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TkaHeBasi HHXEHEPUS — UTHTEHCUBHO pa3BUBAIOLIEECs
HarpaBlieHue OUOTEXHOJIOTHH, 00bETUHSIOIIEE IPHHLUITBI
KIJICTOYHOH OMOJIOTHUH, METUITUHBI U MAaTCPUAIIOBEICHUS
C TENBI0 co3/aHusl (PYHKIMOHAIBHBIX CTPYKTYp, CIIO-
COOHBIX 3aMEHUTDH MMOBPEXKAECHHBIN OPTaH WK TKaHb IPH
TpaHCIUIaHTauH [2].

B kauecTBe KJIETOUHOM OCHOBBI OMOMH)KEHEPHBIX TKa-
Hell HamOoJee NEePCIeKTUBHBIMU SIBISIOTCS ME3CHXHU-
MajbHble cTpoMmanbHble KiIeTku (MCK), obnanaromue
BBICOKUM TMPOTH()EPATUBHBIM ITOTSHIIHAIOM U CIIOCO0-
HOCTBIO K HalpaBJICHHOW MYJIBTHIIMHEHHON TuddepeH-
mupoBke. J)KnpoBasi TKaHb 00J1a1aeT PAIOM PEUMYIIECTB
10 CpaBHEHHUIO ¢ Ipyrumu ucrounukamu MCK 6narozaa-
P MUHUMaJIbHOW MHBa3UBHOCTH MTPOLIEAYPhI IOy YEHUS,
OTHOCHUTEIFHON JOCTYITHOCTH MaTepraita u BEICOKOMY
COJEPKAHUIO KIIETOK-IIPEIIECTBEHHUKOB [4].

OcHoBHOI1 3a71a4eii npu pa3padoTKe TKaHEUHKEHEP-
HBIX CTPYKTYP OCTaeTCs BBIOOP ONTUMAIbHOTO HOCUTENS
JUIS KJIETOYHOM 3KcIaHcuu. B mocnename rogpl cymect-
BEHHO BO3pOC HHTEPEC UCCIIeoBaTeNel K ONOTEXHOIIO-
THYECKOMY MMOTCHIHUATY Pa3IUYHBIX BHIIOB MOPCKHX
ryook. OiHaKo BOIIPOC 0 BOZMOKHOCTH TPUMEHEHHUS XU~
THHOBBIX CKEJIETOB 3TUX I'YOOK B pereHepaTHBHOMN MeTH-
[IWHE ¥ TKAHEBOW HHKCHEPHU OCTAETCS OTKPBITHIM.

Lenpro HAacTOSIMIIEH PabOTHI OBLIO HCCIIEIOBAHUE Pac-
MpeaeeHns, MeTa00INIEeCKONH aKTHBHOCTU M CIIOCO0-
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Tissue engineering is a rapidly developing field of
biotechnology that combines the principles of cell bio-
logy, medicine and material science and is aimed at the
development of functional structures to replace damaged
organ or tissue by transplantation [2].

As the cellular basis of bioengineered tissues the most
promising are mesenchymal stromal cells (MSCs), which
possess high proliferative potential and the ability for
directed multilineage differentiation. Adipose tissue has
some advantages compared with other sources of MSCs
due to minimal invasion of harvesting procedure, relative
availability of the material and high content of progenitor
cells [4].

The main objective in the design of tissue-engineered
structures is the selection of optimal scaffolds for cell
expansion. There is significant current interest and re-
search focus to biotechnological potential of the diffe-
rent species of marine sponges. However, the question
about application of chitin skeletons of these sponges in
regenerative medicine and tissue engineering is still open.

The aim of this study was to investigate the distri-
bution, metabolic activity and ability for directed diffe-
rentiation of human adipose tissue-derived MSCs within
chitin-based skeletons derived from marine sponges of
Verongida order (Aplysina fulva, Aplysina aerophoba,
lanthella basta).
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HOCTH K HarnpapieHHO# muddepenuuporke MCK xu-
POBOI1 TKaHM YeTIOBeKa PH KyJTUBUPOBAHUHU B COCTaBE
ckaddoyIoB Ha OCHOBE CKEIIeTa MOPCKUX TyOOK Mpei-
craBurenei orpsana Verongida (Aplysina fulva, Aplysina
aerophoba, lanthella basta).

