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Pedepat: B pabote npeacraBneHbl pesynbraTbl 3KCNEPUMMEHTanbHbIX UCCNEeAOoBaHUA MO MCMNONb30BaHUIO CKENETOB MOPCKOWN
ry6ku lanthella basta B kayecTBe HocuTenen ANs Me3eHXMMasnbHbIX CTpOManbHbIX knetok yenoseka (MCK), nx 6uocoBmectumocTtu
C AaHHBLIMM KIeTkaMu, a Takke OLEeHKa YyBCTBUTENbHOCTY KMETOK, PacTyLiuX B COCTaBe 3TUX HOCUTENeW, K KPMOKOHCEPBMPOBAHUIO
nop 3awmton 10% AMCO un 20% deTanbHON CbIBOPOTKM KPYMHOrO poratoro ckota Mo meTogy, paspaboTaHHOMY ANs CycneH3uu
MCK (MmeaneHHoe oxnaxaeHune co ckopocTbio 1 rpaa/MuH, 6bicTpbii oTorpes npu 37°C). C NOMOLLbIO KUCNOTHO-LLENOYHOrOo rMaponmsa
13 ckenetoB Mopckon rybku lanthella basta 6binn nonyyeHbl ceTyaTble HOCUMTENU, COCTOSILLME M3 XUTUHOBLIX ubpunn. B xope
KyNbTUBUPOBAHUSA in vitro AaHHble HocuTenu obecnevvBany aares3vto, Murpaumio 1 nponudgepaumto MCK. MNocne kpnokoHcepBupoBa-
HUS Habnoganocb 3Ha4YMTeNbHOE CHUXKEHUE XM3HEeCNOCOOHOCTU KNeToK, Mpu 3ToM ux MeTabonuyeckass akTUBHOCTb cOCTaBnsna
(46,8 £ 5,8)% no OTHOLIEHWIO K HAaTUBHbIM OBpa3uamM M He yMeHbluanacb Ha MnepBble CyTKW pekynbTMBMpPOBaHus. 3 nonyveHHbIx
pesynsTaTtoB CreayeT, YTo ckeneTbl Mopckol rybku lanthella basta npeacTtaBnsioT coboi HOBbIM NEPCMNEKTUBHBIA UCTOYHUK HOCU-
Tenew ANst UCNONb30BaHUSI B TKAHEBOW MHXEHEPUWN U pereHepaTuBHON MeauuuHe. [laHHas paboTa MOXeT MOCNYXWTb OCHOBOW Ansi
hanbHewiLen pa3paboTkn MeTOAO0B KPUOKOHCEPBUPOBAHMSA CTBOMOBbLIX KIETOK B COCTaBe TPEXMEPHbIX TKAHEUHKEHEPHbBIX KOHCTPYKLWN.

KniouyeBble cnoBa: XUTWH, MOpPCKue rybku, aare3uBHbIe KMeTKW, CYCNeH3ns KNeTOK, TKAHEWHXEeHEPHble KOHCTPYKLUK,
Me3eHXUMarnbHble CTPOMarnbHble KNeTKW, KPMOKOHCEPBMPOBaHME.

PedbepaTt: Y poboTi npeacrtaBneHo pesynbTaTtv eKcriepuMeHTanbHUX AOCNIAXKEHb, CNPSMOBaHMX HA BUKOPUCTAHHS CKeneTiB
Mopcbkoi rybku lanthella basta B sikOCTi HOCIIB Ansi Me3eHxiManbHUX cTpoManbHux knitnH nioamHn (MCK), ix GiocymicHocTi 3 umMmm
KNiTUHAMW, @ TaKOX OLiHKa KpPIOYYTNMBOCTI KNiTUH, SKi POCTYyTb y CKnafi UMX HOCIiB, 4O KpioKoHCepByBaHHS nig 3axuctom 10%
OMCO 1a 20% dbeTanbHOi cMpoBaTKM KPYMHOI poraToi Xyaobu 3a MeToaoM, po3pobneHum ans cycnensii MCK (noBinbHe oxonomkeHHs
3i weunakicTio 1 rpag/xs, weuakvn Bigirpie npyu 37°C). 3a 4ONOMOrOK KUCMOTHO-MYXXHOrO TiAponi3y 3i CKeneTiB MOPCbKOi ryoku
lanthella basta 6ynn oTpumaHi ciT4acTi HOCii, yTBOpeHi 3 xiTuHOBUX ibpun. Y Xoai KynsTUBYBaHHSA in vitro ui Hocii 3abe3nevyBanu
agaresito, Mirpadito Ta nponicepauito MCK. lMicna kpiokoHCepBYBaHHSA CMOCTEPIranocs 3HAYHE 3HWXKEHHSI XUTTE3OATHOCTI KMiTUH,
npu upomy ix metaboniyHa akTUBHICTb cknagana (46,8 + 5,8)% no BiAHOWEHHIO [0 HAaTMBHMX 3pas3KiB Ta He 3MeHLlyBanacs Ha
nepwy o6y pekynbTuBYBaHHS. Ha nigctaBi ogepxaHux pesynbraTiB BCTAHOBIEHO, LU0 CKeneTu Mopcbkoi rybku lanthella basta e
HOBUM NEPCMEKTUBHUM [)XEPENOM HOCIIB ANA BUKOPUCTaHHS B TKaHWHHIW iHXeHepii Ta pereHepaTuBHin MeauuumHi. aHa poboTta
MoXe OyTn OCHOBOIK ANA NoAanbLIoi po3pobkn MeTOoAIB KpiOKOHCEpPBYBaHHA CTOBOYPOBUX KIiTUH y cknafi TPUBUMIPHUX TKaHUHHO-
iH)XeHEepHUX KOHCTPYKLiN.

KnrouoBi cnoBa: xiTWH, MOpCbKi ryb6ku, aaresuBHi KniTUHW, CyCneH3ist KMiTUH, TKAHUHHO-IHXXEeHEPHI KOHCTPYKLii, Me3eHxXiMarnbHi
CTpOMaribHi KNiTUHW, KPIOKOHCEPBYBaHHS.

Abstract: This paper presents our findings on using skeletons of marine sponge lanthella basta as the carriers for human
mesenchymal stromal cells (MSC), evaluating their biocompatibility with the cells, as well as the assessment of cryosensitivity of the
cells, growing within these carriers to cryopreservation under protection of 10% DMSO and 20% fetal bovine serum according to the
method developed for MSC suspension (slow cooling with 1 deg/min rate, rapid thawing at 37°C). Network-like chitin carriers
consisting of chitin fibrils were derived from marine sponge lanthella basta skeletons by acid-base hydrolysis. During culturing
in vitro these carriers supported adhesion, migration and proliferation of MSCs. After cryopreservation we observed a decrease in
cell viability with their metabolic activity of 46.8+5.8% in respect to the native specimens and it did not reduce to day 1 of reculture.
As proceeded from the reported findings, the skeletons from marine sponge lanthella basta are the new promising source for
carriers to be used in tissue engineering and regenerative medicine. This research may serve the basis for further developing the
cryopreservation methods for stem cells within 3-D tissue-engineered scaffolds.

Key words: chitin, marine sponges, adherent cells, cell suspension, tissue-engineered constructs, mesenchymal stromal cells,
cryopreservation.

