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IMIpukperuieHHbBIE K TTOAJIOXKE KIIETKH, BRIpallleHHbIE B AByXMepHOI (2D) M cycIieH3MOHHOM KYIbType,
HEe MOT'YT TOYHO BOCHPOM3BECTH CYIISCTBYIOIIME B TKAHSIX M OpraHax MeXKJIETOYHbIC B3aMOICIICTBUSI.
Cdepounsl, siBisisic TpexmepHbIMU (3D) o6paszoBaHusIMU, 6oJiee TOYHO BOCITIPOU3BOIST CTPYKTYPY Opra-
HOB WJIX HOBOOOpa30BaHMUI ¥ IEMOHCTPHUPYIOT HOBBIIIEHHYIO IO CpaBHEHUIO ¢ 2D-KyJIbTypaMu BEKMBa -
€MOCTb, COOTBETCTBYIOIIYIO MOP(OJIOTUIO U TMITOKCUYECKOE SIAPO, KOTOpOe HaOII01aeTCsl B HATUBHBIX
onyxoJisix in vivo. Cheponabl OIyXOJeBhIX KJIETOK TaKXKe SIBJISIOTCS MOIEJISIMU IIpoliecca MeTacTa3upoBa-
HUSI, TTOBTOMY B HacTosiiee BpeMsi chepOouabl ITUPOKO UCTIONIb3YIOT IS TECTUPOBAHUSI HOBBIX TTPOTUBO-
OIIYXOJIEBBIX ITpenapaToB. OQHAKO NoJdydYeHre U IIpuMeHeHne 3D-KyIbTyp MOXeT ObITh CONPSIKEHO C psi-
JIOM TPYIHOCTEM, TaKMX KaK MOTPEOHOCTh B TOPOTOCTOSIIIUX peareHTax U 00OpylTOoBaHUM, HU3KAsT CKO-
pocTh hopMHUpoOBaHUs ChepOUIOB HEOOXOIMMOIO pa3Mepa 1 BOSHUKHOBEHUE TOJTOCPOYHBIX M3MEHEHUI
B KJIETOYHOM MeTaboiM3Me, KOTOPbIe 3aBUCIT OT METOIUK, UCITOJb3YyeMBbIX ISl TTOJIydeHUsT cheporIoB.
Hamwu 6b110 06HapyKeHO, YTO MHKYOMPOBAHME OITyXOJIEBbIX 1 HOPMAaJIbHBIX KJIETOK B IIPUCYTCTBUM HETOK-
CUYHBIX TSI KJIETOK MOJIUMEPOB 2, 5-TUTUIPpOKCUOeH30MHOI KcnoThl (monu-2,5-JAT'bK) cmocoono nHay-
mupoBath popmupoBanue 3D-cTpykTyp. Ha ocHoBaHMu 06HapykeHHOTOo 3(hdeKTa ObLT pa3paboTaH HOBBII
croco0 GeIcTporo mmoydeHus 3D-KynsTyp, He TpeOyIOIMii MCITOIb30BaHS JOITOTHUTEIEHOIO 000pyIOBa-
HUSI, TOPOTOCTOSIIINX PEAKTUBOB M HE OKAa3bIBAIOIINI TOJITOBPEMEHHOTO BJIMSTHUS Ha KJIETOYHBII TOMEeOCTa3s.
Cdepounpl, roydyeHHbIE 110 pa3pabOTaHHON METOMUKE, MPENCTABISIIOT CO00i Moaenu 3D-cTpyKTyp 1 MO-
TyT OBITH MCHOJb30BaHBI IJIsI OMOJOTMYECKUX UCCASIOBAHNMN MEXKISCTOYHBIX B3aMOACUCTBUIL U CKPU-
HUHTa hapMaleBTUYECKUX MTPerapaToB.

Karoueswie crosa: 3D-kyavmyput, cihepoudst, papmaxoroeuueckuil CKpUHUHe, Kya1bmypbl KAeMOK, AUZHUHO-
nodobOHble noaumepsl, NoaUMepbl 2, 5-0ucudpoKcUbeH30HUHOU KUCAOMbL
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BBEAJEHUWE

KynbTypbl KJI€TOK MJIEKOIMUTAIOIINX UCIIONB3YIOT
JUISI CKPMHMHTA JIEKAaPCTBEHHBIX CPEICTB, MCCIIEN0-
BaHWIT HOBOOOpa30BaHMWU, TKAHEBOM WHXXEHEPUM,
MOJAEIMPOBAaHUS IIPOLIECCOB METacTa3MpPOBaHUSI,
aHaim3a (pYHKIMI FeHOB M aHaIM3a MEXKIJIETOUHBIX
B3amMmoneicTeuit [1—4]. 3a BpeMs MCIOJIL30BaHUS
KJIETOUHBIX KYJIETYP B 1a00OpaTOPHOM MpaKTUKE ObI-
JIO OOHapy>XeHO, YTO KJIETKHU, BBbIpallleHHbIE KakK
TpexMepHble CTpYKTyphol (3D, chepounnl), obecrie-

YUBalOT 6oJiee JOCTOBEPHBIE JAHHbBIEC IJISI U3YyYECHUS
KJIETOYHOTO TOMEOCTa3a W KIMHUYECKMX MCIThITA-
HUI1, 4eM KJIeTKM, KyJIbTUBHUpPYEMbIe B MOHOCIIOE.
Poct xiteTok B 3D-KynbType obecreumnBaeT BO3MOXK-
HOCTh KJIETOK B3aMMOJIEMCTBOBATh KaK MEXIY CO-
601, TaK 1 C BHEKJIETOYHBIM MaTPUKCOM. DTH B3au-
MoJieiicTBUSI 60JIee TOYHO UMUTHUPYIOT CpeNy in vivo n
MO3BOJISIOT MOJYYUTh OOJiee TOYHBIC JaHHbIE, TPU-
OMIKEHHbBIE K YCJIOBUSIM OpraHU3Ma, YTO 0CO00 3Ha-
YUMO IIJISI TIPOBEACHUST TECTOB JJISI CKPUHMHTA HOBBIX
nekapctB [5]. Cheponabl MCIOIB3YIOT KaK MOIETh
HOBOOOpPAa30BaHUIA U U3y4YeHUS] MEXaHU3MOB pe3U-
CTEHTHOCTH K JIEKAPCTBEHHBIM CPEICTBAM, KOTOpas
MOXET OBITh 00YCIOBJIeHA MEKKIICTOUHBIMU B3aMO-

Cokpaiienust: RTKs — penientopHbie THPO3MHKUHA3KI (recep-
tor tyrosine kinases); MMCK — MyJIbTUNIOTEHTHBIE ME3CHXU-
MaJibHbI€ KJIETKU CTPOMBI KOCTHOTrO Mo3ra; noiu-2,5-AT'BK —
TMOJUMEPHI 2,5- TUTUIPOKCUOECH30MMHOM KMUCIOTHI.

#ABTOpbl ISt CBsi3u: (TedL.: +7 (999) 963-15-47; +7 (929) 913-27-56;
971, TouTa: gleb.8.ristsoff@gmail.com, mzemskova@ibpm.pushchino.ru).
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Puc. 1. (a) — Cxema cunTesa nmomumeposB 2,5-AT'BK o
BO3/eiCTBMEM JIaKKa3bl, BblAeJIeHHONH u3 rpubda Tra-
metes versicolor. CneBa mnpencraBjieHa CTPYKTypHast
dopmysia MoHomepa — 2,5-JI''BK, cnpaBa — dparmeHTt
MOJIMMEPHO MaKpOMOJIEKYJIbI, TTOJy4aeMOil B pe3yiib-
TaTe OKUCJIEHUSI MOHOMEpOB; (6) — pe3ylbTaT TIejb-
¢unprpauuu noau-2,5-JIFbK Ha kKoiaoHKe ¢ HocuTte-
siem Superdex 200. V) — “mycToit” 06beM KOJIOHKH, V; —

MOJIHBIIT 00BEM KOJIOHKM. MapKepbl MOJEKYJISIPHOMN
Macchl: 1 — katanasa (230 k/a), 2 — amuiaza (200 k/1a),
3 — ankoronbaeruaporeHasa (150 x/1a), 4 — rekcoknHa-
3a (100 kda), 5 — ObIYMII CHIBOPOTOUHBIN aJIbLOYMUH

(67 xlla), 6 — pubonykieasa (14 k/1a).

MOKOSIIINXCS KJIETOK, MOAYJISILIACH SKCIIpecCun Ge-
KOB (BKJIIOUYAsI TOIOM30MEPa3bl 1 perrapaTuBHbIE ep-
MEHTHI), CHIDKEHUEM IPOHUIIAeMOCTHU [IJIsl IIpernapa-
TOB U HAJTMYUSIMU TUTTIOKCUYECKOTO Y HEKPOTUYECKOTO
1eHTpoB [6]. TakuM 0Opa3oM KJIeTOYHbIE OTBEThHI Ha
BoszeiicTBre (hapMaKOJIOTMYECKUX IPETNapaToB 3HAYM -
TEBHO PA3IMYAIOTCS JIJISI OMHOTO M TOTO K& TUIIA KJle-
TOK, BEIpalIeHHBIX B 2D- i 3D-kynerypax. OueBn-
HO, 4TO UCITOJIb30BaHUEe C(DEPOUIOB B MOACTIMPOBAHUI
pocTa OIyXoJieii IJIsT M3y4eHUs] CUTHAJIBHBIX TTyTei U
MEKKJIETOYHBIX B3aMMOICUCTBUIA TTO3BOJISIET ONTUMM--
3MpPOBATh JIeUeHUE U 00eCIIieunBaeT ITOHUMAaHe MeXa-
HU3MOB DPa3BUTUS YCTOMUMBOCTH K JIEKAPCTBEHHBIM
npenaparaMm [7—10]. B HacTostiiee BpeMst ccheponmnl
WHTEHCUBHO MCITONBL3YIOT B IDIaTopMax Ijisd CKpU-
HWHTA HOBBIX MegnkaMeHTOB [11—13]. Chepounnr —
aJIbTepHATHUBA MOJIEJISIM JIAOOPATOPHBIX SKUBOTHBIX B
nccaeToBaHUSX paka [14], a Takske BO3MOXHBIN Ma-
TepuaJl ISl UCTIOJIb30BaHMSI B TKAHEBOI MHXKEHEPUU
IIJISE PEKOHCTPYKLIMU OpraHoB U TKaHeii [15, 16].

CylecTByeT HECKOIBKO ITOAXOA0B K BhIpalllBa-
HUIO cHeponIoB, TAKMX KaK METOM, IPEAOTBpaIlleHUS
npukperuieHus [17—19], meron “Bucsyeit Karuim”
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[20—23], mpouenypsl, OCHOBAaHHBIE Ha IIEpPEMEIIIBA-
HUM CYCIIEH3UU KJIETOK [24—26], MCnoab30BaHUU
MaTpukca [27—32] nian UICKyCCTBEHHO CKOHCTPYHUPO-
BaHHBIX KapkacoB [33, 34]. OmHako B HacTosIIee
BpeMsi MHOTHME METOOWKM co3maHus 3D-KymbTyp
KJIETOK JIM0O moporue u tpynoemkue [19, 23], 1m6o
CIIOCOOHBI BIMSITh Ha XKU3HEIEATSIIBHOCTD MCITOJb-
3YeMBIX KJIETOK W3-3a TIPUMEHEHUS OMOJIOTHYECKU
aKTUBHBIX areHTOB [31—34].

