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LLInpoko ncrionb3yemsivi B nocaegHee Bpems metod 3D-KynbTuBupoBaHusi C NoJly4eHNeM KJ1eTOYHbIX chepou-
J10B OTKPbIBAET HOBbIE BO3MOXHOCTU MOLAEINPOBAHUSI U U3YHEHUS] NaToOI0MMYE€CKUX COCTOSIHUM, B TOM 4UC/ie 1
B 0¢TasbMosIornu, rno3BoJIsS N3y4aTb CBOVICTBA W MTOBEAEHUNE KJIETOK B YCJI0BUSIX, MPUOIMXEHHbBIX K YCIOBUSIM
in vivo. OCHOBHbIM VCTOYHUKOM CTBOJIOBbIX KJIETOK r/1a3a [J1s1 pereHepauny poroBuvLbl B HOPME 1 rpy naToaorum
cuyntaeTcs 3o0Ha iumba. MysibTUMNOTEHTHbLIE ME3EHXUMHbIE CTPOMAasIbHbIE KneTku numba (MMCK-J1), aenswoLlmecs
npov3BOAHbLIMW HEPBHOIO rpebHsi, 06/184al0T LUMPOKUM ANGOOEPEHLUMPOBOYHbLIM Y PEreHepaTuBHbIM MOTeHUMa-
s10M. OOHUM U3 YCJI0BUVI COBPEMEHHbIX TPebOBaHW K Ky/JIbTUBUPOBAHUIO KJIETOK, OCOOEHHO /151 IPUMEHEHUS
B KJIMHUYECKOM NpakTuke, BJISIeTCS NCI0/Ib30BaHNe 6eCCbIBOPOTOYHbIX CPEeA. B HacTosLem rccnenoBaHum n3y-
4asm ob6pa3oBaHne KJIETOYHbIX cheponoB 13 nepBuYdHol KynbTypbl MMCK-J1 npu pasinyHol KOHLEeHTpaumm am-
6proHanbHovi Tensyberi ceiBopoTkn (3TC) B pocToBol cpesne. lNoka3aHo, 4To 3a 7 CyT. CrIOHTaHHO opMUpoBa-
JINCb XN3HecrnocobHele cpeponabl MMCK-J1 kak B 6eccbiBOPOTOYHOM cpeae, Tak v B cpeae, cogepxatueri 1% un
10% 3TC. B 6eccblBOPOTO4HOV Cpeae BHELLHSIS TOBEPXHOCTb ChepounsioB COCTOsIa U3 OKPYIJIbiX KIETOK. B npu-
cyrctBum OTC Habnogasock 6osee ryioTHoe rnpuMbIKaHUe NMOBEPXHOCTHbIX KIETOK ¢ 06pa3oBaHNEM YepernuLe-
0bpas3Horo HapyxHero csos. B cpege c 3TC mexay kneTtkamuy BHYTPEHHEN 30HbI CUHTE3MPOBAJICS BHEKJIETOYHbIN
MaTpuKc, HanmboJibLLIee KOJIMYECTBO BHEK/IETOYHOIrO MaTpukca O06HapyXeHOo rnocse KyJbTUBUPOBaHWUS B CpPeAe
c 10% 3TC.

KnroueBblie cnoBa: 3D-kynbTypa, KneToyHbie cepovibl, My/IbTUMNOTEHTHbIE ME3EHXMHbIE CTPOMAaJIbHbIE K/1EeT-
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Ky iumba, aMBproHabHas TessdYbs CbiIBOPOTKa, BECChIBOPOTOYHAS cpeaa

Brenenne

JI1oObIM KJIeTKaM in vitro JJIs TIOAAEPXKAHMS KU3HECIIO-
COOHOCTM W TIpoHdepalii KpoMe 0a30BBIX MUTATETBHBIX
BEIIECTB, TAKMX, KaK COJM, caxapa, aMUHOKHUCIOTbI U BUTa-
MUHBI, HEOOXOAMMBI KOMIIOHEHTHI, colepsKaluecs: B 61uojo-
TMUYECKUX XUIKOCTSIX U 9KCTpakTax. B kauecTBe Takoii 106aB-
KU K TIUTaTeJIbHOM cpelle TpoOOBaIM MCITOIb30BaTh Pa3Iny-
Hble KOMITOHEHTBI, HAIIPUMeEp, 9KCTPAKThl SMOPUOHOB, CITH-
HaJIbHYIO U1 aMHUOTUYECKYIO XXUAKOCTH, TUM(DY, MOJIOKO, MO-
JIO3UBO, a TAKXKe TJIa3My KPOBHM U CHIBOPOTKU M3 Pa3TUYHBIX
UCTOYHUKOB [11]. Ilo mMOCTYMHOCTUM M MPOCTOTE XpaHEHUS
TMpoIIe BCETO MCIOIb30BaTh CBIBOPOTKY KpoBU. [ToaTOMY M-
OpuoHanbHast Tehsaubsg chiBopoTka (DTC) mno-mpexHemy
OCTaeTCsl STAIOHHBIM KOMITOHEHTOM CPEJIbI JUIST KYJTbTUBHUPO-
BaHus KieToK. DTC comepKUT MUTATEbHBII U TOPMOHATb-
HBIIf KOMITOHEHTBI, a TaKXe CBA3BbIBAIOILINE OETKU, KOTOPbIE
HeoOXoaMMBI I obecrnieueHus rponudepanuu, muddepeH-
LIMPOBKU U aAre3uu KieTok [16, 26]. B pasubix maptusx DTC
CUJIbHO BapbUpPYeT COCTaB, YTO HE IMO3BOJISIET CTAHAApTU30-
BaTh 3TOT KOMIIOHEHT POCTOBBIX cpel /Uist KieTok [30]. Kpome
TOTO, TPU MCIOJb30BAHUU CHIBOPOTKU KMBOTHOTO TIPOMC-
XOXAECHMSI UISI KYJIbTUBUPOBAHMS KJIETOK YesOBeKa C 1IeJIbIo
MOCJIeNyIoNIeil TpaHCTUIAHTAIIMY CYILIECTBYET OIMaCHOCTh MM-
MYHHOTO OTBETa Ha KCEHOT€HHbIe KOMITOHEHTHI CHIBOPOTKHU U
BO3MOXHOCTb TIepeHOCa BUPYCHBIX M MPUOHOBBIX 3a00JeBa-
Huit. [1ns peiieHust TogoOHBIX 3a7a4 pa3pabaThIBAOT pa3inyd-
Hble BapUaHTbl CHHTETUYECKMX 3aMEHUTENeil CHIBOPOTKHU
KpPYITHOTO poratoro ckota [9]. beccbiBopoToUHbIE Cpejibl ITPo-

e CTaHAapTU30BaTh, OHU Oe30MacHee U JelleBie B MPOU3-
BoncTBe. HO IS MHOTMX THUIIOB KJIETOK M3-3a HEMOJHOTHI
3HAHMI 00 X HU3MOIOTUUECKHX U METaOOIMIYEeCKUX 0COOEH-
HOCTSIX TPYIHO 3aMeHUTb cpeay ¢ DTC Ha pacTBOp M3BECTHBIX
coJieil M 3aJaHHBIX CUHTETUYECKUX OETKOBBIX 100aBOK B TO-
JIOOPaHHBIX KOHIIEHTpalusiX. CBeIeHUs O BIUSTHUM CHIBOPOT-
K1 Ha Mopdosoruio, mponudepannio u 1uddepeHIIPOBOY-
HBI MOTEHLIMAJ /ISl Pa3HbIX TUIIOB KJIETOK MPOTUBOPEUNBHI.
Ecte manHble 0 moamepxkaHuu HeaugpdepeHLIMPOBAHHOIO
cTaTyca KJIETOK B OTCYTCTBUE ChIBOPOTKH [18]. HampoTtus, He-
nudbepeHIIMPOBAHHBIN CTATyC SMOPUOHAIBHBIX CTBOJIOBBIX
KJIETOK He yaaeTcs IomaepxkaTh 0e3 J00aBleHuUs ChIBOPOTKU
B pocToBble cpeabl [13]. Ha KynbType MyJIbTUMOTEHTHBIX Me-
3eHXMMHbIX cTpoMayibHbIX KieTok (MMCK) kocTHOro mo3sra
ObLIO YCTaHOBJIEHO CHMXeHUE 3(POEKTUBHOCTU KOJIOHUE00-
pa3oBaHus B 0€CCHIBOPOTOUHBIX Cpenax, XoTsl HeguddepeH-
LIMPOBaHHBIN peHoTun Kietok coxpaHsuics [19]. OrcyrcTBUE
CBIBOPOTKM TMOBBIIAIO 3(PGHEKTUBHOCTh WHAYLIMPOBAHHOMN
nudpdeperposku MMCK [8] 1 crmocoO0cTBOBaIO XOHAPO-
reHe3y B TpeXMepHbIe YCJIOBUS KyIbTUBUpoBaHus [9, 20].