'OTpen kpuobumoxummu, UHCTUTYT npoGrnem kpuoGuonorum u
kpromeanumnHel HAH YkpauHbl, . XapbkoB

20tpen GuoMuHepanorMm u aKkcTpemarnbHon BUoMUMETUKN, MHCTUTYT
aKkcnepumeHTanbHon uankn, Ppanbeprckuin  TexHUYeckui
yHuBepcuTeT, . Opanbepr, NepmaHusa

*ABTOP, KOTOPOMY HEOGXOAMMO HanpaBnATbL KOPPECNOHAEHLUUIO:
yn. Mepesicnasckas, 23, r. XapbkoB, YkpauHa 61016;

Ten.: (+380 57) 373-41-35, chakc: (+380 57) 373-30-84,
aMeKkTpoHHasa noyta: v.v.mutsenko@gmail.com

Moctynuna 25.11.2014
MpuHsTa B neyatb 17.12.2015

Mpobnembl kpuobuonorum n kpuomeauumHel. —2016.—T. 26, Ne1. —C. 13-23.
© 2016 NHcTutyT Nnpobnem kpuobuonorum n kpuomeanumHbl HAH YkpauvHbl

"Department of Cryobiochemistry, Institute for Problems of Cryo-
biology and Cryomedicine of the National Academy of Sciences of
Ukraine, Kharkov, Ukraine

2Department of Biomineralogy and Extreme Biomimetics, Institute
of Experimental Physics, Freiberg Technical University, Freiberg,
Germany

*To whom correspondence should be addressed:

23, Pereyaslavskaya str., Kharkov, Ukraine 61016;

tel.:+380 57 3734135, fax: +380 57 373 3084,

e-mail: v.v.mutsenko@gmail.com

Received November, 25, 2014
Accepted December, 17, 2015

Probl Cryobiol Cryomed 2016; 26(1): 13-23.
© 2016 Institute for Problems of Cryobiology and Cryomedicine


User
Typewritten Text
https://doi.org/10.15407/cryo26.01.013


B nacrosmee BpeMst ISl KPHOKOHCEPBUPOBAHUS
Me3eHXUMAaJIbHBIX CTpoManbHBIX KieTok (MCK) B
BUJE CYCIIEH3UH OOIICTIPUHSATHIM CUUTAETCS METO/,
BKJIFOUAIOIIHI MEJUICHHOE oXtaxaeHue (1 rpan/mMuH)
10 —80°C ¢ mocneayoUM MOTpyKEHUEM B KUIKUAN
a30T U OBICTPBIA OTOTPEB, a TaKXKe MPHUMEHEHUE
10%-ro AMCO u 20% 3MOprOHaIbHOI CHIBOPOTKH
KPYIHOTO POTaToOr0 CKOTa, KOTOPBIH o0ecreynBaet
BBICOKYIO KH3HECITOCOOHOCTh KPHOKOHCEPBHPOBAH-
Hb1x MCK [8]. KproycToitunBOCTH KIIETOK B CyCIICH-
3HH CIIOCOOCTBYIOT HX chepruieckast popMa v OTHOCH-
TENBHO CBOOOJHOE PACIOJIOKEHHE B Cpelie, YTO
oOnerdaer u3MeHeHHEe 00beMa KIETOK B OTBET Ha
YBEIMYeHNE KOHLIEHTPALIUH BEIIIECTB BO BHEKJIETOYHON
cpele M AaeT BO3MOXKHOCTh M30ekaTbh MeXaHW4ec-
KOT'0 TTOBPEKACHUS ABIKYIINMCS (PPOHTOM PaCTYIINX
KpuctajuioB ybaa [1]. Takue BO3MOXKHOCTH HCKIIO-
YaroTCs, €CJIM KIETKH HaXOHATCs B PaCIUIACTAaHHOM
COCTOSIHUH, a UX MOJIOKEHHE PUKCUPYETCSI MEKKIIE-
TOYHBIMU KOHTAKTaMH W/WJIN KOHTaKTaMH ¢ cyOcTpa-
ToMm [3, 19].

Ha coBpemenHOM 3Tare pa3BUTHA TKaHEBOW HHKE-
Hepun MCK sBrnsitoTcst Hauboliee BOCTpeOOBaHHBIM
KJIETOYHBIM KOMIIOHEHTOM, IPH 3TOM Bce Oosee ak-
TyaJIbHOW CTAaHOBUTCS Pa3paboTKa METO0B KPUOKOH-
cepBUpPOBaHUs cHOPMHPOBAHHBIX TKAHENOJIO0OHBIX
CTPYKTYpP CO CIIOKHOHW CHUCTEMOM MEKKJIETOUYHBIX
KOHTAKTOB. [Ipu TakoM MoAX0/1€ 3HAUUTENBHO COKpPa-
maeTcsi BpEMEHHOM Pa3pbIB MEXKAY KIMHHYECKHM
3aIpOCOM U BO3MOKHOCTBIO IIPEIOCTaBIICHUS HEOOXO-
JMMOTO TKaHEMHKEHEPHOTO UMIUIAHTATa, TOCKOJIBbKY
MOATOTOBKA HOCUTENS, BBHIACICHUE U IKCIAHCHUSA
KIIETOK, 3€CEJICHHE UX B HOCUTEIIh, & TAKXKE NajbHEH-
1iee KyJbTHBUPOBaHUE U AU PEePEHIINPOBKA SBISTFOTCSI
JUTATETHHBIME TPOIIeTypPaMHu.

Bonbmioe BHUMaHue yaenserca Takke BOIpocam
MOAU(GHUKALIMK YXKE CYNIECTBYIONIUX HOCHUTEIEH,
MTOMCKY U CO3/IaHUIO HOBBIX, YTO OOYCIIOBIEHO Pa3HO-
obpa3uem TpebOBaHHUM K MX XapaKTepPUCTHUKAM U
rnmapaMeTpaM B 3aBHCUMOCTH OT KOHEUHOW Iein
HUCTONB30BaHusd. B HacTosmee BpeMsi BBI3BIBAET
WHTEPEC YHUKAIBHBIA OMOTEXHOJIOTHYECKUH TTOTESH-
[MajJ MOPCKUX T'yOOK, KOTOPbIE MOTYT CTaTh UCTOY-
HUKOM HOBBIX QJIETEPHATHBHBIX HOCUTENEH, CTPYKTY-
PUPOBAaHHOCTH KOTOPBIX UMEET MPUPOTHBIN XapaKTep.
Tak, B cocTaBe MOpPCKUX TyOoOK oTpsina Verongida
OBl 0OHapykeH O-XuTUH [6, 7]. B wacTHOCTH, M3
ryOku lanthella basta, omHOTO W3 TIpeACTaBUTENEH
JAHHOTO OTpsi/Ia, OBLIH MTOJy4EeHbI HOBBIE YHUKAIHHO
CTPYKTYpHUPOBAHHBIE MJIOCKHE CETYaThle HOCHUTENH,
COCTOSINHE W3 MOMEPEUYHO CHIUTHIX XUTHHOBBIX
BOJIOKOH [4]. OgHako OMOCOBMECTHMOCTh JAaHHBIX
"ocureieil ¢ MCK yernoBeka uccienoBana He ObLia.
Bonee Toro, B nmureparype OTCYTCTBYIOT JaHHBIE O
KPUOKOHCEPBHUPOBAHNN XUTHHOBBIX HOCUTEIEH, TTOITY-
YEHHBIX U3 MOPCKUX T'yOOK.
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Currently, the conventional method for cryopreser-
vation of suspended mesenchymal stromal cells
(MSCs), providing their high post-thaw viability, inclu-
des the application of 10% DMSO and 20% fetal
bovine serum, slow (1 deg/min) cooling down to —80°C,
immersion into liquid nitrogen and rapid thawing [9].
Cryoresistance in suspended cells is supported by
spherical shape of cells and their free floating in the
medium, facilitating an easy change in cell volume in
response to increasing concentrations of substances
in extra-cellular medium and allowing to avoid
mechanical damage by advancing front of growing ice
crystals [3]. These phenomena are not possible if cells
are flattened and their position is fixed by cell-to-cell
and/or cell-substrate contacts [2, 19].

To date the developing tissue engineering widely
utilizes MSCs, that is why there is a need of novel
cryopreservation methods suitable for the ready tissue-
like structures with a complex system of cell-to-cell
contacts. This approach significantly reduces the time
gap between clinical request and the possibility to supply
a necessary tissue-engineered implant, since the
preparation of a carrier, isolation and expansion of cells,
their seeding into a carrier, as well as further culturing
and differentiation require a long time period.

A great attention is also paid to the modification of
the existing carriers, searching and producing the new
types of them, which is stipulated by a highly diverse
requirements to their characteristics and parameters
preconditioned by the intended application. Currently,
marine sponges have unique biotechnological potential
as a source of new alternative carriers with natural
structure. For example, the marine sponges of the
Verongida order showed the presence of a-chitin [7,
8]. In particular, the lanthella basta sponges, one of
the representatives of this order, were the source of
new unique structured flattened network-like carriers,
consisting of crosslinked chitin fibers [4]. However,
the biocompatibility of these carriers with human MSCs
has not been investigated yet. Moreover, there are no
reported data on cryopreservation of chitin carriers,
derived from marine sponges.

The research was aimed to study the possibility of
using skeletons of marine sponges lanthella basta as the
carriers for human mesenchymal stromal cells, assess
their biocompatibility, as well as cryosensitivity of the
cells growing within these carriers to the conventional
cryopreservation method under protection of DMSO.