J71s1 BBIICIEHHSI XUTHHOBOTO CKeeTa 00pasIisl MOp-
CKUX TYOOK A. fulva, A. aerophoba n 1. basta nonsep-
rajid cTyrneHyaToi oopaboTke, Kak onrcaHo pasee [1].
[lepen 3aceneHneM KJIETKaMH JI€MUHEPaJU30BaHHBIE
CKEJIETHl MOPCKHX T'yOOK pa3pe3anu Ha (parMeHTHI
4x4x2 MM U Ha cyTKU nomemanu B 70%-i 3TU0BbIH
CIIHPT, TIOCJIE Y€r0 TIIATEIHFHO MPOMBIBAIN PACTBOPOM
Xenkca. Jlns 3acenenus ckaddoigoB KIETKaMU HUC-
MOJIH30BaAITH TTep(y3HOHHBIA METO, paHee pa3paboTaH-
HBII B Hamel naboparopuu [3].

B pa6ote ucnonszoBanu MCK xupoBoit TkaHH ye-
JIOBEKa 5—7-T0 maccaxeil, MOIydeHHBIE ITOCTIe MUCEMEH-
HOTO COIJIacCHs B3POCIHBIX JOHOPOB C COONIONCHUEM
HopM komuccuu o 6nostuke UITKuK HAH Ykpanssr.

Knerku kynpruBupoBaiu B cpene d-MEM («Sigmay,
CIIA), nononuenHoit 10% smOproHanbHOM CBIBOPOTKU
(BC) xpoBu kpymHOTO poraToro ckota («PAA», ABCT-
pus), 2 MM L-tmroramuna, 50 en/mMn neHunuuaHa u 50
MKr/ma cTpentomununa mpu 37°C, 5% CO, u 95%-i
BIQKHOCTH.

[Ipmwxu3HEeHHBIE MUKPOCKOTIMYECKHUE HAOTIONCHUS,
MHKPO(]OTOCHEMKY, a TAKXKE aHATHM3 OKPAIICHHBIX a3yp-
J03MHOM IIPENAapaToB KyIBTYp KIETOK BBIIIOIHSIIN C UC-
MOJIb30BaHHEM HHBEPTHUPOBAHHOTO MUKpOcKoma «Inver-
so Epi Fluor» («Ceti», benbrus), cHadxennoro mudpo-
Boif kamepoii «Nikon CoolPix 4500» («Nikony, Smo-
HUS).

Mertabonuieckyro i IpoiuepaTHBHYIO aKTUBHOCTh
KJICTOK B COCTaBE HOCHTEJICH HAa OCHOBE CKelleTa MOp-
CKHX TYOOK OIICHHBAJIN C HCIOJIB30BAaHHUEM PEIOKC-
naankaropa Alamar Blue (AB) v Beipakainu B yCIIOBHBIX
enununtax Giyopectenimy (YED), a Takke MTT-tecra.

Jist MHAYKINK OCTeoTeHe3a MPUMEHSUIH Cpeay O-
MEM, coaepxamryto 10 % 3C, 0,1 MmkM nekcamera-
30Ha, 0,05 MM ackopOuHOBOI KucIOTHI, 10 MM miHIIe-
pon-docdara. OcTeoreHe3 BBIIBISUIN 110 3KCIIPECCHH
mie-1o09Hoi ocdaraspl ¢ ucnonp3oBaHueM Habopa
«Fast Blue RR Salt», «Naphtol AS-MX Phosphate Alka-
line Solution kit Ne 85» («Sigma-Aldrichy», CILIA) co-
[TACHO MHCTPYKIHH TPOU3BOAUTEIIS.