[ToaTomy pa3zpaboTka 1 BHeApeHHE OeCChIBOPOTOUHBIX
cpell SIBISIIOTCS OMHUM 13 HEOOXOAMMBIX YCIOBUI COBPEMEH-
HBIX TPEOOBAHUI K KYJIbTUBUPOBAHUIO KJIETOK, OCOOCHHO st
MPUMEHEHUS B KIMHUYECKO MpakTrKe. DMOpUOHAIbHAs Te-
JISTYBST CHIBOPOTKA, KAK KOMITOHEHT KUBOTHOTO TTPOMCXOXKIIE-
HUSI C HETIOCTOSIHHBIM COCTaBOM, 00sI3aTeJIbHO JI0JIKHA ObITh
10 BO3MOXKHOCTU MCKJIIOUYEHA M3 COCTaBa POCTOBBIX CPell MO
STUYECKMM M HAyYHO-NPAKTUUYEeCKUM coobpaxeHusMm. Ho
pa3IMYHbIe TUHUW U KYJBTYPhI KJIETOK OTJIMYAIOTCS IPYT OT
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npyra (pu3nosoro-6MOXMMUIECKUMHU TIapaMeTpaMu, I03TO-
My, U COCTaBbl CPeJl JOJDKHBI MOAOMPAThCSl UHAMBUAYATbHO
JUTS KaXJI0M KyJbTypbl. B mpoTokofax Hamiexanieii jadopa-
topHoil npaktuku (GLP — good laboratory practice) mo pa-
oote ¢ Kynbsrypamu KiteTok (GCCP — good cell culture practi-
ce) BBIACISIOT CJIEAYIOIIME TUITBI TTOJTHBIX POCTOBBIX cpell 0e3
9MOPUOHANIBHON TeJNsubeil ChIBOPOTKU: OECCHIBOPOTOUHBIE,
0e30eIKOBbIe Cpelbl, Cpeabl 0€3 KOMIIOHEHTOB >XMBOTHOIO
MPOMCXOXACHUSI M CUHTETHYeCKHEe cpenbl. B 6ecchBOpoTOU-
HBIX cpenax He MOJKHO ObITh ChIBOPOTKM KPOBM, HO MOTYT
MPUCYTCTBOBATb JKCTPAarupoBaHHblE M3 TKaHEN >XKMBOTHBIX
WIM pacTeHuil Oenku. be30enkoBbie cpeabl HE HOJIKHBI CO-
JIepXaTh OJIKM ¢ OOJIBIION MOJIEKYISIPHOM Maccoii, HO MOTYT
cozmepxarb (paklMy OTHENbHBIX TEenTuaoB. B cpemax 0e3
KOMITOHEHTOB XXMBOTHOTO MTPOMCXOXIEHUSI HE JOJDKHO OBITh
9JIEMEHTOB, MOJYYeHHBIX M3 XMBOTHBIX WM OT YeJoBeKa, HO
MOTYT COIEPXKAaThCsl SKCTPAKThI PACTUTETHBHOTO MPOMCXOXKIC-
HUSI, IPOAYKTHI CMHTE3a Ipoxkeil miau OGakrepuit. JInsa Bcex
BbIIIEyKa3aHHbBIX CPeJl HEBO3MOXHO OIMUCATh MOJHbBIA XUMU-
yeckuil coctaB. XUMHUYECKHUIA COCTaB JOJKEH OBbITh OMUCAH
JUTST CHHTETMUYECKUX CPell, He comepsKallliX OeIKU, JTU3aThl U
3KCTPaKThl HEM3BECTHOTro coctaBa. CHHTETUYECKUE Cpelbl
MPpU HEOOXOAMMOCTH AOTIOJHSIOT BBICOKOOUYMIIEHHBIMU TOp-
MOHaMU 1 (hakTopaMu poCTa KUBOTHOTO MJIM PACTUTEIBHOTO
MPOUCXOXKICHUSI WIM PEKOMOMHAHTHBIMHU aHajoramu [27].
BecchiBOopoTOUHBIE Cpelibl HAXOST TPUMEHEHME TTPY Pa3iny-
HbIX BApUAHTAX KyJbTUBUPOBAHUS: KaK MPU BeACHUU KYIbTYp
KJIETOK B MOHOC/I0e — 2D-KyabTypa, Tak U IPpU KyJIbTUBUPO-
BaHMU B TpexMepHBIX 3D-ycroBusx.

IMoBenenue, nponudepaTnBHas aKTUBHOCTh W (DU3UOJIO-
TMYeCcKre CBOMCTBA KJIETOK B TPEXMEPHBIX CUCTEMaX, B OTJIM-
yye OT MOHOCJIOSI, MPUOJIMKEHBI K YCIOBUAM in vivo. T1oaTo-
My B TocjieqHee BpeMsi UMeHHO B 3D-KyJlbTypax MpOBOIST
MOHUTOPUHT TIposndepaliny KIeTOK, aHAIM3UPYIOT KU3He-
CMocoOHOCTh, Mopdoioruio u AUbGEPeHINPOBKY KIETOK
B OTBET Ha pa3HOOOpa3HbIE CTUMYJbI, U3YYalOT MEXKIETOU-
Hble B3aMMOJAEWMCTBUSI, MUTPAILIMIO MU MHBA3UIO OIYXOJEBbIX
KJIETOK B OKpY»Kalolllie TKaH!, MeXaHM3Mbl aHTMOTeHe3a, Me-
TaboJIM3M JIEKapCTBEeHHBIX cpeAcTB [6]. Kpome Toro, ToabKo
3D-KyJnbTypbl MOXHO TMOANEPXKUBATL B KYJbType B T€UEHUE
JUTUTEJILHOTO BpeMeHU — OoJiee Mecsila, B OTIMYMe OT MOHO-
CJIOMHBIX KYJIBTYpP, KOTOPBIE OBICTPO TOCTUTAIOT KOHMIYeHT-
HOTO COCTOSTHUSI U TPeOYyIOT MOCTOSTHHOTO nepeceBa. [Toatomy
UMEHHO 3D-KyJnbTypbl UCTIOJB3YIOT B JOJITOCPOUYHBIX HCCTIe-
JOBaHUSIX, HAIpUMep, MPY M3YYeHUU OTCPOUYEHHBIX d(deKk-
TOB JIeKapCTBEHHBIX mpemnapaToB [10].

BoaMoxHocTh 3D-KyIbTMBUPOBAHUST KJIETOK, TKaHEBast
WHXEHEepHsi, COBEPIIEHCTBOBAHUE METOIOB KYJIbTUBMPOBA-
HMSI M COCTaBa POCTOBBIX CPej MO3BOJISIIOT CO3[aBaTh YHU-
KaJIbHbIe KJIETOUHBbIE MOJAENU WISl (PyHAaMEHTaIbHOTO HC-
cJeI0BaHUsI Pa3IMYHbBIX TATOJOTUI TKaHe M 3a00JeBaHMIA
[3]. OtcyTcTBHME KMBOTHBIX CO CTPOSHHUEM TJ1a3 IOJIHOCTHIO
WJIEHTUYHBIM YeJIOBEKY CIMOCOOCTBYET CO3MaHMIO Mojeseit
in vitro 71 UCCIEAOBAHUS 3aKOHOMEPHOCTEM CTPOCHUS U Te-
panuy 3pUTENBHOTO ammapara uejoBeka. B TmociemHee
BpeMsI OCHOBHBIM HCTOYHMKOM CTBOJIOBBIX KJIETOK TJia3a,
0COOEHHO JIJIs1 pereHepalvy poroBUiibl B HOpME U MPpHU MaTo-
JIOTUU, CYUTAIOT 30HY JuMOa — 1,5—2 MM Ha rpaHuUIle POro-
BUIIbI M KOHBIOKTUBBI. CTBOJIOBBIC KJIETKM JINMOa yeoBeKa,
0COOCHHO UISl TofiepKaHUsl UX (EHOTUIAa U COXPaHEHUS
nudbepeHInPOBOYHOTO noTeHuManza KYJbTUBUPYIOT
B 3D-cuctemax ¢ kosuareHom [15, 22| wiu ¢uaepHbIMU
KJIETKaMU XXUBOTHOTO mpoucxoxaeHus [17]. [laxke B HOBBIX

TeXHOJOTUsIX co3ganus 3D-conmBuueil, korma QuaepHbIe
KJIETKU KUBOTHOTO TIPOMCXOXKIEHMSI OTIAEIEHBI OT KJIETOK
yeJIoBeKa MeMOpaHOii, COXpaHSIETCsI KOMITIOHEHT XMBOTHOTO
MPOUCXOXKIEHUSI CO BCEMU BO3MOXHBIMU PUCKAMU KOHTa-
MUHaUMU depe3 cpeny [23].

[Iupoko ucmonb3yeMblit B TMOCAeIHEe BpeMsl BapUaHT
3D-KynbTUBUPOBAHUS C TIOJTyYeHUEM KIETOYHBIX c(heponnoB
OTKpPBIBAET HOBBIE TIOAXOABI MOIEIMPOBAHUS TIATOJOTHUYE-
CKUX COCTOSIHMIA, MO3BOJISIET U3y4YaTh TMCTOreHe3 MpU MoMe-
IIEHUU KJIeTOK B YCJIOBUS, BOCITPOM3BOASIINE CTPOCHHME Ha-
TUBHBIX TKaHei. KiietouHble ceponapl MoiryJyamoT B «BUCS-
YUX KaIuIsiX» WM Ha HeaAre3uBHBIX cyOcTparax 6e3 (ugepa u
MaTpuKca XXMBOTHOTO MpoucxoxaeHus. B Hauieit nabopato-
pUY AaBHO MAYT yCIMElIHble paboThl MO KYJbTUBUPOBAHUIO
SIUTENMATBHBIX U ME3EHXUMHBIX KJIIETOK Pa3IMIHOTO MTPOUC-
XoxIeHus B 3D-ycioBusIX ¢ nmojaydeHueM chepounos [1, 2, 6,
7, 25].

IMpoTBOpeUMBLIE CBENECHUS O BIUSIHUM OECCHIBOPOTOU-
HbIX cpel Ha Mopdosoruio u GU3MOIOrMYeCKUe CBONCTBA
KJIETOK, MAJIOUMCICHHbIE TaHHbIE O MoJydyeHuu 3D-KyabTyp
MMCK-JI onpeaenim 1e1b HAIIETO MCCIEIOBAHUS — M3y~
YeHUe W CpaBHEHUE TUHAMUKU (HOPMUPOBAHUS CHEPOUTIOB
MMCK-JI npu usmeHenuu koHueHrpauuu DTC B pocToBOit
cpene.