Materials and methods

To isolate chitin samples the frozen-dried skeletons
of marine sponge lanthella basta were treated by
acid-base hydrolysis [4, 6]. At the first step the
specimens were placed into 20% acetic acid solution
for 12 hrs at 37°C to dissolve the calcium carbonate
component of sponge and to remove a part of proteins
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Lenb paboThl — UccenoBaHNE BO3MOXHOCTH HC-
MOJIb30BaHUSI CKEJIETOB MOPCKUX T'yOok lanthella
basta B KauecTBe HOCHUTEIEH AN ME3CHXUMAJIbHBIX
CTPOMAaJBHBIX KJIETOK YeJIOBEKa, UX OMOCOBMECTH-
MOCTH, 2 TAK)KE OIIEHKa KPUOYYBCTBUTEIHHOCTH KJIe-
TOK, PaCTYIIUX Ha 3THX HOCUTEISIX, K OOIIECTIPUHITOMY
MeToay KprHoKoHcepBHupoBaHus nof 3amutoi JIMCO.

Marepuajibl 1 METOABI

J171s1 BBIIIETICHUS XU THHOBBIX 00Pa3I0B JINOQHIIH3H-
poBaHHBIE cKeneTsl ryOku lanthella basta monsepra-
71 06paboTKe ¢ UCTIOIB30BAaHUEM KHUCIOTHO-ILENI0Y-
Horo THaponu3a [4, 5]. Ha mepBoM stame oOpasiisl
nomemany B 20%-1 pacTBOp YKCyCHON KHCIIOTHI Ha
12 9 ipu 37°C n71s1 pacTBOPEHUS KaJbIMKA-KapOOHAT-
HOH cocTaBiAmONIed I'yOKH W yCTpaHEHHUs YaCTH
OEITKOB M TUTMEHTOB, TIOCIIE Yero MHOTOKPATHO MPO-
MBIBAJIM IUCTUILIMPOBAaHHOM Bo10i1. Ha BTOpOM aTane
o6pasmer oopadareiBamu 2,5 M NaOH B tedenune
cytok 1mipu 37°C, 4T0 HEOOXOAMMO IS YIaJICHUS
ocTaBlIeiics 9acTH OeIKOB, MUHEPAJIU30BAHHOMN
COCTaBIISIOIEH W MUTMEHTOB. 3aTeM I'yOKH TPOMBI-
BaJId TUCTUIIIMPOBAHHOM BOOM 11t focTrxkeHuUs pH
6,5 ¥ TIOBTOPSUIM LIUKJI 00paOdOTKH 10 00eCBEUMBAHMS
Hocuteneil. Ha 3aBeparoiem atane 0O4rCcTKH HOCH-
Tenu nomeany B 35%-1 pacTBOp MepeKUcH BOJOPOIA
Ha 15-20 MHH TpU KOMHAaTHOU TeMIeparype ¢ IMo-
CJIEYIOIIEH OTMBIBKOM AUCTUILTUPOBAHHOU Bostoit. U3
JEeMHHEPATIM30BaHHBIX 00PA3I0B IMOTyYaTd HOCUTEN
pazmepoM ~ 3X7x0,4 Mm.

OnyopecrnienTHbid kKpacutenb Calcofluor White
(«Sigmay, CIIIA) u30bupaTenbHO CBSI3BIBACTCS C
XUTHHOM W UCTIONIB3YETCSI JITIS €r0 Bu3yanm3aryd [17].
Obpazen nocutens nomemanu B 0,1%-i pacTBop
Calcofluor White u uakyOupoBainu B Tedenue 10 Mun
B TEMHOTE. 3aTeM MPOMBIBAIH TPHU pasza TUCTHILIH-
POBaHHOI BOJIOW U HUCCIIEIOBANU C HUCIIOJIb30BAHUEM
¢dbayopecuentaoro mukpockona «CETI EpiFluor»
(«CETI», benbrus).

[Ipensapurenpayto skcnancuto MCK mepmer de-
JIOBEKa IMPOBOJIWIIN B Cpefie KyJabTUBUpOoBaHusg O-MEM
(«Sigmay), momonuennoit 10% smOpuoHATBHOMN
cbBOpoTkH (DC) KpOBHU KPYHHOTO POTATOTO CKOTA
(«PAA», ABctpus), 50 en/Min meHUIUDIHHA U 50 MI/MIT
crpentomununa B CO,-unkybarope npu 37°C, 5%
CO, 1 95% Bnaxnoctu. Hocurenu crepunuszoBany B
70%-M 3THIIOBOM CIIUPTE, TUIATEIHHO MPOMBIBAIH
pacTBOpoM XEHKCa W HACHIMIadu KyJIbTypalbHOU
cpenoil. B emKkocTu M3 HEaare3sMBHOTO IUIACTHKA
o6bemom 20 mu1 momeraiy o 10 Hocutenel 1 cycrneH-
3U0 KJIeToK (2%10° B 10 M), HHKYyOAKIO HX
ocymecTBisd pu 37°C B Teuenue 1 1 Ha paguaib-
Hom meiikepe «MS, Minishaker I KA» («Sigma-Ald-
rich», I'epmanus) npu 500 06/MuH a1 oOecriedeHus
paBHOMepHOTO 3aceneHus. Uepes 12 4 3aceneHHBIC
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and pigments, and then repeatedly washed with a
distilled water. At the second step the samples were
treated with 2.5 M NaOH within 24 hrs at 37°C to
remove the remaining proteins, mineralized component
and pigments. Then sponges were washed with distilled
water until reaching pH 6.5, and thereafter the whole
treatment cycles were repeated till the carrier disco-
loration. At the final stage of purification the carriers
were placed into 35% hydrogen peroxide for 15-20 min
at room temperature, and then washed with distilled
water. The demineralised samples were used to obtain
carriers with ~7%3x0.4 mm dimensions.

Fluorescent dye Calcofluor White (Sigma, USA)
selectively binds to chitin and is used for its visualisation
[5]. The carrier specimens were placed into 0.1%
Calcofluor White solution and dark-incubated for 10
min. Then they were thrice washed with distilled water
and examined with fluorescent microscope CETI
EpiFluor (CETI, Belgium).

The human dermal MSCs were preliminarily
expanded in 0-MEM culture medium (Sigma), supple-
mented with 10% fetal bovine serum (FBS) (PAA,
Austria), 50 IU/ml Penicillin and 50 mg/ml Strepto-
mycin, in CO, incubator at 37°C, 5% CO, and 95%
humidity. The carriers were sterilized with 70% ethanol,
thoroughly washed with Hanks’ solution and saturated
with culture medium. Afterwards 10 carriers and cell
suspension (2x10°¢ in 10 ml) were placed into 20 ml
non-adhesive plastic vessels, and incubated at 37°C
for 1 hr on radial shaker MS, Minishaker I KA (Sigma-
Aldrich, Germany) at 500 rpm to ensure an uniform
seeding. After 12 hrs the cell-seeded sponge specimens
were transferred into the wells of 24-well plate
containing 0.5 ml of culture medium, and cultured for
21 days in standard conditions.

For cryopreservation the cell-seeded carriers were
placed into 1 ml cryovials (Nunc, USA), which were
slowly filled with 0.5 ml cryoprotective medium,
comprising culture medium with 10% DMSO and 20%
of FBS. After 10 min equilibration at 4°C the samples
were frozen using the cooling rate of 1 deg/min in
Nalgene Mr. Frosty container (Sigma). After keeping
3 hrs at—80°C in a low temperature refrigerator (Jouan,
France) the samples were transferred into liquid
nitrogen for storage. Samples were thawed in a water
bath at 37°C, cryoprotectant was stepwise removed
using DMEM/F-12.

Cell viability prior to and after cryopreservation was
assessed using Fluorescein diacetate (FDA) and
Propidium iodide (PI) staining. For this purpose the
cell-populated carriers were washed with warm Hanks’
solution and dark-incubated for 10 min in Hanks’
solution with FDA (2 pig/ml) and PI (1 pig/ml). Stained
samples were studied using the LSM 510 META laser
scanning microscope (Carl Zeiss, Germany).
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KJIeTKaMH 00pa3usl TyOOK MEepeHOCUIIH B JTYHKH
24-yHOYHOTO IUIaHIIeTa, coAepkamue mo 0,5 M
Cpeabl KyIbTUBUPOBaHUS, M MPOAOIIKAIN KyJIbTUBH-
pOBaHUE B CTAHAAPTHBIX ycIoBUsAX (21 cyTkm).