HMccnenysa sH3MMaTUYeCKOE OKMCIeHUE (DeHOJb-
HBIX MOHOMEPOB T€eHTU3MHOBOM K1CIOTHI (2,5-1T'BK)
1 OMOJIOTMYECKUX CBOMCTB MOJyYEHHBIX B Pe3yJibTa-
Te 9TOM peakuuu nojaumMmepos (rmonu-2,5-AT'bK), Mb1
OMpPEeeISUIN LIUTOTOKCUYHOCTD PA3JIMUHBIX KOHIIEH-
tpaumii momumepon (0—100 MKT/MJT) ISt pa3IUnIHBIX
TUTIOB KJIETOK. BBIJIO OOHApy:KeHO, YTO MCCIeaye-
MbI€ BeIleCTBa He 00JIagaloT TOKCUYECKMMU CBOI-
ctBamu. Ha ocHoBaHMM 3TOro OBLIO PeIlleHO IMPOBe-
CTH CEpPUIO ONBITOB C MCIIOJb30BAHMEM ITOBBIIICH-
HOM KoHLeHTpanuu nojau-2,5-JII'bK — 200 Mxr/mi1.
bruto oOHapy:keHo, 4To 00padoTKa KyITETUBUPYEMBIX
KJIeTOK 4denoBeka nmoim-2,5-IIBK B xoHlIeHTpaummn
200 MKT/MJI TIPUBOAUT K II€PEXOAY KJIETOUHOMN KyJIb-
TypHsI B 3D-dpopmy. CneayeT OTMETUTD, UTO TTOJTyICH-
HbI€ HAMU TIOJIMMEPHI — 3TO MPOAYKThI ITOJTUKOHIECH-
cauumu 2,5-AI'BK (puc. la), xoTopble CTPYKTYpHO
CXOXKH C BEIIeCTBaMM M3 IPYIIIbI JUTHUHOB, OTHAKO, B
OTJIMYKE OT MPUPOMHBIX JUTHUHOB, UMEIOT IIOCTOSIH-
HBI COCTaB, OIpenelIieMbIi YCIOBUSIMH CUHTe3a [35].

Ha ocHoBaHMM 0OHApyXeHHBIX CBONCTB MOJIMe-
pPOB M YUYUTHIBAsI BbILIEIIEPEUYUCICHHBIE TPYIHOCTHU
MPUMEHEHUS Pa3IMYHBIX TeXHOJIOTUit (hopMUpOBa-
Hust 3D-KyabTyp, OblIa TTOCTaBlieHa 1IeJb pa3pabo-
TaTb METOAMKY OBICTPOTO TOJIydeHUs C(HEPOUIOB U3
OITYXOJIEBBIX U/UJW HOPMAaJbHBIX KJIETOK MJIEKOIM-
TalOIIMX, KOTOPbIE MOTYT COXPaHSITh CBOKCTBA pOCTa
B 3D-KynbTypax B TeUeHHUE IJIUTEIBHOTO BpEMEHU.

PE3VIJIBTATHI U ObCYXIEHUWE

Cunre3 nom-2,5-II'BK. Kak HamMu ObU1o 0OHAa-
pyXeHo paHee, okucieHue 2,5-JII'BK mon Bo3neii-
CTBHEM JIaKKa3bl TPUBOJUT K 00Pa30BaHUIO BOJIOHE-
pacTBOPUMOIO Ocajika, OAHAKO TPU 3TOM MOXHO
ObLJIO CUHTE3UPOBATh MOJUMEPbI, PACTBOPUMbIE B
BOJIE, MOCPEICTBOM OKUCIIUTENIbHOI conoiuMepu3a-
muu 2,5-JITBK ¢ xematunoM [35]. I1pu okucneHuun
20 MM 2,5-JI'BK 1101 Bo3neiicTBUeM JIaKKashbl B
KOHILIeHTpauuu 3—7 el./MJI IIPOUCXOINIIO 00pa3oBa-
HY€ BOIOHEePaCTBOPUMOTIO OCaJKa Cepo-3eJIeHOBAaTO-
ro useta. OQHAKO MPU UCHOJB30BAHUM JIaKKa3bl B
koiuuyecTBe oT 10 en./MJ1 peaklIMOHHAsI CMECh MpPU-
oOpeTaja TEeMHO-KOPUYHEBBII OKpac, U 00pa30BbI-
BaJiOCh HEOOJIbIIIOE KOJMYECTBO YEPHOIo OcCaaka.
IMocne ynaneHusi ocanka LUEHTPUDYTUPOBAHUEM U
Ne 1
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HU3KOMOJIEKYJIIPHBIX KOMITIOHEHTOB pPeaKILIMOHHO
CMECH C TIOMOIIIbIO T1ain3a ObLIO IIPOBEASHO HCCIIe-
JIOBaHUE MOJIEKYJSIPHO-MACCOBOTO pacrhpeaeeHUs
o0Opa3ia METOIOM Irefib-(PUIIbTPALIM HA KOJIOHKE C HO-
cutesieM Superdex 200. Dol mperapaTa ¢ KOJJOHKHA
MPOUCXOINIIA OMHUM MUKOM, YTO YKA3bIBAET HA MOJIe-
KyJIIpHYIO TOMOTeHHOCTb TIpernapara (puc. 16). Moite-
KyJIsipHast Macca obpa3siia cocrapisiia 15—20 ka. 3a-
TeM IVAaJIN30BaHHbIH MperapaT BbICYIIMBAJIU MO Ba-
KYyMOM U HWCHOJb30BaJId B HaJIbHEMHIIeil padorte.
Bo3MoxxHO, 4TO 0Opa3zoBaHNE BOIOPACTOBOPUMBIX
nonu-2,5-AI'bK c¢Bsi3aHO ¢ aKTUBHOCTBIO JIAKKAa3HI,
T.€. TION BO3IEMCTBMEM OOJIBIIIETO KOJIMUecTBa dep-
MeHTa oOpasyiomnecs moaumepsl 2,5-AT'BK mon-
BEpraloTcs BTOPpUYHOMY OKMCJIEHUIO U pasjiaraloTcs
10 60J1ee HU3KOMOJIEKYISIPHBIX (DPAarMeHTOB.

IMomumepst 2,5-AT'BK ungynupyior ¢opmuposa-
Hue cepouIoB KJIETOK YejoBeKka. B pesynbrare naH-
HOTO MCCJIeMOBaHUS ObLIU MOJYyYeHbl chepoubl U3
HECKOJIbKMX TMIIOB KJIETOK, BKJIIOUYAIOIINX KaK OMy-
XOJIeBbI€, TaK U KJIIETKM ITIEPBUYHBIX KYJIBTYp YeI0BE-
Ka. Takke Mbl U3y9MJIM BO3MOXHOCTh (pOpMHpPOBa-
HUSI CMEIIaHHbIX C(hepona0B, BKIIOYAIOIINX B ce0s
SIUTENATbHBIE KJIeTKU U (PUOPoOIACThl CTPOMBI
MpeacTaTeJIbHOM XKeae3Hhl.

B0 moka3aHo, 4YTO BCe KJIETOUHBIE JIMHUM, VIC-
MoJib3yeMble B TaHHOM HCCJeA0BaHUM, KaK UMMOP-
TaJIM30BAaHHbBIE OITyXOJIEBbIE KYJIbTYpPhI, TaK U TIep-
BUYHbBIE Ki1eTK1 Me3eHxuMbl (MMCK) u pubpobia-
CTBI CTPOMBI TIPEOCTATEIbLHOM XKeJie3bl, CITIOCOOHBI
¢dopmupoBath 3D-CTpyKTypbl B IPUCYTCTBUU MO~
2,5-ITBK (puc. 2). IIpu atom pazmep, opma WiIn
CKOPOCTb pocTa cheporIoB pas3IndaloTCs IS KaxK-
noro Tuna kjaetok. Hanpumep, kinetku auHuii PC3
(puc. 26) u MDA-MB-453 (puc. 23) dhopMUpPYIOT
CJIa0OKOMITaKTU3UPOBaHHBIE c(epOUuabl, Ha3hIBac-
Mble “BUHOrpamHas rposnb” [36]. Jiasg ocTaabHBIX
KJIETOYHBIX JJUHUM MOKAa3aHO, YTO KJIETKU MOJ BO3-
neiictBueM nosau-2,5-JI'BK nepBoHavyanbHO opra-
HU30BaHbl B PBIXJIble arperarsl (puc. 3a), KOTOphie
py JajdbHeUIIeM KyJIbTUBUPOBAHUU B IIPUCYTCTBUU
noavMmepa TpaHCHOPMUPYIOTCS B O0Opa3oBaHUS U3
IJIOTHO COEOMHEHHEIX KJIETOK (puc. 2a, 26, 2e—oc,
2u, 2k, puc. 36), Kak 3TO XapaKTepHO 11l c(pepouioB
[37, 38]. CiiemyeT OTMETUTB, UTO MOPQOJIOTUSI Chepor-
JIOB C Pa3IMYHOM CTENEHbIO KOMITAKTU3aIUU, HaOIIO-
JaeMast 1l pa3HbIX KJIETOYHBIX JJUHUI, HE CBSI3aHa CO
cpoiictBamu 1om-2,5-JITBK. Panee mpu npumeHe-
HUU JIPYyTUX MOOXomoB ¢opmupoBaHust 3D-CcTpyKTyp
TaKXe OTMedallach pasinyHas Mopdonorus chepou-
JIOB, T.€. OpraHu3alusl KJIeTOK B cocTaBe cdhepouaa
Mo TUIY “BMHOTpamHoM rpo3mu” st auHuii PC3
[39] 1y MDA-MB-453 [40] u oOpa3oBaHMe KOMITaKT-
HBIX cpepounoB kimerkamu auHuit LNCaP [41],
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Puc. 2. Chepounpl, chopMupoBaHHBIC B IIPUCYTCTBUU
200 mkr/ma nonu-2,5-ATBK, u3 pasanyHbIX KIeTO4-
HBIX JIUHUM, OJIyYeHHBIE C UCTIOJIb30BAHMEM BapruaHTa
1 metonuku (cMm. “DkcriepuM. dacth”). (a) — LNCaP
(kneTku paka mpocTtathl); (6) — DU145 (kieTrku paka
npocTtathl); (6) — PC3 (xieTku paka mpocTarsl); (e) —
T24 (xyeTku paka MO4YeBOTO ITy3bips); (d) — MDA-MB-
231 (knetku paka rpyau); (e¢) — MCF7 (kierku paka
rpyan); (ac) — BT474 (xietku paka rpyau); (3) — MDA-
MB-453 (kyieTku paka rpyam); (#) — KJIETKY IEpBUIHOMN
KyJAbTypbl (UOpoOIACTOB UYesoBeKa, MOJYYSHHBIX U3
CTPOMBI MTpencTaTeNbHoit XKenessl; (k) — MMCK (cTtBo-
JIOBBIE KJIETKU 4YeyioBeka). MukpodoTtorpaduu cuena-
HBI C UCTTONIb30BaHUeM 20X yBeTMYCHUS.
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Puc. 3. Chepounsl, chopMupoBaHHbIE U3 IEPBUYHOM KYJIbTYPbI (UOPOOIACTOB YeOBeKa, MOTYUYEHHBIX U3 CTPOMBI MPEI-
cTaTeabHOM XeJe3bl, Ha pa3HbIX aTanax pocra. st popmupoBaHus chepouaoB UCIOIb30BaIU BApUAHT | METOAUKU (CM.
“OkenepuM. yacth”). (a) — Kietku ¢ubpobaactoB uesioBeka yepes 24 4 nocie nodasneHus noiau-2,5-ACBK (200 mxr/mi).
CTpesikoit oTMeueHBbI pbIxJible 3D-CTPYKTYypBhI, ellle He MPOIIeAINe CTaaNI0 KOMITaKTu3auuu; (6) — cpepounsl pudbpobdia-
CTOB YesioBeKa, pactyiue B mpucyrcrsun 200 mxr/mi monu-2,5-ATBK, uepes 72 4 mociie no6aBieHUs OJUMEPOB B CyC-
MEH3UIO KJIETOK; (8) — chepounbl puOpPoOIIaCTOB YeI0BeKa, MHKYOUpOBaHHbBIEC B TeueHUEe 340 4 B Heaare3uBHbBIX (p1akoHaXx,
nocne ynanenus noau-2,5-ATBK; (¢) — chepoun pudbpob6iacToB yesoBeka yepes 24 4 nocie ynaneHus noau-2,5-ANBK u
nepeHoca B KyJIbTypalibHbIi (hJIAKOH C aAre3uBHbIM MOKpbITUeM. Chepou npu KyIbTUBUPOBAHUM Ha aAre3MBHOM MOKPbI-
TUU TIPUKPETUISIETCS K MOMIOXKKE, U KJIETKU HAYUHAIOT MUTpUpoBaTh n3 3D-cTpykTyphl. CTpenkoit oTMe4eHbl MUTPUPYIO-
mue KiaeTku. Mukpodororpadum cneaHbl ¢ UCHOIb30BaHUeM 20X yBeJTUUCHMUSI.

