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[lonyyeHne WHAYHUPYEMBIX IUIIOPUIOTEHTHBIX CTBOJOBBIX Kkierok (MIICK) wu3
¢ubpobiaacToB venoeka (PY) B HACTOAMIMNE MOMEHT OJWH M3 KIIFOYEBBIX METOAOK KJIETOYHOM
O6uonorun u meauuunsl [1]. Pazpaboranbl MeTo bl TpaHCHOpMALIMH MTOTYYEHHBIX TAKUM 00pa3oM
CTBOJIOBBIX KJIETOK Y€JIOBEKA B KPOBETBOPHBIE CTBOJIOBBIC KJIETKH, KAPAHUOMHUOLUTHI, CTBOJIOBBIC
KJICTKY HEPBHOUM TKaHH U TENATOIUTHI C IIOMOIIBIO PA3IMYHBIX PEIPOrPAMMUPYIONTUX (DAKTOPOB.
Haubonee mmupoko 3Ta TEXHOJIOTHS HCIONB3YeTCsS IJIs MOAETUPOBaHUS OOJNE3HEH U OIEHKU
BIIUSTHUS HA KIJIETKU PA3IUYHBIX BEHIECTB, B TOM YHCJIE JIEKAPCTB U TOKCHHOB. [lepCcrieKTHBHBIM
HaIpaBJICHUEM CUYUTAETCS BBIPAIIMBAHUE 3J0POBBIX KJIETOK M OPraHOB W3 COOCTBEHHBIX
CTBOJIOBBIX KJIETOK 4YesioBeka. Kpome 3Toro, BO3MOXKHOCTbH IOJYYEHHMsS HEOTPAaHMYEHHOTO
KOJIMUECTBA PAa3HBIX THIOB KJIETOK YEIOBEKa MO3BOJIIET MPOBOAUTH IKCIIEPUMEHTHI 110 BIHSHHUIO
TEHOTHUIIA U BHEIIHUX YCIOBHI Ha SKCIPECCHIO PA3IMYHBIX T€HOB, KJICTOYHBIN IIMKII, allONTO3 U
Manurauzanno. Oco0eHHO UHTEPECHO MOJIyuYeHUE KIIETOK, KOTOPbIE CIIOKHO WJIM HEBO3MOXKHO
MOJTYYUTh y YeJIOBEKa METOJOM OWOIICHU B BUAY €€ TpPaBMAaTUYHOCTH. [IpuMepoM MOTYT OBIThH
KJIETKU CETYaTKU U XpycTanuka riasa, Xouaponutsl. MTICK yenoBeka MOKHO UCTIOIB30BaTh IS
aHaJM3a OHKCIPECCMM TEHOB B PAa3HBIX THUIAX KIETOK Yy TMAaIlMEHTOB, Kak C LIMPOKO
pactpocTpaHEHHBIMA ~ MYJIbTH(AKTOPUATBHBIMA, TaK W C PEAKUMH T'C€HETHYECKUMU
3a0o0yieBaHUSAMU. OTOT MOAXOA Ja€T BO3MOXKHOCTh H3y4aTh MMAaTOPU3UOJOTHIO PAa3TUYHBIX
3a00JIeBaHU, MOACTUPYS MX Pa3BUTHE B pa3HbIX OpraHax M TKaHsX. [lolydeHHbIE B TaKuX
WCCJICIOBAHMSIX JJaHHBIC JAIOT MaTepuai JJisl MOMCKA HOBBIX MOJXO0/I0B K paHHEH TUAarHOCTUKE U
tepanuu 3a0oneBannii. [lannas COII onuceiBaet nomyuenune UIICK gyenoBeka u3 ¢pubdpobi1acTos.

CrannmaptHas omneparmonHas mporenypa (COIIl) «llomydenune WHIYIHUPOBAHHBIX
TUTFOPUIIOTEHTHBIX CTBOJIOBBIX KIIETOK YEJNOBEKa» pa3paboTaH B KauecTBE CTaHIapTa s
obecnieueHus kadectBeHHoro mnporecca norydenuss UIICK gemoexa mus LKIT «Kommekmus
IUTIOPUIIOTEHTHBIX KYJIBTYP KJIETOK 4YelIOBEKa M MIIEKONUTAIOMIMX OOIIeOn0IOrHYecKoro M

ouomenumHcKoro HampasiaeHus» (Komnexkuun) Ulul" CO PAH.



ens pa3paboOTKU CTaHAAPTHON OMEPAIMOHHOW MPOIEAYPHl COCTOMT B YHH(HUKAIIMU
IPOTOKOJIA TIOTYYEHUS! HHIYLUPOBAHHBIX IUTFOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK YEJIOBEKA.

