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JleueHune CYHAPOMA KOPOTKOM KULLKM ABMIAETCA CIOKHOM NPOG/IeMOii B COBPEMEHHOM MeauumHe. Y psaga NauyeHToB CyLecTByoLme
MeTofbl ledeHns HeahdEKTUBHDI, @ TPAHCM/IAHTALMA KULLEYHMKA MOKA3blBAaeT HEeYAOBNETBOPUTEIbHbIE pe3ynibTaTbl. TKaHeBas NHXKe-
HEPVISt TOHKOW KNLLIKWN MOXET 6bITb HHOBALWIOHHBIM METOAOM fIeUYeHUA STUX NauneHToB. OJHVIM 13 KITIOUEBbIX 3/IEMEHTOB B CO3AAHM
KVLLKI ABNAETCA BbIPALYMBAHYIE HEPBHOW CUCTEMbI KMLLEYHMKA. [l0 HACTOALLEro BpeMeHM He OM1CaHb! KyNbTYPbl HEPBHbIX KIETOK, Bbiae-
NEHHbIX 13 HEPBHOM CUCTEMbI KULLEYHIKA, BbIPALLEHHbIE B TPEXMEPHOM MATPUKCE Ha OCHOBE MMalypOHOBOM KUCOTI.

Llenb nccnepoBaHma: pa3paboTtaTb MeTOZ BblpaLuMBaHUA in Vitro B3aMMOAENCTBYIOLLMX APYT C APYTOM KETOK HEPBHOMN CUCTEMDI
KMLLEYHMKA B TPEXMEPHON cpege.

MeTopabl: KNeTKn HEPBHOW CUCTEMbI KALLEUYHUKA BbIGENANNCD U3 KMLUEYHUKA KPbIC MYTEM NPenapupoBaHuns 1 GepmeHTaTUBHOIO
BO34EMCTBMA Ha MbILLEYHBIN CIOM TOHKOM KULWKW. [lanee KNeTkn NomMeLanuncb B TPEXMEPHbIN MaTPUKC 1 KySbTUBMPOBANICD B
HEM B TEUEHWN HECKOSbKUX AHE.

Pe3ynbratbl. KNetku HEPBHOM CUCTEMbI KMLIEUYHUKA BbINN BbILENEHbI U3 KPbIC U KYNBTUBUPOBANNCH B TPEXMEPHOM MaTPUKCe,
NoMeLLEHHOM B PacTBOP A1 KYNbTYp KNeToK ¢ gobasnieHvem cneymduyecknx Gaktopos pocta. MUKpOCKONMpoBaHme KynsTyp
KNIETOK Ha BOCbMbIE CYTKM MOKAa3aso, YTO HEPBHbIE KNETKW aKTUBHO PacTyT, COEAMHAACh C 4PYIMMMN HEPBHBIMM KNeTKaMu npu
MOMOLLM OTPOCTKOB. KoHbOKaNbHasA MUKPOCKOMUA B COYETAHNMN C UMMYHOTMCTOXMMMNYECKUM OKPaLIMBaHWEM KNeTOoK creynduy-
HbIM MapKePOM HEPBHbIX K/IETOK NMOKa3asa, YTo MonyyeHHbIe KynbTypbl 4eNCTBUTENBHO COCTOAT U3 HEPBHBIX KNETOK.
3akntoueHue. PazpaboTaHHbIM MeTOA MO3BOJIAET BbIPACTUTD iN Vitro XuUBYyLLME U B3aMOAENCTBYOLWME APYT C APYrOM KNETKM
HEPBHOW CMCTEMbI KNLWIEYHWKA B TPEXMEPHOI cpege. MonyueHHan KynbTypa KNeTOK MOXeT GbiTb MCMOIb30BaHa At MOAENPO-
BaHWA CTEHKM TOHKOM KULLKM NyTEM TKaHEBOW NHXEHepUu.

KnioueBble cnoBa: TKaHeBasA NHXeHepua; HePBHaA CMCTeMa KMLLEYHWKA; SHTepasibHasA HepBHaA CUCTEMA; CUHAPOM KOPOTKOM
KWLWKW; HENPOH.
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Background. Treatment of short bowel syndrome is a complex issue in modern medicine. Existing treatment methods are ineffi-
cient in some cases, and bowel transplantation shows unsatisfactory results. Tissue engineering of the small intestine can repre-
sent an innovative method of treatment for these patients. One of the key elements in creation of the gut is culturing of enteric
nervous system cells. There is no description of the nerve cells culture extracted from the enteric nervous system and grown in a
hyaluronic-acid based three-dimensional matrix so far.

Research objective: establishing an in vitro method for culturing of interacting enteric nervous system cells in a 3D environment.
Methods. The enteric nervous system cells used for these experiments were isolated from Sprague-Dawley rats. Hyaluronic-acid
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based hydrogel HyStem®-C (ESI BIO - A Division of BioTime, USA) was used as a 3D matrix. Enteric nervous system cells were iso-
lated from 5- to 8-day-old newborn Sprague-Dawley rats. Animals were decapitated with a rodent guillotine (cervical spinal cord
transection). After that they were laparotomized, and their intestines were isolated. The removed intestines were placed in a Petri
dish filled with the MEM (Minimum Essential Medium) supplemented with antibiotics (25 pl factory-produced solution of genta-
mycin (40 mg/ml) and 50 pl of metronidazole solution (5 mg/ml) per 50 ml of MEM).

The small intestine was then separated from the colon and mesentery under an optical microscope, and the muscular layer of
small intestine was isolated from the submucosal layer. The isolated muscular layer was placed in a tube with the deoxyribonu-
clease and collagenase solution as well as Balanced Salt Solution and incubated for 2 h at 37°C and 5% CO,,. As a result, the intes-
tinal muscle tissue was broken down completely in the produced solution, while areas of the myenteric plexus remained intact
and were recognizable under the microscope as a network. These neural networks were treated with a trypsin solution. Further,
after mechanical processing, a suspension of nerve cells was obtained. The hyaluronic-acid based gel HyStem®-C (ESI BIO - A Divi-
sion of BioTime, Inc., USA) with added collagen was used to produce a 3D matrix. The enteric nervous system cells were added
to this three-dimensional matrix and stirred. Matrix had been hardening for 30 minutes. The cell cultures were fixed, stained and
microscoped 10-21 days later. Forimmunofluorescence staining of cells we used a direct immunohistochemical method with the
anti-B Ill Tubulin antibody conjugated with the fluorochrome Alexa 488 Flour (Merck Millipore). Anti-3 Il Tubulin is a specific anti-
body used for peculiar staining of neurons. The anthraquinone dye with a high affinity to double-stranded DNA - DRAQ5 (Thermo
Fisher Scientific) was applied in order to identify cell nuclei. Microscopy was conducted with Leica TCS SP8 (Leica, Germany).
Results. The technique we represented allowed us to produce a culture of enteric nervous system cells isolated from rats in the
three-dimensional matrix. Confocal microscopy combined with immunohistochemical staining with specific neuronal marker
showed that the final cultures indeed consisted of nerve cells. Larger nerve cell clusters were encountered. Herewith, some neu-
rons were arranged close to each other while others were located at a distance; however, all neurons were interconnected. Neu-
rons also clearly showed wide processes morphologically similar to those of axons. In addition, many thin and branching pro-
cesses resembling dendrites morphologically were visible. The use of confocal microscopy allowed to receive a series of images
at different depths of the focal plane, which could then be reconstructed to a three-dimensional image. The 3D reconstruction of
the nervous plexi clearly revealed neurons joined together in a complex network. For DRAQ5 stains all cell nuclei, not just those
of neurons, the presence of stained cell nuclei just “hanging” on the reconstruction without cytosomes of nerve cells indicated
that other cell types were also present in this texture. The present work showed a possibility for culturing interconnected enteric
nervous system cells as well as nerve plexi within the three-dimensional medium in vitro. The key step in growing the enteric ner-
vous system cells for both two-dimensional and three-dimensional medium claims to be the characteristics of functional cellular
activity. Following stages of the study require observing of the cells’ functionality, for example, by using the analysis of intracel-
lular Ca * concentration (calcium imaging) and its variability. In addition, the study of cellular interactions within the enteric ner-
vous system with other types of cells in the three-dimensional medium also encourages a great interest.