Marepuaibl 1 METOIBI

ITo mpeaTokeHHOM paHee TeXHOJOTUH TIOTyJaIn ITepBUY-
Hble KyabTypsl MMCK 13 TKaHEeBBIX CETMEHTOB 30HbI IUMOa
MMCK-JI moctMopTaibHOTO Tia3a dejaoBeka [4, 5]. Dkcre-
pPUMEHTAJIbHBIE MCCIeNOBaHUSI Ha TKaHSX, BBIIEJIEHHBIX W3
ITOCTMOPTAJIbHBIX TJIa3 YeJIOBeKa, MPOBOIAMIN B COOTBETCTBUM
¢ oUIMATBHO TPUHSATHIMU TIPOLIENYPAMU ¥ CITEITUATHbHBIM
paspellieHreM B paMKax 3aKkoHonateabcTBa PO.

Knetku MMCK-JI no 4-ro nmaccaxa KyJbTHBUPOBAIU Ha
yamkax Ilerpu B cranmaptHbix yciosusx (37 C, 5%CO,)
B moiHOW poctoBoit cpene DMEM/F12 (1:1, BuonoT,
Cankr- [letepOypr) ¢ mobapneHuem L-rimyramuna (2 MM/,
[Man®xo, Mockga), rentamuunHa (50 mxr/mi, [TaHOko), uH-
cyiauHa-TpaHcheppuHa-ceiaeHura (1:100, buonoT), 20 Hr/mn
bFGF (ProSpec, U3pauib) u 10% sMOpruoHaIbHOM TeIsiubeit
coiBopoTkM (HyClone, CIILIA). CMeHy noJiHOI pOoCTOBO¥ cpe-
Nl ocyliecTBIsin 2—3 pasa B Hedemo. [lpu pocTikeHuun
KyJabTypoii 90% KOH(MDIYIHTHOCTH, MACCUPOBAIU €€ C KC-
MOJIb30BaHWEM PacTBOPOB BepceHa u 0,25% TpuricuHa, aeii-
CTBHUE TPUTICMHA MHAKTUBUPOBAIN N0OABIEHUEM TTOJTHOM PO-
CTOBOI cpellbl, MJIOTHOCTb KJIETOK MPU pacceBe COCTaBisiia
100 ThIC.KJI./MIL. [I1s1 OompeaesieHus KOJIMYeCTBA KJIETOK M MX
JKM3HECTIOCOOHOCTH MCTIOb30BAIM aBTOMATUIECKUI CUETUMK
kierok Countess (Invitrogen, CIA).

NmmyHODEHOTUTTPOBAHKE TTOJYYEHHBIX KYJIBTYP MPOBO-
IWIA TI0 CIIeAyIoIMM MapkKepHbM Oenkam: CD29, CD90,
CD105, CD45, CD34, CD14, CDI11b, CD19. lns uMMyHO-
(eHOTUNMPOBaHUS KJIETKM OTMBIBAJIM OT MOJHOI pOCTOBOM
cpelbl pacTBOPOM BepceHa, obpabarbiBamu 0,25% pacTBOpoM
TPUIICHA, WHAKTUBUPOBAIU JeiCTBHE (hepMeHTa J00aBie-
HHMEM CpPe/bl, MOACUUTBHIBAIM KOJIUYECTBO KJIETOK U LEHTPU-
¢yruposanu (7 mun, 1000g). [ToaydyeHHBI 0camoK pecyCIieH-
JMMPOBAIM M ATMKBOTUPOBAIM B pacTBOpe (hochaTHO-COIEBO-
ro 6ydepa (pH = 7,4) ¢ 1% cwviBopoTku. Kaxmayio mpoby nH-
KyoupoBaiu B TeMHote (15 muH, 25 C) ¢ antutenamu (10 MK
aHTUTeN Ha 1 MJIH KJIETOK), KOHBIOTMPOBAaHHBIMU C (hIyopec-
mentHeIMM MeTKamu (FITC — fluorescein isothiocyanate, PE
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— phycoerythrin, PC5 Phycoerythrin-Cyanin 5.1). Ilocne
nenTpudyruposanus (5 muH, 400g) mpoOHI pecyCIIeHAMpOoBa-
11 B 1 mut pactBopa ¢ocdarHo-coseBoro oydepa (pH =7,4) ¢
1% cbIBOPOTKM B TIPOOUPKAX IS MMPOTOYHOTO HUTO(MIyOpH-
MeTpa. [TomyyeHHBbIe pe3yabTaThl aHAJTU3UPOBAIN HA TIPOTOY-
HoM nurodiyopumerpe Cytomics FC-500 (Beckman Coulter,
Inc, CILIA).

M3 oxapakrepu30BaHHBIX MOHOCIOMHBIX 2D-KyIbTyp
4-ro maccaxa nonydanu 3D-kynerypst MMCK-JI — kierou-
HBbIe c(HepOoUIBl 0 OPUTHMHAIEHON pa3paboTaHHON METOANKE
KyJILTUBMPOBAHUS B arapo3Hblx manmerax (Microtissues™,
CIIIA), noceBHast KOHLIEHTpaLus coctaBuiia 250 ThIC.KJ1./MJI.
ITo cocTaBy ITOTHOI pOCTOBOI cpenbl Wit 3D-KynbTnBHUpOBa-
HMSI B pabOTe MCITOJNb30BAIM TPU BapHaHTa, OTJIUYAIOLIUECs
conepxkaHueM 3MOpUOHaIbHOM Tessiubeil chiBopoTku (HyC-
lone, CIIA): 0%, 1% u 10%.

CdeponnmoobpazoBaHue U3ydaan B TeUeHUE 7 CYTOK C HUC-
MOJIb30BAaHMEM TPUOOpa Ul UTUTEILHOTO TPUKU3HEHHOTO
nabmoaenust Cell-1Q (CM Technologies, ®unnsauaust). Po-
TOPETUCTPALIMIO Kaxable 30MUH OCYILECTBISIIA C TTOMOLIBIO
nporpammbl Cell-1Q Imagen, 06paboTKy M300paxkeHuii Mpo-
Bomwin B miporpammHoM nakere Cell-1Q Analyzer.

CdopmupoBaHHbIe 7-THEBHEIE cheponabl GUKCUPOBAII
U UCCIIeOBANIN C UCTIOTb30BaHNEM METOIOB CBETOBOI 1 pac-
TPOBOIT BJIEKTPOHHOI MUKpocKoruu. DuKcaiuio ocyiecTs-
Jsv B rmotapoBoM anbaeruzae (1,5% pactBop Ha 0,1M ka-
KoaunatHoM Oydepe, pH = 7,3, 1—2 yaca), noduKcupoBain
0sO4 (1% BomHbIl pacTBOp, 1—2 yaca), 00e3BOXMBAIU
B CIIMPTaX BOCXOMsIIIENH KOHLIEHTpAUUU (2 CMEHBI IO 5 MUH
B Kaxmoit), ametoHe (3 cmeHbl mo 10 MUH) M 3aKioyaiu
B CMeCh BIMOKCUIHBIX cMoi Araldite M u Araldite Hardener
(Sigma, CIIIA), ¢ nob6apneHueM katanuszaropa DMP30 u
mwiactTugukaTopa audytuiadranzata. s moamMmepusaluu
CMOJIBI 00pa3ibl MHKyOupoBanu pu +60°C B TeueHne 3—5
CYyTOK. YIBTpPaTOHKHE Ccpe3bl TMOJyyadud Ha YJIbTpaTome
LKB-111 (IIBeuus), koHTpactuposaiu B 1% pactBope ypa-
HUIalleTaTa Ha JUCTWITMPOBAHHOM BOJE M M3yJalld € TIOMO-
IIbI0  TMPOCBEUMBAIONIETO  3JEKTPOHHOTO  MHUKPOCKOTA
JEM-1011. [Ina u3ydyeHUs MpenapaTroB ¢ MCIOJb30BaHUEM
MeTOoJa PacTPOBOIl 3JIEKTPOHHON MMKPOCKOMUM C(HepOUIbI
rnmocyie uKcamum 1 00e3BOXUBAHUS BBICYIIMBAIA B KPUTH-
YeCKOI TOUKe M Mepel ceaHCOM 00pasel] HalbIISIA B BaKyy-
Me 30JI0TOM, TToJTydast peTuIMKY (OTIEeUaToK), MOBTOPSIONIYIO
KOHTYpbl 00pasiia, KOTOPYIO BMOCIEACTBUU CKAHUPOBAIU
C WCIMOJb30BAHUEM CKAaHMPYIOLIETo 3JEKTPOHHOTO MUKPO-
ckora CamScan.

Yactb paboThI ¢ UCTIOIL30BAHUEM METOMOB JIEKTPOHHOI
MUKPOCKOITMY OblJIa BBITIOJIHEHA Ha 00OpymoBaHMU Jlabopa-
Topuu 31eKTpoHHOM Mukpockonuu LIKIT Mockosckoro ro-
cymapcTBeHHOro yHuBepcuteta uMm. M.B.JlomoHocoBa mpu
¢uHaHCOBOI moaaep:kke MuHMCcTepcTBa 00pa30BaHMs U HAY-
ku PO.