Naayknuio agunoreHe3a MPOBOAUIN B cpele
0-MEM, conepxamieii 0,5 MM 3-u300yTui-1-mMeTu-
KcaHTHHA, | MKM nekcameraszona («Sigma-Aldrichy),
10 Mxr/ma uHcyauHa U 100 MkM umHAOMETalMHA
(«Sigma-Aldrich»). Anunoresnyio anghpepeHIuPOBKY
KJIETOK OTIPEACIISIIN 10 HAKOIUICHUIO BHYTPHKIICTOYHBIX
HEWUTPAITBHBIX JIUITHIOB, KOTOPHIE TO3UTHBHO OKPAINBa-
muck pactBopom Oil Red O.

Martpuiipl, HOTy4YEHHBIE MTOCIIE IEMUHEPAIN3AINN U
OUYHCTKH CKEJIETOB MOPCKUX T'yOOK, MPEACTABIISIIN CO-
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Chitin-based skeletons from marine sponges A. fulva,
A. aerophoba and I. basta have been isolated by step-by-
step treatment as described previously [1]. Before cells
seeding the demineralized skeletons of marine sponges
were cut into pieces of 4x4x2 mm, placed in 70% ethanol
for 24 hrs and then thoroughly washed with Hank’s
solution. Scaffolds were seeded with cells using pre-
viously developed in our laboratory perfusion method [3].

The investigation was performed using MSCs of the
5-7" passages isolated from human adipose tissue after
informed donor consent in appliance with standards of
Institute for Problems of Cryobiology and Cryomedicine
Bioethical Committee.

The cells were cultured in a-MEM (Sigma, USA)
supplemented with 10% fetal calf serum (FS) (PAA,
Austria), 2 mM L-glutamine, 50 U/ml penicillin and
50 pg/ml streptomycin at 37°C, 5% CO, and 95% hu-
midity.

Intravital microscopic observation, microimaging and
analysis of the azure-eosin-stained cell cultures were
performed using an inverted microscope Inverso Epi Fluor
(Ceti, Belgium) equipped with a digital camera Nikon
CoolPix 4500 (Nikon, Japan).

Metabolic and proliferative activity of cells within
chitin-based skeletons derived from marine sponges was
assested by Redox indicator Alamar Blue (AB) and
expressed in relative fluorescence units (RFU) as well as
MTT assay.

Osteogenesis was induced in a-MEM medium sup-
plemented with 10% FS, 0.1 pM of dexamethasone,
0.05 mM of ascorbic acid, 10 mM of glycerol-phospha-
te.Osteogenesis was revealed by expression of alkaline
phosphatase using Fast Blue RR Salt, Naphtol AS-MX
Phosphate Alkaline Solution kit Ne 85 (Sigma-Aldrich,
USA) according to manufacturer’s instructions.

Adipogenesis was induced in a-MEM medium sup-
plemented with 0.5 mM of 3-isobutile-1-methyl-xanthine,
1 uM of dexamethasone (Sigma-Aldrich), 10 pg/ml of
insulin and 100 pM of indomethacine (Sigma-Aldrich).
Adipogenic differentiation was revealed by accumulation
of intracellular neutral lipids, positively stained with Oil
Red O.

Scaffolds obtained after demineralization and puri-
fication of marine sponge skeletons had translucent mac-
roporous structure formed by intersecting chitin fibrils.

After seeding human adipose tissue-derived MSCs
attached and spread on the surface of the chitin fibrils of
A. fulva and A. aerophoba, and uniformly distributed
over the entire volume of sponges. When culturing in the
scaffolds based on the /. basta skeletons the cells pro-
liferated actively and filled the space between the fibrils.

