYKECHHSI
U BBIXOJIST U3 HUIIK JUTsl AU (HEepEeHITMPOBKH U pero-
MyJISIAH JTH00 pereHepaluy Xpsimia.

Superficial zone

CpenHsasa 30Ha
Middle zone

my6okas 3oHa
Deep zone

Tuanunoswiti xpaw ouapmposzos. Huma CKKII
CYCTaBHOTO XpsIlla HAXOIUTCA B €ro MOBEPXHOCT-
HOH 30HE. VIMEHHO U3 ATOM 30HBI Y YENOBEKA U Jia-
0OpaTOpHBIX >KUBOTHBIX OBUTH BBIIEIEHBI in Vitro
CKKII, obGmamaromye cnocoOHOCTBIO K CaMOOOHOB-
JIEHUT0, MYJIBTHINHEHHON nrdPEepeHITMPOBKE U MUT-
pammu [23]. Kpome TOTO, OHM aKTHBHO pEarupyroT
Ha TOBpEXJEHUE XpsIla. YCTaHOBIEHO, YTO BBIpa-
mennsie in vitro CKKII skcnpeccupytor CDI10S5,
VAP-1, CD166 u apyrue Mapkepsl, HJIEHTHYHBIE
MCKKT. Ha ocHOBaHMY MONTyYEHHBIX TaHHBIX OBLIO
caenano 3axiroueHue, yto CKKII mpeacrasnsioT
OT/ICIBHYIO TOMYJSIMIO, HE UMEIOT CIIEHU(PHYECKO-
ro MapKepa, 4To 3aTPyAHsICT UX WACHTU(DUKAIUIO in
vivo [24]. KpoMe TOro, aBTOpbl YCTAaHOBWJH, YTO
CKKII mposiBAsIIOT penapaTUBHYH) AKTHUBHOCTbh B
30HE TMOBPEXICHHS XpAma (pucyHok). Takum obOpa-
30M, crocobnocts CKKII mpomynmpoBarh BHEKITE-
TOYHBI MaTPUKC M 00ECIeYMBATh XOHAPOTPOTEK-
LHUIO JIeJaeT MX MOTEHUIUATBHBIM TEPareBTHYECKUM
cpenctBom st stedeHust OA.

M. Mazor u coaBT. [44] moATBEepANIA HATUUHE
CKKII B mOoBepXHOCTHON 30HE THAJIMHOBOTO XpsIIa
u skcrpeccuto umu CD105, CD106 u CD166. ABTo-
PBI KyJIBTUBUPOBAIH (hParMEHTHI XPSIIEH, MOTyUYeH-
HBIC OT MALMEHTOB C JIETKOH M TshKeIol Gopmoit OA
kosieHHoro cyctaBa. YpoBau MPHK CD105 u CD166
MTOBBIIIAINCH B KIIETKaX, MOJYYSHHBIX OT IMallHEHTOB
¢ nerkoit crenerpio OA B 3 u 6 pa3 COOTBETCTBEHHO,
TOT/Ia KaK y TAIUEHTOB C TsbKemoi popmoit OA Hab-
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Tonorpacums XoHAPOLMTOB B HOPMarbHOM CyCTaBHOM xpsile (A), nocrne TpaBmbl
(B) n B ycnosusix nporpeccupytouiero OA (C). MNMoBepxHOCTHast 30Ha Xpsla, B
koTopow Haxogdatca CKKIT. (Mo Y. Jiang u coasr. [23, 24] ¢ nsMeHeHusiMu).

Topography of chondrocytes in normal articular cartilage (A), after injury (B) and
in conditions of progressive OA (C). CSPCs are located in the surface zone. (After
Y. Jiang et al. [23, 24] with changes).

membranes, synovial fluid, intervertebral discs and
elastic cartilages [40, 46]. These niches provide
conditions for SCs self-renewal and differentia-
tion. C.R. Fellows [12] believe that SCPCs receive
special signals from their microenvironment and
leave the niche for differentiation and repopulation
or regeneration of the cartilage.

Hyaline cartilage of the diarthroses. SCPCs
niche of the articular cartilage is located in its
superficial zone. It is from this zone that SCPCs
were isolated in humans and laboratory animals
in vitro. These cells are capable of self-renewal,
multilineage differentiation, and migration [23]. Be-
sides, they actively respond to cartilage damage. In
vitro cultivation of SCPCs has revealed that they
express CD105, VAP-1, CD166, and some other
markers identical to BDMSCs. Based on the data
obtained, it was concluded that SCPCs represented
a separate population, had no a specific marker,
which complicated their identification in vivo [24].
In addition, the authors found that SCPC exhibited
reparative activity in the area of cartilage damage
(figure). So, SCPCs’ ability to produce extracellular
matrix and ensure chondroprotection make them a
potential therapeutic agent for OA treatment.

M. Mazor et al. [44] confirmed the presence
of SCPCs in the superficial zone of the hyaline
cartilage and expression of CDI105, CD106, and
CD166 by them. The authors have cultivated frag-
ments of cartilages obtained from patients with mild
and severe knee OA. In the cells obtained from
patients with mild OA the levels of mRNA CD105
and CD166 were three- and six-fold higher respec-

305

£



JIOJIAI0Ch HEe3HauuTeNabHoe uX mnosbimeHne: MPHK
CD105 — B 1,5 paza u MPHK CD166 — B 2 pa3za.
B knerkax o0eux Tpyln NaLUEHTOB IOBEPXHOCT-
HbIe MapKepbl ObuTH HeHTHIHB Mapkepam MCKKT.
ABTOpBl NPUIIIM K BBIBOLY, YTO PEreHEPATHBHBIN
noternran CKKII y marmueHToB ¢ JIETKOH CTEIeHBIO
OA BbIlIIE, YEM C TSHKEJIOM.

Menucku xonennvix cycmagos. Humm CKKII me-
HUCKOB HaxXONIATCS KaK B aBaCKYJISIPHOM, Tak M Bac-
KyJsipHOl 30Hax [11]. ABTOpHI B MCClI€ZIOBaHUH Ha
KpOJIMKaX CPAaBHUBAIM PE3UJICHTHBIE KJIETKU U3 pa3-
HbIX yuacTkoB MeHHCKOoB ¢ MCKKT. Iloka3zano, uto
CKKII mennckoB 1 MCKKT skcnpeccupytot in vitro
cXoAHble Mapkepsl: HykineocteMuH, CD44, CD90 n
STRO-1. bein m3ydeH noreHnman MyiasTuaudde-
penuupoBku CKKII menuckoB u MCKKT. [Ipu sTom
CTEIIeHb YKCIIPECCHUU ATUIOTeHe3a y HUX Obla Mpak-
THYECKHU OJJMHAKOBOM, cTerneHb ocreorene3a MCKKT
MIpEeBBIIIaia TAKOBYIO Y PE3UIEHTHBIX KJIETOK MEHH-
CKOB TIOYTH B 2 pa3a, HO ObljIa 3HAYUTEITHLHO MEHBIIIE,
YeM IIpH XOHJApOTreHe3e. ABTOPBI MPEATIOIOKUIH,
yT0 pe3ugeHTHbie CK MEeHHCKOB KOJIEHHOTO CycTaBa
MPUMEHNMBI B KJIMHUYECKOM MpaKTUKE I ajio-
TpaHCIIJIaHTaLMH.