Pe3ynbTatsl u 00CyKnenune

MMCK-JI B ycnoBusix MOHOCJIOIHOTO 2D-KynbTHBUPO-
BaHUsI (OPMUPOBAIN MOHOCJIOM M COXPaHSITU BHICOKMIA TIPO-
nudepatuBHbIi noteHIuan 1o 4 maccaxxa. MMCK-JI umenu
XapaKTepHYyl0 BEpPETEHOBUAHYIO (OpMy, IUaMETp KIETOK
B CYCTICH3MHM TPU TTACCUPOBAaHUM He TipeBbIman 12 mxm. Ha
4-m maccaxxe MMCK-JI akcripeccrupoBaii XapaKTepHbIe TSI
MMCK koctHoro mosra mapkepsl (CD105, CD90 u CD29),
MPaKTUYECKN HE IKCIPECCUPOBAIM MapKepbl TeéMOTO3THYe-
ckoro u JumponutapHoro psga CD45, CD34, CDI4,
CD11b, CD19. CeeneHust 06 MMMyHO(hEHOTUITMUYECKOM aHa-
JIM3e KyJbTyphl MPUBEAEHbI B TaOJIUIIE.

[Monyuyennas kynstypa MMCK-JI cooTBeTCTBYET pe3yJib-
TaTam JIpYyrux McciaenoBaTesieil, BbIICISBIIMX ME3CHXUMHYIO
MOMYJISILIMIO U3 TMMOa IJ1a3a yejoBeka. YkKe XOpOollo M3BEeCT-
HO, yT0 MMCK-JI — MyIbTUIIOTEHTHbIE ME3€HXMMHBIE KJIeT-
ku, nonmooHele MMCK koctHoro mosra [21]. bonee Toro,
MMCK-JI gBns1oTCSl HE TOJBKO HUIICOOPA3yIOLIMMU KIIeT-
KaMu JJIs1 9MUTEIMATbHBIX CTBOJIOBBIX KJIETOK JMMOa, Mpu
OTIPE/IEJIEHHBIX YCJIOBUSAX OHU MOTYT MEHATb (DEHOTUN Ha
SIUTENIMATBHBIA W Y4aCTBOBAaTh B BOCCTAHOBJICHUHU, TIPEXKIE
Bcero anurenust porosuiibl. MMCK-JI B aMmOpuoreHese 6epyT
Hayajao OT MPOU3BOJHBIX HEPBHOIO IpeOHsI. DTa yHUKAIbHAsI
TTOMYJISALMST KJIETOK KO3KCIPEeCCHUpyeT MapKephl Kjaccuye-
ckux MMCK (CD13, CD29, CD44, CD56, CD73, CD105) u
remonoatnyeckue mMapkepsl CD11b, CD34, CD133. Ilony-
YeHHble HaMU JaHHble UMMYHOMEHOTUITMYECKOTO aHaliu3a
MMCK-JI cornacylorcs ¢ pe3yabTaTaMu aMepPUKaHCKUX
YUEHBIX [24].

MMCK-JI nony4yeHHOI ¥ OXapaKTepU30BAHHOM KYJbTY-
phI 4-T0 Maccaxa mnepeBoaUIN B yciaoBus 3D-KyabTuBMpOBa-
HMSI B arapo3HbIX IIaHIIETaX UISI TOJYYEHUs KIJIETOUHBIX
chepon10B, MO3BOJISIIONIEH B KaxKI0i JTyHKE IJIaHIlIeTa MoJy-
YyaThb CTaHAApTHbIe cepouabl U3 OAMHAKOBOTO KOJMYECTBa
KJIeTOoK. EMMHCTBEHHBIM KOMITOHEHTOM KMBOTHOTO ITPOMC-
XOXIeHUS B Takoi cucteme sBisuiach DTC. s uccienona-
HUSI KCIIOJIb30BAIM OECChIBOPOTOUHYIO POCTOBYIO Cpely |
cpenbl ¢ mobasneHueM 1% u 10% DTC.

Tabmmua

NMMmmMmyHODEeHOTUNMYeCcKnin aHanm3 3KCNpPeccumn NOBEPXHOCTHbIX MapKepoB
CTPOMaJibHbIMM KNeTKaMu 30Hbl num6a yenoseka (MMCK-J1) Ha 4-m naccaxe

AHanuanpyemMble MapKepbl MMCK-J1 (cTpomManbHble KNeTKn 30Hbl Mmba)

CD105 (aHOornuH) 99,5%
CD90 (Thy-1, rnmkonpoTerH cynepcemMencTsa MMMYHOr100yIMHOB) 100%
CD29 (peuenTtop ¢unbpoHeKTUHa, cyobeanHuua B1-uHterpmHa) 100%
CD45 (LCA, o0wmii aHTUreH NemkouuToB) 16,8%
CD34 (NOBEpPXHOCTHbIN aHTUIeH NpeaLecTBEHHNKOB remMornoasa) 5%

CD14 (aktuBupytoLmii Makpodarmu peuenTop MnornonmncaxapuaoB 1 9HA0TOKCUHOB) 11,0%
CD11b (MHTErpuH o.-M, y4acTByiOLLMIA BO B3aMMOAENCTBUN NMOOLNTOB) 21,9%
CD19 (B-numdounTapHbIin aHTUIreH) 2, 7%
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Puc. 1. AuHamuka dopmmpoanus cheponnos MMCK-J1 npu pasnuuHoii koHueHTpauumn 3TC B cpene:
A-I' — 6eccbiBopoToyHas cpepa (A — 0 yacos, b — 24 yaca, B — 3 cytku, I — 7 cytkn); -3 — 1% 3TC B cpepe ([ — 0 yacos, E — 24 vyaca, X — 3 cyTku,
3 — 7 cytkn); U—K — 10% 3STC B cpene (M — 0 yacos, K — 24 vaca, J1 — 3 cytku, M — 7 cytkn). MNMpuxunaHeHHas ueitpadepHas CBETOBas MUKPOCKOMUS

¢ ha30BbIM KOHTPACTOM. M3mepuTenbHbIil 0Tpe3ok 200 MKM.

Puc. 2. MoBepxHOCTHas 30Ha CHOPMUPOBAHHbIX 7-AHEBHbLIX CHEPOUIOB KybTUBMPOBAHHLIX B Cpefax C pasHbiM coaepxarvem JTC:

A, [ — 6eccbiBopoToyHas cpena, b, I — 1% 3TC; B, E — 10% 3TC.
A—B — npocBeuuBatoLLas 3n1eKTpoHHas Mukpockonus; F—E — pacTpoBas anekTpoHHAs MUKPOCKOMNKUS.
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Meton npuku3HeHHOU LieiTpachepHOil MUKPOCKOIINM Ha
npudope Cell-1Q (CM Technologies) mo3Bosui B 1MHaAMUKE
HaOmomath mpouecc GopmupoBaHus ceponnos B 3D-Kynb-
Type B pa3HBIX POCTOBHIX cpemax. OOImas quHaMuKa hopMu-
poBaHus chepongoB He 3aBUCe]a OT HAJIMYMUS U KOJWYeCTBa
OTC B cpene — mpoliecC KOMITAKTU3ALMN HAaYWHAJICS yXKe
B nepBble cytku (puc. 1B,E,K) 3D-KyabTBUpOBaHUS U IIPO-
noykancst 1o 7 cytok (puc. 1I03,M). OnHako mpu Makcu-
ManbHOM KoHIeHTpauuu DTC (10%) KoMImaKTH3aIKsl IPOX0-
nuia ObicTpee — yXe Ha 3 cyTku pasMep cdepousioB ObLT
NPpUOAMXKEH K IuaMeTpy cHOpMUPOBAHHOTO KOMITAKTHOTO
7-nueBHOrO cepouna (puc. 1JI). Pazmep copmMupoBaHHBIX
ceponaoB mpu pa3HbIx KoHIeHTpanusax DTC mpakTuyecku
HE OTJIMYaJICS U COCTaBJIsLI TpuMepHo 200MKM. AHAIU3 1300~
paXeHWi, TTONYYEeHHBIX METOIOM CBETOBOM MUKPOCKOIUU
¢ (ba30BBIM-KOHTPACTOM, BBISIBUJI Pa3HUILy B OOILEM CTpoe-
HUM cepounioB Npu pa3inyuHoii koHueHTpauuu DTC. B 6ec-
ceiBopoTouHoii cpene (puc. 1T u ipu 1% DTC (puc. 13) mo-
BEPXHOCTb C(HOPMUPOBAHHBIX C(HEPOUIOB ObLTa PHIXJION, B TO
BpeMsl Kak Ha TOBEPXHOCTU c(hepouaoB, KyJIbTUBUPOBAHHbBIX
B nipucytctBumn 10% BTC (puc. 1M), Ha pOBHOI TTOBEPXHO-
¢t cheponsioB HaOMOAAIU JIMIIb €IWHUYHBbIE OKPYIJIble
kiaeTku. [loaTomy OBUI MpoBeNeH MaabHEHIINA aHaInu3 MOp-
(oJIOrMK TTOYYEHHBIX 3PEJIbIX 7-THEBHBIX CHEPOUIOB.