Paspaborannass COIl pexomeHmoOBaHAa MJisi HCIOJB30BAHHUS B  TOJPA3ACICHUSIX,
paboTaronux ¢ KyJbTypaMu KJIETOK YeJIOBEKa U >KUBOTHBIX.

B xome paboTbl MBI PYKOBOJCTBOBAJIMCH MpaBWIaMH JIaDOpATOPHOW MPAKTUKU
(Ilpunoxenne k Ilpukasy MuHucTEepcTBa 34paBOOXPAHEHUS M COLUAIBHOIO Pa3BUTHS
Poccuiickoit @enepanun ot 23 aBrycra 2010 r. Ne 708n) u 'OCT P 53434-2009. [IpuHuuribt
HajyIexkame saboparopuoit npaktuku. M.: Cranmaptundopm. 2010. 12 c.

Bce paboTbl, poBOAMMEIE B YCIOBUSX J1a00OPATOPUH, JOJIKHBI BECTUCH B COOTBETCTBHUH C
IpaBUJIaMHU TIOXKApHOW OE30MAaCHOCTH U OXpaHbl Tpya. [Ipoueaypsl, TpeOyronme cTepuiIbHOCTH,
IPOBOAAT B JaMHHAapHBIX Ookcax, kiaccom Oe3omacHoctu He Hwke |l. Ilpu paGore
o0OecreunBarOTCs  YCJOBHs, MPEAOTBpAILIAIONINE 3apakeHUue IepcoHana WHGEKIHOHHBIMU
areHTaMu U3 MepPBUYHOTO OMomarepuana.

Bce obopynoBaHue MpoxoauT Hpoueaypy KaauOpOBKU COTPYIHUKAMU JabOpaTopuu C
NEPUOANYHOCTbIO U C HCIOJIb30BAHHEM METOJOB, KaK A3TO yKa3aHO Ipou3BoauteneM. Bce
pacxo/IHbIE MaTEePUAaJIbl U PEAKTUBBI JOHKHBI UMETh COOTBETCTBYIOIIUE CePTU(HUKATHI KaUyecTBa U
XPaHUTbCSA COOTBETCTBEHHO CIELU(UKAIIH.

KoHTponb BhINONHEHHS MYHKTOB MPOTOKOJa Bo3iaraercs Ha PykoBoaurtens paloT.
OTBETCTBEHHOCTH 32 BBIIIOJIHEHUE JAHHOW MPOIENypbl HECYT BCE COTPYAHMKH, YUaCTBYIOLINE B

HCCICIOBAaHNU.

OOGopynoBaHue U MaTepUaIIbI
Ilepeuenv HeobXx00uUM020 060PYO08AHUSL U PACXOOHBIX MAMEPUATIO8

JIaGopatopHoe 00opynoBaHHME (IIpUBEIEHBI BO3MOXKHBIE BapHaHThl NMPOU3BOAMUTENEH U
MapoK 000pyAOBaHUS)

Jlnst Gompiiel yacTu 0OOPYAOBaHUS HUKE HE yKa3aH MPOU3BOAMTENb, TaK KaK MOXHO
UCTIOJIB30BaTh MPUOOPHI pa3HBIX Mpou3BoAuTenel. KpnokoHTeHep Takke MOXXHO 3aMEHUTH Ha
AQHAJIOTUYHBIM.

- Jlamunapnsrit mkag I xnacca 3anuThl.

- Ha6op muneroxk 10, 20, 100, 200, 1000 mx1.

- IIunerounsrit gozarop 0,5-100 mi.

- Kpuoxkonreitnep (Thermo Fisher Scientific, 5100-0001).
- LenTtpudyra-soprekc 1 npodupok 0,5 u 1,5 mi.

- Hentpudyra s mpodupox 10 u 50 mi.

- COz-unkyOaTop (KyJIbpTUBUPOBAaHUE KIETOK npousBoautcs npu 5 % CO2 u 37 °C).



Tepmocrar Ha 37 °C.
Xonoamnsaukd Ha —80 °C, —20 °C u +4 °C.
MHBepTHPOBAaHHBIN MUKPOCKOII.
ABTOKIIaB.
Kpuoxpanunuiie ¢ )XHIKUM a30TOM.
Bonsnas Gans.

[TpoTouHbIi HUTODITYOPUMETD.

PaCXOI[Hble MaT€puralibl 1 pCaKTHBbI (HpI/IBeI[CHBI BO3MOXKHBIC BapHUaHThI HpOHSBOHHTCHeﬁ

MaTepuasoB U PEaKTHBOB)

Vka3zaHHBIC HIXKE p€arcHTbl MOXHO 3aMCHATb Ha AHAJOTUYHBIC OT JOPYrux

IIPOM3BOJUTEINIEH, II0ITOMY, HAIPUMEpP, I YacTH IUIACTHKOBBIX PACXOJHBIX MaTEpUaJIOB

MMPOU3BOJAUTCIIb HEC YKA3aH.