Conclusion. The developed method enables one to culture the interconnected cells of the enteric nervous system within the
three-dimensional medium in vitro, which can be used to create the enteric nervous system when growing the small intestinal
wall by means of tissue engineering. Further research is based on studying the functionality of cells grown in a three-dimensional
medium as well as on co-culturing of enteric nerve cells with other types of cells in three-dimensional media.
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CunnpoM kopotkoit kuiku (CKK) — ato 3aboneBa- c¢s 3a0oeBaHud, TpeOyoONe OOIIMPHON pe3eKIUi K1-
HUE, TPOSIBIISTIONIEECSI XPOHUYECKOM KUIIIEYHOM HEAOCTAa-  [IEYHUKA: HEKPOTUYECKUI SHTEPOKOIUT, aTPE3Usl KUIIIeU-
TOYHOCTBIO, BOBHUKAET B pe3yJIbTaTe MACCUBHOW pPe3eK- HUKa, FaCTPOIIU3UC, 32aBOPOT KUIIOK U Ap. [1, 2]. VY B3poc-
1IMY KUILIEYHUKA, PeXe ObIBAET BPOXKICHHOTO XapakTepa. JbIx Haubojee yacteiMu npuurnHamu CKK gBisgioTcs
ITpuunHamu passutus CKK y neteil yanie Bcero IBISIIOT-  Me3eHTepalbHbIli TpoM003, 6osie3Hb KpoHa, 3710Kaue-
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CTBEHHBbIE HOBOOOpa3oBaHus U T.1. [3, 4]. Ha cerogusim-
HUIi JeHb TpobJjieMa BhIpakeHHOI MaJibabcopOM Y fe-
teii ¢ CKK pemaetcs mpu momMoliny napeHTepaaibHOTO Mu-
tanus (I1I1), gaBasiolerocs XXKU3HEHHO HEOOXOAUMbBIM
1151 Takux nmanueHToB [5]. OmHako ITT1 BeI3bIBaeT Takue
OIacHbIe JJI KU3HM OCJIOKHEHUS, KaK MeYeHOYHas He-
nmoctaTouyHOCTh Y 40-70% TaliieHTOB, KaTeTep-aCcCOLNH-
POBaHHBIN Cercuc U KaTeTep- UHAYLUPOBAHHbBIN BEHO3-
HBIIT TpoMO03 [6]. BBUTO IMOKa3aHO, YTO MSTUIETHSISI BBI-
skuBaemocTh mauueHToB ¢ CKK, Haxonupmmxcs Ha I111,
cocTaBuIa Wb 52%, Toraa Kak y IeTeii, mepeueanmx B
TedyeHue 2,5 JIeT Ha TTOJIHOE SHTEpabHOE MUTAHUE, OTME-
YaJI0Ch TTOBHIIIIEHME TToKa3atesst 1o 95% [7, 8]. Takum 006-
pa3oM, mig nanueHToB ¢ CKK coBepiieHHO Heobxonu-
MbIM Y OOOCHOBAHHBIM SIBJISIETCSI COKpalleHUE JUTUTEb-
Hoctu IIIT u paHHUIi TIepexo Ha MOJHOE SHTEpaIbHOE
nutaHue. Xupypruyeckue Metoasl jeueHun CKK Hampas-
JIEHBI Ha yJTy4IlIeHre KUIIIEYHON aOCOPOIIMU 1 TEM CaMbIM
Ha yBeJWYEeHUE TOJIU SHTePATbHOIO MUTAHUS B HYyTPUTHUB-
HOM cTaTtyce nareHTa. 9 GheKTUBHOCTh TPUMEHEHUS CO-
BPEMEHHbBIX TeparieBTUYECKUX U XUPYPTUUECKUX METOIOB
nmeuenwmst nocturaet 70% [9].

TpaHcraHTaUs KUIIEYHUKA SBJISIETCS €1le OJHUM
W3 CIIOCOOOB JIeUeHUs MAllUEHTOB C KOPOTKOU KHUIIIKOM.
OmHako Mo TaHHBIM KPYITHEHIIIEro eBPONneicKOro leHTpa
O TPAHCIUIAHTALIMY KUIIEYHUKA 5-JIeTHSSI BBLKMBaEMOCTh
TpaHCIUIaHTaTa MpU Mepecanke KUIIeYHUKa y 1eTeil co-
ctapisieT auinb 44%-57%, a 10-1eTHSI BBIXKMBAEMOCTh
TpaHciutanTarta - 31%-44% [10]. CorstacHO TaHHBIM OTYE-
Ta perucTpa no TpaHCIUIAHTALIMU KUIIEYHUKA, Ha OCHO-
BaHUU JaHHBIX 0 2699, MallMeHTOB TIATHJIETHSIST BBDKUBA-
€MOCTb ITalIMEHTOB COCTaBMJIa JTMIIE 56% [11].