Kietounsle chepounbl COCTOSAT M3 TIOBEPXHOCTHON U
BHYTpPEHHE#l 30H, oTIMyarouxcss Mophoaorueit 1 UMMyHoO-
deHoTunoM KjeTok |7, 25]. AHanmu3 CTPOeHUs IMOBEPXHOCT-
Hoit 30HBI cepounsoB MMCK-JI MeTogamu 31eKTPOHHOI
MUKPOCKOITUHU TMOATBEPANI HAOTIONEHUSI, TIOJyUYeHHbIE METO-
JIOM TIPVMKM3HEHHO# 1eiTpadepHOit MUKpockonuu. B Gec-
CBIBOPOTOYHOI Cpeie TTOBEPXHOCTHbIE KJIETKU OBbLIU OKpYT-
Joit hopMbl M pacnojiaraiuck peixio (puc. 2A,IN), B To Bpemst
Kak 100aBIeHIe MUHUMAIbHOTO KOJIMYeCcTBa ChIBOPOTKH (1%
OTC) cTuMynMpoBano pacrulacThiBaHWE KIETOK Ha TOBEpX-
Hoctu cepounos (puc. 2B,/1). [1pu nobaBieHUU B POCTOBYIO
cpeny 10% DTC Habmomanoch MPaKTUUECKH MTOJTHOE pacriia-
CTbhIBAaHME HAPYXXHBIX CJIOEB KJIETOK U MOCTENEeHHOE YIUIOTHe-
HUE MOBEPXHOCTHOU 30HHI B 3D-kynbrype (puc. 2B,E). 3a
CYET pacTSLKEHMSI KJIETOK Ha IMOBEPXHOCTH cepouraa B cpene
¢ nob6asnenuem DTC yBenuuuBajcsa UX pa3mMep — €ClIu pas-
Mep OrpyIJIbIX KJIETOK B OTCYTCTBUE CHIBOPOTKM COCTaBJISLI
B cpeaHeM 5 MKM, To npu pobasieHuu DTC Haubosblias
MPOTSIKEHHOCTh BBITSHYTHIX KJIETOK J0CTUTana 15 MKM.

DAeKTPOHHO-MUKPOCKOITMYECKUI  aHaM3  CTPOEHMS

BHYTpPeHHEU 00s1acTi c(heponIoB TaKKe BBISIBUJI OTIPEICIICH-
Hble pasnuuusl Mexnay cdepounamu, KyJbTMBUPOBAHHBIMU

B cpenax ¢ pasHbIM comepxaHuem DTC. B 6ecchIBOpOTOYHOM
cpelie BHYTpeHHsIs1 30Ha cepou 0B Obl1a MPenCcTaBaeHa PhiX-
JIO PacMoOXEeHHBIMUA MOJUTOHATBHBIMU KJIeTKaMu. B 1uto-
MJ1a3Me KJIeTOK MPUCYTCTBOBAIO OOJIbIIOE KOJTMUECTBO MUTO-
XOH/IpUIA, YTO CBUICTEIHCTBOBAJIO O BHICOKOM YPOBHE JHEP-
reTuYeckKoro ooMeHa B KieTkax (puc. 3A).

O61ras Mopdoiorus KIeToK BHYTpeHHel 30HbI B chepou-
Jax, KYJIBTUBUPOBAHHBIX B POCTOBOI cpene ¢ DTC, He oTm-
Yajiach OT TAaKOBOU B cheporaax n3 6eCCHIBOPOTOYHON CPEIIBI
— MEJIKO3EpHMCTasl LIMTOTIa3Ma, OOJIbIIoe KOJIMYECTBO MU-
TOXOHAPUIA. Paznuuuns BHYTpeHHEe 30HbI BBISIBUJIM TIPU U3Y-
yeHUM (HOPMUPOBAHHUSI BHEKIIETOUHOTO MaTpukca. JloGasie-
HUe B pocToBylo cpeny naxke 1% OTC 3amyckano B KJIETKax
CHHTE3 HEOOJBIIOr0 KOJMYECTBA BHEKJIETOYHOrO MaTpuKca
(puc. 3b). YBequuenne kommnuectBa DTC B pocToBOIi cpene
1o 10% MOTOMHUTETFHO CTUMYIUPOBATIO CHTE3 BHEKJIETOU-
HOro MaTpUKca B MEXKJIETOUHOM MPOCTPAHCTBE BHYTPEHHEH
30HbI cepounoB (puc. 3B). BeposTHO, UMEHHO 3TOT IpO-
LIECC CIMOCOOCTBOBA PACIIACTHIBAHUIO KJIETOK MOBEPXHOCT-
HOU 30HBI ¥ IPUBOAMII K YBEJTMUCHUIO CKOPOCTH KOMITAaKTH3a-
uuu cepounos B cpeae ¢ 10% DTC.

H3BectHo, uTo B OecchiBopoTouHbIX cpenax MCCK-JI
croHTaHHO (GopmupyloT chepounst [21]. Mbl nonyuunu cohe-
pouasl MMCK-JI kak B 6eCCHIBOPOTOYHOI POCTOBOIA cpele,
Tak U B cpenax ¢ 1% u 10% DTC. Ipouecc GopMupoBaHust
cheponioB BO Bcex ciyyasix 3aHMMal 7 CYTOK, JUaMeTp
copMupoBaHHBIX chepounoB coctapisii 200 MKM.

Pa3paboTka TeXHOJOTMM KyJIbTUBHUPOBAHUS 0€3 CBIBO-
POTKM XMBOTHOTO MPOMCXOXAEHMSI BaxKHa ISl MOCHEAYI0-
1IeT0 MPUMEHEHMs B KIIMHUYECKo# nmpakTuke. [Toka akTuB-
HO HaKarJMBalOTCs CBEIEHUSI O CTPOCHUU U (DYHKIIMOHAIb-
HOM TIOTEHIIMAaJIe KJIETOYHBIX cheporaoB. PaboTsl o moiy-
YeHUIo chepousioB B OECCHIBOPOTOUHBIX CpeaX eAUHUYHBDI.
Hanpumep, B mopax KOMMep4yeckKoro mpojaykTa Ha OCHOBE
anpruHatoB AlgiMatrix B 6€cChIBOPOTOUHOI cpelie YCIIeIIHO
noJyYuiau xusHecrnocooHsie chepounsl u13 MMCK Bapro-
HOBOTO CTYIHS yMoBUHbI ObiKa [12]. Ho, Kk coxaneHuto, uc-
cjeaoBaTe M He 0XapakTepU30BaIM MOJTydYeHHbIE C(HEPOUIBI.
BonpmmHCcTBO MccaenoBaTeneil mpu MojaydyeHun chepoumson
B 0eCcCBhIBOPOTOUHBIX cpefax komreHcupyoT OTC mnazmoit
KpoBU M (akTopamMu pocta. Tak, ajas KyJIbTUBUPOBAHUS
cepounoB MMCK 13 MOAKOXHOI KUPOBOI TKAHU YeJIOBE-
Ka 1CToJIb30Baiu 2% I1a3Mbl KPOBU UeJIOBEKa C 100aBIEHM-
eM BbIessseMoro Tpomoonutamu akropa pocra (PDGF) u
renapuHa. B mosyyeHHbIX chepougax OTCYTCTBOBAIU TaKue
KOMTIOHEHTBl BHEKJIETOYHOTO MaTpUKca, KaK KOJIareHbl,

._\w 3{‘

u'-uK vj“‘

Puc. 3. CTpoeHune kneTok BHyTPeHHel 30HbI 7-AHeBHbIX cheponnoB MMCK-J1 B cpepax ¢ pasHbiM copgepxaHunem 3TC:

A — 6eccblBOPOTOYHAs cpefa, cTpenkamu 0603HaueHbl MUTOXoHAPUKM; B — 1% 3TC, c1HTE3 BHEKNETOYHOMO MaTPVKCa 1 NOSIBIEHNE Pa3BUTOrO LIUTOCKE-
neta B kneTke; B — 10% 3TC, BHEKNETOuHbIi MAaTPUKC B MEXKJIETOYHOM MPOCTPAHCTBE BHYTPEHHEN 30HbI cdheponaa. NpoceeyrBatoLLas 3NeKTPOHHAs
MVKPOCKOMMS.
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(GUOpOHEKTHH, 2JaCTUH U TUaJypoHOBas Kuciora [14].
Cdepounbl 13 MUOOJACTOB MBIIIKM KYJIbTUBUPOBAIN B Oec-
CBIBOPOTOYHOI cpesie ¢ nobapieHueM (pakTopoB pocta Huod-
poonacroB (bFGF), snuaepmanbHoro ¢akropa pocta
(hEGF) u B27 supplement, HO moyiydeHHbIE MHUOC(EPHI He
OBl OXapaKTepu3oBaHbI [28].

Kpome Toro, cyilecTByloT NaHHbIE O HETaTUBHOM BJIMSI-
Hun DTC Ha KepaTouWThl — OCHOBHbIC KJIETKM POTOBUIIHI,
dopmupymonmecs: B pesyiabTaTe AuddepeHIMPOBKU CTBOJIO-
BbIX KieTok numba. Ilpu kynbruBupoBanuu B cpeae ¢ DTC
KEpaTOUUTHI TEPSIIA XapaKTEPHbIN [IJIS1 COCTOSIHUSL in Vivo TIO-
KosiuMiicst heHOTUIT U TTpuobpeTann GudpodIacTONnoao0HbIi
(eHoTun ¢ U3BMEHEHHBIMU (U3UOJOTMYECKUMU CBOMCTBAMMU.
B npucyrctBum 2-10% DTC cHukanach Wi mpeKpaliagach
MPOAYKIIMSI OCHOBHOTO KOMITOHEHTa POTOBMIIBI — KepaTaH
cynbdara, a CUHTE3 JepMaraH cyibdara, HA000OPOT, MOBBI-
wancst. Uccnenoatenu 3 AnoHuu rnokasajiu, 4To OECChIBO-
POTOYHBIE CPedbl CIIOCOOCTBOBAIN MOAAEpPKaHUI0 MOpP(OIIO-
MU KEPAaTOLMTOB M COXPAHEHUIO CUHTE3a KepaTaH cyJbdara,
kak B 2D, Tak u B 3D-kynbrypax [29].