J7151 KpHOKOHCEPBHUPOBAHUS HOCUTEIH C KJIETKAMH
MTOMEIIAIH B KpHONIPoOupKu 00beMoM 1 Mt («Nuncy,
CIIA) u memierro no6asisum 0,5 MIT KPHO3AIIUTHOMN
Cpempl, COCTOSIIEH U3 Cpeabl KyIsTUBHpoBaHus ¢ 10%
JAMCO u 20% IC. [Tocne 10 MuH 3KBHIHOpaIiuyl IpU
4°C 00pa3Iel 3aMOPaKUBATN CO CKOPOCTHIO OXJIAXK-
nenvst 1 rpan/muH B KoHTeHHEpe «Nalgene Mr. Frosty»
(«Sigmay). Konreitaep 3 4 BeiaepxkuBam mpu —80°C
B HU3KOTEMIEPAaTypPHOM XOJOAMIbHUKE («Jouany,
®pan1s), Mocie 4ero npoObl NEPEHOCUITH TS XpaHe-
HUS B KUIKAN a30T. OOpa3Isl 0TOTrpeBaIy Ha BOJISTHON
OaHe rpu Temneparype 37°C, KpHOIpOTEKTOP YAATISIH
MO3TAITHO ¢ HCIoNb30BanueM cpensl DMEM/F-12.

KuznecrocoOHOCTE KIETOK [0 U IOCIIE KPHOKOH-
CEpBHUPOBAHMS OIIEHNBAIIN OKpaITuBaHuEM (Iyopec-
nenHauarerarom (OIA) u mporuauii Hoammom (HI71).
Ju1s1 aTOTO 3aCeneHHbIe KIIeTKaMi HOCUTENN IPOMBIBA-
JIX TEIUTBIM PacTBOpPOM XEHKca M MHKyOHpOBaiu B
tedenne 10 mun B pactBope Xenkca ¢ DA (2 Mkr/mi)
u ITH (1 Mxr/mi) B TemuOTe. OKpalieHHbIE 06Pa3IIbI
HCCIIeIOBAJIN € IOMOIIBIO HHBEPTUPOBAHHOTO KOH(O-
KaJIbHOTO JIa3epHOTO CKAaHUPYIOLIETO MUKPOCKOIA
«LSM 510 META» («Carl Zeiss», ['epmanus).

Hns onpeneneHuss MeTabOIUUYECKOW aKTHBHOCTH
B JIYHKH C HCCIIEAYEMbIMH 00pa3iaMi BHOCHIIH CpeLy
kynsTuBHpoBanus ¢ 10% Alamar Blue (AB; «Serotecy,
BenmkoOpuTanus ), ”HKyOAITHIO OCYIIIECTBISIIN B TEUe-
Hue 2 4 ipu 37°C. 3aTeM cpexy oTOMpay U3 TyHOK U
OTIpENIETISUTN B HEW ypOBEHb BOocCTaHOBIICHUS AB ¢
WCTIOJTb30BaHUEM TUIAHIIIETHOTO CIIEKTPOQITyOpUMETpa
(«Tecan GENios», ABCTpusi) IpH BOIIHE BO30YKACHUS
550 aM 1 amMuccun 590 HM. YpoBEHb BOCCTaHOBIIEHUS
AB BbIpakanu B OTHOCUTENBHBIX eAMHHULIAX (h1yopec-
ueHuuu (OE®D) u onpenensiim no hopmyie: ypoBeHb
Boccranopienus = (OE® — OE(D¢)/OE(D¢, rae
OE®_- yposenb Quyopecueniuu B kietkax; OED o
(OHOBBIN YPOBEHB (ITyOpPECLICHIIH.

MeTabomn4ecKyto aKTHBHOCTb KJIETOK OIEHHBAIIN
JI0 KPUOKOHCEPBUPOBAHMS, HETIOCPEACTBEHHO MOCIIE
pa3sMOpaXUBaHUS U YIAICHUS OT KPHOIIPOTEKTOpa, a
TaKke depe3 24 9 1mociie Bo3BpalleHus: 00pasioB B
YCIIOBHS KYJIBTHBHUPOBaHM. B KadecTBe KOHTPOIA
CIIYKWJIM HaTHUBHBIE 00pa3ibl (Te ke o0pasmsl 10
KPHOKOHCEPBHPOBAHUS).

M5t onipeenieHust HOpMaJIbHOCTH pactipelesIeHHsI
PEe3yABTaTOB HCIIONB30BANN KpuTepuit Llanupo-Yunka.
JaHHbIe BBIpaXKalll Kak CpelHee 3HaueHHe + CTaH-
JapTHOE OTKIOHEHHE (M + m). 3HAYMMOCTB Pa3IHINi
MEXAy TpynnaMu MNOATBEPXAalu t-KpUTepHeM
CrelozieHTa A1 He3aBUCHMBIX IepeMeHHbIX. CTaruc-
TUYECKH 3HAYUMBIMU CUUTAIN OTin4ws ipH p < 0,05.
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To determine metabolic activity we placed culture
medium with 10% Alamar Blue (AB; Serotec, UK)
into the wells with the studied samples and incubated
the samples for 2 hrs at 37°C. The medium was then
collected from the wells and the level of AB reduction
was determined using the plate spectrofluorimeter
(Tecan GENios, Austria) with excitation at 550 nm
and emission at 590 nm. The level of AB reduction
was expressed in relative fluorescence units (RFU)
and determined by the formulae: Level of reduction =
(RFU,—RFU,)/RFU,, where RFUc was relative fluo-
rescence units for cells and RFUb was the value of
background fluorescence.

Cell metabolic activity was assessed prior to
cryopreservation, immediately post-thaw and cryopro-
tectant removal, as well as 24 hrs following the
specimens return to culture conditions. The native
samples served as the control (the same samples
before cryopreservation).

To determine the normality of distribution of the
parameters we used the Shapiro-Wilk test. Data were
expressed as the mean =+ standard deviation (M + m).
The significance of differences between groups was
confirmed by Student t-test for independent variables.
Differences were considered as statistically significant
at p <0.05.

Results and discussion

After completing purification procedure for frozen-
dried sponge lanthella basta skeletons (Fig. 1A) we
obtained the colourless flat skeletal fragments having
a cellular structure with a wall thickness of about
0.4 mm (Fig. 1B). Purified fragments preserved the
original structure of sponge skeleton. After cutting
longitudinal cell walls we obtained the rectangular
carriers, which were further used in the study (Fig. 1C).

Microscopy analysis revealed that the obtained
carriers had numerous pores of different shapes and
diameters (from 50 pm to several millimetres)
(Fig. 2A). After Calcofluor White staining the carriers
had a characteristic blue fluorescence, confirming the
presence of chitin (Fig. 2B).

The cells, seeded into carriers, were attached to
walls and flattened on them, getting fibroblast-like
morphology. After 7 days of culture there was a
gradual filling of carrier pores with the cells from the
periphery to the center (Fig. 3B). After 21 days of
culture the formed cell sheets filled entirely the carrier
pore lumens (Fig. 3C).

Thus, the demineralized chitin carriers from marine
sponge lanthella basta skeletons showed the biocom-
patibility with MSCs in vitro and enabled cell growth
up to the formation of cell sheets filling the pores.

After 21 days of culture the samples were cryopre-
served under protection of 10% DMSO in the presence
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Pe3ysabTaThl U 00CyKIeHUe

ITocne mpoueaypbl OUYUCTKH
TUO(GUIN3UPOBAHHBIX CKEJIETOB
ryook lanthella basta (puc. 1, A)
nosrydanu OecuBeTHbIE MIOCKHE
(parMeHTHl CKeleTa, UMEIIIne
STYEHCTOE CTPOCHHUE C TOJILIMHOM
cteHok ~ 0,4 MM (puc. 1, B). Oun-
IICHHBIE (parMeHThl COXPAaHSIIH
OpUTHHAIIBHYIO CTPYKTYPY CKe-
nera ryoku. Ilocie paspesanus
MPOIOJIBHBIX CTEHOK SYEeK IOITY-
YaJId HOCHUTEIH IPSIMOYTOJILHOM
(opMBI, KOTOPBIE B JajbHEHIIIEM
HCIIOJIB30BAIM B HCCIEAOBAHUU
(puc. 1, C).