DU145 [41], T24 [42], MDA-MB-231 [43], MCF7
[44] u BT474 [45].

ITokazaHo, YTO MOJyYEHHbIE C TTOMOIIbLIO TTOJIU-
2,5-ATBK cdepouabl COXpaHSIIOT XapakKTePHYIO
3D-CTpyKTypy U IIPOJOIKAIOT YBEJIMYNBATHCS B pa3-
Mepax Kak B IpucyrctBum noiu-2,5-JATI'BK mpu
KYJbTUBUPOBAHNY B CTAaHAAPTHOM KyJbTypalbHOM
nocyne (puc. 36), Tak 1 mocJie yaajJeHUsl IIOJIUMepPOB
U mepeHoca ceponnoB Bo (GJIAKOHBI C Heaare3uB-
HBIM MOKpBITUEM (puc. 38). Takum 06pa3omM, MOXHO
cAeaaTh BBIBOM, YTO HAJIMYME B POCTOBOI cpefie Mo-
mm-2,5-IFBK He TOJbKO MHULIMUPYET MEXKIECTOU-
Hble B3aMMOJEHCTBUS, HEOOXOOMMBbIE IJI poOcCTa
KieToK B 3D-KynbpType, HO TakKe NMpegoTBpaliaeT
OpuKperieHne CcPOPMHUPOBAHHBIX CPepoumoB K
MOBEPXHOCTU KyJIbTypalibHO# mocynbl. I[ToCcKOIbKY
nobaByieHre HOBBIX KJIETOK B Mpollecce KyJIbTUBU-
poBaHUs chepor 0B HE MPOU3BOANIIN, MOXKHO Clie-
JIaTh BBIBOJ, O TOM, YTO YBEJIMYEHUE pa3MepOB 00y-
CJIOBJIEHO JIeJIeHUEM KJIETOK B cocTaBe cdepouna.

BUOOPTAHUYECKAA XUMMUA

CdopmupoBaHHbie chepouabl MOXHO YIEepXKUBATh
B HETIPMKPETUIEHHOM COCTOSTHUM KaK MUHHMYM IO
340 4 mocpencTBOM HX KyJIbTUBHPOBAaHUS 10O B
npucyrctBun noiau-2,5-AI'bK, mu6o B orcyrcTBUU
MOJMMEPOB, HO MPU 3TOM HEOOXOAUMO HCIIOJb30-
BaTh KyJbTYpPaJIbHYIO TIOCYIYy C HeEaare3MBHOI IIO-
BEPXHOCTHIO.

TToMmrMo HaOMIOASHUN 3a yBEIWYEHUEM pa3Mepa
chepounioB, YTO KOCBEHHO YKa3bIBaeT Ha ITpoaudepa-
U0 KJIETOK B mpucyrcrBum moiaun-2,5-JIIbK, onuta
WCCIIEMOBAHA CIIOCOOHOCTh chepora-00pasyIonmx
KJIETOK K MUTpanuu. st 3Toro chepomabl IIociie yaa-
JICHUSI TIOJIMMEPOB ObUIM TTOMENIEHbI B CTaHIAPTHbIE
KyJbTypajibHble (hJIAKOHBI C aAre3UBHOI MOBEPXHO-
ctblo. Yepes 24 4 HabogaIM npukpervieHue cepo-
UI0B K KYJIbTypaJIbHOM MOMJIOXKE M MUTPALIUS KJIIETOK
u3 coctaBa cepouna (puc. 3e). B xone BusyaabHOro
HaOIONEeHNs 3a pacIuiacThIBaHMEeM cdepona OBIIO
OTMEYEHO, YTO BCE MUTPHUPYIOIINE U3 Chepounaa KIIeT-
KM MIPUKPEIUICHBI K MOMIOXKe (puc. 32). DToT pakt
Ne 1
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KOCBEHHO CBUACTEILCTBYET 00 OTCYTCTBHM KIIETOY-
HO#t TMOE, TTOCKOIBbKY, KaK XapaKTepHO UIST BCEX
WICTTOJIb30BAHHBIX B JAaHHOM pabOTe KIIETOUHBIX KYITh-
TYp, B Cllydae MX TUOETN IIPOUCXOINT OTKpEIICHUE
KJIETOK OT KyJIBTYPaJIbHOTO TUTACTUKA U HAKOIIJICHUE
B KYJIbType “INIaBAIOIINX~ MEPTBBIX KIETOK.

HecmoTps Ha TO, 4TO OnuMChIBaeMble HAMU MTPoOIIe-
Iypbl mociie yaajmeHus: noau-2,5-JAT'bK BxmouaioT
MCMOJIb30BaHUE KYJIbTYpaJbHbIX EMKOCTEN C Heaare-
3UBHOI MOBEPXHOCTHIO, CTOUT OTMETUTb, UTO MPU-
MeHeHUe pa3paboTaHHO HaMU METOJMKU MO3BOJISIET
MOJIyYUTh KJIeTOUHbIe 3D-CTpyKTYphl U B Cllydasix, KO-
I1a KJIeTKU CIOCOOHBI MPOU3BECTU MPUKPEIUIEHUE K
Heaare3uBHOI oBepxHoctu. Hanpumep, Ha puc. 4a
MOXHO Ha0I10/1aTh, YTO TOJbKO YaCTh KJIE€TOK JUHUU
LNCaP, mocessHHBIX BO (bJIaKOHBI ¢ HeaAre3UBHBIM
MOKPBITUEM, TPUCTYNWJIA K (hOPMUPOBAHUIO cHEPO-
UIO0B, B TO BpeMsl Kak OoJiblllasi 4acTh MOIYJISILIUU
CMoTJia MPOU3BECTH MPUKpeTIIeHWe KO IHY ¢hiakoHa
M Ha4vaTh pocT B Buae 2D-KynbTyphl. Takke ciemyet
OTMETHUTh, UTO B 3TUX YCJIOBUSIX ChHEPOUIbI KIETOK
LNCaP e o6pasyior minotHbIX 3D-cTpykTyp. OnHa-
KO 32 TO e BpeMsi 00paboTKa CyCeH31U KJIETOK T10-
m-2,5-J1'BK nuanyumpyeTt oopa3zoBaHre KOMITAaKTH -
3MPOBAHHBIX ChepounaoB (puc. 46), UTO yKa3bIBaeT HA
MpEeuMYyIIEeCTBO pa3pabOTaHHOTO HAMU MeTo1a Tepe/
paHee ONMUCAHHBIM C UCHOJb30BaHMEM HeaJre3uB-
HBIX HOKPBITHUIA.

B pazpaboranHOI1 HAMI METOAVIKE MMHMMAIbHAS
KoHueHTpauus I1onu-2,5-JIFbK, HeobOxommmas mis
¢opmupoBaHus ceponnon, coctapisgeT 200 MKT/MIL.
Opnaxko xkinetku tnHum DU 145 crtoco6HBI hopMupo-
BaThb cpeponanl (II0 METOIMKE, OITMCAHHOM B Bapu-
anre 1, cM. “DKCIiepyM. 4acTh’) MpU KOHLIEHTPALIMU
nomu-2,5-AT'bK 140 mxr/mi. CiaemyeT OTMETUTD, YTO
TMaHHOE MICCIIeIOBaHNEe TIOCBSIIEHO MPUHIIUITHAIBHOMN
BO3MOXHOCTH McTonb3oBaHus Tomm-2,5-JIFBK  misa
WHIYKIIMA 00pa3oBaHMs 1 TajlbHEUIIIETo pocta cde-
pOMIOB, OMHAKO KOHIIEHTPAIIUN COCIMHEHUS MOTYT
BapbUPOBATHCS B 3aBUCMOCTH OT THUTIA KJIETOK.

WUcnoab3osanne nommmepos 2,5-JIFBK aas dop-
MUpoBaHusA 3D-CTPYKTYp U3 pa3IMUHbIX TUNOB KJIETOK.
g MomeIpoBaHUS KJIETOYHBIX B3aNMOICHCTBII B
CcOCTaBe OITyXoJIeil WU TKaHel MCIOIb3YIOT TaK Ha-
3pIBaEMbIe “TreTepoJIornYHbIe cheponnnl”, cpopmu-
pOBaHHbIC Pa3IMYHBIMUA TUIIAMU KJIeToK [46]. s
onpeneiieHuss a3 dexkTuBHoctu noiau-2,5-AI'BK B
bopMUpOBaHUU TETEPOTOTUIHBIX C(DEPOMNIOB TIEp-
BUYHBIE (DUOPOOIACTHI CTPOMBI IIPEACTATEIBHOM
JKeJIe3bl OBIIM OKpaIlleHbI TPYXXU3HEHHBIM (BIyo-
pecueHTHBIM KpacuteneMm Vibrant Cell Tracer
(Thermo Fisher Scientific, CIIIA) 1 cMemaHbI C
KYJBTYPO SMUTENNATbHBIX OITYXOJEBBIX KJIETOK
npocrtatel LNCaP (puc. 5a, 56). lobaBieHue K cMe-
IIaHHBIM KyJabTypam Tionu-2,5-JIFBK mpuseno k
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Puc. 4. Kitetku LNCaP (kyieTku paka IpocTarthbl), UH-
KyGUpOBaHHbIC B TeueHUE 96 U B yCIOBUSIX, MPEIOTBpa-
mamiumx aare3uto kietok. (a) — Kiaerku LNCaP, un-
KyGUpOBaHHBIC B TeUeHUE 96 U B HeaAre3WBHBIX (I1ako-
Hax ©6e3 pobGamiaeHust mnoaun-2,5-JIFBK. Crpenkoit
OTMEYEeHbl HEKOMMaKTU3UPOBaHHbIE 3D-CTpyKTyphI.
Mukpodororpadus cnenaHa ¢ ucnonb3oBaHuem 10X
yBenuuyeHust; (6) — chepousl yeped 96 4, chopMUpo-
BaHHBbIe ¢ no6aBieHueM noau-2,5-ATBK (200 mxr/mi)
K CycIieH3uM KieToK. Mukpodotorpadust cnenaHa c
ucroab3oBaHueM 20X yBeJIMYESHUSI.