HccnenoBanne Ha KIeTKax 4elnoBeKa I0Ka3alo,
yto CKKII menuckos, cxoausie ¢ MCKKT, skcnpec-
CHPYIOT BBICOKHE YPOBHHM ME3EHXHUMHBIX MapKEpOB
CK (CD44, CD90, CD105, CD166), a He remaTonos-
trueckux (CD34 u CD45) [59]. Ha ocHOBaHWY MOy~
YEHHBIX JAHHBIX aBTOPBI IPEIIOIOKWIN, YTO PE3u-
nenTtHble CK MEHHCKOB KOJIEHHOTO CyCTaBa MPHUTOA-
HBI JUIS MCTIOJIb30BAHUS B KJIMHUYECKON TIPAKTHKE.

B ommume ot mpenpiaynmx aBropoB J. Zellner
U COaBT. [74] BBIABHIM CXOICTBO XOHAPOTCHHOTO
noreHimana y MCK u pe3uJieHTHBIX KJIETOK MEHH-
CKOB KOJICHHOTO CyCTaBa, 4YTO MOXXHO OOBSCHHUTH
HCIIOJIB30BAHUEM DPA3HBIX JKCIEPUMEHTAIBHBIX MO-
neneit. J. Zellner u coast. [74] co3manu nedekt B
aBacKyJsIpHOU 30He MeHncka, W. Shen u coast. [59]
IIPOBEJIH MTOTHYI0O MEHUCKIKTOMHUIO, a Z. Ding u co-
aBT. [11] moxy4nnm pe3yabTaTsl Ha KyJIbType TKaHH.

lecenepamuenvie uszmenenus BHYC. CencHmit
oTHOCHUTENHHO cBOMCTB CK BHYTpHCYCTaBHBIX AMC-
koB BHUC kpaitne masno. Toasko M. Detamore u co-
aBT. [10] nmokazanu, 4yTo 115t mposnudepaiy KICTOK 1
BBIPA0OTKH TIMKO3aMHUHOTTIMKAHOB B nuckax BHUC
onrruMansHa koMOuHanuss PDGF u TGF-b B otinune
ot paznuusbix couetanuii bFGF, TNF u IL-1.

CunosuanvHvle MemMOPansl U CUHOBUAIbHAS HCUO-
kocmo. CTBOJIOBBIE KIIETKU/KJICTKH-TIPEIICCTBCH-
HUIBI OBUTH BBIZIETICHB M3 CHHOBHAIBHBIX MEMOpaH
[9] u cuHOBHANBHOM xuaKOCTH [58]. YcTaHOBNEHO,

tively, while in the cells obtained from patients with
severe OA the increase was insignificant: mRNA
CD105 by 1.5 times and two times higher for
mRNA CD166. Cells from both groups of patients
have demonstrated the presence of surface markers
identical to those of BDMSCs. The authors conclu-
ded that the regenerative potential of SCPCs from
patients with mild OA had been higher than that
of the cells obtained from patients with severe OA.

Knee joints menisci. SCPCs niches of menisci
are located in both the avascular, and vascular
zones [11]. In their study on rabbits the authors
compared the resident cells from different menisci
parts with BDMSCs. It was shown that meniscal
SCPCs and MSCs expressed similar markers in vitro:
nucleostemin, CD44, CD90, and STRO-1. The multi-
differentiation potential of the meniscal SCPCs and
BDMSCs was studied. Moreover, the degree of
adipogenesis expression in them was almost the sa-
me, the degree of osteogenesis of MSCs exceeded
that of resident meniscal cells by almost 2 times,
but was significantly lower than in chondrogenesis.
The authors suggest the possibility of clinical use
of the knee joint meniscal resident SCs by allog-
rafting.

The study in human cells showed that similar to
BDMSCs meniscal SCPC expressed high levels of
MSC markers, (CD44, CD90, CD105, and CD166),
but not the hematopoietic ones (CD34 and CD45)
[59]. Based on the data obtained, the authors sugges-
ted that knee joint meniscal resident SCs cells were
suitable for use in clinical practice.

In contrast to previous authors, J. Zellner et al.
[74] revealed a similarity of chondrogenic poten-
tial in MSCs and knee joint meniscal resident
cells, which could be explained by the use of dif-
ferent experimental models. J. Zellner et al. [74]
created a defect in the avascular zone of meniscus,
W. Shen et al. [59] performed a total meniscec-
tomy, and Z. Ding et al. [11] obtained results on
tissue culture.

TMJ degenerative changes. Much less is known
about the stem cells of the TMJ discs. Only M. De-
tamore et al. [10] showed that for the prolifera-
tion of cells and the production of glycosamino-
glycans in TMJ discs, the combination of PDGF
and TGF-b was optimal, in contrast to various com-
binations of bFGF, TNF and IL-1.

Synovial membranes and synovial fluid. Stem
cells/progenitor cells were isolated from both
synovial membranes [9] and synovial fluid [58].
It was found that SCPCs niche was located in
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yro Huma CKKII HaxoguTcs B CHHOBUAJIBHBIX MEM-
OpaHaX, U3 KOTOPBIX OHHU TIOINAJAI0T B CHHOBHUAJIb-
Hyto x)uakocts. KomnuecrBo CKKII y uenoseka yBe-
JIUYABAETCS HA pPaHHUX cramusx paszButus OA.
B ycnoBusx in vitro naHHBIE KIETKH TPOSIBISIOT
MYJIBTUTIOTEHTHOCTh, WX XOHAPOTEHHBIH MOTEHIHAI
3HauuTeNbHO BhITIE, ueM y MCKKT, a octeo- n anu-
IOT€HHBIN MOTEHIIMAJ 3HAUMTEILHO HIKE.