Cpena DMEM/F12 ¢ GlutaMAX (Thermo Fisher Scientific, 31331-093).

FBS (Thermo Fisher Scientific, 10270106).

KSR (knockout serum replacement, nokayTHblii 3ameHutens chiBopotku) (Thermo Fisher
Scientific, 10828-028).

GlutaMAX (Thermo Fisher Scientific, 35050038).

NEAA (non-essential amino acid, He He3ameHuMble amuHOKHCIOTHI) (Thermo Fisher
Scientific, 11140050).

[MenumumH-ctpenromuria (Thermo Fisher Scientific, 15140122).

Tpuncuu-2TA 0,25 % (Thermo Fisher Scientific, 25200-056).

Harpuii-pocoarusiii 0ydep (HOB) (Amresco, Am-E404-100).

Kenatun (Sigma, G1890).

Muromunus C (Sigma, M4287).

Opti-MEM | (Thermo Fisher Scientific, 11058021).

JIMCO (aumetuncynsdokenm) (Amresco, Am-0231).

2-mepkanrtodTanon (Amresco, Am-0482-0.1).

Lipofectamine 3000 (Thermo Fisher Scientific, L3000008).

[Tomuopen (Merck Millipore, TR-1003-G).

Banbnpoesas kuciiora, HarpreBas coib (Sigma-Aldrich, P4543).

[Tnanmer 12-myHOUYHBIN, JUIsi pabOTHI ¢ aare3uBHBIME KyabTypamu kieTok (Eppendorf, 0030
721.110).

[Tnanmier 6-TyHOUYHBIH, A7 paboOTHl ¢ aAre3uBHBIMU KynbTypamu kietok (Eppendorf, 0030

720.113).



- Yamka Ilerpu amamerpom 100 MM, mayis paOOThl C aAre3WMBHBIMU KYJIbTYpaMH KJIETOK
(Eppendorf, 0030 702.115).

- CrepuibHbIE CEpOIOTHYECKUE MHITETKH 00beMoM 5, 10 u 25 mur.

- IImactuxoBble HOCBI 00BemMoM 10, 200 u 1000 MKI.

- IInmactukoBble mpoOupku oobemom 0,5 u 1,5 M.

- Hacaaka ¢unbrpoBanbhas Ha mmpui, d = 30 MM, quametp nop 0,22 muxkpomerpa (Jet Biofil,
FPV203030).

- Hacanka ¢punsrpoBanpHas Ha mmpuil, d = 30 mm, quamerp nop 0,45 mukpometpa (Jet Biofil,
FPV403030).

- Hlnpun naacTUKOBBIN CTEpUIIbHBIHN, 10 MiI.

- IInpun naacTUKOBBINA CTepUIBHBIN, 1 M1, ¢ urioi 26GXS5/8.

- TIpobupku crepuibhbie, 5 M (Axygen, SCT-5ML-S).

- IIpobupku crepunshbie, 50 mi (Corning, 430291).

- Kpuonpoobupkwu, 1,8 mi (SSIbio, 6222-S0).

- T'unoxnoput Hatpus («benuznayn, «Domestos renanpy).

- IlakeTsl U1 OTXOJI0B aBTOKJIaBUPYyeMbIe, Kiacc «by.

- OOpaborannsle mMuroMunMHOM C 3MOpHOHanbHBIE (UOpoOmacTsl Mblmed guHMM CD-1
(punepHbIe KIETKM) (CM. MPOTOKOJ MPUTOTOBIIEHUS B paszjaene [Ipurorosnenne Mmatepraios).

- Knerku nmuanu Phoenix-AMPHO (ATCC, CRL-3213), Phoenix-ECO (ATCC, CRL-3214),
Phoenix-GP (ATCC, CRL-3215) wnu 293T (ATCC, CRL-3216).

- OMOpHoHaIbHBIE (UOPOOIIACTHI YeTOBEKa.

JleHTHBHpPYCHBIC yITaKOBOYHBIC M1a3Mubl 1 BekTopbl: pMDLg/pRRE (Addgene, 12251), pRSV-

Rev (Addgene, 12253), pPCMV-VSV-G (Addgene, 8454), pLeGO-G2 (Addgene, 25917), pLeGO-

hOCT3/4, pLeGO-hKLF4, pLeGO-hSOX2 u pLeGO-hc-MYC.

Human iPSC Enhancer Kit (Selleckchem, K2010).

bFGF (Thermo Fisher Scientific, PHG0026).