¢opmupoBaHuio chepounos (puc. 56). [Ipu sToMm
chopMuUpoBaHHBIE CheponAbl coaepxKaair o0a TUIA
KJIETOK: HEOKpallleHHbIe SHUTEIUATbHBIC KIECTKU
LNCaP u ncnyckaroliiye 3eJaeHBIil cBeT Gubdpoba-
CThI (puc. 58, Se, GUOGPOOJACTBI OTMEUEHBI CTpPEIKa-
MU). PazinyHbIe TUITHI KJIETOK B COCTaBe c(hepouaon
pacmnojoXeHbl HEe XaOTUYHO, a CrPYIIIMPOBaHBI B
YEeTKO pa3jiMmuuMbie objacTu. PasneiieHue KJIeToK B
cheponge MOXXHO HAOJIOIATh KaK Ha (pa30BOM KOH-
Tpacte (puc. 5¢), rae o61acTu cKomjaeHus Gpudpo-
071acTOB OOJIee TeMHBIE II0 CPAaBHEHUIO C KJIeTKaMU
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Puc. 5. Chepounsl, chopmrpoBaHHBIE U3 CMECU TTIEPBUY-
HOU KyJIbTYphl (hUOPOOIACTOB YesIOBeKa, IMTOTYIeHHBIX U3
CTpOMBI MpEACTaTeNIbHOM XeJie3bl, 1 KieTok LNCaP, Ha
pa3HbIx 3Tarnax pocta. st ¢oopmupoBaHusi chepounon
WCIIONB30BAIM BapuaHT | MeTromuku (cM. “DKcnepuM.
yacth”). (@) — CMeliaHHasI CyCIeH31sl KIIETOK IMepBUYHOI
KYJbTYpbl (UOpOOIACTOB 4YeoBeKa, IIOJyYeHHBIX U3
CTPOMBI TIpeAcTaTeIbHOI Xete3bl, 1 KiieTok LNCaP ¢ mo-
6asnenuem noau-2,5-ATBK (200 mkr/mi). Knetku ¢uo-
pobiacToB (OTMEUEHBI CTPEIKOii) Gosiee KpyIHbIe; (6) —
dnyopecuieHiust  kKieTok  (pubpoOIacToB  (OTMEUYEHBI
CTPEJIKO) B CMEILIAaHHOM KJIETOYHOM CYCNeH3UH, Tpel-
CTaBJIeHHO#1 Ha Mukpodortorpaduu (a); (6) — chepoun,
c(OpMUPOBAHHBIN U3 (HUOPOGIACTOB CTPOMBI U KIIETOK
LNCaP, nmocie 340 4 Ky 1bTMBUpOBaHUS BO (PIaKOHAX C He-
alITe3UBHBIM MOKPBHITUEM B OTCyTcTBMU monu-2,5-IAT'BK;
(e) — dryopecueHms KiieToK hrudpoOIacToB (OTMEUESHBI
CTpEJIKOii) B cocTaBe rerepojiornyHoro cpepouna. LieHtp
cepouna UCIyCKaeT 3eJICHOe CBEUYCHUE, T.K. COCTOUT U3
OKpaIlleHHBIX KJIETOK MEPBUYHOM KYJIbTYPHI (prOpobia-
croB. Mukpodororpacduu caejlaHbl ¢ HCIONIb30BaHUEM
20X yBeIMYECHUS.

LNCaP, tak u ripu HabmoaeHun (hIyopecleHIny —
OoJiee TeMHBIE 00JIacTh cheponaoB, HAOTIOTaEMEIC B
¢$a30BOM KOHTpacTe, 00JIagaroT 3ejieHOoi (diayopec-
neHuueil (puc. 5e). Iloka3zaHo, 4TO nepBOHAYaIBHO
paBHOMEpHOE pacIipeaceHre KJIIETOK CTPOMEI (00-
Jiee KpyITHbIE W OKpallleHHbIE 3eJIeHbIM (iryopec-
LICHTHBIM KpacuTeJieM) W HEOKpalleHHBIX KJIETOK
LNCaP B cMeiaHHo KyJIbType, yepe3 48 4 KyJabTHU-
BUpPOBaHMs B IIpucyTcTBUM nonu-2,5-AT'bK cmens-
eTCsI pasleieHUueM KIETOK Ha (QIyOpeCeHTHYIO
CEepILEBUHY U HEOKpAIIIEHHYIO 000JIOUKY (pucC. S52),
YTO MOXET CBUIETEJIbCTBOBATb O IMPOU3OIIEAIIei
NeperpyniMpoBKe KJIETOK 110 UX TUITY B COCTaBe cde-
ponna. YauTeiBasi, 9YTo (IIyopeclieHIIUsI o0ecreun-
BaeTcs (pubpoodIacTaMu, MOKHO IIPEAIOJIOXUTh, YTO
Hab0aeMble OKpallleHHbIe Y4aCTKU c(h)OpMUPOBa-
HBI O1aromapsi MUTpaliid M KOMIIapTMEHTaIU3aluu
KJIETOK ITpu (popMHUpOBaHIM cheponia, a He B pe3yiTb-
TaTe 00pa30BaHUS KJIETOYHOTO MaccuBa ITyTeM Jee-
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PT Konrponb
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TMonu-2,5-ATBK (100 Mxr/m) PT
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Puc. 6. ITonmu-2,5-AT'BK moayaupyet ypoBHU (pocdo-
PWIMPOBAHUS PELIENITOPHBIX TUPO3MHKMHA3 B KJIETKaX
LNCaP. PenpeseHtaruBHOe H300pakeHHe MeMOpaH
st pochonporeoMHOro aHaau3a ¢ aHTUTEIaMU, UM-
MOOUMIM30BAHHBIMU Ha MeMOpaHe U cnenu(pUIHBIMUA K
oIpenesIeHHbIM KJIETOUHBIM pelernTopam, Npeacrasie-
HbI B IByX 9K3eMIUIsIipax. MHTEHCMBHOCTD KaXX0TO CUT-
HaJla COOTBETCTBYET YPOBHIO (OoChHOpMINPOBAHUS pa3-
JIMYHBIX peuenTopoB B kieTkax LNCaP, nnkyoupoBaH-
HBIX B TpucyTcTBUM 100 MKT/MJT (HUXKHSISI TIAHEb) VUTU
B OTCYTCTBUE (BepxHsisl maHeb) moiau-2,5-AbK. PT —
pedepencusie Toukn; I — EGFR (EGFR) (3mech u na-
Jiee B CKOOKax yKa3zaHO CEMEeICTBO pelenTOpoOB, K KOTO-
poMy oTHocuTcs 6eiok); 2 — ErbB2 (EGFR); 3 — Insu-
linR (InsulinR); 4 — c-Ret (Ret); 5— ROR2 (ROR); 6 —
Tie-2 (Tie); 7— EphA10 (EphR); § — EphB3 (EphR).

HUS KJIETOK, T.K. B TIPOTMBHOM CJTydyae HabII0AaI0Ch
ObI 3HAYNTEJIbHOE OCIa0jieHe MHTEHCUBHOCTH 3€JIe-
HOT'O CBeUeHMsI. Takke cieayeT OTMETUTh, UTo 48 4,
MpOIIEAIIe C MOMEHTa Havajla (opMUpoBaHus ce-
pouna nox Bo3aeiictBueM noiau-2,5-AI'bK, — ato He-
JIOCTATOYHBIA BPEMEHHOMU IMPOMEXYTOK JUISI CO3Ma-
HUS TPYTINBI KJIETOK HAOJII0/1aeMOro pa3mepa BCJe-
CTBME MAEJEeHUsI MCXOAHBbIX (ubpobiaacToB. Takum
obpa3zom, mokazaHo, yto Toau-2,5-JATI'BK moxHo
WCIIOJIb30BaTh ISl MOJyYeHUs1 chpepouaoB, COCTOSI-
IIMX U3 PA3JIMYHBIX TUITOB KJIETOK, B YACTHOCTU JIJIsI
U3Y4EeHUSI KJICTOUYHBIX B3aUMONECHCTBUI MexXIy puo-
pobyiacTaMu CTPOMBI U AMUTEJIMAIbHBIMU KJIETKAMU B
MOJEIUPOBAHUM ONYXOJIeH MPEACTATEIbHO XKeNe3bl.

B ocHoBe nununuupyemoro nosm-2,5-JIF'GK dopmu-
poBaHus cepoUIOoB JEKUT PEOPraHN3aNUs AKTUBHO-
CTH THPO3MHKHHA3HBIX penentopoB. C 11eJIblo onpee-
JIEHUSI MOJIEKYJSIPHbIX MUILIEHEN, BO3ICHCTBUE Ha
kotopelie Tonmu-2,5-JIFBK Moxer mnpuBOIMTE K
dopmupoBaHuio 3D-CTpyKTyp, Mbl UCCICIOBAIIN 13-
MEHEHUE aKTMBHOCTM TUPO3MHKMHA3HBIX PELIEITO-
POB B IIPUKPEIJICHHOM KyIbType KiaeTok LNCaP, nH-
Ne 1
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KyOMpOBaHHBIX IpU KOHLIeHTpanuu rmom-2,5-J1T'BK,
KOTOpas ellie He TIPUBOINT K GOpMUPOBaHUIO cde-
pOVIOB, HO MOXET WHAYLIUPOBATb M3MEHCHUS B
CUTHAJbHBIX MMYTIX KJIeTKU. B KauecTBe 0ObeKTa HC-
clieqoBaHus OblIa BbeIOpaHa 2D-KymbTypa IO TOit
MMPUYMHE, YTO CYIIeCTBOBAaHUE KJIETOK B 3D-Kynb-
Type camo I10 cebe MPUBOAUT K U3BMEHEHUIO TOMEO-
crasa [47]. KireTku KyJIbTUBUPOBAIY B IPUCYTCTBUN
100 mxr/Mn monu-2,5-IF'BK B Teuenue 24 4, mo-
CKOJIBKY OBLIIO YCTAaHOBJIEHO, YTO 3TH YCIIOBUS ellle
He BBI3BIBAIOT MEPEX0 MPUKPETUICHHOM KYIbTYpPhl B
3D-dopmy. Pesymbpratel hocomnporeomMHOro aHa-
JIn3a, peIcTaBIeHHbBIE Ha pUC. 6, YKa3bIBAIOT Ha MO~
BBILIEHUE YPOBHS (hoCHOPUIMPOBAHUS CIAEAYIOIINX
peuenTopoB:. EGFR, Tie-2, ErbB2 u EphB3, uto
KOCBEHHO YKa3bIBaeT Ha UX aKTUBALNIO. TakxKe MOX-
HO HaOMIOmaTh CHIDKEHME YPOBHs (ochopmimpoBa-
HUS U, CJIeOBaTeIbHO, MHTMOUPOBAaHUE (DYHKIMO-
HaJbHOM akTUBHOCTH pelienitopoB Alk, DDRI1, Insu-
lin R, c-Ret, EphAl, DDR2, Axl, ROR2, EphAl0,
Dtk, Tie-1 u EphA4.