Meoicnozeonounvie oucku. W. Chan u coasr. [4]
MPEACTABWIN PEe3yIbTaThl MHOTOYMCIICHHBIX HCCIIe-
noBaHui, moarepxkaaroniue Hanuuue Humm CKKIIT
B CTYIEHHCTOM SApE MEKIIO3BOHOUHBIX JTUCKOB.
[lokazano, 4To inm Vitro KIETKH SKCIPECCUPYIOT
Mmapkepsl CD90, CD73, CD105, CD166 u STRO-1,
koropeie xapaktepHbl uit MCKKT. [Togo6HO moC-
JeIHUM O00JaJaloT XOHAPOT€HHBIM HOTEHLUAJIOM,
KOTOPBIH, CHIDKAETCS C BO3PACTOM MM IPU HPOT-
peccUpOBaHUH JIETCHEPAIIUN AUCKA. ABTOpaMH OBLTH
HACHTU(UIMPOBAHBI TIOBEpXHOCTHBIE Mapkepbl CKKIT
MennckoB. Tak, CDS55, 6paxuypust, HeiipormmiH (Nrp-1),
CD221, TGF-p Obutn mpeiokeHbl B Ka4eCTBE TaKHUX
OTIIMYUTENBHBIX MapkepoB y Kpbic, a CD24, CD54 u
Opaxuypus — y Jroaeid 25-30 nert.

Onacmuueckuii xpsiwy. S. Kobayashi u coast. [33]
yaanock unentuunmposars aHumy CKKII B me-
PUXOHJPUH HAPYKHOTO yXa MBIIHU. DTH KIETKH
skcnpeccupoBaiu CD44 u unterpun-aS. IlepuxoH-
JPOIIUTHI YesioBeka dkcmpeccupoBann CD44 u CDIO0.
IIpu tpancmanTamuu B 30HY nedekra (pazMepom
6onee 2 cm?) ymHo#t pakoBuHbl Mbimeir CKKIT dop-
MHUPOBAJIH 3TACTUIECKUI XPSIIIl, YTO TTO3BOJIUIIO CHe-
JIaTh BBIBOJ O TEPCHEKTUBHOM HMX HCIOJb30BAHUU
JUISL JICYCHUS YeperHo-IueBbIX aedektoB. [LA. Otto
U COaBT. [51] mpoAeMOHCTPUPOBAIT i1 Vitro BHICOKYIO
cnocoonocts Jsomanuabix CKKIT k xoHaporeHHOH
muddepeHapoBke.

Orcnepumenmanvhvie MOOeIU HA  HCUBOMHBIX.
Jis BHenpeHHs B KIIMHUYECKYIO TPAKTHUKY HKCIIe-
PUMEHTAIILHBIX PE3yIbTaTOB HeoOXoauma pa3padoT-
Ka COOTBETCTBYIOIIMX MOJEJIEH MaTOJOTHH XPsIa,
KOTOpBIE TONPA3ACISIOTCS Ha HMHAYIHMPOBAaHHbBIC
U CIIOHTaHHBIC [34].

K MHAYIMpOBaHHBEIM MOJIENISIM OTHOCSTCSI XUPYP-
THYECKUE W XMMHUYECKUE, MMEPBbIC U3 KOTOPBIX MpH-
MeHsIoTCsl vamie. JJsi MOgenupoBaHUsl MaTONOTHH
MOBPEKIAIOT ONpENeICHHbIE CTPYKTYyphl CyCTaBa,
YTO TPHUBOIUT K M3MEHEHHWIO HArpy3KH Ha CyCTaB-
HbIE TIOBEPXHOCTH, UX HECTAOUIHLHOMY COCAMHEHUIO
u pa3Butuio OA. Ha npakTuke 4acTo HCIONb3YIOTCS
CIIEYIOIIE MOJIENTH: pacceueHne TepeIHel KpecTo-
o0OpasHoi cBsI3kH [36], MenrambHass MEHUCKIKTOMHSI
[71] 1 «Momenb KaHABKI (MEXaHHIECKOE TIOBPEXKIC-
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synovial membranes, and SCPCs got into the
synovial fluid from the latter. The number of SCPCs
in humans increases at the early stages of OA.
In vitro these cells exhibit multipotency, with their
chondrogenic potential being significantly higher,
than that of BDMSCs and osteogenic and adipogenic
potential being significantly lower.

Intervertebral discs. W. Chan et al. [4] pre-
sented the results of numerous studies confir-
ming the presence of SCPCs niche in the nucleus
pulposus of intervertebral discs. It was shown that
in vitro the cells expressed CD90, CD73, CDI105,
CD166, and STRO-1markers that were characte-
ristic of BDMSCs. Similar to the latter they have
chondrogenic potential, which decreases with aging
or progression of disk degeneration. The authors
identified the surface markers of the meniscal
SCPCs. Thus, CD55, brachyury, neuropilin (Nrp-1),
CD221, TGF-B were suggested as such different-
iating markers in rats, and CD24, CD54, and
brachyury — in humans of 25-30 years of age.

Elastic cartilage. S. Kobayashi et al. [33] mana-
ged to identify SCPCs niche in the perichondrium
of the murine external ear. These cells expressed
CD44 and integrin-05. Human perichondrocytes
expressed CD44 and CD90. When grafted into
the conchal defect (more than 2 cm? in size) of
mice, SCPCs formed an elastic cartilage, which al-
lowed to consider these cells to be a promising
source for treatment of craniofacial defects. [.A. Otto
et al. [51] showed in vitro the high capacity of
equine conchal SCPCs for chondrogenic differen-
tiation.

Experimental animal models. To introduce expe-
rimental results into clinical practice, it is necessary
to develop appropriate models of cartilage patho-
logy, which are divided into induced and sponta-
neous ones [34].

The induced models include the surgical and
chemical ones, with the former being used more
often. To simulate a pathology, certain joint structures
are damaged, which leads to changed load on the
articular surfaces, their unstable junction and the
development of OA. The following modes are often
used in practice: the anterior cruciate ligament
transection [36], medial meniscectomy [71] and
the so-called ‘groove model’ (mechanical dama-
ging of the articular cartilage with a prolonged
intensified loading of the affected joint [42].
The advantages of these models include repro-
ducible results and quick development of OA,
which make them suitable for short-term studies.
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HHUE CYCTaBHOIO Xpslla C JIUTEIbHOM YCHICHHOH
Harpy3kod Ha mopaxeHHblii cycraB) [42]. [lpeu-
MYIIECTBAMHU JIAHHBIX MOJIENICH SIBIISIOTCS BOC-
MIPOU3BOIUMOCTh PE3YJbTaTOB M OBICTPOE Pa3BUTHE
OA, 9TO TIO3BOJISIET TPOBOANTH KPATKOCPOUHBIE HC-
cinemoBaHus. [ ompenencHus] BO3MOXKHOCTH BOC-
CTAHOBJICHHUS CTPYKTYPbl MEHHUCKOB HJTU TUCKOB TIPH
BBenennn CK gacth xpsima pesenupyror [75].