Iloozomoexka mamepuanos
Cpena i kynetuBupoBanus GpudpodmactoB melu (cpena s DPM): cpena DMEM/F12, 10 %
FBS, x1 meHuIUIMH-CTPENTOMHIIHH.
Cpena anig KynbTUBHpOBaHUs KieTok JuHuU Phoenix (cpena nns Phoenix): cpena DMEM/F12,
10 % wnaktuBupoBanHoir 30 muH mpu 56 °C FBS, x1 GlutaMAX, x1 NEAA, x1 2-
MEpKanTodTaHoM, X1 meHunuuH-cTpentoMunra. Cpeny Phoenix MOXHO MCTIOIB30BaTh U AJIS

KyJIbTUBUPOBaHUS (PrOPOOIACTOB MBIIIIH.



Cpena nis kynsTuBupoBanus ¢hpuodpoodiacto yenoseka (OY) (cpena s ®Y): cpena DMEM/F12,
10 % FBS, x1 nenunmmuinH-ctpentomuiind, X1 NEAA, x1 GlutaMAX.

Cpena nns xyneruupoBanus UIICK uwenoseka (cpena ans UIICK): cpena DMEM/F12, 20 %
KSR, x1 GlutaMAX, x1 NEAA, x1 meHUIWUIMH-CTPENTOMHUINH, X1 2-MepkanTosTanoi, 10
ur/ma bFGF. B nepseie 10-14 aneii kynpruBupoBanus Kiaetok Ha cpeae UIICK mobasmisercs
Human iPSC Enhancer Kit (x1).

H®Bb: pactBoputh TabieTky B BOJAE B COOTBETCTBHHM C PEKOMEHJAIMEW IPOU3BOIAMTEI,
MIPOABTOKJIABUPOBATh.

Kenarun: npurotoButh 1 % BOAHBII pacTBOp U MPoaBTOKIaBUpoBaTh. Pabounii pacrsop — 0,1 %
B HOB. [TokpsITh miactrkoBsle yaniku [lerpu nnu nnanmerst 0,1 % *KenraTHHOM U IOMECTUTDH Ha
37 °C nme menee yem Ha 30 mMuH. YOpaTh KelaTWH W JOOABUTH Cpely A KyIbTHBHPOBAHUS
KIIETOK.

Cpena s 3aMopo3ku KieTok mitekonutaronmx: 90 % KSR u 10 % IMCO. Bmecto KSR MoxHO
ucnoiabs3zoBath FBS. Cpeny i 3aMOpo3KH MOKHO OJHOKpaTHO 3aMopaxuBaTh Ha —20 °C, npu +4
°C xpaHUTb HE 0oJiee IBYX HEZEb.

Banbenpoesas kuciora: pazsectu 81,31 Mr B 5 MJI aBTOKJIaBUPOBAHHOW OMJIMCTUIUTMPOBAHHOM
BoJibI (100 MM), npodunbrpoBats yepe3 ¢puibtp 0,22 MKM, aTMKBOTUPOBATh M 3aMOPO3UTH Ha —
20 °C. Pabouas koHueHtpanus 1 MM.

2-MepkanTodTaHour: passectu 70 Mk B 20 M1 crepuibHoro H®B (pacteop x500).

['unoxnoput HaTpus (Ae3uHpUIMpyrOLIUi pacTBOp): TpUroToBUTH 20 % pactBop «benu3Hb» HIn
«Domestos renb», XpaHuTb He OoJiee HeJeNu.

[TpurotoBnenue ¢uaepHbIx KieTok: pa3zectd mutomuimH C B Bozxe a0 200 Mkr/mi,
pexkomenayemas pabouas KoHueHTpauus 10 Mxr/mi, Mbl ucronb3dyeM 5 Mkr/mi. O6pabortathb
sMOpuoHansHbIe PruOpoOIacThl Mbiei muar CD-1 u3 sMmOpuonHoB ctaguu 13,5 nHel (momyyeHsl
u3 LKII «SPF-suBapuit» Ullul" CO PAH) na 2—-3 naccaxxe mutomuniuaom C B TeyeHue 2-3 4.
Tpux el pomelTh kineTkn HOB, cHsaTh Tpuncunom-2/ITA, nHAKTUBUPOBATH TPUIICUH CPEIOU C
FBS (He meHee ueM onHUM 00BEMOM), MOJACUYUTATH KOJIMYECTBO KIIETOK, LIEHTPU(YTHPOBATH,
3aMOPO3UTH ATMKBOTHI B CpeJie /Ul 3aMOPO3KH (0T 1 10 5 MITH Ki1./MJ1). 3a A€HB 10 UCIIOJIb30BaHUS
(bunepHBIX KIETOK Pa3MOpO3UTh B cpefe it DPM, paccaauTh Ha KeIaTUHU3UPOBAHHBIEC YAILIKU

[Tetpu B KoHLIEHTparuu 15 ThIC KIL/CM?.