[Tpu MuKpocKoTUpOBaHUH ObI-
JIO BBISIBJIICHO, YTO IIOJIyYECHHBIE
HOCHTENIM MPOHHU3aHbI MHOXECT-
BOM HOp Pa3IU4HON POPMBI U ANA-
meTpa (0T 50 MKM 70 HECKOIBKIX
MuTuMeTpoB) (puc. 2, A). Ilocne
OKparnuBanus ¢ nomoripto Calco-
fluor White HocuTeny nmenn xa-
pakTepHyio roiayoyo dayopec-
LIEHIINIO, CBUACTENBCTBYIOIIYIO O TOM, YTO OHH COCTOSIT
u3 xutuHa (puc. 2, B).

Knertku, 3aceneHHble B HOCUTENH, IPUKPETUISUIUCE
K CTEHKaM W PacIUIaCThIBAIMCH HAa HUX, MPHOOpETas
¢ubpobnacromnonoOHbI B Uepes 7 CyTOK KyJIbTH-
BHUPOBaHMsI HAOONATOCH MTOCTENIEHHOE 3aIll0JTHEHUE
MOp HOCHUTENsl KJIIETKAMH OT Nepudepuu K IEHTPY
(puc. 3, B). Ha 21-e cyTku KynbTHBHUpOBaHUS CHOPMHU-
pOBaHHBIC KIIETOYHBIE TUIACTHI [EJUKOM 3aIlOTHSITH
mpocBeTsl op Hocutess (puc. 3, C).

Taxum 00pazom, H1eMUHEPATU30BAHHBIE XUTHHO-
BbIE HOCHTEJH U3 CKEJIETOB MOP-
ckoil ryOxu lanthella basta noka-
3amu 6uocoBmectumMocTh ¢ MCK
in vitro u obecrne4nBatu poOCT
KJIETOK 710 00pa30BaHUs IUIACTOB,
3aIOHSIOIINX MTOPHIL.

Uepes 21 cyTku KyIbTHBHPOBA-
HUsl 00pasibl KPUOKOHCEPBHPO-
Baymi o 3amtuToi 10%-ro JIMCO
B ipucytctBur 20% 3C mo mpoto-
KOy, OOILIETTPUHATOMY LIS KPHUO-
KOHCEPBHUPOBAHHS CYCHEH3UM
MCK nepMbl U NO3BOJIAIOIIEMY
COXPaHITh META0OJIMUYECKYIO aK-
TUBHOCTH JI€KOHCEPBUPOBaHHBIX
KJIETOK Ha ypoBHe (87 = 5)% mo
AB-tecty [16].

Ha puc. 4, A ipecraBiieH Bu
HOCHUTEIIS C KJIETKaMH, OKpallleH-
ueiMu OIIA/ITH, 10 kpHOKOHCEp-
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Puc. 1. JlnocdomnnanpoBaHHbli ckenet
ryoku lanthella basta po ounctkn (A).
MaTpuua, nony4yeHHasi Nocne O4UCTKU
(B). O6paseL, HocuUTENS, NOSY4YEHHOTO
n3 matpuupl (C, cTepeomMukpokonus).

Fig. 1. Frozen-dried skeleton of sponge
lanthella basta prior to purification
procedure (A). The matrix obtained
after purification (B). The sample of
carrier derived from the matrix (C,
stereomicroscopy).

of 20% FBS according to the standard protocol for
dermal MSCs suspension cryopreservation, which
enabled to preserve metabolic activity of frozen-thawed
cells at the level of (87 = 5)% by the AB-test [17].

Fig. 4A demonstrates a carrier with FDA/PI-
stained cells prior to cryopreservation (control).
Positive FDA-staining of cells and a small amount of
the cells with PI-stained nuclei testify to a high viability
of cells within the bioengineered scaffold. After
cryopreservation (Fig. 4B) the number of positively
Pl-stained cells significantly increased.

Puc. 2. Mopdonorusi Hocutensi, NONy4eHHOro U3 ckeneTa AeMUHepanmM3oBaH-
Hom rybku lanthella basta (A, cBeToBas Mukpockonus). Hocutenb nocne
okpawmaHus Calcofluor White. (B, cdnyopecueHTHass MUKpOCKOnus).

Fig. 2. Morphology of carrier derived from demineralized sponge lanthella Basta
skeleton (A, light microscopy). The carrier after Calcofluor White staining (B,
fluorescence microscopy).
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HaTtuBHbIN npenapar.

Puc. 3. Hocutenb 6e3 knetok (A); MCK B nopax xutnHoBoro Hocutens: 7-e (B) n 21-e (C) cytku B kynbrype, x100.

Fig. 3. Cell-free carrier (A); MSCs within the pores of chitin carrier: day 7 (B) and day 21 (C) in culture, x100. Native

preparation.

BHpOBaHUA (KOHTPOJH). [lo3uTHBHOE OKpamnBaHue
kneTok DA 1 HeOOoIbIIOE KOTMIECTBO KIETOK C S-
pamu, oKpaneHHbIMH [TV, CBHIETENBCTBYIOT O BBICO-
KO J)KU3HECTIOCOOHOCTH KJIETOK B COCTaBE OMOMHKE-
HepHOU KOHCTpYyKUUU. [Tocie kpuoKOHCepBUPOBAHUSA
(puc. 4, B) komn4ecTBO KIIETOK, TO3UTHBHO OKpAaIlICH-
HbIx [1H, 3HAYHTEBHO YBETHUNBATIOCH.

Jns uHTErpanbHOUN OIIEHKH MeTaboIndecKoi
AKTUBHOCTH KJIETOK ucmoiib3oBain AB-tect. Kak
CIEMyET U3 PHC. 5, KPHOKOHCEPBUPOBAHUE TPUBOIUT
K JBYKPAaTHOMY CHHIXECHHUIO JTOTO IMOKAa3aTes
(46,8 = 5,8)% 1o orHomeHnio K KoHTpoIrro (100%).
Uepes CyTKU PEKyJIbTUBUPOBAHUS ITOT YPOBEHB
COXpaHMJICS.

Pe3ynbrarel HacTosmiel pabOTHI MMOKa3aiH, 4TO
JEMUHEPAIN30BaHHBIC OUUIIICHHBIE CKEJIETHl MOPCKUX
ryook lanthella basta, cocTosinye U3 XUTHHOBBIX
BOJIOKOH, OPTaHU30BAHHBIX B MOPUCTYIO CTPYKTYPY,
OMOCOBMECTUMBI C ME3CHXUMAaJIbHBEIMU CTPOMAaTh-
HBIMH KJIETKaMHU Y€JIOBEKa W CIIOCOOHBI MOICPIKU-
BaTh UX pocT. buocosmecrtu-
MOCTh XWTHHA HU3BECTHA U
mopoOHO OMHMCaHa B JTUTEpa-
Type [18]. B npomsIieHHBIX
MacmTabax XUTHH BBIIEISET-
CA U3 KPEBETOK, KaJIbMapoB,
KpaboB, yCTPHIL U HCTIOTB3YET-
Cs1 C IIETTBI0 M3TOTOBJICHUS MaT-
PHII ISl TKAHEBOM MHKECHEPHH,
9TO TpeOyeT 3HAYUTEIHHBIX
(hMHAHCOBBIX 3aTpaT W TEXHO-
JIOTHYECKUX MaHumyIsiui [ 10].
U3 mopckux rybok lanthella
basta MOXXHO ¢ MUHUMAaJIbHBI-
MH 3aTpaTaMy TOJYyYHTh HO-
BbIC U MIEPCIIEKTUBHBIC HOCUTE-
JIM, YHUKaJdbHas CTPYKTypa
KOTOPBIX OTIPEIEIISAETCS IIPOIIeC-
COM 3BOJTIOIMH TAaHHBIX T'yOOK.
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For integral assessment of cell metabolic activity
we used the AB test. As it follows from the Fig. 5,
cryopreservation resulted in a 2-fold decrease of this
index (46.8 £+ 5.8)% in respect to the control (100%).
One day after reculture this level remained unchan-
ged.

Our findings demonstrate that demineralized purified
skeletons of marine sponge lanthella basta comprised
of chitin fibers, arranged in a porous structure, were
biocompatible with human mesenchymal stromal cells,
and capable to maintain their growth. Biocompatibility
of chitin is well known and reported in details [18].
Chitin is commercially procured from shrimps, squids,
crabs, oysters, and used to manufacture the matrices
for tissue engineering, that requires significant financial
costs and technological procedures [11]. The new and
advanced carriers, which unique structure is the result
of a natural evolution, might be procured from the
marine sponges lanthella basta with the minimum
costs required.