TxaHeBass MHXKEHEPUST MOXKET CTaTh MPUHIIUUATIBHO
HOBBIM MOAXOA0M K jieyeHuto namueHToB ¢ CKK u xpo-
HUYECKON KMIIeYHO# HemocTaTouHOoCTH [7]. B TKaHeBoit
WHXXEHEepUHU UCMOJIb3yeTCs MaTpulia, 3aMeHsIo1Iasi BHe-
KJICTOYHBIN MaTpUKC TKaHel, KoTopas 3aloJHsIeTCsl He-
00XOMMBIMU KJIETKAMU, POCT 1 Pa3BUTUE KOTOPHIX PETy-
JIUpYyeTCs ¥ CTUMYJIUPYETCS C OMOIIBIO pa3InYHbIX (haK-
TOPOB pocTa. B mociiegHue roapl ccaenoBaTe i TOCTUTIN
OIpeJeJICHHBIX PEe3yJbTaTOB B MOJCIMPOBAHUY OTIEIb-
HBIX KOMITOHEHTOB KMIIKKU [12]. s co3maHust UCKYC-
CTBEHHOTO KUIIIEYHMKA ObUTU M3yYeHbl BOBMOKHOCTHU UC-
TOJIb30BaHUS PA3IMYHBIX TKAaHE! B POJIM MaTPUKCa, TAKUX
Kak 06eCKJIETOUHBIN KOXHBIN MaTpukc (Acellular dermal
matrix), MOACIU3UCTBINA CJION TOHKOW KUIIKM (small
intestinal submucosa), KoJuiareHoBas rydoKa 3arojiHeHHast
MBIIIEUHBIMU KJIeTKamu 1 ap. [3, 13]. MccaenoBanuch Tak
XK€ CUMHTETMYECKMEe TMAPOTeM Ha OCHOBE ajMHaTa,
I-pNIPAM - ruaporeins, I-pNIPAM-co-DMAc ruaporeib
[14]. MaTpuKCchl UCCAENOBAIUCH C Pa3TUYHBIMU TUIAMU
KJIETOK, TAKUMU KaK 9HTepaIbHbIe CTBOJOBBIE KJIETKH, Op-

raHotunuyeckue KyabTypbl, Caco-2 and HT29-MTX, mbi-
IIeYHbIe KJIETKU U Ipyrue. M3yyanuce Moaenu in vitro u
in vivo (KUBOTHBIE MOJIEIN). ABTOPHI TOKAa3bIBAJIU MPEU-
MYIIECTBA T€X WIM MHBIX KOMOWHAILIMI MaTpUKca U Kiie-
TOK JIsSl CO3[IaHUSI OTPeeIEHHBIX TKaHEel KuleyHuka [12].

bruto mokazaHo, YTO ME3eHXMMAJIbHBIE KJIIETKU MOTYT
nuddepeHIIMpoBaThCs B SHTEPOUUTHI [15]. Bbuin co3na-
Hbl OPTAHOTUIIMYECKHUE KYIbTYPHI C 4 TUTIAMU KJIETOK KU -
IIEYHUKA B KOTOPBIX OOHAPYXMBAJUCh TJIUAIbHbIE KJIET-
KU. ABTOPBI CYUTAIOT, YTO JIJISI HOPMaJIbHOTO (DyHKIIMOHU-
pPOBaHMS KUIIKU, CO3MAaHHOU MPU MOMOIIA TKAHEBOU
WHXEHEPUU, HEOOXOIUMBIM YCIOBUEM SIBJISIETCS] HATUYUE
SHTEpabHOM HEPBHOI cucTeMsl [16]. [Ipyrue uccienosa-
TeJIW TaKKe CXOMSATCS BO MHEHUM, YTO CITOCOOHOCTb MH-
HEPBUPOBATh UCKYCCTBEHHO-BBIPAIIEHHBIN MBIIIICUHBINA
CJION SIBJISIETCS KJIIOUEBBIM 2JIEMEHTOM IS CO3AaHUS
dyHkuoHansHOrO KMmeyHuka [17, 18]. OgHako mo Ha-
CTOSIILIETO BPEMEHU HE OMUCAHO HATNYKe MEXMBIIIEYHO-
TO WJIM TTOICTV3UCTOTO CIUIETEHUST, BBIPAILIEHHBIX B TPEX-
MEPHOM MaTpUKCE MpPHY MOMOIIU TKaHEBOU MHXEHEPUU
[13, 17].

DTO CBSI3aHO C BHICOKOI YyBCTBUTEJIBHOCTBIO KJIETOK
HEPBHOU CUCTEMBI KUIIIEYHUKA K MUKPOOKpYkeHu1o. Tax,
MOKa3aHo, YTO JIBYXMEPHbIE KYJbTYypbl HEPBHBIX KJIETOK,
BBIPALIEHHBIX KaK U3 HEMPOHOB LIEHTPAJIBHON HEPBHOM
cucteMsl [19], Tak 1 HEMipOHOB HEPBHOI CUCTEMbI KUIIIEU -
Huka [20] oueHb YYBCTBUTEIbHBI K MEXaHUYECKUM I1O-
BPEXIECHUSM U BO3IEUCTBUIO (DaKTOPOB MUKPOOKPYKe-
Hus. TpéxMepHble KyJbTyphl KJIETOK UMEIOT ellé Ooiee
TECHbIE 1 60JIee CTOXHBIE B3aMMOCBSI3U C MUKPOOKPYXKe-
HUEM, KOTOphIe OoJiee CIOKHO MoaeanpoBaTh. OgHaKO
BaXKHBIM MPEUMYILECTBOM TPEXMEPHBIX KYJbTYP KJIETOK,
BHE 3aBUCUMOCTH OT TUIIA KJIETOK, SIBJISETCS TO, YTO B IaH-
HBIX KyJbTYypax UX MOXXHO HabmofaTh B OoJiee husunosno-
rudyeckux ycioBusix [21]. TToatoMmy cozmaHue mogoOHbIX
KYJIBTYD SIBJISIETCS CJIOXKHOW 3a1a4eid.

Jlo cux mop He CyLIecTBYeT paboT, B KOTOPHIX ObLIU
Obl CKOHCTPYWPOBaHbI KOMITOHEHThI KUIIIEYHON HEPBHOM
CHUCTEMBI, CITOCOOHBIEe (PYHKIIMOHUpPOBaTh. Llenb ncciemno-
BaHMS — pa3paboTKa MeToJa BbIpalllMBaHUS in vitro Kire-
TOK HEPBHOU CHCTEMBbI KUIIIEYHNKA, 00pa3yIoNInX B3au-
MOCBSI3M B TPEXMEPHOM cpene.

MeToamnka

Onucanue memoda. VicciienoBanve IpOBOIMIM B Ha-
YUHOI1 1abopaTOpuu MEIULIMHCKOTO (haKyabTeTa MaHreim
(I'epMaHusI) B COOTBETCTBUM C HEMELIKMM 3aKOHOM O 3a-
IIUTE XUBOTHBIX U C Pa3pellIeHUs] STUYECKOTO0 KOMUTETA
Mo paboTre ¢ XMBOTHBIMU MenuimHcKoro PakynbTeTa
Masnreiim. B skcriepuMeHTe UCMOIb30BATUCh HOBOPOXK-
JeHHbIe KphIChl (Sprague— Dawley) B Bo3pacte oT 5 10 8
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cyT. ZKMBOTHBIX TWJIbOTUHUPOBAIH, 3aTE€M IPOBOAMIIN Jia-
MMApOTOMMIO M U3bIMAJIA KUIICUHUK.