[TonydyeHnre MHAYITUPOBAHHBIX TUTFOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK YEJIOBEKA
Jlenb —6. Pazmoposka @Y; Pazmoposka kietok Phoenix
Pa3zmopozka ®Y

1) Hamute B 5 Mt npobupky 4 mit cpeasl mist GU.



2) JlocTaTth U3 KPHOXPaHWINIIA C KUJIKUM a30TOM KpronpoOupky ¢ @Y u moMecTuTh
Ha BojasHYI0 OaHro Ha 37 °C. JloknaThcs, OKa KIETKUA Pa3MOPO3ATCs, HO ele OyAeT 0CTaBaThCs
KYCOYEK JIb/Ia.

3) [Tepenectu B mpoOUPKY ¢ TEIUION cpenoi, neHTpudyrupoats npu 300 g 3 MuH,
yOpaTh cymnepHaTaHT U paccaJuTh Ha 6-JIyHOUHBIN TUIAHIIET ¢ 2 MJI cpelbl Ha JyHKY. [lnomane
paccaak JO0JDKHA COOTBETCTBOBATH IUIOMIAIN, C KOTOPOH KJIETKH ObUTM CHSTHI HA 3aMOPO3KY,
Hanpumep, npu 3amoposke U ¢ mroTHOCTBIO 90 % ¢ 6-ITyHOUHOH sueiiku (oxono 10 cm?)
Pa3MOpO3KY TakKe IPOBOJIUTH HA OJIHY SUYECHKY.

4) [lokaunBaHWeM IUIATO PABHOMEPHO pACHPEACIIUTh KJIETKH [0 IOBEPXHOCTU
riactuka u nepenectu B COz-uHKyOaTOp.

Pa3mopo3ka kinetok Phoenix

5) Hanuts B 5 Mt ipo6Gupky 4 Mit cpejibt st Phoenix.

6) JlocTaTh U3 KPUOXPAHHUJIMIIA C )KUIKHM a30TOM KPHOMPOOUPKY ¢ KieTkamu Phoenix u
MOMECTHUTH Ha BoJsiHYI0 OaHto Ha 37 °C. JloxknaTbes, Moka KJIETKH Pa3MOpO3sITCs, HO erle OyaeT
0CTaBaThCs KyCOUEK JIb/a.

7) Tlepenectu B mpoOUPKY ¢ TEII0# cpenoit, entpudyruposath npu 300 g 3 muH, yOpaTh
CyNEpHATaHT U PAacCaJuTh Ha 6-IIYHOUHBIHN MIaHIIEeT ¢ 2 MJI cpebl Ha TyHKY (win yamky [letpu
¢ 10 mu cpensr). [Tnomanas paccagku MOXKET COOTBETCTBOBATH IUIONIAIN, C KOTOPOH KIETKU OBLITH
CHSITBI HA 3aMOPO3KY, UJIM OBITH OOJIbILIE.

8) INokaunBaHMEM ILTATO PABHOMEPHO PACIIPEICIUTh KICTKU MO MOBEPXHOCTH IJIACTHKA
u niepenectd B CO2-uHKYyOaTOp.

Henb —3. [lepecanka ®Y; [Tepecanka kinetok Phoenix

[Tepecanka ®Y

9) ®Y nomkHBI UMETh MIOTHOCTE 70-95 %. YOparh KynbTypalbHYIO Cpedy, HPOMbBITH
H®B, no6aButs Tpuncun-3/ATA, uroObl pacTBOp NMpH MOKAYMBAHUU TUIATO MOKPHIBAN KIETKH, U
nepeHectd B Tepmocrtar Ha 37 °CC. KaxIyr0o MUHYTY NMOKa4MBaTh KJIETKH U KOHTPOJIHMPOBATH
OTKpEIJIEHUE OT IJIACTHKA 0]l MUKPOCKOIIOM.

10)  Ilocne okpyrieHus KIeTOK pecycneHaupoBatb B 20—-30 kpaTHOM H30BITKE CPEJIbI
s @Y o 00pa3oBaHus CyCIIEH3UN €IMHUYHBIX KJIETOK U PaccajuTh B COOTHoUIeHuu 1:2-1:4.

ITepecanka kierok Phoenix

11) VYOparh KyJabTypaJlbHYIO Cpely, akkypaTHO mnpombiTh H®B He momyckas
OTKpEIUIEHUs] KJIETOK, 100aBuTh TpUncuH-DJTA, uToOBl pacTBOp MpH MOKAYMBAHUHU IUIATO
MOKpBbIBaJ KJIETKHU, U niepeHecTH B TepMocTtar Ha 37 °C. Kax1yro MUHYTY MOKauMBaTh KJIETKH U

KOHTPOJHUPOBATH OTKPCIICHUE OT IJIACTUKA IO MUKPOCKOIIOM.