OnHu u3 Haubosiee MpuMeyvaTeIbHbBIX PelenTo-
POB, aKTUBHOCTb KOTOPBIX MOXET PETYJIUPOBATh POCT
Ki1eToK B 3D-kynbrype, — 370 EGFR 1 nHCYynMHOBBII
peuentop (Insulin R). bruto moka3aHo, 4TO aKTUB-
HocTh EGFR HeobxomuMma 111 o0pa3oBaHUSI HETIpE-
DBIBHBIX KOJIBLIEBBIX alMKAJIbHBIX COEIUMHEHUM, cOo-
JIepKallux anuTenuanbHbiii Kaarepud (E-kaarepuH
[48]) yTO MPUBOMUT K YIUIOTHEHUIO MEXKJICTOYHBIX
KOoHTaKTOB. Tak, cBepxakcnpeccuss EGFR B kieTkax
MCF7 TpaHchopMHUpYyEeT aare3MBHYIO KIIETOYHYIO
2D-kyneTypy B 3D-KynabTypy [49]. AkTuUBamus Tie-2
YBEJIMUUBAET TUIOTHOCTb MEXKJIETOUHBIX B3aUMO-
NeCTBUM MPU HAJTMUMU KOHTAKTOB KJIETKU C IPYyTU-
mu kitetkamu [50, 51]. Bricokass aktuBHOCTE ErbB2
(HER2) conpszkeHa CO CHIDKeHIEM 3KCIIpeccuu po-
KaJIbHBIX aAre3MOHHBIX OENKOB, TaKUX KaK MaKCH-
JIUH, (boKalbHasA aAre3uoHHas KMHa3a U UHTETPUH.
CrnenoBarenbHo, crumylisinvss ErbB2 mom Boszmeii-
crBueM noau-2,5-JAI'bK MoxeT npuBOIUTh K MHI M-
OUMpOBaHUIO JAHHBIX OEJIKOB M OOIIEMY CHUXEHUIO
CITOCOOHOCTH KJIETKM K ITpUKperieHno [52]. Peuer-
top EphB3 B akTuBHOI1 (hopMe MHTMOMPYET OIocpe-
JIOBaHHYIO UHTETPUHOM aJIre31I0 KJIETOK U MHIYLIM -
pyeT peopraHu3aluio aKTUHOBOTO IIMTOCKeJeTa U
nepepacnpeneiienue E-kanrepuHa [53], uyTo Takske
MPUBOAUT K YMEHbBIICHUIO CIOCOOHOCTU KJIETOK
MPUKPETUISITHCS K TTOITOXKKE.

DTU NpoIIeCcChl aKTUBAIIMU PEIEIITOPOB ITOI BO3-
nerictBueM noin-2,5-II'BK Takske KoppelIupyioT co
CHIDXKeHUEeM (hocHOopUIMpoBaHus U, CIIeHOBATEIbHO,
C MHTUOMPOBaHUEM PsIIa TUPO3IMHKUHA3HBIX PEIIeTI-
TOpOB (pHUC. 6), TAKNX KaK WHCYJIWMHOBBIM pEIETITOP
(Insulin R), peuentopsr Ret u EphAl0. Iloka3zaHo,
YTO aKTUBHOCTb MHCYJIMHOBOTO pEIeNTopa Heo0X0-
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IUMa U151 SKCTpeccuu 6e1KoB (hoKaabHOM aAre3uu u
MaKCWUIMHA, KOTOpbIe PEeryJupylT CIIOCOOHOCTb
KJIETOK MPUKPETUISITHCS K KYJIbTypalbHON MOMJTOXKE
[54]. UarnbupoBanue peuenrtopa Ret cHikaer aare-
3110 KJIETOK, OMOCpeIOBaHHYIO (DYHKIIMEN MHTErpU-
HOB (OpMUPOBATh KOMILIEKChI, HEOOXOAUMbBIE IS
y3HaBaHUs JIMTaHIOB MEXKJIETOYHOTO MaTpuKca
[55]. MnaktuBauus peuentopoB ROR2 u EphAl0
CUJIBHO WHIMOMpPYET KJIETOUYHYIO aaresuio [56, 57].
IMTockonbky ceponn-odpasyrommii 3¢pEHEKT MOXKET
OBITH OOYCIOBJIEH OCJIA0JIEHUEM TTPUKPETITIEHUS KITe-
TOK K TIOBEPXHOCTU KYJbTYpaJIbHOU Mocydbl (s
MpenoTBpallleHus] Tiepexona CycleH3uu B (opMy
CcTaHJAapTHOM 2D-KynbTypbl) U yCUJIEHEM MeXKJie-
TOYHBIX B3aMMOJICIICTBUI1, MBI MTOJIaraeM, YTO U3Me-
HEHUEe aKTMBHOCTU 3THUX KJIETOUHBIX PELIENTOPOB
noxn Bo3aeiictBueM 1onu-2,5-JIFBK npuBoaut K n3-
MEHEHMIO KaK CrocoOHOCTU pocTa B 2D-KynbType
(T.e. MPUKPEIJICHUIO K MOMJIOXKE), TaK U K ycuje-
HUIO MEXKJIETOUHBIX KOHTAaKTOB.

M3BecTHO, 4TO pelenTOPHBIE TUPO3WHKUHA3ZbI
(RTK) pearupyloT Ha OMOXMMUYECKHE CUTHAJIbI U3
OKpYy>Xarollei cpenbl, KOHTPOJIUPYIOIINE MTOBEICHUE
KJIETOK B TKaHsIx. KoopmuHanms WX akTUBHOCTHU
BaskHa JIJIs MOpdoreHe3a 1 roMeocTas3a B 3peibIX TKa-
Hs1x [58]. [ToaToMy Aucperyssiius akTUBHOCTH pas3-
mmuHbIX RTK, Be3eiBaeMas mmonu-2,5 JIFBK, moxeTt
MPUBOIUTH K U3MEHEHUSIM B pabOTE COOTBETCTBYIO-
X CUTHAJbHBIX KacKaldoB, HAXOOSIIUXCS IO
YIpaBJIeHUEM TAaHHBIX PELIENITOPOB. XOTS onpeaesie-
HUE KOHKPETHOTO MEeXaHW3Ma WHUIIAAIUU U KOH-
TPOJISI MepecTpPoiiKu KJIeToK B 3D-cTpyKTypy mon
BozaeiictBueM 1om-2,5-JIFBK  3arpymHuTeNbHO,
MBI MpearnojaraeMm, YTo (hopMUpoBaHue chHepouIoB
MPOUCXOAUT B PE3yJIbTaTe KOMIUIEKCHOTO M3MEHe-
HUST aKTUBHOCTHU BBIIIIEONMUCAHHBIX PELIETITOPOB.

B xone (popmupoBanus chepoua mpoucxo Ut Bpe-
MeHHoe nHruoupoBanne Kunasbl Aktl. Kak ynmomuHa-
JIOCh paHee, TUPO3UHKWHA3HbIE PEeLeNTOPbl UMEIOT
MHOTOYMCJIEHHbIe HUCXOAsIMe 3P deKTopHbIe 1ie-
nmouku. [ToaTomMy Bo3HUKIIAa HEOOXOAMMOCTb TTPOBE-
puTh, cnocobHa Jm oOpaborka moym-2,5-JITBK,
BO3JECUCTBYSI Ha HUcXoasue 3(hEHEKTOPhI, MPUBO-
JIUTb K JOJITOBPEMEHHBIM U3MEHEHUSIM KJIETOUHOIO
romeoctaza. M3BeCTHO, 4YTO peuenTopbl AaHHOI
IPYINbl IPYU HAXOXIEHUW B aKTUBHOM COCTOSIHUM
BO3JECTBYIOT Ha KMHa3y Aktl 3a cueT HUCXOISIIINX
CUTHAJIbHBIX KackamoB. Haubosbliuii MHTEpec B
JaHHOM cJy4yae TIpeICTaBJSIIOT WHCYJIWHOBBIN pe-
uentop (Insulin R) u peuentop acdpuna tumna B3
(EPHB3). MHCyAMHOBOI peLienTOp — BBIIIECTOS -
muii akTuBatop Aktl, CUTHaJbHBIM MyTh KOTOPOTO
BkitouaeT IRS (insulin receptor substrate, cyocTpar
peuenTopa uHcyiauHa), PI3-K (class IA phosphatidyl-
inositol 3-kinase, dochaTUIUINHO3UTON-3-K1MHAa3a
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Puc. 7. PesynbraThl BecTepH-OJIOT-aHaIM3a JIM3aTOB
kiretok LNCaP, pacTymmx B MOHOCIO€ U He TTOABEPT-
HYTbIX 06paborke moau-2,5-JAIFBK (KoHTpoJib), u cde-
pounoB, copMUPOBAHHBIX B TIpucyTcTBUU 200 MKT/MJT
nonu-2,5-AFBK. Ilocime dopmupoBaHus chepounmson
MOJIMMEPbl YIAJsUIU, KJIETKU UHKYOMPOBaJIM B POCTO-
BOI1 cpezie BO (hlakoHAaX ¢ HeaAre3MBHBIM MMOKPBHITUEM B
teueHue 0, 24 u 48 4. (a) — U3amMeHeHuUs B ypoBHsIX (poc-
dopunupoBaHus KuHasbl Aktl (p-Aktl) u obG1ero 6e-
Ka Aktl B KOHTPOJBHBIX KJIeTKax 2D-KyJabTypHl U che-
pounax. MHTEHCUBHOCTb KaXXJIOTO CHUTHajla COOTBET-
CTByeT YpoBHIO hochopunrpoBanust (st p-Aktl) mim
YPOBHIO 00111ero 6ejika B KOHTpoJie U ceponmax. AK-
TUH (B-aKTHH) UCTIONB30BAIH TS HOPMATU3AIINN KOH-
LICHTpalUu1 GEJIKOB B KaX10i1 pobe; (6) — ACHCUTOMET-
PMYECKUI aHadW3 CUTHAJIOB, MOJYYEHHBIX BECTEpH-
0JIOT-aHAJIM30M JIU3aTOB KOHTPOJsA U chepouaos,
TIPEACTABJIEH B BUJIE CPENHEN TUIOTHOCTU MUKCEJIEM, OT-
paxaloleii usMeHeHust ypoBHsS p-Aktl, HOpMaJIM30-
BaHHOTO K YpOBHIO P-aktuHa. CTONOMKH OIMIMGOK
MpencTaBiIsioT T cCTaHIAPTHOE OTKJIIOHEHUE OT CpelHe-
ro.