The assessment of MSCs metabolic activity after
populating the chitin-based skeletons of 4. fulva and
A. aerophoba showed that the level of AB reduction was
2,157 RFU per sponge. This parameter was by 25-30%
lower compared to that of scaffolds based on 1. basta
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00l TPO3paYHYIO CETYATYIO CTPYKTYPY
W3 XUTUHOBBIX MTOTIEPEYHOCIITUTHIX (HHO-
pUILL

[ocne 3acenenuss MCK xupoBoit
TKaHU YeJI0OBeKa IPUKPEIUIIINCH U pac-
IJIACTHIBAIMCH HAa MOBEPXHOCTU XUTH-
HOBBIX TsDKEH A. fulva u A. aerophoba,
PaBHOMEPHO paclpeaensisich B ry0kax
oT nepudepud K ueHTpy. [Ipu KyIbTUBH-
POBaHUM B COCTaBE MATPHUIl HA OCHOBE
ckeneta [. basta KIETKU aKTHBHO JICIH-
JIUCBH, TTOCTEIICHHO 3aIOJNHAS BCE CBO-
00JTHOE IMTPOCTPAHCTBO MEXKTY TSKAMHU.

[Ipu onpeneneHny MeTabOINYECKOM
aktuBHocTu MCK mocne 3aceneHus
HOCHTEJIEeH YCTaHOBJIEHO, UTO B IIEpBbIE
CYTKH KYJIbTUBUPOBAHUS YPOBEHb BOC-
CTaHOBJIEHUs peloKC-UHANKaTopa AB B
ryokax A. fulva m A. aerophoba coc-
taBysut 2,157 YE®/ryOky u 6611 Ha 25—
30% Huxe moxkaszaresedl MaTpull Ha
ocHoBe [. basta. Ilpu mocnenyromieM
kynerusupoBanun MCK B cocrase ry-
00k A. fulva u I. basta ’HTEHCUBHOCTh
(ryopecieHIny MpoayKTa BOCCTAaHOB-
nenns AB Bo3pacTana, 4To CBUAETENbCT-
BOBAJIO O COXpaHEHUH KJIeTKaM1 MeTabo-
JINYECKOI aKTUBHOCTU U CIIOCOOHOCTH
K nponugeparym.

Crexyer OTMETUTD, YTO IIPH JUTUTEIb-
HOM KYJIbTUBUPOBAHUM HOCUTEIU Ha
OCHOBE JIEMUHEPaTN30BaHHOTO CKeJleTa
ryOKku A. aerophoba pacniaganuch Ha OTACIBHBIC TSKH,
OBLITM PBIXJIBIMH U HECTAOWIBHBIMHU. B CBsI3H C 3THUM
JAJTbHEHTIINE MCCIICTOBAHUS MTPOBOIMIN HA XUTHHOBBIX
MaTpunax A. fulva n 1. basta.

Jns BU3yanu3aiuu JIOKaJIU3aluu KIETOK Ha 14-e
CYTKM KyJIbTUBUpPOBaHUA ucnoiab3oBaiu MTT-rtect.
YcTaHoBJIEHO, 4TO CTPYKTypa rybok nospoisiia MCK
PaBHOMEPHO pacIpenesaTbCcs BO BCEM 00beMe HOCUTE-
JIeld, a ”HTCHCHBHOE HAKOIJICHHE KPUCTAILIOB popmazaHa
CBHJETEIILCTBOBAIIO O )KU3HECTIOCOOHOCTH M METa00IIH-
YECKOM aKTMBHOCTH KIIETOK B COCTaBE HUCCIEAYEMBIX
matpul (puc. 1).

WNHuaykuus KIeToK, KyJIbTHBUPOBaHHBIX B 00bEME I'y-
0OK, B aIMITIOTEHHOM HalpaBJICHUU IPUBOJIMIIA K HAKOTI-
JICHUIO HEUTPANTbHBIX BHYTPUKJIECTOUYHBIX JUIHIOB
(puc. 2), KOTOpBIE TO3UTUBHO OKPAIINBAJIFICH PACTBOPOM
Oil Red O. [Ipu KynbTHBHPOBaHUH B OCTEOTCHHOH Cpefie
OOJIBIIMHCTBO KJIETOK OBLTH IIO3UTUBHBIMU 10 OKpaIlIHBa-
HUIO Ha mienouyHyto ¢ocdarasy (puc.3), kotopas sB-
JISI€TCSl pAHHUM MapKepOM OCTEeOreHesa.