B HameM wucciaemoBaHMM  TIpM KYJbTMBUPOBAHUU
MMCK-JI B 6ecchIBOPOTOUYHOI cpesie (DOPMUPOBAIUCH XKU3-
HecrocoOHble chepounanl. [ToBepXHOCTHBIE KIETKU chepou-
JIOB COXPaHSITM OKPYTIIyIo (hopMy, MEXITy KJIEeTKaMU TTOBEPX-
HOCTHOW M BHYTPEHHEN 30H HE BBISIBJICHbI KOMITOHEHTHI BHE-
kjieToyHoro Matpukca. CHHTE3 BHEKJIETOYHOTO MaTpuKca
B cepounax ctumyarponaio nodasiaeHue DTC B pocToBylO
cpeny. OTHUM M3 OCHOBHBIX KOMITOHEHTOB BHEKJICTOUHOTO
Marpukca siBisieTcss (pMOPOHEKTUH, TTOBEPXHOCTHBIN OEJIOK,
HEOOXOMUMBIH TSI KOHTPOJIST (POPMBI KJIETOK M MEXKIIETOU-
HbIX B3aumozmeicTBuii [16]. BepostHo, DTC ctumynupyer
cunre3 puoponekTnna MMCK-JI. [losgBneHne BHEKIETOU-
HOTO MaTpMKCa, pa3BUTHIN IIUTOCKENET, B cpene ¢ DTC, Bepo-
SITHO, CMOCOOCTBOBAIM M3MEHEHHUIO (DOPMBI MOBEPXHOCTHBIX
KJIETOK, WX pacruiacThiBaHMio. Ho, KOHEYHO, MeXaHU3MbI
KoMmakTu3auuu u QopmupoBanust chepongoB MMCK-JI
B 0ecChIBOPOTOUHOI cpene u B mpucytctBuu OTC TpebyroT
JaJIbHENIero U3y4eHusl.

[TonyyeHHbIe HAMU HOBbIE JaHHBIE CPABHUTEIBHOTO aHa-
nu3a (popmupoBanusi chepounsoB MMCK-JI B GecchiBOpO-
TOYHOU cpene U B pucyTcTBuM DT C paciimpsioT U JOMOIHSI-
10T CBEJIEHUSI O KJIETOYHbIX cheponnax. [TokazaHHasi BO3MOX-
HOCTb TOJyYeHMSI KU3HEeCrocoOHbIX cheponnos MMCK-JI
C COXpaHEeHMEM BBICOKOM MeTab0JIMYeCKOM aKTMBHOCTU KJje-
TOK B cpefie 03 ChIBOPOTKM XXUBOTHOTO MPOMCXOXKICHUS OT-
KpbIBaeT HOBbIE TMEPCIEeKTUBbI B pa3pabOTKe TepareBThYe-
CKUX KJIETOYHBIX MPEnaparos.

3akiouenne

B Hacrosiem wuccnenoBaHUM MBI TIOJYYMIIM CIIOHTAHHO
copmupoBaBIIMecs Ku3HecrmocooHble ceponnsi MMCK-JI
Kak B 0eCcChbIBOPOTOUYHOII cpesie, TaK U B Cpelie C collepKaHueM
11 10% DTC. ®opmupoBaHue chepor0B MPOUCXOAUIIO 3a 7
CYTOK, ITyCKOBBIM (DaKTOPOM SIBJISUIOCH OTCYTCTBHME aIre3vuu
K cyOcTpaTty, a He HaJlmuKe ChIBOPOTKU B cpesie. Bo Beex Bapu-
aHTaXx POCTOBBIX Cpel KJIeTKU ChHEpOuIOB MMENU BbICOKYIO
SHEPreTUYECKyl0 M METabOJMYECKyl0 aKTMBHOCTb, XOPOIIIO
ObUTM Pa3BUTbl MUTOXOHAPUM WM BE3UKYJSIPHBINA TPaHCIIOPT.
Onnako nipucyrctBue DTC B cpese BIMsJIO HAa KOMITAKTU3a-
o cheporioB, TOIBKO MPpK 10% CHIBOPOTKM KIIETKH TTOBEPX-
HOCTHOI 30HBI ObLIM YIUIOLIEHBI. B OecchIBOpOTOUHON cpene
KJIETKU TTOBepXHOCTHOM 30HBI OBUIM OIIIapeHbI, H00aBIeHUe

1% DTC MHULMUPOBAJIO X PACIIIACTHIBAHKE IO TOBEPXHOCTH
cdepounos. B cpene ¢ DTC mexny KieTkaMy BHYTPEHHEH 30-
Hbl CHHTE3MPOBAJICS BHEKJIETOUHBI MaTpPUKC, HauWOOJIblliee
KOJIMYECTBO BHEKJIETOUHOTO MaTpuKca OOHapy:KeHO Mocie
KyJbTiBHpoBaHus B cpene ¢ 10% DTC. BepositTHO, UMEHHO
BbI3BaHHLIN HaymmureM DTC crHTe3 BHEKJIETOYHOTO MaTpHUKCa
BJIMSIT HA UBMEHEHKE (DOPMbI KJIETKAMU ITOBEPXHOCTHOI 30HBI,
CTUMYJIMPOBAJ UX PacIulacTbiBaHUE ¢ (hOPMUPOBAHUEM Yepe-
MULIEO0Pa3HBIX CIOEB.

[Tonyuenue cheponaoB KIETOK TKaHEH I1a3a, B TOM YHC-
e MMCK-JI, oTKpbIBaeT HOBbIE MTEPCIIEKTUBLI B pPa3paboTKe
TepareBTUYECKUX areHTOB ISl KyITMPOBAHUS U JIeYEHMS Ta-
TOJIOTUU M OOJIe3HEH 3pUTELHOTO afrapaTta.

Cnucok JiMTepatypbl

1. T'opkyH A.A., Cabypuna W.H., Komenesa H.B., 3ypuna .M.,
[Mymun A A., llaruogymua M.IO., Onuinenko H.A., Periun B.C. DH-
JIOTEeIMAIbHbIE TPOTEHUTOPHBIE KIETKU B Me3eHXUMochepounaax my-
MOYHOTO KaHATHKa U UX y4acTHe B MPOLieccax aHrMoreHe3a U BacKy-
JIOreHe3a MpU OCTPOM MeYeHOYHOM HemocTatouyHoctu // Tlatomoru-
yeckas ¢usuonorust. — 2012. — Ned. — C. 50—43.

2. 3ypuna .M., Komenena H.B., l'opkyn A.A., Cadbypuna 1.H.
N3yuenue hopMupoBaHust Me3eHOCGHEPOUIOB U3 COMATUUECKUX KITe-
ToK uesnoBeka // OntoreHes. — 2013. — T. 44, Ne4. — C. 226—227.

3. Konoxkonbuora T.[1., Cabypuna W.H., PeibakoB A.C. Kynbry-
pa KJIeTOK KakK YHMKaJbHasi MOJENb /Ul UCCIE0BAHMSI B COBPEMEH-
Hoit Ouonorun u meauuuue // [Matorenes. — 2013. — T. 11, Ne2. —
C. 17-25.

4. Mamorun b.D., bopsenok C.A., Komax 0.A., ApbOyxaHo-
Ba [1.M., XKenronoxko A.A., Cabypuna W.H., Konokonsiosa T./.,
3ypuna WU.M., Aranos WU.U., borymr B.I'., laBbinosa JI.M. CoBpe-
MEHHBIE BO3MOXHOCTH KJIETOUHBIX TEXHOJIOTHII B KOHCTPYUPOBAHUU
OMOJIOTMUECKOTO SKBUBAJIEHTa UCKYCCTBEHHOI poroBulibl // Brosie-
teHb CO PAMH. — 2014. — T. 34, Ne5. — C. 43—47.

5. Mamorun b.3., bop3enok C.A., Cadbypuna U.H., Penun B.C.,
Komenesa H.B., Komokonbsuosa T.[., 3ypuna .M., Komax 0.A.,
XKenronoxko A.A., ITonos N.A., laBbinosa JI.U., borym B.T'., Ara-
noB U.W. PaspaboTka OMOMHKXEHEPHON KOHCTPYKLIUU HMCKYCCTBEH-
HOIl POTOBHUIIBI Ha OCHOBE IJICHOUHOTO MaTpUKCa M3 CIIMAPOMHA U
KYJbTUBUPOBAHHBIX KJIETOK JUMOAIbHON 30HBI IJIA3HOTO sI0JI0Ka //
Odranbmoxupyprust. — 2013. — Ne4, — C. 89—97.

6. Cadypuna W.H., Topkyn A.A., Kowmenesa H.B., CemeHo-
Ba M.JL., [lynmuna A.A., Peiun B.C. CormocraBieHue oBeIeHUsT CTPO-
MaJIbHBIX KJIETOK ITYITOYHOr0 KaHATUKA U MYJIBTUIIOTEHTHBIX CTPOMAa-
JIBHBIX KJIETOK B3pOCJIOro KOCTHOro mosra B 2-D- UM 3-D-kynberype:
MOJIEJIMPOBAHUE CTPOMAJIbHOI pereHepaiu // BeCTHUK HOBBIX Me-
IUIMHCKUX TexHomoruit. — 2009. — T. 16, Ne4. — C. 9—11.

7. Cabypuna U.H., Pertun B.C. 3D-KynbTUUpOBaHUE: OT OTIC/Ib-
HBIX KJIETOK K pereHepallMoHHOM TKaHu (K BOMpoCy O (eHOMeHe
SIUTEIMO-ME3CHXUMAIbHOM TuIacTUYHOCTH) // KierouHast TpaHc-
IJTAHTOJIOTUS U TKaHeBas umuxeHepus. — 2010. — T. 5, Ne2. —
C. 75—86.