kimacca IA), PIP2 (phosphatidylinositol (4,5)-bis-
phosphate, dochaTunumuHosuton (4,5)-6ucdoc-
¢dart), PIP3 (phosphatidylinositol 3,4,5-trisphos-
phate, docharununmHosuton 3,4,5-tpudocdar) u
PDKI1 (phosphoinositide-dependent protein kinase-1,
dochonHo3UTHUI-3aBUCUMAs IPOTEMHKMHA3a-1) [59,
60]. EPHB3 — unruturop Aktl, oGpa3yiommii KoM-
miekc ¢ RACKI (receptor of activated protein C kinase 1,
peLenTop aKTMBUPOBAHHOM KMHa3bl TipoterHa C 1) u
PP2A (protein phosphatase 2, mporenHdocdarasza 2),
AKTUBHOCTb KOTOPBIX TIPUBOIUT K JehochopruaImpoBa-
Huto Aktl u, ciremoBaTeIbHO, K TTIOJABICHUIO AaKTUBHO-
cty KruHaskl [61]. TakuM 006pa3oM, MBI IIPEIIIOIOXIIIN,
4yTO B cheponax, MoTydeHHBIX TOCPEICTBOM 00padoT-
k1 ki1eTok LNCaP nmom-2,5-/II'bK, marnbuposanne
MHCYJIMHOBOTO penenrtopa (BCISICTBHE YMEHbIIIE-
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HUs ero pochopminpoBanus) 1 aktuBauun EPHB3
(BciencTBUe yBeIUUeHUS eTo (hocOpIMPOBAHMS)
MOXET MPUBOAWTH K YMEHbIlIeHUIO (hochopuinpo-
BaHUSI UM akTUBauMu KuHasbl Aktl. PesynbTarsl Be-
cTepH-OnoT-aHam3a cdepounoB kietok LNCaP
noka3ayiu 17-kpaTHoe CHUXXKeHUE YPOBHel Kak ¢oc-
dopmmpoBanHoro Aktl (Serd473), Tak u 00IIIETO KO-
JINYeCTBa KMHA3bI [0 CPAaBHEHMIO C HEOOpaOOTaHHbI-
MU Kiietkamu (puc. 7). Kak ObUIO OTMEUYEeHO paHee,
pocT kJeToK B 3D-KynbType npoaoykaeTcs 1 mocie
yaanenus nonu-2,5-JAT'BK mpu mepeHoce KylbTyp
BO (bJTaKOHBI C HEaAre3UBHBIM MOKpbITHEM. [1Jist TOoro
YTOOBbI OMNMPENEINUTh, SIBJISIETCS JIU WHTMOUpPOBaHUE
Aktl HEOOXOOUMBIM YCIIOBUEM ISl CylLIECTBOBaHUS
KJ1eToK B popMe 3D-KyJIbTypbl WIK MOJABIEHUE ee
9KCIIPECCUU 3HAYUMO 151 MHUIIMaUuu (hOpMUPOBa-
HUS cpeponuIoB 1 HOCUT BpEeMEHHEIN 3 (EKT, MbI
uccienoBanu akcrnpeccuto Aktl B chepounax mocie
yaanenus nonu-2,5-JIFbK. daHHbie, npencTaBiacH-
Hble Ha pUC. 7, CBUIAETENbCTBYIOT O TOM, YTO TTOCJIE
yaajJieHusT WHAYKTopa MPOUCXOAUT IIOCTEIIEHHOE
BOCCTaHOBJIEHME KakK ¢ocdopmipoBanus Aktl
(Ser473), Tak 1 KoIMYeCcTBa OOIIETro GejIKa 40 YPOB-
Heli, HabIroaaeMbIX B HEOOpabOTaHHBIX MOJIUMEpaMu
kietkax. CienyeT OTMETUTb, YTO TIPU 3TOM C(HOPMHU-
poBaHHbIE CHepOUIbI COXPAHSIIOT CBOIO (hOpMY 1 pac-
TyT B Buae 3D-kynbryp. CrenoBaTelbHO, MOXKHO
MPEATOJIOXUTh, YTO MHTMONpoBaHue Aktl — 3To pe-
3ynbTaT BosaekicTBus nonu-2,5-JAI'bK Ha ¢yHKIMo-
HaJIbHYI0O aKTUBHOCTh PELEeNTOPOB MHCYJIMHA U
Eph3B, a He nociencTBue pocTa KJIETOK B 3D-KynbTy-
pe. TakuM o6Gpa3om, 1okaszaHo, uto 1moiaun-2,5-JIFbK
CHUXaeT KoauuectBo Aktl, omHaKO aKcnpeccust Ku-
Ha3bl BOCCTAHABJIMBAETCSI 1O HOPMAJIbHOTO YPOBHSI B
TeueHue 48 4 mociie ynajeHus MoJIMMEpPOB. DTOT hakT
MO3BOJISIET MPEAIIONOXUTh, YTO UBMEHEHUsI B (pocdo-
PWIMPOBAaHUU U, CJEAOBATE/IbHO, B aKTUBHOCTU psiia
KJIETOYHBIX PELIENTOPOB, HabogaeMble B pesysibTaTe
BosnaeicTBus noau-2,5-AT'BK, saBasioTcs BpeMeHHBbI-
MU, U (PYHKIIMS peLeNTOPOB HOpMaIU3yeTcsl Mocye
yIaJeHWsI THIYKTOpa pocTa KJIETOK B 3D-KynbTypax.

Haub6omnee 6au3Koit U3 CylecTBYIOIIUX TEXHO-
JoTuii K Cco3MaHHOWl HaMu METOIUKE SIBISIeTCS
crioco® noaydyeHus chepouaoB ¢ UCTIOIb30BAaHUEM
npousBoaHbix RGD-nentuma (aMUHOKUCIOTHAS
nociegoBaTenbHOCTh Arg-Gly-Asp, y3HaBaeMmas
UHTerprHaMu). B nmaHHOI MeTonuKe MpPOU3BOMI-
Hbele RGD-mentuaa (Hanpumep, HUKIUYECKU
nentun Arg-GlyAsp-D-Phe-Lys (iukino-RGDfK) wmm
mkIIoRGDfK, MoguduimpoBaHHbLi 4-KapOOKCHOy-
Ti-TpudeHmidochonnitopommnom (1ikiao-R GDK
(TPP)) mo6aBnsgooOT B CYCIIEH3UIO KJICTOK, KYIbTH-
BUPYEMbIX B OOBIUHOM KYJIbTYypajbHOM TOCyne, 3a-
TeM B TeueHUEe HECKOJbKUX THEel oOpa3yroTcs che-
poubl B pe3yabTaTe caMoarperanuu Kietok [62]. K
Ne 1
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HeJIOCTaTKaM MeToda OTHOCUTCS (pakT HaIudus y
pPacTBOPUMBIX HU3KOMOJIeKyIIpHBIX RGD-comep-
KalIyX TTETTUAOB BhIPAXKEHHO CITOCOOGHOCTH UHTY-
LPOBaTh anonTo3 [63], 4YTO MOXET BHOCUTh MCKa-
KEHUSI B pe3yJIbTaThl TECTUPOBAHUSI TPOTUBOOITYXO-
JIEBBIX MpenapaToB ¢ MLedbl0 OIpeleieHUus WX
LIUTOTOKCUYHOCTU. KpoMe TOro, M3BECTHO, UTO JIU-
TaHOBI WHTETPWHOB, Takme Kak RGD-menTum, mc-
MOJIB3YIOTCS KaK 3((EKTUBHBIE TIPOTUBOOIYXOJIEBEIE
npenaparhbl [64—66]. CiienoBaTebHO, OMOI0rnyYecKast
akTuBHOCTh RGD-11entma MoXeT CyIecTBEeHHO MC-
KaxaTb pe3yIbTaThl TECTUPOBAHUS (papMaKoIornde-
CKUX TpernapaTroB MPU UCHOIb30BaHUU C(Hepouaos,
MOJIyYEHHBIX MO TaHHOMY METO/LY.

B HacToseit padoTe Mbl mOKa3aju, 4To chepou-
IIbI, TIOJIyYeHHEIC B pe3yabTaTe BO3ICHCTBUS ITOJIM-
2,5-ITBK, BoccraHaBnuBaloT 3kcripeccuio Aktl ge-
pe3 48 4 mocJie yaajieHUsI COSAUHEHMSI, U BEPOSITHO,
YTO CHMKEeHUE ypOBHS AKtl B IPUCYTCTBUU UHIYK-
TOpa CBSI3aHO C MHIMOMpoBaHUEM (DYHKIIUM BhIIIE-
CTOSIIIMX TUPO3MHKUHA3ZHBIX PELIENTOPOB. MBI MO-
K€M MPEANOJOXUTh, YTO U3MEHEHUSI B aKTUBHOCTU
pELENTOPOB, NPUBOAIINE K GOpMUPOBAHUIO che-
pOUIOB, TIPOUCXOISIT TOJILKO B IIPUCYTCTBUU MOJIU-
Mepa u 1ocie yaaiaeHus nonu-2,5-AT'bK romeocras
KJIETOK BOCCTaHaBJIMBAETCS JO HOPMAaJILHOIO yPOB-
Hs1. CenoBartelibHO, IOJyYEeHHBIE C MCITOJIb30BaHUEM
Halleil MeToauKu ceporabl MOXKXHO IIPUMEHSITh IS
CKPUHUHTa OMOJIOIMYECKON aKTUBHOCTU Pa3JIMYHBIX
coeUHEeHUI Win (hapMaKoJOTUIYEeCKUX IIperapaToB
yepe3 48 4 nociie ynaneHus noau-2,5-JAI'BK.

SKCITEPUMEHTAJIbHAA YACTb

Cunre3 mnom-2,5-JIFBK. CuHte3s mommMepos
npoBoawiu okuciaeHueM 2,5-JIFBK (Sigma-Aldrich,
CIIA) monm nmeiiCTBMEM JIaKKa3bl, BBIOCIICHHON u3
rpnba Trametes versicolor, Kak 3TO OITMCAaHO B paboTe
Lisov et al. [35]. Peakuuio ripoBommiu B 20 MM Ha-
Tpuii-aneratHoM Oydepe, pH 5.0. Konuenrpanus
2,5-II'bK cocrapmsiia 20 MM, a makkassl — 10 em./mir.
Peaknuio iposoaunu nipu 30°C v riepeMelInBaHUN
(200 06/MuH) B Teuenue 15 4. Yepes 15 9 peakuuio
OCTaHABJIMBaJIM IIyTeM HarpeBaHUs pPeaKIIMOHHOM
CMeCHU Ha KUIISIIEH BOASIHOM OaHe B TeYSHUE 5 MUH.
Hanee ocamok ygajsiii U3 peaKIIMOHHOM CMECH IIeH-
TpUYrMpoBaHUEM, CYIIEPHATAHT AUAIA30BaIM IIPO-
TUB IUCTWUIMPOBAHHOM BOIBI (IIPOITyCKHASI CITOCO0-
HocTb MeMOpanbl — 10 x/1a). [Tocae quammu3a mpemapar
BBICYILIBAJIM B POTOPHOM BaKyyMHOM HMCITAPUTEIIE TP
40°C, B3BelIMBAJIU IJISI ONpeaecHUST KOJIUYEeCTBa
BeIlIeCTBAa M pacTBOPSUIM B ¢pochaTHO-COIEeBOM Oy-
depe (PBS) no xonuenTpanuu 1 mr/mi. st pado-
THI C KyJIbTYpaMHU KJIETOK pacTBop monu-2,5-JII'BK
CTEPUJIM30BaJIN ITIOCPEICTBOM (PUIBTPOBaHUS Yepe3
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MeMOpaHy ¢ guaMeTpoM Iop 0.22 MKM 1 UCITOIb30-
BaJIN IJTsI MOOABIICHUSI C POCTOBYIO Cpely B yKa3aH-
HBIX KOHIIeHTpalusX. [eab-(pribTpalinio IpoBOIINn
Ha konoHke HilLoad 26/60 Superdex 200 (Sigma-
Aldrich, CIIIA), nogBuxHas ¢pa3za — 20 MM anerat-
He1i1 6ydep (pH 5.0), cogepxamuii 15 M NaCl, cko-
pPOCTB 3TOIINY 1 MJT/MWUH.

AntnTena. B KauecTBe MEepBUYHBIX aHTUTEN IJIS
MMMYHOOJIOTTUHIA HWCHOJb30BAIM MOHOKJIOHAJb-
Hble aHTuTena Mol (aHTU-AKT1 (Santa Cruz Bio-
technology, CIIIA) u aHTH-[-aKTWH, KOHBIOTUPO-
BaHHbIE C Tepokcuaasoit (Sigma, 'epmaHust)) u aH-
tutena Kpohuka (aHtu-dpocho-AKT1 (S473) (DIE)
(Cell Signaling Technology, CIIIA)). B kauecTBe BTO-
PUYHBIX aHTUTEN TSI BU3yaiu3aluy Oejika B BECTEpH-
0J10T-aHaIM3€ MCIOJb30BAIM KOHBIOTUPOBAHHBIE C
MEePOKCUIA30i aHTUTEJIA TPOTUB UMMYHOIJIOOYJIMHOB
mbimu (H&L, goat) n kponuka (H&L, goat) (Rock-
land, CIIIA).

KynbTypsl K1eToK. KjieTky nepBUYHOM KyJAbTYpbl
¢ubpobacToB 4yeaoBeKa (BBIACICHHOM M3 XUPYpP-
rMYecKoro MaTepuaia TKaHell MpencTaTeJbHON Xe-
nme3pl) m  MMCK KynbTUBUpOBaIM B  Cpele
DMEM/F12. KneTku 1uHUiI paka IIpeacTaTeaIbHOI
xene3bl (LNCaP, DU145, PC3) u paka MO4eBOro
ny3bipst (T24) kyneTuBupoBanu B cpeae RPMI 1640.
Knerkn nuamii paka MonodHoi keie3nl (MCFE7,
MDA-MB-231, BT474 u MDA-MB-231) KynbTUBHU-
poBanu B cpeae DMEM. J1711 KyTbTUBUPOBaHUS UC-
TTOJTB30BAIMCh POCTOBBIE Cpedbl ¢ nodaBiaecHreM 10%
deTtanbpHOIT Ob1Ybeil chiBOopoTKHU (FBS), cTrpenitomu-
muHa, neHuuwrinHa (50 Mxr/min) m L-miyramuHa
(ITan®ko, Poccust) KynbTuBupoBaHUE IIPOBOMMIIN
rpu 37°C B atmocepe 5% CO,.