[Ipu XupyprudecKux MOICISX JCTCHEpAIld MEK-
MMO3BOHOYHOTO JMCKA HAHOCAT MPSMYIO TPaBMY IIy-
TE€M BBICBEPJIMBAHUS WU XUPYPTUUYECKOTO pazpesa
[76], a mist CTUMYJSIIIUU TTATOJIOTUU JIACTUYECKOTO
Xpslia B XpslIe YITHOW PakOBUHBI (POPMHUPYIOT Je-
(eKT, pa3mMep KOTOPOro COOTBETCTBYeT 2—3 cm?” [32].

Xumuueckue monenu OA co3qaloTcs BHYTPH-
CYyCTaBHBIM BBEACHHEM HaTpus Hopoauerara [63].
Monens mpocTa B BBIIOIHEHHWH U BBI3BIBAET OBICTpPHIC
MTaTOJIOTHICCKUE M3MCHECHHS, OJHAKO HE TIO3BOJISET
TOYHO BOCCO3/1aTh XPOHUYECKOE MPOTPECCHPOBAHUE
OA. XuMHUeCKoe MOJCITUPOBAHHNE JeTCHEPAIIid MEXK-
ITO3BOHOYHOTO HUCKA BOCTIPOU3BOMST ITyTEM UHBEK-
uuu xouapoutuHassl ABC [22].

CroHTaHHBIE MOJENTH TOAPA3ACTSAIOTCS Ha MPH-
ponueie u renerndeckue. OHU TO3BOJIAIOT BOCIIPO-
WU3BOJUTH pPa3HbIe CTAIUU JECTCHEPALUU XPSIICBON
Tkanu. [latomorus mporpeccupyer MEIJIeHHO U HE
3aBUCHT OT TOCTTPaBMAaTHYECKHX H3MEHEHHH, UTO
SIBJISIETCS] IPEUMYLIECTBOM 3THX Mozeneit [2]. Oana-
KO OHU TPYIOEMKH U TpeOyIOT 3HAYUTEIbHBIX (PHHAH-
cOBBIX 3atpar [13, 70].

BceTpeuarormuecss B mpupojie MATONOTHH XPsIIe-
BOH TKaHU OMHCAHBI Y HEKOTOPHIX BHIIOB 1aboparop-
HBIX )KMBOTHBIX (IIeCUaHKH, coOaKu, 0aOyuHbI, MaKa-
kn) [8, 20].

lenernyeckue monmenu ObUIM Pa3pabOTaHBI IS
M3y4YeHUs BKJIaJla Crielu(pUIeCKuX OCIKOB B IMPOIIeCe
nerenepanuu xpsima [60]. Tak, T. Kimura u coasr.
[31] mpenoXKuiau MOAENb JereHepaluuu CyCTaBHOTO
XpAlla U MEXKITO3BOHOUYHOTO JHMCKA y TPAHCTEHHBIX
MBIIIEH, KCIPECCUPYIOMNX MYTAaHTHBIH KOJUIareH
IX twma. J. Sahlman w coaBr. [57] mcmonb3oBamn
MOJIETTh IETCHEPAINH XPSIIa Ha MBIIIAX ¢ HOKAyTOM
rera Col2al mns xommarena Il tuma. OmHako oTme-
YEHO, YTO HE CYIIECTBYET CIMHON MOIEIH, KOTopas
COOTBETCTBOBaJIa Obl «30JI0TOMY CTaHJAPTY» HMH-
TaI[UU TTaTOJIOTHH XPSIICBON TKAHHU Y J1a00pATOPHBIX
’KUBOTHBIX, MTOCKOJBKY KaKIas M3 HUX UMEET CBOU
npeuMyIiecTBa U HegocTarku [45]. B cBs3u ¢ atum
B JIFOOOM HCCIIEIOBAaHUM HEOOXOJUM BBIOOP IOIXO-
TSN MOJIeTH KOHKPETHOM NaToJIOTHH U pa3padoTka
CXeMBbI aJiekBaTHOTO ee jieuenus [30].

MogenbHbIe HKCTIEPUMEHTHI TIPOBOAMIN Ha pas-
HBIX BHAAX JKUBOTHBIX (MBIIIN, KPBICBHI, KPOJHKH,
MOPCKHE CBUHKH, KOIIKH, COOAKH, KO3BI, OBIIBI, JIO-
manu, npuMmartel) [8, 27, 30]. Mcnonp3oBanue mpu

To identify the possibility of restoring the struc-
ture of menisci or discs part of the cartilage is
resected during administration of stem cells [75].

Surgical models of intervertebral disc degene-
ration are created by way of direct injury by dril-
ling or by surgical incision [76] and to simulate
elastic cartilage pathology a defect of 2-3 square
centimeters in size is created in the conchal carti-
lage [32].

Chemical models of OA are created by intra-
articular injection of monosodium iodoacetate [63].
This model is easy to perform, and it quickly causes
pathological changes, however it does not allow
accurate simulation of the chronic OA progression.
Chemical simulation of the intervertebral disc de-
generation is achieved by injecting chondroitinase
ABC [22].

Spontaneous models are subdivided into the
natural and genetic ones. They allow to simulate
various stages of cartilage tissue degeneration. The
pathology progresses slowly and does not depend
on posttraumatic changes, which is the advantage
of these models [2]. However they are labour-inten-
sive and costly [13, 70].

Naturally occurring cartilage tissue pathologies
have been described in some species of laboratory
animals, such as gerbils, dogs, baboons, and maca-
ques [8, 20].

Genetic models were developed to study the
contribution of specific proteins to the process of
disc degeneration [60]. Thus T. Kimura et al. [31]
suggested a model of articular cartilage and inter-
vertebral discs degeneration in transgenic mice
expressing a type X collagen mutation. J. Sahlman
et al. [57] used the model of cartilage degeneration
in mice with Col2al gene knockout for type II
collagen. However it was noted that there is no
single model to meet the ‘gold standard’ of carti-
lage tissues pathology simulation in laboratory
animals, since each model has its advantages and
limitations [45]. In this regard, in any study, the
selection of an appropriate model of a particular
pathology and the development of an adequate
treatment regimen are necessary [30].