Puc. 4. Bug MCK B xutnHosom HocuTerne Ao (A) u nocne (B) kprmokoHcepBupo-
BaHusi. KomGuHupoBaHHoe okpaiumsaHne OOA/N.

Fig. 4. Appearance of MSCs within chitin carrier prior to (A) and after (B) cryopre-
servation.Combined staining with FDA/PI.
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Kak BuaHO M3 WpeACTaBICHHBIX PE3yJbTAaTOB,
MCK aare3upoBany U pacIulacThIBAIUCh HAa IOBEPX-
HOCTSIX XUTHHOBBIX HOCUTEJEH, B X0 KyJBTUBHPO-
BaHHS TPONH(EPUPOBAIIA U 3ATOJIHSIN CBOOOIHOE
MIPOCTPAHCTBO TIOP HOCUTENS. B pesynbrare TpexHe-
JIEJIbHOTO KYJIbTUBUPOBaHUs (hOPMUPOBaAIach OMOMH-
JKEHEepHAsl CTPYKTypa, B KOTOPOW MOXKHO yCJIOBHO
BBIJICITUTh YYaCTKH, B KOTOPBIX KJIETKH PacTyT Ha
BHEIIHUX MMOBEPXHOCTIX XUTHHOBOTO HOCHTENS, U
Y4acCTKH, CHOOPMHUPOBAHHBIC TIJIACTAMH KJIETOK B
cBOOOAHOM 00BeMe op. Takue CTpyKTypsl, 00pas3o-
BaHHbIe ayToioruynsiMu MCK manuenrta, MOryT
CITy>KUTh OCHOBOH JIJIsI pa3pa00TKH HOBBIX TKAHCHHKE-
HEPHBIX KOHCTPYKIUH, HapuUMep, A HHKCHEPUU
KOCTHOM WJIN XPAIIEBON TKAHEH.

Hcxons U3 naHHBIX TUTEPaTyphl IPEAIIONIAraioch,
YTO aJIT€3UBHBIC KJICTKU B COCTABE MOMTyUIECHHBIX TPEX-
MEPHBIX TKaAaHEHHXEHEPHBIX KOHCTPYKIUH OyayT
0oJiee UYyBCTBUTEILHBIMH K OOIIETTPUHATOMY METOTY
KPUOKOHCEPBUPOBAHMS, BKIIFOUAIOIEMY MEIJICHHOE
oxnaxaenue noj 3amutor 10% AMCO, ueM KIeTKH
B cycniensuu [ 12, 14]. VI3BecTHO, 4TO pH MEAJIEHHOM
OXJIKJICHUH OJJHUM M3 OCHOBHBIX MOBPEKIAIOIINX
(hakTOpOB SIBIISIETCS ISHCTBHE BBICOKHX KOHIICHTPAIIH
coJieli, BOSHUKAIOIINX BCIICJCTBUE KPUCTAILTU3AIIUU
BHEKJIETOYHOH BOJBI, YTO BEIET K JCTUApaTalluu
KJIEeTKU M, COOTBETCTBEHHO, K YMEHBIICHHUIO €€
oobeMa [16]. OOBeM KIIETOK, OXJaKIaeMBIX B BHJIC
CYCIICH3HH, MOKET OTHOCHTEIILHO CBOOOIHO H3Me-
HITHCS B OTBET Ha BO3PACTAIONINE KOHIICHTPAIIMH
COJICH, YTO MO3BOJIAET M30€KaTh THOCIU KIICTOK.
Panee namu Ob110 1T0Ka3ano, uto MCK, ucnosias30BaH-
HBIE B JTaHHOU paboTe, mociie KPHOKOHCEPBUPOBAHMS
IO OOIIETIPUHITOMY METOAY B BUIE CyCIICH3UH COXpa-
HSFIOT METa0OJIMIECKYI0 aKTUBHOCTh Ha YpoBHE (87 £
5)% [17]. B o xe Bpems MCK B cocTaBe OnonHxe-
HEPHOW KOHCTPYKIIMH BOBJICUEHBI B CIIOKHYIO CHCTEMY
B3aMMOOTHOIICHHI, P KOTOPHIX B3aUMOJICHCTBUS
THUIIA KJIETKA-KIIETKa U KJIETKa-CyOCcTpaT BO MHOTOM
OTIPEACNSIOT UX KPHOOMOIOTHYECKHE CBOMCTBA M
OOJIBIITYI0 YyBCTBUTEIHLHOCTH K (paKTOpaM KPHUOTIOB-
peXIeHus TI0 CPaBHEHUIO C KIIETKAMH B CYCIIEH3HU.

Hammm pesynsrars! coracyroTcs ¢ fTaHHBIMU padoT
B.L. Liu u coart. [11, 12], B KOTOpBIX TTOKa3aHO, YTO
CTpOMAaJbHBIE KJIETKH, KPHOKOHCEPBHUPOBAHHEIE B
BHJIE MOHOCJIOSI, SIBJISIFOTCS 00JIee YyBCTBUTEIbHBIMU
K MIOBPEXIAIONINM (PaKTOpaM KPHOKOHCEPBUPOBAHHMS,
YeM KIIETKH B cychieH3uu. [Ipu 3TOM sl BBIKHU-
BaEMOCTH KJICTOK OOJIBIIIOE 3HAYCHHUE UMEIOT CTEIICHb
aJre3uu KIETOK, MPUPOJia cyOCcTpaTa per se U €ro
MexaHudeckue cBoiictBa. Tak, B pabore A. Katsen-
Globa u coaBr. [9] Ha TpuMepe aTbrUHAT-XKEIATHHO-
BBIX HOCHTEJEH ObITO TIOKAa3aHO, YTO yCIIeX KPHOKOH-
cepsupoBanuss MCK B cocTaBe TpeXMEpHBIX cKad-
(honoB ompenensieTcsl CTENEHBI0 MPUKPEITICHUS U
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Puc. 5. Metabonuyeckas akTMBHOCTb KNeTOK 4O WU nocre
KPMOKOHCEPBUPOBaHWS B COCTaBe HocuTenen; AB-TecT;* —
pasnuyns 3Ha4YMMbl MO OTHOLLEHMIO K KOHTponto (p < 0,05).

Fig. 5. Metabolic activity of the cells prior to and after
cryopreservation within the carriers; AB test; * — differences
are significant with respect to control (p < 0.05).

The presented findings show MSCs to be adhered
and flattened on chitin carrier surfaces; during culture
they proliferated and filled free space of carrier pores.
As a result of three-week culture a bioengineered
structure was formed, which could be conventionally
divided to the sites, where the cells grew on the outer
surfaces of chitin carrier and those formed by cell
sheets in a free volume of pores. These structures,
formed by patient’s autologous MSCs may serve as a
basis for developing new tissue-engineered structures,
e .g. for bone or cartilaginous tissue engineering.

Basing on the previously reported data the adherent
cells within 3-D tissue-engineered scaffolds were
assumed to be more sensitive to the conventional
cryopreservation method, comprising slow cooling
under 10% DMSO protection, than the suspended cells
[13, 15]. The main damaging factor accompanying slow
cooling is the influence of high salt concentrations,
resulting from extracellular water crystallization, which
leads to a dehydration of cells, i. e. reduction of their
volume [17]. The volume of cells, cooled in a suspen-
sion, can change in a relatively free way in response
to increasing salt concentrations, thereby avoiding cell
death. We have reported previously that suspended
MSCs, similar to the cells used in the present study,
preserved metabolic activity at the level of (87 £ 5)%
after cryopreservation by the conventional method [5].
At the same time the MSCs being within a bioen-
gineered scaffold are involved into a complex system
of relationships, where the cell-cell and cell-substrate

19



pacmiacTelBaHUs KJIETOK Ha cyOcrpare. Mcmons3ys
MEJICHHOE OXJaXKJIeHUE ¢ HayalbHOW CKOPOCTBHIO
1 rpag/mun B npucytctBun 10%-ro JIMCO, aBTopsI
YCTaHOBWJIM, YTO Hanbosee BrIcoKast 3 (heKTUBHOCTD
KPHUOKOHCEPBUPOBAHUS AOCTUTAETCS, €CII MPHUKpe-
IJICHHAs KJIETKA elle He MOJHOCTHIO paciuiacTaHa u
COXpaHAET HEKOTOPYIO MOIBMKHOCTH Ha CyOcTpare
[9].