KuieyHuk moMeianyu B CTEpUWIbHYI0O OTHOPA30BYIO
varky [etpu (muametp 60, BbicoTa 15 MM), 3aITOJTHEHHYIO
cpenoit MEM (Minimum Essential Media) ¢ no6aBkaMu
aHTUOMOTUKOB. B 50 M cpeast MEM nobasnsinu 25 MK
dabpuuHoro pactopa reHraMmuirHa (40 mr/mir) u 50 MK
pacTBopa METpOHMIAa30J1a (5 MT/MIT).

ITox MukpockornoM ¢ ysenmrndeHueMm B 10-20 pa3 mpu no-
MOIIIY MUKPOITMHIIETOB ¥ MUKPOHOXHUIL PA3IEIIsITA MbI-
LIEYHBIA Y MOACTU3UCTBIN CJIOM TOHKOM KUIIKY (puc. 1).

BoigeneHHbI MBILIEYHBIN CIOM MOMeIaIv B TPOOUp-
Ky, comepxaryio 100 MK pacTBopa KojutareHassI (10 Mr/mit)
n 10 Mxim nme3okcupubonykireassl (10 mr/mi) B 900 MKix
Hank’s Balanced Salt Solution 1 HHKYyOHUpOBaaU B UHKY-
6arope mipu Temrreparype 37 °C u 5% KOHIIEHTpALVH yTITe-
KHCJIOTO ra3a B TeYeHUe 2 4.

Ilocne aToro pacTBOp C paciierIEHHBIM MBIIIIEUHBIM
CJI0eM BBITMBaIM B Yaliky IleTpu, 3aMoJHEHHYIO Cpenoi
MEM c no6aBKaMy aHTUOMOTHUKOB, B OITMCAHHBIX BHIIIEC
KOHIIEHTpalusX. B pe3ynbTaTe B MOJIYYEHHOM PacTBOpE
MBIIIEYHAs! TKaHb KMIIEYHUKA TMOJHOCTBIO pacIlernis-
Jlach, B TO BpeMsI KaK YYaCTKH MEXMBIIIIEYHOTO CTUIETCHUS
HEPBHOI CUCTEMbI KUILIEYHUKA OCTaBaJIMCh HEMTOBPEXKIEH-
HBIMU U TTOJT MUKPOCKOTIOM BBITJISIIENIM B BUAE CETH (PHC.
2). 111 mpoBeicHUsI 9KCIIepUMEHTa UCTIOIb30BajIv KJIET-
K1 HEPBHOU CHCTEMBI KMIIIEYHUKA KPBIC, TTOTyYEHHBIE TT0
MeToauke onucaHHoit Shafer ¢ coaBropamu [22]. B kaue-
CTBE TPEXMEPHOTO MaTpUKCa UCTOIb30BaI TUAPOTeb Ha
ocHOBe ruarypoHoBoii kuciotsl HyStem®-C (ESI BIO -
A Division of BioTime, USA).

CAM3MCTRIH
Cnon

MbIlEYHBIH - -?‘}
cnom

Puc. 1. MpenaprpoBaHne TOHKOW KULWKW NOJ MUKPOCKOMOM: OTAeNeHns
MbILIEYHOTO CJI0A KULWWKM OT cim3nctoro. CBETOBasi MUKPOCKOMKA.

DTH y9aCTKHA MEXMBIIIEIHOTO HEPBHOTO CITJIETCHUS
cOOMpaM MOl CBETOBBIM MUKPOCKOIIOM (YB. X 20—30) npu
TMOMOIIY nuIeTku oobeMoM 100 MK 1 ToMelanu B mpo-
OupKy oobeMoM 1,5 mit.

CobpaHHBIE CETU MEXMBIIIIEYHOTO HEPBHOTO CILIETE-
Hus neHTpudyruposanu npu 1000g mpu Temmepartype
20 °C B TeueHue 5 MuH. B pesynbrare eHTpudyrupona-
HUST OOPBIBKY CETU HEPBHOI CUCTEMBI KMIIIEYHUKA OCeIa-
JIA Ha THO poOUpKU. PacTBOp 13 MpoOMpKU yaasiid Ipu
TMOMOILM MUITeTKN 00beMoM 1 MJ1. B mpoOupky nodasisi-
a1 mit 0,25% pactBopa Trypsin-EDTA (Tpuricut ¢ 3Tu-
JICHIMaMUHTETPAYKCYCHOU KrcaoToit). Jlanee mpoOupKy
CTaBWIM B MHKYyOatop Ha 1 MuH nipu 37 °C. 3atem e€ CHo-
Ba ueHTpudyruposanu pu 1000 g npu remmnepatype 20 °C
B TeueHue 5 MuH. CynepHaTaHT U3 MPOOUPKU YOUpaIU Mu-
neTkoil oobéMoM 1 Mil. B mpobupke ocTaBajicsl ocamnok,
rocJie 4ero B Hee 100aBIsin 1 M1 SMOpUOHATIBLHOM TesI-
ybeil cbiBopoTKU (DTC) (Invitrogen, USA) u nepemeru-
Banu. [1onydyeHHYI0 cMeCh HECKOJIBKO pa3 MPOMyCKaIu Ye-
€3 TOHKYIO MTOJIKY JUISI ITOTy4eH s TOMOTEHHOTO PacTBO-
pa. TakuM o6pa3om Tojydyaan CYCHeH3UI0 HEePBHBIX
kietok. PactBop (10 MxJ1) momenianu B Kamepy ['opsieBa
IS TIOicUeTa KOJIMYeCTBa KJIETOK.

Ha cnenyroriem stane dopMupoBaiu TpEXMEPHbINA Ma-
TpuKc. 7151 ero mosyyeHus UCIIONIb30BAIU TeJib Ha OCHO-
BE TMaJyPOHOBOU KUCJIOTHI ¢ TO0OaBIEHHUEM KoJlareHa
HyStem®-C (ESI BIO - A Division of BioTime, Inc.,
USA). B Ha6op HyStem®-C Bxonat 4 komnoHeHTa: Gly-

Puc. 2. CeTb MEXMbILIEYHOrO CNNIeTEHNA HEPBHOM CUCTEMbI KMLLIEYHMKA.
CBeToBas MMKPOCKOMMA.
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cosil, Gelin-S, Extralink u DG-Bopga. KaxnpIit 13 KoMI10-
HEHTOB HaXOIUTCS B OTACIBHOM (hIaKOHE W XPAaHUTCS MPU
temmeparype -20 °C. Glycosil, Gelin-S, Extralink npen-
CTaBJIIOT co00it mopomok, DG-Boga — IUCTUTMPOBAH-
Has Boxa. [lepen nmpuMeHeHUeM (hJIaKOHBI COTPEBAIM JI0
KOMHATHOM TeMITepaTypbl. 3aTeM BO (hIaKOHBI, colepxkKa-
mue nopoiuok Glycosil u Gelin-S, BHocunu 1o 1 ma DG-
BOJIBI IUTS TTOJTydeHUsT pacTBopa. PrakKoHbBI aKKypaTHO Tie-
peMeInBaiy 6e3 pe3KUx IBUKEHWI, YTOObI 136eXaTh IT0-
saBieHue my3bipeil. Ilopomok, coaepxkamuics BO
(bakoHax, MocTerneHHo pacTBopsiicsa B TeueHue 30—40
MWH C ITOCJIEAYIOIIUM ITOJTyYeHUEM MTPO3pavHOro 1 He-
CKOJIBKO BSI3KOTO pactBopa. Janee B hjiakoH, comepxka-
muii mopowok Extralink, mo6asnsiiu 0,5 ma DG-Boabl u
yepe3 1 MUH ToJTyJaii TTpO3pavHblil pacTBOpP.