Model experiments were conducted in various
animal species (mice, rats, rabbits, guinea pigs,
cats, dogs, goats, sheep, horses, and primates [8,
27, 30]. Use of each animal species in simulation
has its benefits and limitations. In this case, their
age and gender should be taken into account, since
these parameters determine the severity of the
disease and the timeline of its progression. In ad-
dition, the effects of the same procedure carried
out when simulating the pathology in animals of
different species can vary significantly [37]. Thus,
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MOJICIIMPOBAHUN KOHKPETHOTO BHJIA KHUBOTHBIX UME-
eT IpeuMyllecTBa W Hegoctatku. [Ipu sTtom cre-
JIyeT YYHTBHIBATh WX BO3PACT U TIOJ, TIOCKOJIBKY JaH-
HBIE TTapaMEeTPhI OMPEIENIAIOT TSHKECTh 3a00IeBaHuUs
W CpPOKH ero mporpeccupoBanus. Kpome Toro, 3¢-
(heKTBl OMHON W TOHM Ke TPOIEAYPHI, MPOBOIUMOM
TIPH MOJIETTMPOBAHNH TIATOJIOTHH Y KHBOTHBIX PA3HBIX
BHJIOB, MOTYT 3HAauWTEIhHO pazimdarses [37]. Ta-
KHM 00pa3oM, MpH Mo100pe MOJAETH BaKHO YUHTHI-
BaTb MHAWBUAYAJIbHBIC 0COOEHHOCTH KaXa0ro spaa
KHUBOTHBIX.

Ipumenenue sKcnepuUMeHmManbHLIX OGHHBIX 6 K-
Huueckoti npakmuxe. 110J0XXUTENbHBIE pPE3yABTATHI
npuMmeHeHuss CKKT BbIsIBIEHBI y TAIIMEHTOB C 04aro-
BBIMH JieekTaMu cycTaBHOTO xpsama u OA, omHaKo
MTOBEPXHOCTH XPsAIIa M ero MeXaHn4deckne (DyHKITHH,
0COOEHHO B KOJIEHHOM CyCTaBe, B TIOJTHOM 00bheMe He
OBUTH BOCCTAHOBIIEHBI, YTO SIBISIETCS OCHOBAHHEM
JUTSL YCOBEPIIIEHCTBOBAHMUS MPOTOKONA JTATBHEUIIIX
wmHnYecknx wucnbiTanuit [35]. E. Rusu u coaBT.
[56] cuuTarot, 4TO MpEeABapUTEIbHBIC KIMHUYCCKUE
pe3ynbTrarsl ucnonb3oBanus CK mpu nedeHun maro-
JIOTUU XpsIlla SBJSIOTCS MEPCHEKTUBHBIMH, OJHAKO
Ba)KHA OLIEHKa 0€30MacHOCTH M MPEUMYIIECTB MPO-
BOJIMMOM Tepanuu ¢ y4eToM 3THUYECKUX HOpM. B mo-
clieflHee BpeMsi ObUTM JOCTHTHYTHI ONpeiesiCHHBIE
ycnexu B kinHuuyeckoMm npumeHenun CK. [Ins pe-
MIEHUS 3TOW MPOOIIEMBI HEOOXOIMM MEK U CIIUILIN-
HapHBIA MTOIX0M — 00beIWHEHNE 3HAHUN KIIMHUIINC-
TOB U CIIEI[MAINCTOB B 00JIACTH KJIIETOYHOH OMOIOTHA
n OumomexaHwku [26]. Vmeromuecs KIMHHYECKHE
pe3yapTaThl MOXKHO CYUTaTh MHOTOOOEIIAIoNIUMH,
HO TpeOYIOT KOHTPOJISI HAICKHBIMU MeTofaMu [ 14].

H3Bectno, yto MCKKT BoccTraHaBiIuMBaloOT II0O-
BpPE)KACHHBIC TKaHW: MHUTPUPYIOT B 30HY aedekrta,
nuddepeHIUpyYIOTCS B KJICTKH ONPESICHHOTO THIIa
Y 3aMelarT norudmme kKieTku [68]. OmxHako moka-
3aH0, uT0 MCKKT oxa3zbiBarot Tpodrueckuii ekt
Ha COCEJIHUE KIETKH: CEKPETUPYIOT (PaKTOPHI, TIOBbI-
[IafoIIe KU3HECIIOCOOHOCTh TOCIEIHNX, CTUMY-
JTUPYIOT WX Tponndepannio U MPOAYKINI0 BHEKJIe-
TouHOTO Marpukca. L. Wu u coaBt. [69] mokazanm,
4yTOo Tipu coBMecTHOM KyisruBupoBanun MCKKT u
CKKII yBenmuuBaercsi opMUPOBaHHUE THATMHOBOTO
Xpsila, 4TO OINpeesieTcs TPOPHUUSCKUM JIeHCTBHEM
MCKKT. Z. Zhao v coaBr. [ 76] mpoieMOHCTPUPOBAIIN
Ha MOJENHM OCTEOXOHIPAIBHOTO Je(eKTa y KpBIC, UTO
coBMmectHoe BBeZieHne MCKKT n CKKII nossimiaer
YKM3HECTIOCOOHOCTh TocieHuX. OIHOBPEMEHHOE HC-
nonb3oBanue CKKII ymnol pakoBunbl 1 MCKKT
IIPH PEKOHCTPYKIINU yXa TaK)Ke YCHIIUBAJIO XpsIIie-
obpazosanue [47]. Uccrenys Tpodudeckuii dhdext
MCKKT na xnetku apyrux tumnos, Bkimrodas CKKII,
MOKHO mojiarath, uto ko-uminiantranus MCKKT u
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when choosing a model, it is important to con-
sider the individual characteristics of each animal
species.

Use of experimental data in clinical practice.
Positive results of SCPCs use were found in pa-
tients with focal defects of the articular cartilage
and osteoarthritis. Nevertheless, no complete resto-
ration of the cartilage surface and its mechanical
functions, especially in the knee joint, has been
observed, which proves the need for improving
the design of clinical trials [35]. E. Rusu et al
[56] believe that the preliminary clinical results of
using stem cells for treating cartilage pathology
are promising, however it is important to assess the
safety and benefits of such therapy with regard to
ethical considerations. Recently certain successes
have been achieved in the clinical use of SCs.
Solution of this problem calls for a multidiscip-
linary approach, that is pooling the knowledge
of clinicians and specialists in cell biology and
biomechanics [26]. Although the available clinical
results may be considered quite promising, they
need to be controlled by reliable methods [14].