®opmupoanue cheponnos. Criocod 1: mocie m0-
crkenus kiaerkamu 90% monocnos (3 x 10° kie-
TOK) POCTOBYIO Cpely YIISUIN, KJIETKU OTKPEeTLIsSIIU
OT IIOIJIOXKU 00paGoTkoii pactBopoM 0.05%-Horo
tpuricuHa ¢ OJITA (ITand®ko, Poccus). Knetku pe-
CYCIIEHIMPOBAJIM B COOTBETCTBYIOLUEH IJISI KaXKIOM
KJIETOYHOI JIMHUU POCTOBOI cpene, HeHTPUPYrupo-
Banu 5 muH nipu 1200 06/muH. [locie ynaneHust cy-
MepHaTaHTa KJIETKU PECYyCIeHANPOBaJIU B 4 MJI pOCTO-
BOI1 cpenbl, mepeHocuan B 6-¢cM vamky Ietpu (Corn-
ing, CIIIA) n mo6assin pactBop monu-2,5-JII'bK no
KoHeuHoit koHlieHTpauuu 200 Mxr/mi. [Tocne atoro
KJIETKU MHKYOUpoBasiu B TeueHue 72 4 B CO,-uHKY-
o6arope MCO-19AIC(UV) (Sanyo, Anonus). Cpeny
co cchopMHPOBAaHHBIMHU c(peporIaMU IePESHOCHUIIN B
15-mn mpoompky turma Falcon (Corning, CIIIA) n ot-
crauBanu 15 MuH mig ocaxnenust ceponnon. Cy-
TepHaTaHT ymaiasiau, podasisgiau 10 My pocToBOit
cpenbl ¥ IepeMeInBain chepounabl INTAaBHBIM ITOKa-
YyuMBaHMEM Bpy4yHYyI0. IIpolieaypy cMeHbI cpeasbl I10-
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BTOPSIIM CYMMAapHO 3 pasa IJis MOJIHOTO YyHaJlcHUS
nonu-2,5-JAT'BK. 3atem chepounsl B 6.5 MJ1 pocTO-
BOW cpenbl TIepeHoCHIN Bo (itakoHBI T25 ¢ Heanre-
3uBHBIM nokpuiTieM (SPL LIFESCIENCES, Pec-
ny6auka Kopest) 1 Mcroab3oBaiu B JaIbHEHIIINX UC-
CJIeIOBaHUSIIX.

Croco6 2: o moctmkeHuto kiaetkamu 100% mo-
HOCJI0SI POCTOBYIO Cpely YAAISUIU, KIETKUA IIPOMBIBa-
yu PBS. IMocne ynanenuss PBS Ha kj1ieTkn HaHOCHIIN
2 Mu pactBopa monu-2,5-JI'bK ¢ koHueHTpauuei
1 Mr/M, mocie yero nHKyoupoBanu 5 muH B CO,-
nHkyb6aTope npu 37°C. Jlajee KJIIETKU MeXaHU4eCKU
OTAEJSUIN OT TToBepxHOoCTU Yaiuku [letpu mpu rmomo-
IIM cKpebKa M HECKOJNbKO pa3 pecycleHAUpPOBaIN
IMOCPEACTBOM 1-MJI MUMIETKKU-I03aTOpa, He OITyCKast
MOJIHOTO pa3fe/ieHUsT KJICTOUYHBIX arperaTtoB Ha OT-
nenbHBbIe KiIeTku. K pactBopy momi-2,5-JII'BK mo-
OaBysiiu 8 MJI pOCTOBOI cpenbl (KOHeYHasi KOHIIEH-
Tpaumsg mnoim-2,5-JITBK mocne pasBenenms —
250 mkr/™M11) 1 uHKyoupoBanu 48 4 B CO,-nuHKybaTope
(5% CO,) nipu 37°C. Cpeny co chopMUpOBaHHBIMHU
chepoumaMu IIEPEHOCUIIN B IIPOOUPKY U OTCTAaUBaIIU
15 muH g ocaxmeHust cpepounoB. Ilpoiemypy
noyiHoro ymaneHust nmoan-2,5-JIFBK mposomuim,
KaK omnucaHo Bblle. 3aTeM chepouabl pecyclieH-
JUPOBAJIN B 6.5 MJI pOCTOBOI1 CpeAbl Y IEPEHOCUIN
Bo (dmakoHsl T25 ¢ Heaare3WBHBIM ITOKPBITHUEM
(SPL LIFESCIENCES, Pecrryonuka Kopest), Kyiab-
TUBHpOBaIM 10 340 9.

Crioco6 3: 3apaHee MOArOTaBIMBAIN 96-TyHOUY-
Hbl€ KYJIbTypajbHble IUIAHIIETHl JJIS MPUIaHUS UM
HU3Koaare3nBHbIX cBOMCTB (Greiner Bio-One GmbH,
I'epmaHus): B CTEPUJIBHBIX YCIOBUSIX B KaXKIYIO JTyH-
Ky no6asisim 200 MKJI CTepMIBHOTO MUHEPaJTbHOTO
macia (MP Biomedicals, @paHiiust) u ocTaBisuivd Ha
1 4. TTocne 3Toro MUHEepaIbHOE MACJIO YIAISIIIA C MaK-
CUMaJIbHO BO3MOXKHOM ITOTHOTOM. Jlajee TiaHIIeT mo-
BTOPHO CTEPUIM30BAIN 00ydeHueM YMD-cBEeTOM B Te-
yeHne 1 4 B mammHapHoM Imkady. KieTtkm nuHuM
LNCaP (pak npencraTeabHO Xeae3bl) OTKPETUISIIN
OT TIOMJIOKKM, KaK 3TO OMKCAHO BHIIIE B criocooe 1.
ITocie TToncyera KJIETOK CYyCIIEH3MIO KJIETOK pa30aB-
JISIIM POCTOBOM Cpenoii 10 JOCTUXEHUS KOHLIEHTpa-
nuu 1 kiretka B 100 MKJT cpeabl ¥ TIOMEIIAIN B TIOATO-
TOBJICHHBIE KyJbTypanabHble TuiaHmieTsl (100 MxiT Ha
JIVHKY), T.€. OOJBLIMHCTBO JIYHOK 96-JIyHOYHOIO
MaHIeTa comepxanu 1 kieTKy. Janee KieTku UH-
kyoupoBanu B TeueHue 120 y B CO,-uHKybaTOpe
JUISI IPUKPEIJICHUST KJIETOK K MOIJIOXKE 1 (hOPMU-
poBaHUs KoJIOHWM-KiIoHa. Ilociae mHKybaumm po-
CTOBYIO Cpedy yIasid U B KaXKIyI0 JIYHKY 100aBJIsi-
mu 100 MKJI pOCTOBO#M cpenbl, comepxKallleil MoJ-
2,5-AI'bK (200 mxr/mn). Ilocne 3ameHBl cpenbl
IUTAHIIIET HECWJIBHO yAapsii COOKY HECKOIbKO pas, B
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pe3ybTaTe 4ero KOJIOHMS KJIeTOK OTAETISIach OT TOM-
JIOXKW 6e3 pa3meieHusT Ha OTHelbHBIe KIIeTKH. Jamee
KJIeTKU MHKYOrpoBasii B TeueHue 48 u B CO,-uHKyba-
Tope. 3ateM chepounabl OTMBIBaIM OT Iojm-2,5-JIFBK,
KaK OIMMCAHO BEIIIIE, 3TY ITPOIIETYPY MOKHO ITIPOBOIUTD
KakK B JIyHKaX 96-JyHOYHOTO TUTAHIIIEeTa, COmepsKaIITX
WHIWBUIYATbHbIE KJIOHBI KJIETOK, TaK ¥ TIEPEHECTH TT0-
JIydeHHBIE KJIOHBI B KYJIBTYpaIbHBIC TIAHIIIETHI JTF000-
ro ¢popmara (24- win 12-JIyHOYHBIE) ¢ HeaAre3UBHBIM
TTOKPBITUEM U MalbHEHIero pocra cheponmoB B
YCIIOBUSIX SKCTIEpUMEHTA.

®opMupoBaHHe  TeTEPOJOTHYHBIX  Chepoumos.
DdubpobnacTbl CTPOMBI IIPEACTATEILHOM Kejie3bl 1
kineTku LNCaP KyabTUBUPOBaAIM U TPUIICUHU3UPO-
BaJIM, KaK 3TO OMUCAHO B criocobe 1 momydeHus coe-
pounoB. CycleH3UI0 KJIETOK LEeHTPpUyrupoBaiu
S5vmuH mipy 1200 06/MUH, CymepHATaHT yHaJsiiu,
KJIeTK1 pecycrnieHaupoBaau B 7.5 mia PBS u nanee
neHTpudyrupoBanu 5 muH nipu 1200 06/muH. Ipo-
1IeAypy LHeHTpUdYrupoBaHus MOBTOPSIIN 2 pa3a st
yIaJeHUsI OCTaTKOB POCTOBOM cpedbl. 3ateM ¢huod-
po0GIacThl CTPOMBI ITPEACTATEIbHOM XKeJIe3bl pecyc-
neHaupoBaiu B 1 mi PBS, conepkaiiiero kpacuresib
JUIST TIpMDKM3HEHHoro okpaimnuBaHusi Vibrant Cell
Tracer Kit (25 MM; Thermo Fisher Scientific, CIITIA)
1 uHkyoupoBanu 15 muH B CO,-uHKybaTope, rnocie
yero ueHTpudyruposanmu 5 MuH 1pu 1200 06/MuH.
Ipouenypy neHTpUPYTUpOBaHUS TTOBTOPSIIIN 2 pa3a
IUTS yAaJ€HUS OCTaTKOB KPACUTEJIS C MOCIEAYIOIIUM
pecycneHIMpPOBaHUEM B POCTOBOI cpelie U Mmoacue-
TOM KJ1eTOK. CyCcrneH31I0 OKpallleHHbIX KJIETOK CTPO-
MBI IPENCTATEbHOM XKEIe3bl CMEIIMBAJIU C CYyCIIeH-
3ueit kietok LNCaP B cooTHomieHuwu 1 : 1 mo konu-
yecTBy KiIeToK (5 X 10° ki1./Mi), MOJy4EeHHYIO
CYCIICH3UIO0 TMEPEHOCUJIU B JIYHKY 24-JTyHOYHOTO
IUlaHIIeTa B cpene oobeMoM 500 Mki1. B cycnieH3uio
KJIeToK mobapisuii nmonu-2,5-AT'BK no xoHiieHTpa-
uu 200 MKT/MJT 1 UHKYOUpoBasiu B CO,-HKy0aTO-
pe B TeueHue 72 4. Cpeny co cpopMUpOBaHHBIMU
chepouiaMu TEPEHOCUIN B MMPOOUPKY U OCTaBJISLIN
Ha 15 MuH mist ocaxaeHus chepouaoB. CynepHaTaHT
yIISIIM, 100aBJISUIM POCTOBYIO CpENy U TepeMeln-
Bajiu cpepouabl TUIaBHBIM TToKauuBaHueM. IIpoiie-
JIypy CMEHBI Cpelibl MOBTOPSIIA 3 pasa ISl TIOJIHOTO
ynaneHus onu-2,5-JIFBK. 3atem chepounsl B po-
CTOBOW cpeje TepeHOCHIN Bo (hjlakoHbl 125 ¢ Hea-
re3uBHbIM NToKpbITHEeM (SPL LIFESCIENCES, Pec-
nyonuka Kopest) mis panbpHeIero HaOMIOmeHUS.
dyopecleHIIUI0 OKpallleHHBIX KJIETOK CTPOMBI Ha-
Oronany MpyU MOMOIIU WHBEPTUPOBAHHOTO MUKPO-
ckona Mukpomen U (JIOMO, Poccus).