Ha crenytomiem stamne HepBHbBIE KJIETKU MHKATICYJIM-
pOBaJ B MaTpPUKC.

PactBopnl Glycosil u Gelin-S nepememuBanu myTém
MMUIIETUPOBAHUS B COOTHOIIIEHUY OMH K OHOMY. 3aTeM
K pactBopy Glycosil + Gelin-S no6aBisiin HepBHBIE KJIET-
KU, TIOJTy9YeHHBIE B XOJIe TIEPBOTO 3Tara 3KCIepruMeHTa 1
BHOBb ITepeMEIIMBAIA CMECh TUIIETUpOBaHUEM. JIJ1sT co3-
JTaHUsI MaTpUKCa B MOJYYeHHYIO cMech nobasnsim Extra-
link 1 pactBop Glycosil + Gelin-S+HepBHbIE KJIETKU B CO-
OTHOIIIeHUH 1:4, BHOBb IlepeMeIINBaIu MUITETUPOBAHMU-
eM. Hanee 200 MKJI MaTpuKca MUITETUPOBAIA BO BCTaBKE
171 24 JTyHOUYHBIX TIaHIIeToB. BecTtaBku nmoMetanu B 24
JgyHouHble TaHIeTsl (BRAND GMBH, I'epmanus).
ITpenmyIiecTBO UCITOIB30BaHUS TUIAHIIIETOB CO BCTaBKa-
MM SIBJIIETCS TO, YTO JJHO BCTABKM COCTOUT U3 MEMOpaHHI,
MpOHULIAEMOI1 7151 KieTouHol cpenbl. Kpome Toro, B cTe-
KaX BCTaBKU UMEIOTCST OTBEPCTUS, Yepe3 KOTOPhIE KIeTOU-
Hasl cpe/ia TakKKe KOHTaKTUPYeT C MATPUKCOM.

Marpuxc 3aTBepaeBai B TeueHue 30 MUH.

Hajee B KaXayro JIYHKY A00aBsiiv 1,5 M1 KyJabTypalib-
HO¥ cpebl AJ1s1 HelpoKynbTyp. KyiabTypanbHas cpena us-
roTaBjauBajach cienywomum odbpaszomM: B 100 mit Neuroba-
sal medium (Gibco) no6ansnu 1 M anpdbymuna (Sigma-
Aldrich), 100 Mk pacTBopa MeTpoHUI0307a (SMr/1mn),
50 Mk pacTBopa reHTaMuuMHa (40 mr/mit), 250 MKJI TJ110-
taMuHa (Sigma-Aldrich) u 100 MxiT MepKanToaTaHoma (Sig-
ma-Aldrich), 2 mi B27 Supplement (Gibco), 100 mxin GD-
NF (glial cell line-derived neurotrophic factor) (1 Hr/mr),
100 mxnn EGF (epidermal growth factor) (1 ur/mi) u 200
Mk bFGF (fibroblast growth factor-basic) (1 Hr/mi).

[MonydyeHHYIO0 KyJAbBTYpYy IOMeEIaan B MHKYOATOP
HERACcell® (Kendro Laboratory Products) v BeIpammBa-
s B TeueHue 10-21 cyt ipu temmepatype 37 °C u 5% KoH-
uentpauun CO,. CMeHa KyJabTypabHOM CpeIbl IPOU3BO-
JIujach Kaxnple 48 4.

KvBbIe KyJbTYpHI KJIETOK MCCIeI0BAIN ITPU IIOMOIITN
CBETOBOI 1 (Pa30BO-KOHTPACTHOM MUKPOCKOTIMU Ha MH-

BepcruoHHOM MUKpockorie Olympus IX 70 mon yBenuye-
Huem 40x, 100x, 200x.

Yepes 10-21 cyT KyAbTYpbI KJIETOK (DPUKCUPOBATIU 10~
GaBJIcHHMEM B KaxKaylo TYHKY 1,5 M1 4% pactBopa ¢opma-
JnHa. Yepes 10 MuH pacTBOp (popMaiHa OTCACHIBAIM MK~
TMEeTKOU U B KaXIyto JJYHKY n100aBisiicsa HaTpuit-docdar-
HbIl Oydepa B KoauyecTtse 1,5 M.

J1st “UMMYHODITIOOPECIIEHTHOTO OKpaIIMBaHUS KJIe-
TOK TIPUMEHSUTA TIPSIMOMI MMMYHOTMCTOXUMUYECKUIA Me-
ToAd mpu rmomouu anturena anti-f I11 Tubulin, KoHbIOTU-
poBaHHOTO ¢ daoopoxpomoM Alexa Flour 488 (Merck
Millipore). Anti- III Tubulin- 310 cnenuduyHOE aHTUTE-
JIo IS crieuUYHOTO OKpalluBaHUs HelipoHOoB. s
MIEeHTU(UKALINY SIIep KJIETOK MCITOIb30BAaJICSI aHTPaXy-
HOHOBBII KPacUTEJb C BHICOKMM CPOJICTBOM K JIBYXIIETIO-
yeyHoit JIHK - DRAQS (Thermo Fisher Scientific).
DRAQS5 paboraeT npu Bo30yXKIarolieM CBeTe C JJTUHOMI
BOJIHEI 488-647 HM. DMuccust DRAQS minHOM BOIHBI 633-
710 um. Beioop anti-B 111 Tubulin KOHBIOTUPOBAHHOTO C
Alexa Flour 488 1 DRAQS Obl1 0cHOBaH Ha TOM, UTO B HC-
MOJIb30BAaHHOM HaMM J1a3epHOM KOH(OKaTbHOM MHMKPO-
ckone Leica TCS SP8 (Leica, 'epmaHust) ajs Bo30yxe-
HUS (PIIIOOPOXPOMOB MCIIOTB30BAJIM JIa3ePhl IUTMHHOM BOJI-
HBI 488 HM (st Alexa Flour 488) m 638 1M (1t DRAQS).