BMSCs are known to restore the damaged tis-
sues by migrating into the area of the defect, dif-
ferentiating into a specific cell type and substituting
the lost cells [68]. However currently BMSCs have
been shown to have a trophic effect on the neigh-
boring cells by secreting the factors increasing
the viability of the latter, stimulating their prolife-
ration and production of the extracellular matrix.
L. Wu et al. [69] showed that co-cultivation of
BDMSCs and SCPCs led to increased formation
of the hyaline cartilage, which was determined
by the trophic effect of BDMSCs. Z. Zhao et al.
[76] demonstrated on rat osteochondral defect
model that co-implantation of BDMSCs and SCPCs
increased the viability of the latter. Simultaneous
use of the aurical SCPCs with BDMSCs in the
course of auricular reconstruction also promoted
chondrogenesis [47]. Investigating the trophic ef-
fect of BDMSCs on other cell types, including
SCPCs, it can be assumed that co-implantation
of BDMSCs and SCPC can be a promising ap-
proach to the restoration of osteochondral defects
and in the OA therapy in clinic [69, 76].

One should mention great attention being re-
cently paid to the study of BDMSCs secretome and
its influence on the resident cells [77], and particu-
larly BDMSCs secretome effect on chondrocytes
in the course of neochondrogenesis in particular
[62]. The differences in BDMSCs secretome used
at different stages of OA progression, that might be
of clinical significance, were revealed [15].
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CKKII moxer OBITh NMEPCIEKTUBHBIM IMOIXOJ0M K
BOCCTaHOBJICHHIO OCTCOXOHJPANbHBIX JE(EKTOB W
npu geueHnd OA B KIIMHUYECKHX YCIOBHUAX [69, 76].

Crnemyer OTMETHTB, YTO B MOCIICHEE BpeMs yIie-
nsieTcss OONBIIOE BHUMAaHWE HW3YyUEHHUIO CEKpeToMa
MCKKT u ero BiMsiHUS Ha PE3UIEHTHBIE KIJIETKH
[77], B wactHOCTH, BiusHHS cexkpetoma MCKK Ha
XOHJPOITUTEI B TIPOIlECCE HEOXOHIporeHesa [62].
boum BeigBneHs! paznuuns B cekperome MCKKT,
WCIIONIB3YEMBIX Ha Pa3HBIX CTAAHUSX MPOTPECCUPO-
Banuss OA, 4TO MOXET HMMETh KIMHHYECKOE 3Ha-
yenue [15].

Kpuoxoncepsuposanue CK. Ilpu anurtensHOM
kynsruBupoBanuu CK in vitro MOTyT BO3HHKATh TPO-
Onembl B TuTaHe OMO0E30MACHOCTH (XPOMOCOMHBIE
aHOMAJIHNH, 3JI0KaYeCTBEHHAs TpaHc(opMaIus) u Ha-
pymieHust (yHKIIMOHAIBHBIX CBOMCTB KIETOK, YTO OT-
paHUYMBAET UX HCIIOJIb30BAHUE B KIMHMKE. B 3TOH
CBSI3U TIEPCIIEKTUBHBIM METOJIOM SIBJISIETCS] KPHOKOH-
cepsupoBanue CK. Bbuto rmpoBezieHO 00JIbIIIOE KOJH-
YEeCTBO HCCIICJIOBAHUH 10 ONTHMU3AIHMU PEKUMOB
KPHUOKOHCEPBUPOBAHUS, Pa3padOTKE MOPO3UIBLHBIX
YCTPOMCTB W 3alIMTHBIX cpea. Co3naHue HU3KOTEM-
neparypHbix 6ankoB CK HeoOxomumo it ocymiect-
BJICHUS UX KJIMHUYECKOTO MPUMEHEHHUsS B Oymyiiem
[72].

B nacrosiuee Bpemsi ¢ uenwto npumenenust CK,
MONTyYeHHBIX W3 pa3HBIX HMCTOYHHKOB, pazpadoTa-
HBI COOTBETCTBYIOIUE MPOTOKOIBI 3aMOPAKMBAHHUA,
OTIpEeNIEICHbl KPHOMPOTEKTOPHI, CPOKH H TeMIlepa-
Typa XpaHeHnus [73]. Y manueHToB ¢ maTojIoruen Ko-
JICHHOTO cycTaBa ObUIM BBLICICHBI PE3UICHTHBIC
CKKII, xoropsie mnomemaid B OMOMHUMETHYCCKUHN
ounockaddoin, cocrosmmii U3 1a3Mbl, 00OTaIICH-
HOW TPOMOOLMTAMH, W CHHOBUAIBHOW YKHIKOCTH
[16]. IIpoBeneHO TECTUPOBAHHE HECKOJIBKHUX 3alUT-
HBIX pacTBopoB Ha ocHoBe [IMCO, caxapo3sl U ChI-
BOPOTKH KPOBH YeJIOBEKa. 3aMOpaKNBaHUE TIPOBOIH-
JIU B HECKOIIBKO JTaroB: Marepuai Ha 20 MHUH 1oMe-
[IaJId Ha Jie/, 3aTeM B T€YEeHHE HOYM OH HaXOIMJICS
mpu —80°C ® 3aTeM Ha TPOTSHKCHWH TPeX Hemelhb
XPpaHMIICS TIPH TeMIIepaType )KUIAKoro azora. OTorpes
npoBoawm ObicTpo mpu 37°C. OOpa3ubl, KPUOKOH-
cepsupoBannbie ¢ 10% AMCO wunn B KOMOMHHPO-
BaHHOM pactBope ¢ 10% JMCO u 0,2M caxapo3sl,
MocJie OTTauBaHUSI JEMOHCTPUPOBAIN JYUIIyIO (IO
CPaBHEHHIO C KPHOKOHCEPBHUPOBAHHBIMH B JIPYyTUX
coueranusax JAMCO, caxapo3bl U CHIBOPOTKH) KH3-
HECIOCOOHOCTh M JTU(PHEPESHIIUPOBAINCE B XOH/I-
POIIHTHI.

[larenTaM, WMEMOIMUM MATOJIOTHIO Ta300e/-
peHHoro cycraBa [43], OBIIO TIPEIIOKCHO JIeUe-
HHEe — BBeAcHHE KprokoHcepBupoBaHHEIX CKKII m3
CHHOBHAILHBIX MeMmOpaH. B wucciemoBanum Oblia
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Cryopreservation of SCs. Prolonged in vitro
culturing of SCs culture may cause certain prob-
lems with biosafety (chromosomal abnormalities,
malignant transformation) and impair functional
properties of the cells limiting their clinical use.
In this regard the cryopreservation of SCs is quite
promising. A huge number of studies on enhance-
ment of cryopreservation regimens, devising of
freezers and composition of cryopreserving media
was conducted. Establishing the low-temperature
banks of SCs is necessary to ensure their clinical
use in future [72].