Takum 06pa3om, MaTPHIIBI HA OCHOBE CKEIETa MOP-
CKUX T'YOOK oTpsifa Verongida obecnieunBaioT aaresuio,
nponudeparyo 1 auddepennuporky MCK xuposoit
TKaHU YeJIOBEKa B OCTEOI€HHOM M aJUIIOI€HHOM Hall-
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Puc. 1. Pacnpenenenne MCK B HocUTENsIX Ha OCHOBE CKereTa MOPCKUX rybok
yepes 14 cyTok KynstuBnpoBanus: A — A. fulva; B — I. basta. MTT-TecT, x10.

Fig. 1. Distribution of MSCs within scaffolds based on skeletons derived from marine
sponges after 14 days of culture: A — A. fulva; B —I. basta. MTT test, x10.

Puc. 2. AgunoreHHasa gudpgepeHumnporka MCK, KynsTMBUMpOBaHHbLIX B COCTaBe
OeMVHepann3oBaHHOrO ckeneTa MOPCKMX rybok: A — cpe3 HOCUTENS Ha OCHOBE
A. fulva; B — maTtpuua Ha ocHoBe ckeneTa /. basta. OkpawwmBaHue Oil Red O.

Fig. 2. Adipogenic differentiation of MSCs cultured within the demineralized skeletons
of marine sponges: A — section of scaffold based on A. fulva skeleton; B — scaffold
based on /. basta skeleton. Oil Red O staining.

skeletons. Further culture of MSCs within A. fulva and
1. basta sponges resulted in rise of reduced AB fluores-
cence intensity, which indicated preservation of cell
metabolic activity and proliferative ability as well.

It should be noted that during prolonged culture the
chitin-based scaffolds derived from demineralized ske-
letons of A. aerophoba sponge disintegrated into indi-
vidual fibrils, the carriers became loose and unstable.
Therefore further investigation were conducted in chitin
scaffolds of 4. fulva and I. basta.

Cell localization and distribution in the scaffolds to
the 14" day of culture were evaluated using MTT test.
It was determined that MSCs were uniformly distributed
within the entire volume of scaffolds and intensive accu-
mulation of formazan crystals indicated viability and me-
tabolic activity of cells within investigated matrices
(Fig. 1).

Induction of cells cultured in chitin-based sponge
skeletons into adipogenic direction resulted in accu-
mulation of intracellular neutral lipids (Fig. 2), which
were positively stained by Oil Red O. When cultured in
osteogenic medium most of the cells expressed alkaline
phosphatase (Fig. 3), being an early marker of osteo-
genesis.
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PABJIICHUAX, YTO OTKPBIBACT IUPOKUEC MEPCICKTUBBI UX
HCIIOJIB30BaHUA AJIA CO3JaHUA HOBBIX OHOCOBMECTHUMBIX
u (1)YHKI_[I/IOHaJ'ILHO AKTHBHBIX 6I/IOI/IH)KeHepHI)IX KOHC-

TPYKLIUH.
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Puc. 3. OcteoreHHasa auddepeHumposka MCK,
KYNbTUBMPOBaHHbIX B COCTaBE AEMUHEpanu-
30BaHHOro ckeneTa Mopckux rybok: A — cpes
HocuTens Ha ocHoBe A. fulva ¢ gnddepeHun-
poBaHHbIMK KneTkamu; B — kneTku, akcnpec-
CYpYHOLLIME LLeNoYHYH0 dhocdaTasy B MaTpuue
Ha ocHoBe ckenerta /. basta. OkpalwmBaHve
Habopom Fast Blue RR Salt.

Fig. 3. Osteogenic differentiation of MSCs cul-
tured within the demineralized skeletons of ma-
rine sponges: A — section of scaffold based on
A. fulva skeleton with differentiated cells, B —
cells expressing alkaline phosphatase in
scaffold based on /. basta skeleton. Fast Blue
RR Salt Kit staining.

Thus, the scaffolds based on skeletons derived from
marine sponges of Verongida order promote adhesion,
proliferation and differentiation into osteogenic and
adipogenic directions of human adipose tissue-derived
MSCs, which could provide broad opportunities for
creation of new biocompatible and functionally active
bioengineered structures.
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