Memooduka npsmoeo UMMYHOGAHOOpeCUeHMH020 OKpaUulU-
sanus. OKpallliBaHKe HAYMHAIN C TIepMead In3aIiuu Kire-
ToK 0,5% Triton-X100 B TeueHUM 45 MUH, TTOTOM MaTPUKC
C KJIETKaMu TTpoMbIBaiiv 3 pa3a B HaTpuii-cocdaTHOM Oy-
(depe 1o 15 MuH, Jajgee MaTpUKC MHKYOMPOBAJIU B TeUEHUE
1 9 ¢ 10% Normal Goat Serum ( DAKO) mpu KoMHaTHO#1
temmeparype. C 3TOro MOMeHTa Bce MAaHUITYJISILIAN BBITTOJ-
HWIY B 3aTEMHEHHBIX YCIOBUSIX. MaTpUKC ¢ KJIIETKaMU MH-
KyoupoBaiu B 200 MxJT pactBopa aHtuten anti-f 111 Tubu-
lin Conjugate Alexa Flour 488 (Merck Millipore) ¢ TBST
(Tris Buffered Saline with Tween) (DAKO) B pa3BeneHuu
1:500 mpu tremniepatype 4° C B TeueHUM HOUU. MaTpuKcC ¢
KJIeTKaMU NpoMbIBaIM 3 pa3a B HaTpuli-cochaTtHoM Oyde-
pe o 15 MmuH. Ha cienytoiiem aTamne MaTpUKC C KJIETKaMU
nHKyoupoBanu ¢ pactBopoM DRAQS (Thermo Fisher
Scientific) ¢ HaTpuii-cdocdaTrHOM OydepoMm B pa3BeneHUU
1:1000 B TeueHue 20 muH. Jlajnee MaTpUKC ¢ KJIETKaMM IPo-
MBIBAJIM TPUXKIBI B HaTpUii-ocdaTtHoM Oydepe o 15 MuH,
ITIOTOM OBICTPO TIPOMBIBAJIY B AMCTUIIMPOBAHHOM BOIE, T10-
MeIIaIM Ha ITPEAMETHOE CTEKJIO, ¥ TIOKPBIBAJIM TOHKUM CJI0-
eM Fluorescence Mounting Medium. IIpoctpaHcTBO BO-
KpYTr MaTpuKca 3aJIMBaJIM TOJCThIM cioeM Fluorescence
Mounting Medium 1 MOKpbIBaIi TOKPOBHBIM CTEKJIOM.

Pe3synbTatbl n 06CyXaeHune

BrineneHHble KJIETKA HEPBHOW CUCTEMBI KUTIIEYHUKA
(puc. 3.) nomemanu B HyStem®-C maTpuKc B COOTHOIIIE-
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aun 100 000 kerok Ha 100 M1 HyStem®-C MaTpuKkca n
TepeMeNTMBaIN IYyTEM IMUTIETUPOBAHUS.

ZKuByto KyJIbTypy KJIETOK M3yJaiu IO MUKPOCKOTIOM
B HyStem®-C Marpukce Ha 8- CyT BBIpalllMBaHUSI KJTe-
TOK HEPBHOM CUCTeMBI KutieyHnKa (puc. 4). B HyStem®-C
MaTpuKce ObLIM OTYETIMBO BUIHBI KJICTKU HEPBHOW CU-
CTEMBI KUIIIEYHNKA, ¢ C(HOPMUPOBABIIMMUCS OTPOCTKA-
mu. KiteTku o6pa3oBbIBaiM B3aUMOCBSI3U KaK C IPYTUMU

Puc. 3. KneTkn HepBHOVI CNCTEMbI KULWWEYHWKa nocne nonyvyeHnAa U3 ToH-
KOWM KMLWKW A0 BblCaXMNBaHWA B TpéXMeprII;I MaTpUKC.

Puc. 4. XvBasn KynbTypa KNneTok HEPBHOW CUCTEMbI KULLEYHWKA NOJ CBETO-
BbIM MUKPOCKOMOM.

KJIeTKaMH, TaK U ¢ HellpocdhepamMu (CKOTUIEHUSIMU CTBO-
JIOBBIX HEPBHBIX KJIETOK).

J1J1s moKa3aTebCTBa MPUHAMICKHOCTH KIIETOK K Heil-
poHaM, OBIJIO TIPOU3BEICHO (hITIOOPECIICHTHOE MMMYHOTH -
CTOXMMUYECKOE OKpallliBaHUe (GPUKCUPOBAHHBIX KYJIBTYP
KJIETOK.

Tak Kak B OTJIMUME OT OOBIYHBIX 2-X-MEPHBIX KYJIbTYD,
MOJTyYeHHbIe HAMU KJIETKH, BBIPAIIUBAIMCH B TPEXMEPHOM
MaTpUKCe, BO3HUKIIA HEOOXOAUMOCTh XapaKTepUCTUKHI
ellle OHOTO MapaMeTpa, a UMEHHO TJIyOuHBI. B cBsI3m ¢
ATUM JUTSI OTIPENIeICHUST ONTHYECKUX CJIOeB B TPEXMEPHOIM
KYJIBTYpE KJIE€TOK HaMU ObLJT UCITOJIb30BaH KOH(POKAIBHBIN
MUKpOcKoI. ITpyn MUKPOCKOITMPOBAHUY KYJIBTYP KJIETOK
HEPBHOU CHCTEMBI KMIIIEYHNKA OKPAIIEHHBIX aHTUTEJIOM
B Tubulin IIT 1 DRAQS, 66111 00Hapy>XeHbl HEOOIbIINE
CKOIUIEHUsI OJIM3KO PACITONOXEHHBIX IPYT K APYTY Heii-
poHOB (pHc. 5), rIe onpenestoTcs siapa 4 HelipoHoB. He-
KOTOPBIE OTPOCTKM HEMPOHOB OOBbENMHEHBI B ITyY0K, MOP-
(omormyecku oOMHU U3 HUX ITOXOXH HA aKCOHBI, IPYTHE,
pacxomsinuecs OTACIbHO U BETBSIINECS, TTOXOXHW Ha JIeH-
IpUTHI (puc. 5).