Currently, with the aim of using the SCs obtained
from various sources, the appropriate freezing
protocols have been developed and cryoprotective
agents, storage periods and temperatures have been
determined [73]. Resident SCPCs were isolated
from patients with the knee joint pathology, which
were then placed in a biomimetic bioscaffold, con-
sisting of platelet enriched plasma and synovial
fluid [16]. Several protective solutions based on
DMSO, sucrose and human blood serum have been
tested. Freezing was carried out in several stages:
the material was placed on ice for 20 minutes, then
it was kept overnight at —80°C and then it was stored
for three weeks at liquid nitrogen temperature.
Thawing was carried out quickly at 37°C. Samples
cryopreserved with 10% DMSO or in a combined
solution with 10% DMSO and 0.2 M sucrose sho-
wed better viability after thawing (compared to
those cryopreserved with other combinations of
DMSO, sucrose and serum) and differentiated into
chondrocytes.

The treatment based on the administration of
cryopreserved SCPCs derived from synovial memb-
ranes was offered to patients with hip pathology
[43]. The study tested five cryoprotective agents.
The samples were frozen in the following way:
keeping on ice for 10 minutes, followed by an
overnight at —80°C with the subsequent storage at
liquid nitrogen temperature for a week and quick
thawing at 37°C. Cell morphology, their metabolic
activity, quality of the RNA, cytokine secretion
rate were similar to those of the non-frozen spe-
cimens. The results were the highest with a combi-
nation of DMSO and fetal bovine serum (FBS),
commercial media CS10 (STEMCELL Technolo-
gies, Canada), CryoSFM (compared to the media
CS2 and Biofrezee (Merck Millipore, Germany)).

Effectiveness of the knee joint osteochondral
defect restoration was studied on three groups
of rabbits. In the first group the defect was made
without any additional interventions; in the se-
cond one SCPCs from the articular cartilage grown
in the triple layered culture were administered into
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MpoBeJicHa anpodanus MATH KpUuonpoTekTopos. O06-
pasipl 3aMOPaKUBAIH CIETYIOUIMM 00pa3oM: coaep-
kaHue B TedyeHne 10 MUH Ha JIpIy, 3aT€M B TCUCHHE
Houu npu —80°C u XpaHEHHE HA NPOTSHKEHUN HEeIu
[IpH TEMITepaType KUAKOTo a3ota. OTorpeB 00pasos
npoBomw ObicTpo mpu 37°C. Mopddomorudeckoe
CTpOEHHE KJIETOK, NX MeTaboIndecKas akTHBHOCTB,
kayecTBO PHK, ypoBeHb cexpenuu HIUTOKUHOB HE OT-
JIUYAIINCH OT JAHHBIX ITOKa3aTeNell He3aMOPOKEHHBIX
o0pasnoB. Pesynbrarel ObUIM JTyYIIMMH TPUH KOM-
ounarmu [IMCO u QeranbHO ObIYbEH CHIBOPOTKH
(®BC), xommepueckux cpen «CS10», «CryoSFM»
no cpaBHeHuto ¢ «CS2» u «Biofrezee» («Merck
Millipore», I'epmanus).

D¢ (PeKTUBHOCTH BOCCTAHOBIICHUSI OCTEOXOH-
IpambHOTO JeeKTa KOJIEHHOTO CyCcTaBa HCCIeo-
BaJl Ha KPOJHMKAaX TPEX TPYIMI: YKHUBOTHBIM TEPBOM
TPyNITBl TPaBMUPOBAIH CyCTaB 0e3 MOCIEAYIOIIETO
nedeHust; BTopor rpymme B aedekt srommmm CKKIT
CYCTaBHOIO Xpslla, BBIPAILECHHBIE B TPEXCIOHHON
KyJIbType; TPETheH TPYyIIe BBOJMIN BBIpAIICHHBIC
B TPEXCIONHOW KyJIbType KIETKH, IOJBEPrHYThIE
BUTpu(UKaMM U OoTTauBaHuio. Mopdonoruueckast
CTPYKTYpa M HMMMYHOTHCTOXUMHYECKHE XapakTe-
puctuku CKKII xponukoB BTopoil n TpeTheil rpynmn
CYLIECTBEHHO HE oTinyanuch. Yepe3 12 mecsues
y ’KHBOTHBIX JIAHHBIX TPy HAOIFOIAIOCh OIHAKO-
BO€ BOcCTaHOBIIeHHE JedekTa [65].

WHTepec mpepcTaBiseT MccaenoBaHne Ha KPOJIH-
Kax, B KOTOPOM CpaBHHBAJIM XOHIPOTCHHBIN TMOTEH-
nuan kprokoncepsupoBaHHBIX CKKII u3 cuHOBH-
aJBHBIX MEMOpaH M CYCTaBHOTO XpsIIa KOJIEHHOTO
CycTaBa. YCTaHOBJIEHO, YTO JXH3HECIIOCOOHOCTH H
aktuBHOCTD auddepennmpokn CKKII, Bbinenen-
HBIX M3 CHHOBHAIBHBIX MEMOpaH, B XOHJAPOIUTEHI
ObuIa BBINIC, UM Y KIJICTOK, IMONyYCHHBIX M3 THali-
HOBOTO Xxpsima [48].

D¢} dexTuBHOCTL BOCCTAaHOBICHHS Je(EKTa MEXK-
ITO3BOHOYHOTO JIFICKAa HWCCIIEOBA Ha TpPEX TpyIl-
nax KpbICc. JKUBOTHBIM TIEPBOU TPYIIIBI CO3aBAIH
nedexT 0e3 JIeUeHHUs; BTOPOIl TpyTie KPbIC BBOAWIN
CKKII u3 6enpeHHON KOCTH, TPETHEH TpyIIie BBOIH-
mbie CKKII monBepraim MemIeHHOMY 3aMOpaKHuBa-
Huto 10 —80°C U XpaHWIHA B TEYCHHE TPEX MECSIICB
IIpH TeMIepaTrype >KUJKOro a3oTa. OTOrpeB KIETOK
nposomwu npu 40°C. B kauecTBe KpUOMPOTEKTOpa
ucnonb3oBad 10% JIAMCO u 20% OBC. Pesynb-
TaTbl THCTOMOP(QOMETPHUYECKOTO aHaIU3a MEXKII03-
BOHOYHBIX AucKoB 4epe3 30, 60 u 90 cytok mocrue
OIepalyy IMOKa3ald, YTO B paHHHE CPOKH HaOIIO-
JIEHVsI WHTEHCHBHOCTh OOpa30BaHUs XpsIla ITOCIe
BBEJICHHSI KPHUOKOHCEPBHPOBAHHBIX KIIETOK ObLIa
HWKE, YeM II0CJIe BBEJICHUS HATUBHBIX KJIETOK, HO
gepe3 90 CyTOK y JKMBOTHBIX BCEX TPYINT pasiiv-
YU TAHHOTO TTOKAa3aTesl HUBEIUpoBanuch [67]. Uc-
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the defect; in the third group the cells grown in the
triple layered culture and subjected to vitrification,
followed by thawing were administered. No signi-
ficant differences were observed in morphology
and immunohistochemical characteristics between
SCPCs from groups two and three. Effective resto-
ration of the defect was found in these groups
12 months later [65].