Ponb momoxKu B KPHOTIOBPEKISHIH MOHOCIIOEB
MCK wuccrnenoana X. Xu u coanT. [19]. B xagectBe
MOJUTOXKKH ObLIA HCIIOJB30BaHa CTEKIISTHHAS TIOBEPX-
HOCTB (KOHTPOJIb), KOTOPYIO MOAU(DUIIMPOBAIIN Ty TEM
MOKPBITHS )KEITATHHOM M MaTpUTeJieM, 4To o0ecreydu-
BaJio OoJiee BEICOKYIO BhlkHBaeMocTh MCK denose-
ka. OnHAKO XM3HECHOCOOHOCThH aAre3upOBaBLINX
MCK 065112 Ha 35% HIKE, YeM KIIETOK, KPUOKOHCEPBHU-
POBaHHBIX B BUJIE CYCIICH3UH.

KpnouyBCTBUTEIBHOCTD KIETOK B COCTABE TPEX-
MEPHBIX MHOTOCIIOHHBIX CTPYKTYp Ha OCHOBE
XUTHHOBBIX CKEJIETOB T'YOOK, OUEBUJIHO, CIIE BBIIIC:
BO-TIEPBBIX, 00BEMHAsA CTPYKTypa Mpenmoiaraet
0oJpIlIee KOTUYECTBO MEKKIETOUYHBIX KOHTAKTOB,
YeM JIByMEpHas, a BO-BTOPBIX, KIIETKH B 3TOM cllydae
3aKperieHbl Ha )KECTKOM Kapkace, ChOPMUPOBAaHHOM
XUTUHOBBIMH BOJIOKHAMH.

[pu o6cysxaeHnr KpHOUyBCTBUTENEHOCTH (hrOpo-
6nacronogo6Hsix MCK B cocTtaBe miacToB, MOHO-
CJIOEB U CYCIIEH3MU CIEyeT YIOMSHYTh (pyHIaMeH-
TallbHOE CpaBHUTENbHOE Hccnenosanne J.P. Acker u
COaBT. [2], B KOTOPOM TTOKa3aHa 3aBUCHMOCTH KpHO-
YyBCTBUTEIHHOCTH (PUOPOOIACTOB OT B3aMMOJIEHCT-
BHI THTIA KJIETKA-KJIETKA M KJIeTKa-CyOCcTpaT. ABTOPHI
HCCIIe0BAIN YEThIPE MOJIENN: M30JUPOBAHHEIE
KJIETKH B CYCIIEH3MH; KIIETKH, 000CO0IEHHO MPUKpeTI-
JICHHBIE K CTEKJISIHHOW MOBEPXHOCTH, T. €. UMEIOIIUE
B3aUMOJICHCTBUS THIIA KJIETKa-CyOCTpaT; KOJOHHUH
KJIETOK, MPUKPEIUIEHHBIX K 3TOMY e cyOcTpary co
B3aMMOJICHCTBHSIMU THIA KJIETKA-KJIETKa M KJIETKa-
cyOCTpaT; MHOTOKJIETOYHBIE CHEPOUIBI C OOIBITUM
KOJIMYECTBOM MEXKJIETOUYHBIX KOHTAKTOB. YCTaHOB-
JIEHO, 9YTO KaK MEXKJIETOYHbIE KOHTAKTHI, TaK H
KOHTAaKThI KJIETOK C CyOCTpaToOM CIIOCOOCTBYIOT 00-
Pa30BaHUIO U PACIIPOCTPAHEHUIO BHYTPUKIETOYHOTO
JbJja U 3HAUYMUTEIHHO CHIDKAIOT KPHOYCTOWYHUBOCTH
kieTok. O0CyKaas BO3MOXKHBIA MEXaHU3M TIOBPEK-
JCHUS aATE€3UBHBIX KJIETOK, CJIEyET yUYUTHIBATh POJIb
BHEKJIETOYHOTO Jibsia. Tak, B.L. Liun J. McGrath [11]
OBUIO OTMEYCHO, YTO MPUKPEIUICHHBIC KIIETKH MOTYT
noJBeprarbesi 0ojee CHIBHOMY HOBPEKACHUIO, TO-
CKOJIBKY OHM HMMEIOT Topa3io OOJbIIYIO TUIOMIAlb
KOHTAaKTa C BHEKJICTOUHBIM JIHIOM M TOABEPraroTcs
OopIIeMy MEXaHHYeCKOMY HaIlpsbKeHuto. B mpomec-
ce BHEKJIETOYHOT O JIZA000Pa30BaHHsI H30IHPOBAHHBIE
KIJIETKA «OTOJBHTAIOTCS» PACTYHINM (POHTOM JIbJa
B KaHAJIBI MEXIy KpHUcTajiaMu. B To e Bpems
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interactions largely determine their cryobiological
properties and high sensitivity to cryodamage factors
as compared to the suspended cells.

Our findings are consistent with the data of B.L. Liu
et al. [12, 13], reported that stromal cells cryopre-
served as a monolayer were more sensitive to da-
maging factors of cryopreservation comparing to the
suspended cells. In this case a cell survival will be
affected by the degree of cell adhesion, the nature of
substrate per se, and its mechanical properties.
A. Katsen-Globa et al. [10] using alginate-gelatin
carriers demonstrated a successful MSCs cryopre-
servation within 3-D scaffolds to be determined by
the degree of cell attachment and flattening on the
substrate. Using slow cooling with initial rate of
1 deg/min in the presence of 10% DMSO, the authors
established the highest efficiency of cryopreservation
in the case when attached cells were not yet fully
flattened and kept certain mobility on a substrate [10].

The role of the substrate in MSCs monolayer
cryodamage has been studied by H. Xu et al. [19]. As
a substrate they used a glass surface (control), modified
by coating with gelatin and matrigel, that provided a
higher survival rate for human MSCs. However, the
viability of adhered MSCs was 35% lower than that
of the cells cryopreserved in a suspension.

Obviously, the cryosensitivity of the cells being
within the sponge chitin skeleton-based 3D multi-
layered structures could be even higher: first, a 3D
structure assumes a greater amount of cell-cell
contacts, than the 2D one, and secondly, in this case
the cells are fixed to a rigid scaffold formed by chitin
fibers.

When discussing the cryosensitivity of fibroblast-
like MSCs being within the sheets, monolayers and
suspension we should mention the fundamental
comparative study of J.P. Acker ef al. [1], where the
authors showed the dependency of fibroblast cryo-
sensitivity on the cell-cell and cell-substrate inter-
actions. The authors studied following four models:
the isolated cells in suspension; separate cells attached
to glass surface, i. e. with solely cell-substrate
interactions; cell colonies attached to the same sub-
strate having cell-cell and cell-substrate interactions;
and multicellular spheroids with a large number of the
cell-cell contacts. Both the cell-cell and cell-substrate
contacts were established to contribute to intracellular
ice formation and spreading, as well as significantly
reduce the cell cryoresistance. When speaking about
a possible mechanism of damage of adherent cells the
role of extracellular ice should be taken into account.
Thus, B.L. Liu and J. McGrath [12] noted the fact
that the attached cells might undergo more severe
damage because they had a much larger area of
contact with extracellular ice and underwent higher
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aAre3upoBaBIINe KIETKH (PUKCHPOBAHBI U TOBPEXK-
JIAFOTCS [0 Mepe MPOJIBIKEHMs PPOHTA JIbJA.

Heo6xonumo y4uTHIBaTh TaKKe META0OIMYECKHUI
U SIUTEHETUYECKUH OTBETHI KJIETOK B CYCIEH3UU U
TPEXMEPHBIX HOCHTENAX Ha CTPECC, BHI3BAHHBIN
MIPOLIEAYPOY KPUOKOHCEPBUPOBaHM. B myOnukannu
K. Liu u coasr. [13] Ha MOJIEKYJIIPHOM YPOBHE OBLIO
MOKa3aHo, yTo (HuOpoOIacTbl, KPHOKOHCEPBUPOBAHHbIE
B CyCIIEH3UH 1 cOcTaBe cKapoII0B Ha OCHOBE COTIO-
JIUMEepa MOJIOYHOH U TITMKOJIEBOI KUCIIOTHI, B IIpOIiecce
PEKYIBTUBUPOBAHUS IPOSBIISUIN PA3IUUUs 10 podu-
JII0 CTpeCcC-0eTIKOB M aKTUBALMY CUTHAJIBHBIX My TEH.
B yactHOCTH, )11 TPEXMEPHOU KYJBTYyphl OTMEYa-
JIach MOBBIIIEHHAs dKcTpeccust O0enkoB p38, ERK, psaaa
POCTOBBIX ()aKTOPOB M IIATIEPOHOB IO CPABHEHHIO C
CYCIEH3HEH, YTO CBUIECTEIBbCTBYET O O0JIee BEIpakeH-
HOM peaxIui Ha CTPEeCCOpPHBIEC BO3JCHCTBYSI, CBA3AH-
HBIE C POIIECCOM KPHOKOHCEPBUPOBAHUS.