Takke ObLIM OOHApYXEeHbI OoJiee KPYITHbIE CKOTILIE-
HUS HeiipoHOB. [1py 3TOM HEKOTOpbIe HEHPOHBI paciojia-
rajuch O0J113KO APYT K Apyry (puc. 6), a npyrue Ha HEKOTO-

Puc. 5. HelpoHbl HepBHOW cMcTeMbl KulleyHuKa B HyStem®-C maTpukce. He-
60sblIOe CKOMIeHMe HellpoHOB. ONloopecLeHTHOE MMMYHOMMCTOXMIYE-
cKoe oKpaluuBaHue. 3eneHbin ugeT (8 Tubulin lll) - Tena n oTpocTKM Henpo-
HOB, KpacHbIl LgeT (DRAQ5) - sapa KneTok. KoHpoKanbHas MUKPOCKOMUA.
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POM pacCTOSTHUM, OTHAKO BCe HEHPOHBI ObUTM OObEeNNHE-
HbI MeXny co0oil. ¥ 1ByX HEPOHOB OTUETIUBO BUIHBI
IIUPOKUE OTPOCTKU, MOPGHOJIOTMIECKH TTOXOXKME Ha aKCO-
Hbl. KpoMme Toro, BUAHO MHOXECTBO TOHKUX U BETBSIIIUX-
Csl OTPOCTKOB, MOPGOJIOTMYECKI HATOMUHAIOIIMX JEH -
JPUTHI.

Bbbutn Takke 0OHapyKeHbI OOJIbIIINE CKOIIJICHUS HEel-
POHOB, HanmoMUHaro1ue cruierenue. Ha puc. 7 oTyétiu-
BO BUIIHBI TOJIbKO HEMPOHBI, HAXOASIIMECS B LIEHTPAJb-
HOW YacTH CILJIETEHMSI, a HEPBHbBIE KJIETKU B APYTUX IIO-
CKOCTSIX BUIIHBI HE OTYETJIMBO U COBCEM HE BUIHBI.

ITpumeHeHUe KOH(MOKATBbHOW MUKPOCKOITUH MO3BO-
JIWJTO TIOJIYYUTh CEPUI0 U300paXeHUI Ha pa3TUYHbBIX TJTy-
OuHax oKaTbHOMI TIOCKOCTU U 3aTEM PEKOHCTPYMPOBATh
13 HUX TpexMepHoe n3oodpaxkeHue (puc. 8). Ha tpé€xmep-
HOU PEKOHCTPYKIIMU CIUIETeHUS] OTYETIMBO BUIHBI HEMA-
POHBI, CIIJIETEHHBIE B CJTOXHYIO ceTb. DRAQS okparuBa-
eT spa BCeX KJIETOK, a HEe TOJIbKO HelipoHOB. Hanuuue
OKpAaIlIEHHBIX SIep KJIETOK (KpacHOTO 1IBETa), MPOCTO «BU -
CSAIIMX» HA PEKOHCTPYKIINHU, O€3 OKpYyXaroIlel X Tena
HEPBHOM KJIETKHU (3eJIEHOTO 11BETa) MOKa3bIBaET, UTO B TaH-
HOM CILJIETEHUM MPUCYTCTBYIOT U APYTUe TUIIbI KJIETOK,
HauboJiee BEpOSITHO INIMAJIbHbIE KIJIETKHU.

20 s
—

Puc. 6. HelpoHbl HepBHOW c1MCTeMbl KuleyHuKa B HyStem®-C maTpukce.
CkoneHre HeipoHOB. DnioopecLieHTHOE MMMYHOTMCTOXUMUYECKOe OKpa-
wmBaHwe. 3eneHbli useT (B Tubulin lll) — Tena n OTPOCTKM HeMPOHOB, Kpac-
HbI LBET — AApa KneToK. KoHpoKanbHas MUKPOCKONKA.

st OLleHKM TPEXMEPHOCTHU CILIeTeHUS Oblja MpoBe-
JleHa TpEXMEepHask peKOHCTPYKIIUS CepUM U300paKeHU ¢
IIBETOBBIM KOAMPOBAaHWEM KJIETOK IO TIIyOMHE HaXOXIIe-
HUs B cruieTeHund. [1py IBETOBOM KOIUPOBAHUY TITyOHHEI
LIBET KJIETOK ITPOTPaMMHO U3MEHSIJICS OT TEMHO-CHUHETO —
JIJIs1 KJIETOK HaxodsIIIuxcsl HauboJiee ryookKo, 10 TEMHO-
KpacHOTO — TSI KJIETOK HaXOOSIIMXCS 00JIee TTOBEPXHOCT-
Ho (puc. 9). BoicoTta cruieTeHus Obi1a 6ojee 50 MKM.

TpéxMmepHass peKOHCTPYKIIMS CEpUM U300pakeHU
CILIETEHUsI OblJla TAKKe pacCcMOTpeHa rmof yriioM (puc. 10).
Ha manHOI peKOHCTPYKIINY CITTICTEHUE BU3YaTU3UPYETCS
B TPEX OCSAX MPOCTPaHCTBa (X, Y, Z) 6€3 UCKYCCTBEHHOTO
IIBETOBOTO KOIWPOBAaHUS TIIYOMHBI. DTa peKOHCTPYKIINSI,
6e3 TpOrpaMMHOTO KOIMPOBAHMS TIIyOMHEI, TTOKa3bIBaeT
TPEXMEPHOCTh M CIIOKHOCTH CTPYKTYPHI BEIPAIIICHHOTO B
HyStem®-C Marpukce CIICTEHHUST HEPBHBIX KJIETOK KH-
IIEYHWKA, YTO ITO3BOJISIET JIYUIIIe OIPEACINTh B3aUMHOE
pacIoIoXXeHne HePBHBIX KJIETOK U SAep B TPEXMEPHOM
TIPOCTPAHCTBE.

TkaHeBast MHKEHEPHS OPTaHOB U TKaHEH SIBIISIETCS TTO-
TEHIIMAJILHO HOBBIM METOIOM JIEUeHUSI MHOTHX 3a00J1eBa-
HU, CBI3aHHBIX C HEAOCTaTOYHOCTEIO MJIN TIOTepeit opra-
HOB M TKaHEW, YTO MO3BOJIUT pellaTh TaKWe MPOOIeMBI

Puc. 7. HelpoHbl HepBHOM cUCTeMbl KulleyHrKa B HyStem®-C maTpukce.
Bonblive ckonneHna HelpoHOB, HanomuHawwe cnneteHne. Onoopec-
LIeHTHOE MMMYHOTMCTOXUMUYECKOe OKpaluvBaHue. 3eneHbii useT (18 Tu-
bulin [ll) - Tena 1 oTPOCTKN HENPOHOB, KPacHbIN LiBET — Afpa KneTok. KoH-
¢dokanbHaa MUKpockonus.
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TpaHCIUIAHTAIlMA OPraHOB, KaK HEeJOCTaTOK JOHOPOB U
OTTOpPXKEHME TKaHEH.