8. Agata H., Watanabe N., Ishii Y., Kubo N., Ohshima S., Yama-
zaki M., Tojo A., Kagami H. Feasibility and efficacy of bone tissue en-
gineering using human bone marrow stromal cells cultivated in se-
rum-free conditions // Biochemical and Biophysical Research Com-
munications. — 2009. — Vol. 382, Ne2. — P. 353—358.

9. Ahmed N., Iu J., Brown C.E., Taylor D.W., Kandel R.A. Se-
rum-and growth-factor-free three-dimensional culture system sup-
ports cartilage tissue formation by promoting collagen synthesis via
Sox9-Col2al interaction // Tissue Engineering Part A. — 2014. —
Vol. 20, Ne15—16. — P. 2224—2233.

10. Antoni D., Burckel H., Josset E., Noel G. Three-dimensional
cell culture: a breakthrough in vivo // Int. J. Mol. Sci. — 2015. —
Vol. 16. — P. 5517—5527.

11. Barnes D., Sato G. Serum-free cell culture: a unifying appro-
ach // Cell. — 1980. — Vol. 22. — P. 649—655.

12. Cardoso T.C., Ferrari H.F., Garcia A.F., Novais J.B., Sil-
va-Frade C., Ferrarezi M.C., Andrade A.L., Gameiro R. Isolation and
characterization of Wharton’s jelly-derived multipotent mesenchymal
stromal cells obtained from bovine umbilical cord and maintained in a
defined serum-free three-dimensional system // BMC biotechnology.
— 2012. — Vol. 12, Nel. — P. 18.

ISSN 2310-0435

9



13. Chen H.F., Kuo H.C., Chien C.L., Shun C.T., Yao Y.L., Ip P.L,,
Chuang C.Y., Wang C.C., Yang Y.S., Ho, H.N. Derivation, characterizati-
on and differentiation of human embryonic stem cells: comparing se-
rum-containing versus serum-free media and evidence of germ cell differen-
tiation // Human Reproduction. — 2007. — Vol. 22, Ne2. — C. 567—577.

14. Dromard C., Bourin P., Andre M., De Barros S., Casteilla L.,
Planat-Benard V. Human adipose derived stroma/stem cells grow in
serum-free medium as floating spheres // Experimental cell research.
— 2011. — Vol. 317, Ne6. — P. 770—780.

15. Dziasko M.A., Tuft S.J., Daniels J.T. Limbal melanocytes sup-
port limbal epithelial stem cells in 2D and 3D microenvironments //
Experimental eye research. — 2015. — Vol. 138. — P. 70—79.

16. Grinnell F., Feld M.K. Initial adhesion of human fibroblasts in
serum-free medium: possible role of secreted fibronectin // Cell. —
1979. — Vol. 17, Nel. — P. 117—129.

17. Jung K.M., Lee S.H., Ryu Y.H., Jang W.H., Jung H.S.,
Han J.H., Seok S.H., Park J.H., Son Y., Park Y.H., Lim K.M. A new
3D reconstituted human corneal epithelium model as an alternative
method for the eye irritation test // Toxicology in Vitro. — 2011. —
Vol. 25, Nel. — P. 403—410.

18. Okere B., Alviano F., Cost, R., Quaglino D., Ricci F., Domi-
nici M., Paulocci P., Bonsi L., Tughetti L. In vitro differentiation of
human amniotic epithelial cells into insulin-producing 3D spheroids //
International Journal of Immunopathology and Pharmacology. —
2015. — P. 0394632015588439.

19. Koller M.R., Maher R.J., Manchel I., Oxender M.,
Smith A.K. Alternatives to animal sera for human bone marrow cell
expansion: human serum and serum-free media // Journal of hematot-
herapy. — 1998. — Vol. 7, NeS. — P. 413—423.

20. Malpeli M., Randazzo N., Cancedda R., Dozin B. Serum-free
growth medium sustains commitment of human articular chondrocyte
through maintenance of Sox9 expression // Tissue engineering. —
2004. — Vol. 10, Ne1—2. — P. 145—155.

21. Mariappan I., Kacham S., Purushotham J., Maddileti S., Si-
amwala J., Sangwan V.S. Spatial Distribution of Niche and Stem Cells
in Ex Vivo Human Limbal Cultures // Stem cells translational medici-
ne. — 2014. — P. sctm. 2014—0120.

22. Massie 1., Kureshi A.K., Schrade S., Shortt A.J., Daniels J.T.
Optimization of optical and mechanical properties of Real Architectu-
re for 3-Dimensional Tissue equivalents: Towards treatment of limbal
epithelial stem cell deficiency // Acta biomaterialia. — 2015.

23. Mei H., Gonzalez S., Nakatsu M.N., Baclagon E.R., Lo-
pes V.S., Williams D.S., Deng S.X. A three-dimensional culture met-
hod to expand limbal stem/progenitor cells // Tissue Engineering
Part C: Methods. — 2013. — Vol. 20, Ne5. — P. 393—400.

24. Nakatsu M.N., Gonzalez S., Mei H., Deng S.X. Human Lim-
bal Mesenchymal Cells Support the Growth of Human Corneal Epit-
helial Stem/Progenitor Cells // Investigative ophthalmology & visual
science. — 2014. — Vol. 55, Ne10. — P. 6953.

25. Repin V.S., Saburina I.N., Kosheleva N.V., Gorkun A.A., Zu-
rina [.M., Kubatiev A.A. 3D-technology of the formation and mainte-
nance of single dormant microspheres from 2000 human somatic cells
and their reactivation in vitro // Bulletin of Experimental Biology and
Medicine. — 2014. — Vol. 158, Nel. — P. 137—144.

26. Sato J.D., Kan M. Media for culture of mammalian cells //
Current Protocols in Cell Biology. — 2001. — P. 1.2. 1—1.2. 15.

27. Van der Valk J., Brunner D., De Smet K., Svenningsen E.F.,
Honegger P., Knudsen L.E., Lindl T., .Noraberg J., Price A., Scari-
no M.L., Gstraunthaler G. Optimization of chemically defined cell
culture media-replacing fetal bovine serum in mammalian in vitro
methods // Toxicology in vitro. — 2010. — Vol. 24, Ne4. —
P. 1053—1063.

28. Westerman K.A., Penvose A., Yang Z., Allen P.D., Vacan-
ti C.A. Adult muscle ‘stem’cells can be sustained in culture as free-flo-
ating myospheres // Experimental cell research. — 2010. — Vol. 316,
Nel2. — P. 1966—1976.

29. Yoshida S., Shimmura S., Shimazaki J., Shinozaki N., Tsubo-
ta K. Serum-free spheroid culture of mouse corneal keratocytes // In-
vestigative ophthalmology & visual science. — 2005. — Vol. 46, Ne5. —
P. 1653—1658.

30. Zheng X., Baker H., Hancock W.S., Fawaz F., McCaman M.,
Pungor E. Proteomic analysis for the assessment of different lots of fe-
tal bovine serum as a raw material for cell culture. Part IV. Application
of proteomics to the manufacture of biological drugs // Biotechnology
progress. — 2006. — Vol. 22, Ne5. — P. 1294—1300.

[Tlocmynuaa 06.03.2015

Cnucok JuTepaTypbl

1. Gorkun A.A., Saburina I.N., Kosheleva N.V., Zurina I.M., Pu-
lin A.A., Shagidulin M.Ju., Onishhenko N.A., Repin V.S. Jendotelial'-
nye progenitornye kletki v mezenhimosferoidah pupochnogo kanatika
i ih uchastie v processah angiogeneza i vaskulogeneza pri ostroj peche-
nochnoj nedostatochnosti // Patologicheskaja fiziologija. — 2012. —
Ne4. — S. 50—43.

2. Zurina I.M., Kosheleva N.V., Gorkun A.A., Saburina I.N.
Izuchenie formirovanija mezenosferoidov iz somaticheskih kletok che-
loveka // Ontogenez. — 2013. — T. 44, Ned. — S. 226—227.

3. Kolokol'cova T.D., Saburina I.N., Rybakov A.S. Kul'tura kletok
kak unikal'naja model' dlja issledovanija v sovremennoj biologii i medi-
cine // Patogenez. — 2013. — T. 11, Ne2. — S. 17—25.

4. Maljugin B.Je., Borzenok S.A., Komah Ju.A., Arbuhano-
va P.M., Zheltonozhko A.A., Saburina I.N., Kolokol'cova T.D., Zuri-
na [.M., Agapov L.I., Bogush V.G., Davydova L.I. Sovremennye voz-
mozhnosti kletochnyh tehnologij v konstruirovanii biologicheskogo
jekvivalenta iskusstvennoj rogovicy // Bjulleten' SO RAMN. — 2014.
— T. 34, No5. — S. 43—47.

5. Maljugin B.Je., Borzenok S.A., Saburina [.N., Repin V.S., Kos-
heleva N.V., Kolokol'cova T.D., Zurina I.M., Komah Ju.A., Zhelto-
nozhko A.A., Popov I.A., Davydova L.I., Bogush V.G., Agapov L.I.
Razrabotka bioinzhenernoj konstrukcii iskusstvennoj rogovicy na os-
nove plenochnogo matriksa iz spidroina i kul'tivirovannyh kletok lim-
bal'noj zony glaznogo jabloka // Oftal'mohirurgija. — 2013. — Ne4. —
S. 89—97.

6. Saburina I.N., Gorkun A.A., Kosheleva N.V., Semenova M.L.,
Pulin A.A., Repin V.S. Sopostavlenie povedenija stromal'nyh kletok
pupochnogo kanatika i mul'tipotentnyh stromal'nyh kletok vzroslogo
kostnogo mozga v 2-D- I 3-D-kul'ture: modelirovanie stromal'noj re-
generacii // Vestnik novyh medicinskih tehnologij. — 2009. — T. 16,
Ne4. — S. 9—11.