Bce BrIIenepeuncieHHble MEXaHU3MbI KPHOTIOB-
pPeXACHUS aAre3WBHBIX KJIETOK MOTYT PEaJM30BBI-
BaThCS W NMPU KPHOKOHCEPBUPOBAHUU TPEXMEPHBIX
OMOVHXEHEePHBIX KOHCTpyKumii Ha ocHoBe MCK u
XUTHUHOBBIX CKeJleToB I'yOok lanthella basta, uto
HEN30€HO MPUBOAMT K YBEIMUCHHIO TPOLIEHTA IO~
BPEXIEHHBIX KJIeTOK. C IIeTTbI0 OIIEHKH BO3MO)KHOCTH
MIPUMEHEHHUS OOIIETTPHHSITHIX METOIOB KPHOKOHCEP-
BUPOBaHMS JJISI CIIOKHBIX TPEXMEPHBIX CTPYKTYP HAMH
OBLIO IPOBEICHO KPMOKOHCEPBUPOBAHHE MOJTyYEHHBIX
OMOMHKEHEPHBIX KOHCTpyKumii. Oka3zanoch, 4TO
JIEKOHCEPBUPOBAHHBIE 00Pa3IIbI COAEPIKAT 3HAUNTEIb-
HOE KOHYecTBO ITH-TI03UTHBHEIX KIIETOK, 2 MeTab0TH-
YyecKasi aKTHBHOCTh Pa3MOPOKEHHBIX 00pasIoB CO-
xpaHsercs Ha ypoBHe (46,8 + 5,8)%. BaxHo oTme-
TUTB, YTO YPOBEHb METAOONINYECKON aKTHBHOCTH HE
CHIDKAJICS B TIEPBBIE CYyTKU PEKYJIBTHBHPOBAHMUS, YTO
MPOUCXOAUIO OBl B clydae OTCPOUYCHHOU Trulenu
MTOBPEKIACHHBIX B MPOIeCCe KPHOKOHCEPBUPOBAHUS
KJIETOK.

Taxo#l ypoBeHb BEDKMBAEMOCTH B COCTaBE TPEX-
MepHOH OMOMHXEHEPHOU CTPYKTYPHI, C OAHOH CTOPO-
HBI, ABJISIETCS IOCTaTOYHO BEICOKUM ITOKa3aTeNeM st
aJre€3WBHBIX KJIETOK U, yYUTHIBas BEICOKYIO ITponnde-
patuBHYy10 akTuBHOCTH MCK, 03BOJIsI€T paccMaTpu-
BaTh OOMICTIPUHATHIA MPOTOKON KaK OCHOBY A
pa3paboTKy U yCOBEPIICHCTBOBAHUS METOI0B KPHO-
KOHCEPBHPOBAHHUS TPEXMEPHBIX CTPYKTYyp. C apyroi
CTOPOHBI, IOJTYYEHHBIE JAHHBIE CBUAETEILCTBYIOT O
MEPCIEKTUBHOCTH MIOMCKA HOBBIX METOJIOB U TIOIXOJIOB
KPHOKOHCEPBHUPOBAHHS OMOMHKEHEPHBIX KOHCTPYKIIHH.

KprodyBcTBUTENTEHOCTS XUTHHOBBIX HOCHTENEH
MOKET OOBACHATHCA (CM. pUC. 2) UX CI0KHOM Tpex-
MEpHOH CTPYKTYpPOH C MOJIOCTSIMA U METKMMH OTBEP-
CTUSIMH Pa3IMYHOTO auaMerpa. JleTalbHbI aHamu3
CTPYKTYPBI, IPOBEICHHBIN C TOMOIIHIO CKAHUPYIOIIEH
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mechanical stress. During extracellular ice formation
the isolated cells are ‘shifted’ by growing ice front
into the channels between ice crystals. At the same
time the adhered cells are fixed and damaged as far
as the ice front advances.

Metabolic and epigenetic responses of cells being
in suspension or 3D carriers to the cryopreservation-
induced stress should be also taken into account.
K. Liu et al. [14] demonstrated differences in the
stress-protein profile and signalling pathways activa-
tion arised during reculture in the fibroblasts cryopreser-
ved in suspension and within scaffolds, based on lactic
and glycolic acid copolymer. In particular, an increased
expression of p38 and ERK proteins, some growth
factors and chaperones were observed in the cells of
3-D culture comparing with the suspended cells, indica-
ting a more pronounced response to the cryopreser-
vation-associated stress impacts.

All the mentioned above cryodamage mechanisms
of adherent cells may be also implemented during cryo-
preservation of 3-D bioengineered scaffolds based on
MSCs and lanthella basta sponge chitin skeletons,
which inevitably leads to an increased content of dama-
ged cells. To assess the possibility of using the conven-
tional cryopreservation methods for complex 3-D
scaffolds, we cryopreserved the obtained bioengineer-
ed scaffolds. It was found that the frozen-thawed
samples contained a significant amount of PI-positive
cells, and metabolic activity of frozen-thawed samples
preserved (46.8 + 5.8)% of pre-freeze level. It is im-
portant to emphasize that the level of metabolic activity
did not reduce through the first day of reculture, that
would occur in case of delayed death of cells damaged
during cryopreservation.

On the one hand, this level of survival obtained
for the 3D bioengineered structure is quite a high value
for adherent cells and, considering a high proliferative
activity of MSCs, thereby allows treating the used
conventional protocol as a basis for developing and
optimizing the methods for 3D scaffolds cryopre-
servation. On another hand, our findings testify to
a promising search for new methods and approaches
in bioengineered structures cryopreservation.

Cryosensitivity of chitin carriers may be explained
(see Fig. 2) by their complex 3D structure with cavities
and small pores of various diameters. Detailed analysis
of the structure, performed by scanning electron
microscopy showed the chitin fiber of the carrier to
have a loose internal structure [4]. We may assume,
that cavities are filled with an aqueous solution, crystal-
lized during freezing. Therefore, the ice crystal
formation may result in an increased mechanical stress
and damage of chitin scaffold from inside, and thus in
the death of adjacent cells.
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3NIEKTPOHHON MUKPOCKOITUH, ITOKa3aJl, YTO XHTUHOBBIE
BOJIOKHA HOCHUTENSA MMEIOT PBIXJIYI0O BHYTPEHHIOIO
CTPYKTYypY [4]. M0KHO IIPETON0KUTb, YTO B IIOJIOCTH
MPOHUKAET BOAHBIA PacTBOP, KOTOPHIH KpHCTaJIIU-
3yercs mpy 3amopaxuBannu. CrieroBaTensHo, 00pazo-
BaHHE KPHUCTAJUIOB JIb/Ia MOXET HPUBOAUTH K ITOBBI-
LICHUIO MEXaHWYIECKOTO HAIPSHKEHHS U TTOBPEXKICHUIO
XUTHHOBOTO KapKaca M3HYTPH U, COOTBETCTBEHHO, K
rUOeN IPUIIETAIONINX K HEMY KIIETOK.

BriBoabI

B nacrosimeii paboTe modydeHBl HOCUTENH IS
TKaHEBON MH)KEHEPHH HAa OCHOBE CKEJIETOB MOPCKON
ryoxu lanthella basta n BnepBble MoKa3aHa X OHO-
COBMECTHUMOCTb C ME3EHXMMAJIBbHBIMU CTPOMAalb-
HBIMH KJIETKaMH 4Y€JIOBEKa.

Pe3ynbrarhl nepBbIX UCCIEIOBAHUN MO KPUOKOH-
CEpBHUPOBAHUIO JTAHHBIX HOCUTEJEH, 3aCETECHHBIX
MCK, nokazanu ux BEICOKYIO0 KpHOTYBCTBUTEIFHOCTb.
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Conclusions

Performed investigations allowed to obtain the
carriers based on marine sponge lanthella basta
skeletons suitable for tissue engineering and, for the
first time, demonstrated their biocompatibility with
human mesenchymal stromal cells.

The results of pilot studies on cryopreservation of
these MSCs-seeded carriers showed their high
cryosensitivity.
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