Study on rabbits to compare the chondrogenic
potential of the cryopreserved SCPCs from synovial
membranes and the articular cartilage of the knee
joint is also of interest. It was found that viability
and efficiency of SCPCs differentiation, isolated
from the synovial membranes, into chondrocytes ap
peared to be higher in the cells obtained from
the hyaline cartilage [48].

Efficiency of the intervertebral disc defect resto-
ration was studied in three groups of rats. In the
first group animals the defect was made without
treatment; the second group received the SCPCs
from the femoral bone; in the third group the SCPCs
were subjected to slow freezing down to —80°C
and stored for three months at liquid nitrogen
temperature. The cells were thawed at 40°C. 10%
DMSO and 20% FBS were used as cryoprotectants.
Histomorphometry of the intervertebral discs per-
formed in 30, 60 and 90 days after the surgery
showed that during the early follow up the intensity
of chondrogenesis following the administration of
the cryopreserved cells was lower than after adminis-
tering the native cells, however in 90 days the dif-
ferences in this index were leveled in animals of
all the groups [67]. Effects of cryopreserved SCPCs
from the canine and human intervertebral discs on
viability of cells, their proliferation, level of glyco-
saminoglycan synthesis, and aggrecane synthesis
coding gene expression were also studied [41]. The
specimens were slowly frozen down to —80°C and
then stored for two weeks at the liquid nitrogen
temperature and warmed at 37°C. 10% DMSO and
20% FBS were used as cryoprotectants. After war-
ming the SCPCs were co-cultured with bone marrow
SCs, which, according to the authors, led to activa-
tion of intervertebral discs SCPCs. No clear diffe-
rences in the chondrogenic potential of the native
and cryopreserved SCPCs were found. Based on
the data obtained it was concluded that activated
SCPCs could be used in clinical setting.

Conclusion

Thus, the reported data analysis indicates that
currently niches of SCs in all types of cartilage
have been identified, specific features and mecha-
nism of the cartilage SCs action tissue have been
determined, and experimental models of its patho-
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CJIEJIOBaNM TaKxke PPEKT KPUOKOHCEPBHPOBAHHBIX
CKKII MeXmo3BOHOUYHBIX IHUCKOB COOAKH U YeJIO-
BEeKa Ha JKM3HECIIOCOOHOCTh KIJIETOK, MX MPOiHde-
pamuio, YpoBeHb CHHTE3a IJIMKO3aMHUHOITIMKAHOB
W JKCIIPECCHH TEHOB, KOAMPYIOIINX CHHTE3 arrpe-
kaHoB [41]. OOpasmpl MEIJICHHO 3aMOpPaKUBaTH
mo —80°C, 3areM B TE€UCHHE NByX HEACIb XPAaHWIH
MIpU TeMIepaType Kuakoro azora. OTorpeB MpoBO-
muma ipu 37°C. B kagecTBe KPHOMPOTEKTOpa HC-
nonb3oBasi 10% JIMCO u 20% DBC. I[locne pas-
mopaxuBanud CKKII KynsTHBHpOBaIM COBMECTHO
¢ CK KoCTHOTO MO3Ta, YTO, [0 MHEHUIO aBTOPOB, IIPH-
Boawino K aktuBanuu CKKII MeXmo3BOHOYHBIX HC-
KOB. UeTKHUX pa3iuuuii B XOHAPOTEHHOM IOTCHLU-
aje HaTHBHBIX M KpHOoKoHcepBHpoBaHHbIX CKKII
HEe ycTaHOBIeHO. Ha OCHOBaHHMM WMEIOIIUXCS JaH-
HBIX OBIJIO CHIETaHO 3aKIIFOYEHHE O BO3MOXXHOCTH
ncrionb3oBaams aktuBupoBaHHBIX CKKII B kmmHU-
YECKOU MpaKTHUKE.

BriBoaBI

Taxum 00pa3zom, pe3yabTaTsl aHAINU3a JIUTepaTy-
PBI CBUETEILCTBYIOT O TOM, YTO B HACTOSIIIEE BpeMs
onpenenens! HuIM CK Bo Bcex BUaax xpsila, Cleln-
¢uueckue ocodbeHHOCTH M MexaHu3M aerictBusi CK
XpSIIEBOH TKaHU U pa3paboTaHbl SKCIEPUMEHTAIIb-
HblEe MOJIEJI €€ IAaTOJOTMH. Pe3ynpraTsl 3KcnepH-
MEHTAJIBHBIX HCCIEN0BaHUM IPOIEMOHCTPUPOBAIIN
BO3MOXKHOCTh Hcnonb3oBanuss CK nns nedenus 3a-
OoJieBaHUH, CBSI3aHHBIX C ITATOJIOTHEH XPSIIEBOM
TkaHu. [Ioka3aHo, 4TO IpUMEHEHHEe KPHOKOHCEPBH-
poBannbix CKKII xpsmeBoil TkaHu BO BpaueOHON
npakTuke spisiercsi 3QpQEeKTUBHBIM M TEpPCIEKTHB-
HeIM. OpHako gaHHas mnpoOiema TpeOyeT mpoBe-
JeHMsI JTATbHEUIINX HCCIeI0BaHHM, HalpaBIEHHBIX
Ha pa3paboTKy ONTHUMAaJbHBIX PEKUMOB 3aMOPAKHU-
BaHMsI M KPUO3ALIUTHBIX Cpell, a Takke Ha odecrie-
YyeHue 0e30MacHOCTH MPOBOAUMON TepaIu.
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logy have been developed. Our findings have
demonstrated the possibility of using SCs for treat-
ment of the diseases associated with cartilage
tissue pathology. It has been shown that the use of
cryopreserved cartilage tissue SCPCs in medical
practice is effective and promising. However,
quite a small number of reported data confirms
the need for further research aimed at develo-
ping optimal freezing regimens and cryoprotective
media, ensuring safety of this therapy.
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