12)  Tlocne okpyriieHUs KICTOK pecycrneHaupoBath B 20—-30 KpaTHOM H30BITKE CPEJIbI
quts kietok Phoenix 1o o0pazoBaHus CyCIIeH3MH €IMHUYHBIX KJIETOK U paccaauTs 1o 0,7—1,3 mMiH
k1./10 cM? Ha 5 JIyHOK >KENaTHMHU3UPOBAHHOTO 6-TyHOYHOrO IUIaHIIETa. UMCIO KIIETOK
He00X0oauMO Mo00paTh 3apaHee Tak, YTOObI Ha JIeHb —2 TIOTHOCTH Phoenix 6puta 70-90 %.

Jlenn —2. Tpancdexkuus kiaeTok Phoenix

13)  Hdo6aButs B 1,5 Mt mpobupky 625 mxin Opti-MEM 1 u 28 mkin Lipofectamine 3000,
nepemMenIaTh Ha BOPTEKCe HECKOJIBKO CEKYH]I M OBICTPO OTILEHTPU(YTHPOBATE.

14)  Jlo6aButh B 1Tk 1,5 Mut ipodupok o 125 mxin Opti-MEM I, cMech yImakoBOYHBIX
miasmun pMDLg/pRRE, pRSV-Rev u pCMV-VSV-G u, B uMHIuUBHAyalbHBIE NPOOHUPKH,
BekTopbl: pLeGO-hKLF4, pLeGO-hSOX2, pLeGO-hOCT3/4, pLeGO-hc-MYC u pLeGO-G2
(Bcero 2,5 wmxr JIHK), mnepememars Ha BOpPTEKCE HECKOJIBKO CEKYHI U  OBICTPO
otueHTpudyruposats. JlodaButs mo 5 mxia pearenra P3000 (Bxoaut B koMruiekT Lipofectamine
3000), nmepememniatb Ha BOPTEKCE HECKOJIBKO CEKYHA M OBICTPO COpPOCUTH Ha LIEHTpU]yTE.
Cootnomenune koiamyectsa JJHK miasmuz cnenyromee: pPRSV-Rev:pMDLg/pRRE:pCMV-VSV-
G:Vector = 5:10:2:10. Ha nynky 6-nynouyHoro maHmera Heooxoaumo 2,5 mkr JJHK u 5 mkn
P3000.

15)  Jo6asuts cmecs JJHK u P3000 k pactBopy Lipofectamine 3000, nepemermiars Ha
BOPTEKCE HECKOJBKO CEKYH/I, MO0k aAaTh 10—15 MuH.

16) AxkypaTHO TMOMEHATH cpeny kierkam Phoenix Ha cpeny mns Phoenix 6e3
no0aByIeHUs] MEHUIMIUIMHA-CTPENITOMULIMHA (2 MJI cpellbl Ha JIYHKY 6-TyHOYHOTO IIJIaHIIETa),
KJIETKH HE JIOJIKHBI OTCIIOUTBHCS OT IIOBEPXHOCTH.

17) Tlo xammsam goGaBuTh JunuaHbie Komiwiekchl JIHK k kiaeTkam, akkypaTHO
nepemMeniaTh NokaurMBaHuEeM IiaHmeTa u nepenectd B CO2-uHKYOATOD.

Henn -1. [lepecanka ®Y; cmeHa cpeapl kiaeTkam Phoenix

[Tepecanka ®Y

18) Paccagute ®Y Ha Tpu (Wiu OobIIe) JIYHOK O-JIYHOYHOTO IUIAHINETAa B
KOHIEeHTparmH 15 Teic Ki1./cM? (150 ThIc K1./myHKY). OCcTaTKH 3aMopo3uTh. OjHa JIyHKa Oyer
ucnonb3oBathes A onpenenenuss MOI (multiplicity of infection, «4rcio BUpYcOB Ha KIETKY»)
no ceeueHutro GFP, Bropas ngyHka — Kak oTpuLATeNnbHbIM KOHTposib cBedeHuss GFP u, npu
’KeJlaHUU, KaK OTpHUIaTeNbHbIN O0e3BUpyCcHbINH KOHTpOJb noayueHus: UIICK, octanbHble TyHKH —
quist nonmyuenust UTICK.

19) 3amopozka @U: mocne CHATUS KIETOK M IEHTPUPYTUPOBAHUS OCAOK
pecycnenaupoBath BUOpauueit nian B 20 MKJI Cpefibl, MATKO PecyCleHAUpOoBaTh B | MII cpeabl [uis
3aMOpPO3KH, TOMECTUTh B KPUOKOHTEHHEp U cpasdy noctaBuTh Ha —80 °C. Ha ciegyrouuii 1eHb

HJIM HE ITO3KEC 4YEM 4YC€PE3 TpU JHA IIEPECHECTU B KPUOXPAHUIINIIE C X KUAKHUM a30TOM.