7. Saburina I.N., Repin V.S. 3D-kul'tiirovanie: ot otdel'nyh kletok
k regeneracionnoj tkani (k voprosu o fenomene jepitelio-mezenhimal'-
noj plastichnosti) // Kletochnaja transplantologija i tkanevaja inzhene-
rija. — 2010. — T. 5, Ne2. — S. 75—86.8. Agata H., Watanabe N., Is-
hii Y., Kubo N., Ohshima S., Yamazaki M., Tojo A., Kagami H. Fea-
sibility and efficacy of bone tissue engineering using human bone mar-
row stromal cells cultivated in serum-free conditions // Biochemical
and Biophysical Research Communications. — 2009. — Vol. 382, No2.
— P. 353—358.

9. Ahmed N., Iu J., Brown C.E., Taylor D.W., Kandel R.A. Se-
rum-and growth-factor-free three-dimensional culture system sup-
ports cartilage tissue formation by promoting collagen synthesis via
Sox9-Col2al interaction // Tissue Engineering Part A. — 2014. —
Vol. 20, Ne15—16. — P. 2224—2233.

10. Antoni D., Burckel H., Josset E., Noel G. Three-dimensional
cell culture: a breakthrough in vivo // Int. J. Mol. Sci. — 2015. —
Vol. 16. — P. 5517—5527.

11. Barnes D., Sato G. Serum-free cell culture: a unifying appro-
ach // Cell. — 1980. — Vol. 22. — P. 649—655.

12. Cardoso T.C., Ferrari H.F., Garcia A.F., Novais J.B., Sil-
va-Frade C., Ferrarezi M.C., Andrade A.L., Gameiro R. Isolation and
characterization of Wharton’s jelly-derived multipotent mesenchymal
stromal cells obtained from bovine umbilical cord and maintained in a
defined serum-free three-dimensional system // BMC biotechnology.
— 2012. — Vol. 12, Nel. — P. 18.

13. Chen H.F., Kuo H.C., Chien C.L., Shun C.T., Yao Y.L.,
Ip P.L., Chuang C.Y., Wang C.C., Yang Y.S., Ho, H.N. Derivation,
characterization and differentiation of human embryonic stem cells:
comparing serum-containing versus serum-free media and evidence of
germ cell differentiation // Human Reproduction. — 2007. — Vol. 22,
No2. — C. 567—577.

14. Dromard C., Bourin P., Andre M., De Barros S., Casteilla L.,
Planat-Benard V. Human adipose derived stroma/stem cells grow in
serum-free medium as floating spheres // Experimental cell research.
— 2011. — Vol. 317, Ne6. — P. 770—780.

15. Dziasko M.A., Tuft S.J., Daniels J.T. Limbal melanocytes sup-
port limbal epithelial stem cells in 2D and 3D microenvironments //
Experimental eye research. — 2015. — Vol. 138. — P. 70—79.

16. Grinnell F., Feld M.K. Initial adhesion of human fibroblasts in
serum-free medium: possible role of secreted fibronectin // Cell. —
1979. — Vol. 17, Nel. — P. 117—129.

17. Jung K.M., Lee S.H., Ryu Y.H., Jang W.H., Jung H.S.,
Han J.H., Seok S.H., Park J.H., Son Y., Park Y.H., Lim K.M. A new
3D reconstituted human corneal epithelium model as an alternative

10

NATOTEHE3. — 2015. — T. 13, Ne2



method for the eye irritation test // Toxicology in Vitro. — 2011. —
Vol. 25, Nel. — P. 403—410.

18. Okere B., Alviano F., Cost, R., Quaglino D., Ricci F., Domi-
nici M., Paulocci P., Bonsi L., Tughetti L. In vitro differentiation of
human amniotic epithelial cells into insulin-producing 3D spheroids //
International Journal of Immunopathology and Pharmacology. —
2015. — P. 0394632015588439.

19. Koller M.R., Maher R.J., Manchel 1., Oxender M.,
Smith A.K. Alternatives to animal sera for human bone marrow cell
expansion: human serum and serum-free media // Journal of hematot-
herapy. — 1998. — Vol. 7, Ne5. — P. 413—423.

20. Malpeli M., Randazzo N., Cancedda R., Dozin B. Serum-free
growth medium sustains commitment of human articular chondrocyte
through maintenance of Sox9 expression // Tissue engineering. —
2004. — Vol. 10, Ne1—2. — P. 145—155.

21. Mariappan 1., Kacham S., Purushotham J., Maddileti S., Si-
amwala J., Sangwan V.S. Spatial Distribution of Niche and Stem Cells
in Ex Vivo Human Limbal Cultures // Stem cells translational medici-
ne. — 2014. — P. sctm. 2014—0120.

22. Massie 1., Kureshi A.K., Schrade S., Shortt A.J., Daniels J.T.
Optimization of optical and mechanical properties of Real Architectu-
re for 3-Dimensional Tissue equivalents: Towards treatment of limbal
epithelial stem cell deficiency // Acta biomaterialia. — 2015.

23. Mei H., Gonzalez S., Nakatsu M.N., Baclagon E.R., Lo-
pes V.S., Williams D.S., Deng S.X. A three-dimensional culture met-
hod to expand limbal stem/progenitor cells // Tissue Engineering
Part C: Methods. — 2013. — Vol. 20, Ne5. — P. 393—400.

24. Nakatsu M.N., Gonzalez S., Mei H., Deng S.X. Human Lim-
bal Mesenchymal Cells Support the Growth of Human Corneal Epit-

helial Stem/Progenitor Cells // Investigative ophthalmology & visual
science. — 2014. — Vol. 55, Ne10. — P. 6953.

25. Repin V.S., Saburina I.N., Kosheleva N.V., Gorkun A.A., Zu-
rina I.M., Kubatiev A.A. 3D-technology of the formation and mainte-
nance of single dormant microspheres from 2000 human somatic cells
and their reactivation in vitro // Bulletin of Experimental Biology and
Medicine. — 2014. — Vol. 158, Nel. — P. 137—144.

26. Sato J.D., Kan M. Media for culture of mammalian cells //
Current Protocols in Cell Biology. — 2001. — P. 1.2. 1—1.2. 15.

27. Van der Valk J., Brunner D., De Smet K., Svenningsen E.F.,
Honegger P., Knudsen L.E., Lindl T., .Noraberg J., Price A., Scari-
no M.L., Gstraunthaler G. Optimization of chemically defined cell cul-
ture media-replacing fetal bovine serum in mammalian in vitro methods
// Toxicology in vitro. — 2010. — Vol. 24, Ne4. — P. 1053—1063.

28. Westerman K.A., Penvose A., Yang Z., Allen P.D., Vacan-
ti C.A. Adult muscle ‘stem’cells can be sustained in culture as free-flo-
ating myospheres // Experimental cell research. — 2010. — Vol. 316,
Nel12. — P. 1966—1976.

29. Yoshida S., Shimmura S., Shimazaki J., Shinozaki N., Tsubo-
ta K. Serum-free spheroid culture of mouse corneal keratocytes // In-
vestigative ophthalmology & visual science. — 2005. — Vol. 46, No5. —
P. 1653—1658.

30. Zheng X., Baker H., Hancock W.S., Fawaz F., McCaman M.,
Pungor E. Proteomic analysis for the assessment of different lots of fe-
tal bovine serum as a raw material for cell culture. Part IV. Application
of proteomics to the manufacture of biological drugs // Biotechnology
progress. — 2006. — Vol. 22, Ne5. — P. 1294—1300.

Ilocmynuna 06.03.2015

The impact of fetal bovine serum
on formation of spheroids from eye stromal limbal cells

Kosheleva N.V."3, Zurina I.M.", Saburina I.N."2, Gorkun A.A.",
Kolokoltsova T.D."?, Borzenok S.A.#, Repin V.S."2*

1
2
3
4

E-mail: n_kosheleva@mail.ru

— FSBSI «Institute of general pathology and pathophysiology», 8, Baltiyskaya st., 125315, Moscow, Russia

— Russian Medical Academy of Postgaduate Education, 2/1, Barrikadnaya st., 123995, Moscow, Russia

— Faculty of Biology, Lomonosov Moscow State University, 119234, 1, pp. 12, Leninskiye gori, Moscow, Russia
— Fyodorov Eye Microsurgery Complex FSBI, 59a, Beskudnikovsky boulevard, 127486, Moscow, Russia

Widely used 3D culture technique, which allows obtaining cellular spheroids, opens up new opportunities for
modelling and studying pathological conditions, including ophthalmological ones, studying cellular characteristics
and behavior in environment close to in vivo conditions. Limbal zone is considered to be the main source of eye
stem cells for cornea regeneration under both normal and pathological conditions. Limbal multipotent
mesenchymal stromal cells that are the derivative of neural crest have a wide potential for differentiation and re-
generation. One of the up-to-date requirements for cell cultures, especially in clinical practice, is the use of se-
rum-free media. The current article is concerned with studying formation of cellular spheroids from primary
L-MMSC cell culture in growth media containing different concentrations of fetal bovine serum (FBS). We showed
that both in serum-free and serum-containing (1% and 10%) media cells formed viable spheroids by the 71" day. In
serum-free medium spheroids’ surface was performed with round cells, whereas addition of different concentra-
tions of serum resulted in formation of tegular surface layer. In the media containing serum the inner cells of
spheroids synthesized intercellular matrix, with the greater amount of matrix after culturing in medium with 10% of

FBS.

Key words: 3D culture, cellular spheroids, limbal multipotent mesenchymal stromal cells, fetal bovine serum,

serum-free medium
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