IIpoBepka CTAOMILHOCTH H KH3HECHOCOOHOCTH
ctheponnoB. Chepounsl, chhopMUpPOBaHHBIE MO BbI-
LIEOTTMCAHHBIM METOAMKAM, TOCJe yIalIeHUs MO~
Ne 1
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2,5-AI'BK mHKYyOMpoBany B TeUeHUE OBYX Helelb B
CO,-unkyb6atope Bo dyiakoHax T25 ¢ Heaare3uBHbBIM
TMOKPBITHEM C 3aMEHOI cpenbl KaXKoble TPU THS Ha
cBexyro. [1o mcTedyeHUN TaHHOTO cpoKa CEepOrIbI
COXpaHsUIM XapaKTepHyio 3D-cTpyKTypy, aKTHBHO
pociu, yBeInduBasich B pa3mepax. [1locne 340 4 uH-
KyOauuu Bo ¢rakoHax T25 ¢ Heaare3auBHOM MTOBEPX-
HOCTBIO POCTOBYIO Cpey co cpeponmaMit TepeHOCH-
M B 6-cM Jamky [leTpu misg HaGmOmeHUS 3a TIpH-
KperuieHreM c(eponIoB K MOMIOXKEe U MUTpaltneit
KJIETOK 13 cheponma Ha TTOBEPXHOCTh YaIlKH.

Anamu3 ¢docdopuiupoBanus pelenTOpPHbIX THPO-
3uHKMHA3. YTOOKI OIpeneanTh, IIPUBOIUT JIM OOpa-
ootka noym-2,5-II'bK K 3HaunTEeTbHBIM U3MEHEHU -
SIM KJIETOYHOTO TOMEOCTa3a, Mbl UCIOJb30BaJIU Pro-
teome Profiler Human Phospho-RTK Array Kit
(R&D Systems, CIIIA) B COOTBETCTBUU C MHCTPYK-
oussMu TipomnsBoauTens. Bkparue, kinetku LNCaP,
MOCETHHBIE B KOMMYECTBE 2 X 107 KJIETOK Ha 6-CM yari-
Ky IleTpu, yepes 24 4 ob6pabareBany nom-2,5-AT'BK
(100 MKT/MIJI) WJIM KOHTpOJIeM-HOCUTeNeM (cpena ¢
nobasneHueM PBS) B teueHue 24 4. [1ociie 06padoT-
KM KJIETKU TIpoMbIBaiiu 3 pas3a oxyiaxaeHHbIM PBS,
JIM3MPOBAIU C UCTIOJIB30BAaHUEM TMOCTaBISIEMOTO OYy-
depa 11 TU3KUCca M OTIPEAEIsSIIM KOHIIEHTpAaIUIO Oe-
KOB B KaxnoM kierouHoM jm3arte (Pierce BCA Pro-
tein Assay Kit, Thermo Fisher Scientific, CIIIA).
Kinerounsie mu3atsl (300 MKT 6enka B 1 Mi1) HaHOCH-
JIu Ha MeMOpaHbl, colaepxKaliue UMMOOUIN30BaH-
Hble aHTUTeNa, cHelu(pUYHbIe K OMpeaeeHHbIM
KJIETOYHBIM pelienTopaM, U MHKYOUpOBalu B Teue-
Hue Houu 11pu 4°C. 3aTeM MeMOpaHbl THKYOMPOBaIU
C aHTUTeJIaMU NTPOTUB POCHOPUTUPOBAHHOTO TUPO-
3WUHA, KOHBIOTUPOBAHHBIMU CO CTPEINTaBUIMHOM-
HRP n1s nonyyeHusT XeMUJIIOMUHECLEHTHOTO CHUT-
HaJjla Tocjie J00aBJIEHUSI peareHTa-cyocrpara. Ypo-
BEHb aKTMBHOCTU PELENTOPHBIX KMHA3, CBSI3aBIINX-
csl cO creuu(pUuIecKUMU aHTUTeJIaMU, OTNPEAEsIU
M0 MHTEHCUBHOCTU CUTHAJIa, OTPaXKaloIIero Kojaude-
CTBO (hoCchHOPUINPOBAHHOTO TUPO3UHA JJIsI KaXKIoit
KWHa3bl, MpencTaBjieHHONW B Habope. st Konuve-
CTBEHHOI OLIEHKU YpOBHSI hochopuimpoBaHust Obl-
Jla TpoBeJieHa JEHCUTOMETPUsI MHTEHCUBHOCTU T0-
JIYYEHHBIX CUTHAJIOB C UCIIOJIb30BAaHUEM TIPOTPaAMM-
Horo obecrnieueHusi Studio Image Lite Bepcuu 5.2
(LI-COR Biosciences, CIIIA).

Bectepn-osor-anamms. [TomydeHHBIE, KaK OIHCa-
HO B TIpuMepe 2, cheponabl ITepeHOCHIIN BO (hiTako-
HEBI C HeaIre3UBHBIM ITOKPBITUEM (C 3aMEHOM KYIbTY-
pabHOIT cpelbl Ha CBEXYIO 6e3 M00aBIeHUS MOIU-
2,5-I'BK) u KynbTuBHMpOBaanu B TeueHne 48 4 ¢ oT-
oopom 11pod yepe3 0, 24 1 48 u. B kauecTBe KOHTPOIS
ucnonb3oBa kinetkn LNCaP, BreIpaineHHBIE OO
cTaguy MOHOC0S B 2D-KylnbType B OTCYTCTBUE TTO-
m-2,5-1T'BbK. KiaeTtku mpomberBaau xonogHEIM PBS
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n jusupoBaim B 200 Mk Oydepa miag ms3uca
(20 MM Tris-HCI, pH 7.5, 1% NP-40, 100 MM NaCl,
5MM EDTA), conepxaiero nuHruouropsl (Protease
Inhibitor Cocktail Set V; Calbiochem, CIIIA) u un-
ru6utopbl ocdaraz (10 MM B-miunepodocdar,
10 MM oproBaHamaTt HaTpus, 10 MM nupodocdar
Hatpus u 5 MM dunyoput HaTpus). KoHneHTpauio
Oefka M3MEpsUIM C MCMOJb30BaHWEM Habopa st
aHanm3a 6enka Pierce BCA Protein Assay Kit (Ther-
mo Fisher Scientific, CIIIA). KieTrouHble IM3aThI
(30 MKT TOTanbHOrO OeJiKa) pa3dcisiii C ITOMOIIbIO
anekrpodopesa B 10%-nom ITAAI, 3aTteM Genkm
MEPEHOCWIM Ha HUTPOLEII0J03HbIE MeMOpaHbI
(Bio-Rad Laboratories, CIIIA) 1 nHKyOuUpoBaIu C
nepBUYHBIMU aHTUTeNamMu (pa3BeneHue 1: 1000 B Oy-
depe TBST, comepxamem 5% BSA). Ilocie mpo-
MBIBKU MeMOpaHbl UHKYOUPOBaJIN CO BTOPUUYHBIMU
aHTUTEJIaMU, KOHBIOTUPOBAHHBIMU C TepOKCHUIa-
30i1 (pa3Benenue 1 : 5000 B 6ydepe TBST, conepxa-
meM 5% 006e3KMPEeHHOTO MOJIOKa). Busyammsario
Oesika obecrieunBaIv J00aBIeHUEM TTMKOXEMWIIOMU-
HeclieHTHoTo cybctpata (Thermo Fisher Scienti-
fic, CIIIA) ¢ mocienyiolieil AeTeKIUEH XeMUIIIO-
MWHECIUEHTHBIX CUTHAJIOB C TOMOIIbIO CTaHIUU
Busyanusanuu Fusion Fx (Vilber Lourmat, ®paH-
1usi). OTHOCUTENbHbIE YPOBHU 3KCIIpecCcUu Oeka
onpeaesiyiu IeHCUTOMeTpUeit CUTHAJIOB C UCTIOJIb-
30BaHHWEM MporpaMmMHoro obecrneyeHus Studio
Image Lite (Bepcus 5.2).

3AKJIIOYEHHME

Pa3pabGotaH HOBBIN METOM OBICTPOTO MOTYYECHUS
3D-KynbTyp KjaeTok. MeTonsl (hopMupoBaHus cde-
pounos ¢ npumeHenueMm noiau-2,5-JAI'BK, mpemio-
KEHHbIE B HACTOSIIEM UCCIEOOBaHUU (MAaTeHT
RU 2742689 C1, 2021) [67], uMeOT MHOTO MPEUMY-
IIIECTB B JIJAOOPATOPHOM HCHOJIb30BAHUU U TIPEICTAB-
JISTIOT CO0O1 TTPOCTYIO U HEAOPOTYIO MPOIEeAypy, KO-
TOpasi BbI3BIBAET MUHUMAJbHOE BMEIIATEIbCTBO B
KU3HEAESTEIbHOCTD KJIETOK JIJISI UX OpTaHU3aluU B
3D-cTpykrypy. Takum o00Opa3oM, HOBBIA METOJ,
3D-KyAbTUBUPOBAHUSI MOXET OBITh MMPUMEHEH s
WCCIETOBAHUI COJIMIHBIX OMYyXOJIel YeToBeKa WJIn
JIPYTUX 9KCIIEPUMEHTAIbHBIX LEJICH.

COBJIIOAEHUE 5TUYECKHUX CTAHOAPTOB

Hacrostiast cratbs He COICPKUT ONMMCaHUA KaKUX-JIU-
00 mccaeaoBaHUIA C y4yaCTueEm JIIOAEH M MCMOJb30BaHUEM
KMBOTHBIX B KA4eCTBE 00BEKTOB MCCJIETOBAHUIA.

KOH®JIMKT MHTEPECOB

ABTOpPBI 3asIBASIIOT 00 OTCYTCTBUU KOH(MPJIUKTA MHTE-
pecos.
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Cells attached to a substrate and grown in two dimensions (2D) or suspended culture cannot accurately rep-
licate intercellular interactions in tissues and organs. Spheroids, being three-dimensional (3D) formations,
are more accurately reproduce the structure of organs or neoplasms. Spheroids compared to 2D cultures
demonstrate an increased survival, corresponding morphology, and a hypoxic core, which is observed in na-
tive tumors in vivo. Tumor cell spheroids also represent models of the metastatic process. Therefore, sphe-
roids are currently widely used for testing new anticancer drugs. However, obtaining and using 3D cultures
can be associated with a number of difficulties, such as the need for expensive reagents and equipment, the
low rate of formation of spheroids of the required size, and the occurrence of long-term changes in cell me-
tabolism, which depend on the methods used to create spheroids. We have found that incubation of tumor
and normal cells in the presence of polymers of 2,5-dihydroxybenzoic acid (2,5-DHBA) that are nontoxic to
cells can induce the formation of 3D structures. Based on this, a new method for the rapid production of 3D
cultures is developed and this approach does not require the use of additional equipment, expensive reagents,
and does not have a long-term effect on cell homeostasis. The spheroids obtained by this method represent
models of three-dimensional structures and can be used for biological studies of intercellular interactions and
detection of pharmaceutical products.

Keywords: 3D cultures, spheroids, pharmacological screening, cell cultures, lignin-like polymers, 2,5-dihydroxy-
benzoic acid polymers
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