Cwmena cpenst kietkaM Phoenix

20)  AkkypaTHO OTOOpaTh Cpeldy B CTCKIISTHHYIO OaHKy C THIIOXJIOPUTOM HATpUs M
no6aBuTh 1Mo 2 M cpeabl ans Phoenix 6e3 meHumuMHa-crpentomMunuHa. He nomyckarsb
HEepecylIMBaHUs M OTCIOEHHUS KIeTOK. s ne3smH(eKknuu BUPYCOB HEOOXOOMMO cpelbl U
IUTACTHK, KOHTAKTUPOBABLINE C BUpYycaMH, momeaTs B 1 % pactBop runoxiopura Hatpus (20 %
pa3Benenue «bennsusl» uim «JlomMmectoc» B BOjE, TOTOBUTH CBEKUN PACTBOP KaXKyH0 HEEIIO).
[Tocne ne3uHpeKIUM HEOOXOTUMO IMPOBOAUTH ABTOKJIABHPOBAHUE. ABTOKJIABHPOBAHHE BCEX
BbIOPACHIBAEMBIX MaTE€PHUAIOB IPOBOIUTCS 110 AHS 7 KyJIbTUBUPOBAHMUS.

Hens 0. Tpancaykius @Y; cmena cpensl kietkam Phoenix

21)  CoOpatb cpeny ¢ nentuBupycamu, Hecymmmmu OCT4, KLF4, SOX2 u c-MYC
(OKSM), B mpobupky 50 mi, cpeny ¢ GFP — B mpobupky 5 mut. [TomeHsaTh cpeny kinerkam Phoenix,
€CJIU IJIAHUPYETCs MOBTOPHAsI TPAHCAYKLUS HA JACHb 1.

22)  IlpodunbTpoBath cpedy ¢ JieHTHBHPYCHbIMEH BekTopamu OKSM uepe3 ¢uibtp
0,45 mxm B 50 M1 IpOOHPKY, T00ABUTH paBHBIN 00BeM cpefbl st Phoenix 6e3 aHTHOMOTHKOB U
noJIMOpeH 10 padoueii kKoHIeHTparuu 10 MKT/MII, mepemMenaTh.

23)  IlpodunbTpoBath cpeny ¢ ieHTHBHPYCHBIM BekTopoM GFP uepes dpuibtp 0,45 MkM
B 5 MJI IpoOUpPKY, 0TOOpaTh B HOBYIO Mpobupky 0,2 mi, no6aButh 1,8 M cpensl i Phoenix 6e3
AHTUOMOTHKOB U NMOIUOPEH 0 pabouel koHUeHTpauuu 10 MKIr/mii, nepeMenarh.

24) B nynke (nynkax) ¢ @YU mus nonyuenus MIICK momeHsTh cpely Ha cCMeCh C
JIEHTUBUpPYCAMU U TOJMOpeHOM, B JyHke s TectupoBaHuss MOI — na 10 % cmecs GFP, B
OTPHIIATEIbHOM KOHTpoje — Ha cpeay Uit Phoenix. Haunnas c¢ storo aua 6yaymum MUIICK
npucBanBaeTcs naccax 0.

Henb 1. Tpancnykuus @Y

25)  OnaHOKpATHOU TPAHCAYKIIMH KIECTOK JICHTUBHUPYCAMH MOXKET OBITh TOCTATOUHO IS
nonydenuss MIICK, ognako Juist HaJeXHOCTH B J€Hb | mpejiaraercsi MpOBECTH MOBTOPHYIO
TPaHCIYKIUIO JIGHTUBUpYCaMu. TpaHCAYKLHS NpPOBOAMTCS Takxke, Kak M B JeHb 0, ¢
MUHHMAaJIbHBIMH H3MEHEHUSIMHU: cOOpaTh cpexy c jJeHtuBupycamu, Hecymmmu OCT4, KLF4,
SOX2, o e c-MYC, cpena c GFP ne TpebOyercs.

26) B nynke (nmyHkax) ¢ @Y mns nonydenus WIICK momeHsATs cpeay Ha CMeCh C
JICHTUBUPYCAMH U MOJIUOPEHOM, B TyHKax ajs TectupoBanus MOI u oTpuniate1bHOM KOHTpOJIE —
Ha cpeny asa Phoenix.

Jensb 2. CmeHa cpenpl

27)  TlomeHsTh cpemy BO BCeX JIyHKax Ha cpeny aiast Y.