M3yyeHneM BO3MOXHOCTH MCKYCCTBEHHOTO BBIpAIIIN-
BaHUsI KUIIKW 3aHUMAIOTCSI MHOTHE uccienoBarenu [23].
PaboTh1 B 3101 06;1aCTH B OCHOBHOM CKOHIIEHTPUPOBAHbI
Ha CO3IaHUU CJU3UCTOTO WM MBIIIEYHOTO CJIOSI TOHKOM
KUKy, [1pyr 3TOM aBTOpPHI YTBEPXKIAIOT, YTO CO3MaHUE

Puc. 8. HelpoHbl HepBHON cMCTEMbI KnweyHunka B HyStem®-C maTtpukce.
TpéxmepHasa PEKOHCTPYKLMA 6ONbLIOrO CKOMNEHNA HENPOHOB, HaNnoMu-
Hatowme cnneteHne. GnioopecLeHTHOe MMMYHOTUCTOXMMUYECKOe OKpa-
wiBaHwe. 3eneHbin ugeT (B Tubulin [ll) — Tena n oTPOCTKN HEMPOHOB, Kpac-
HbIV BT - Alpa KneTok. KoHdoKanbHaa MMKpoCKonua.

Puc. 9. HelipoHbl HEPBHOW CUCTEMbI KMLeyHUKa B HyStem®-C maTtpukce.
TpéxmepHan PeKOHCTPYKLMA CreTeHUA HENPOHOB C NPOrPamMMHbIM LiBe-
TOBbIM KOAMPOBaHMeEM rny6uHbl. OnoopecLeHTHOe UMMYHOMMCTOXMMUYe-
CKoe OKpallvBaHue.

(byHKIIMOHAIbHON HEPBHOM CUCTEMbl KUIIICYHUKA SIBJISI-
€TCS KJIIOUEBBIM MOMEHTOM [IJI51 UCTIOJIb30BAaHMSI B TKaHE-
Boil uHxxeHepuu [13, 17].

B nocTymnHoli Ha HACTOSIIIMIT MOMEHT JIMTepaType pa-
00T 1o BBIpalIMBaHUIO TUGhGEPEHIIMPOBAHHBIX U B3aU-
MOJIECTBYIOIIMX HEPBHBIX KJIETOK KMIIIEYHUKA B TPEXMED-
HOU cpene 11s1 UCTIOJIb30BaHUS B TKAHEBOW WHXKEHEPUU
OTCYTCTBYIOT. MeTonuKa 1o BbIIEJIEHUIO HEPBHBIX KJIETOK
KMIIeYHHMKa, onucaHHas Schafer ¢ coaBropamu [22], mo-
3BOJISIET BHIPAIIMBATh KJIETKU HEPBHOM CUCTEMbI KUIIIEY -
HUKa TOJBKO Ha MJIOCKOCTU. OnHAaKO, 711 TKAHEBOW MH-
>KEHEePUU KITIOUEBBIM YCIOBUEM SIBJISIETCS KYJIBTUBHUPOBA-
HUE KJIETOK B TPEXMEPHBIX Cpeaax, 4To, IMO-HalleMy
MHEHMIO, YIaJ0Ch BHIITOJHUTG B Halllel paboTe, 6jlaroaa-
ps BEIOOPY ONTUMAaIBHOTO MaTpUKca U ToAdOpyY omnpene-
JIEHHBIX YCJIOBUI 711 BEDKMBAHUS, pAa3MHOXEHUS U pocTa
kjetok. [IpuMeHeHre KOHMDOKaTbHON MUKPOCKONUU U
MMMYHOCTeU(UYEKOTO OKPAIIMBAHUS KJIETOK ITO3BOJIN-
JIO HE TOJIbKO I0Ka3aTh, YTO BhIPAILIEHHbIEC KJIETKHU SBJISI-
IOTCSI HEMipOHAMU, HO OOHAPYXXUTh B3aUMOCBSI3U MEXIY
KJIETKaMU U BBISSBUTh KOMIUIEKCHYIO TPEXMEPHYIO CTPYK-
TYpY CIUIETeHUI KJIETOK B TpEXMEpHOI cpefie. B nmpencras-
JIeHHOH paboTe MmokKa3aHa BO3MOXHOCTb BbIpalllMBaHUS
KJIETOK HEpPBHOU CHCTEMBbI KMIIIEYHUKA, (POPMUPYIOLINX
JPYT C IPYTOM CBSI3U, a TaKXKe HEpBHBIE CIIJIETEHUS in Vit-
ro B TpEXMEpHOIi cpefe.

XapakTepucTuka hyHKIIMOHATbHOW aKTUBHOCTH KJIe-
TOK SIBJISIETCS KJTIOYEBBIM 3TAlOM B BhIpAalllBAHUM KJIETOK
HEPBHOU CUCTEMBI KUIIIEYHUKA, KaK B IBYMEPHBIX, TaK U
TpEXMEpHBIX cpenax. Ha cienyronux atanax uccienona-

Puc. 10. HelipoHbl HEPBHOW CCTEMBI KuLLeYHNKa B HyStem®-C maTpukce.
TpéxmepHasa PeKOHCTPYKLMA CNJIeTEHUs HENPOHOB, PAaCCMOTPEHHas MoA
YoM B TPEX 0CAX NpOoCTpaHcTBa (X, Y, z). DnoopecLeHTHOe MMYHOTMCTO-
XUMUYecKoe oKpaluvBaHue. 3enexbin uget (B Tubulin Ill) - Tena n otpocTkn
HePOHOB, KpacHbIii LiBET — siApa KeTok. KoHpoKanbHas MUKPOCKOMNNS.
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HUS HEOOXOAMMO U3y4YeHUEe (PYHKIIMOHAIBHOCTU KJIETOK,
Hampumep, IIpY MOMOIIIY aHaIM3a U3MEHEHUI BHYTPUKIIe-
TOYHOM KoHLeHTpaluu Ca ?* (Calcium imaging) Ha cTH-
MYJISILIMIO pelienTopoB. Kpome Toro, MHTepeCHBIM SIBJISI-
€TCsl U3yYeHUe B3aMMOJEHCTBUS KJIETOK HEPBHOM cuUCTe-
MBI KMIIIEYHUKA C IPYTUMU TUTIAMU KJIETOK B TPEXMEPHBIX
cpenax.

3aKknio4yeHue

Pa3paboTaHHBII METOI TTO3BOJISIET BEIPAIIIUBATH KIIET-
KV HEPBHOW CUCTEMBI KUIIIEYHUKA, (DOPMUPYIOIITUE CBSI-
3U JPYT C APYTOM B TPEXMEPHOI Cpefie in vitro, YTo MOXeT
OBITH UCTIOTB30BAHO IS TTOJTyYeHUST HEPBHBIX CITJIETEHMI
KUIIIEYHVKA MPU BBIPAIIIMBAHUM KUIIKY TyTeM TKaHEBOM
nHxeHepuu. [JanpHeiilme uccienoBaHus Jexar B IJI0-
CKOCTHY U3y4YeHMST (QYHKIIMOHAIIBHOCTY BBIpAIleHHBIX B
TPEXMEPHBIX Cpeax KJIETOK M COBMECTHOTO BhIpallinBa-
HUSI KJIETOK HEPBHOM CUCTEMBI KUTIIEYHUKA C APYTUMM TH -
IMaMu KJIETOK B TPEXMEPHBIX Cpefiax.
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