Jens 4. CmeHa cpenbl; pa3Mopo3ka (puaepHbIX KIeTok; onpeaenenne MOI

Cwmena cpenpl



28)  IlomensTh cpemy Bo Bcex JsyHkax Ha cpeny must UIICK ¢ 1 MM BanbmnpoeBoii
KHCJIOTBI.

Pa3mopo3ska ¢pugepHbIX KIETOK

29)  JKematuHuzupoBath HeOOXoaUMOE 4Kcio yatiek [letpu (cm. pazaene [Toarororka
pEareHToB).

30)  Hamuts B 5 Mt npoOupky 4 mut cpebt it DDM.

31) J[JocraTteh W3 KpUOXpaHWIMIIA C >KUIKHM a30TOM KpHOHpoOHpky ¢ DDOM wu
MMOMECTUTH Ha BoJIsIHYI0 OaHto Ha 37 °C. JlokmaTbes, MoKa KJIETKH Pa3MOpPO3ATCs, HO eIle OyaeT
0CTaBaThCs KyCOUEK JIb/a.

32)  Ilepenectu B mpoOMpPKY ¢ TeIUIOH cpenoid, ueHTpudyruposars npu 300 g 3 muH,
yOpaTh CynepHaTaHT U paccaJuTh Ha KeJlaTUHHU3MpoBaHHbIe yaiiku Iletpu ¢ 10 mu cpenbl Ha
JIYHKY € IIIOTHOCTBIO 15 THIC KiI./CM?,

33) IlokauuBaHWEM IUIATO PABHOMEPHO PACHPEACINTh KIECTKH M0 IOBEPXHOCTH
tactuka u nepenectu B COz-uHKyOaTOp.

Onpenenenne MOI

34)  Unrerpauus Bektopa, cogepkamiero GFP, mo3Boisier nmpoBect rpyOyr0 OLICHKY
3 PEKTUBHOCTH TPaHCIYKLUMU OCTajdbHbIMH BUpycamu. Jlns ompenenenuss MOI HeoOxoaumo
MIPOBECTH MPOTOUHYIO IUTOhITyopOoMeTpHIo Ha npucyTcTBue 6enka GFP. Kietku ¢ KOHTpoIbHOM
u o6paboranHoi Bupycom ¢ GFP nyHok cHaTh TpuncuaoM-3/ITA, nentpudyrupoBars, IpoOMbITh
H®B, uentpudyruposars, pukcuponatsb B 1 % napadapmanpiaeruae 5 MuH, LeHTpU(yrupoBarsb,
pecycnenaupoBate B HOb u omnpeaenuts npoueHt kierok, umeromux GFP, Ha mporounom
IUTODITyOpUMETPE.

35)  IMoacuer MOI: MOI = —Ln(1 — [mons GFP+ knerok]). Hanpumep, eciu 63,2 %
kietok umenu ¢uryopecuenimio GFP, MOI=-Ln (1 -0,632) = 1, To ecTh B CpeTHEM OIUH BUPYC
Ha KJIETKY WJIM, TOYHEE, COOTHOLIEHHE YMCIIa BUPYCOB K YMCIy KJIETOK — eiuHuna. Tak kak
ucrnonb3oBaioch 10 % pa3senenue Bupyca, peaabubiii MOI = 10. CnenaeM ka4eCTBEHHYIO OIIEHKY
MO, npenmnonoxum, uro MOI 1is BupycoB OKSM He otiunuaercs ot Takosoro st GFP, torna
MOI B ombiTe Takxke paBeH 10. PazbaBneHue cpenbl BABOE COOTBETCTBEHHO yMeHbIniao MOI, a
BTOpasi TPAHCAYKIHS — yBEJMYMIIA B IBA pa3a, UTOT0, MO rpy0oil olleHKe, B KJIETKaX JOJKHO ObITh
okono 10 BupycHbeix yactuil. [Ins momydenuss UTICK MOI nomxen ObiTh Gonee 4. M3-3a
TOKCHYHOCTH BHPYCOB IO/IcYeT Bbime HeBepeH. OnruManbHo onpenensite MOI mo cmecu 50%
BupycHbix uactuny ¢ GFP, 50% cpenst u momuOpena. Jlns yBenuueHHs >(PQPEeKTHBHOCTH
TPaHCAYKIIMM B JAaHHOM IIPOTOKOJE HCIONb3yercss monubpen. Ecim He ymaercs AOCTHYB
HE00XOIUMOT0 TUTPA BUPYCa MOXKHO MCIOIb30BaTh CIIMHOKYIIALNIO: LIECHTPU(YTUPOBAThH KIETKU

CO Cpefioii ¢ Bupycamu B 6-myHOUYHOM IuiaHmieTe npu 650 g 60 mun nipu 32 °C.



Hensb 5. [lepecanka ®Y

36) YOparp cpeny (uaepHbIX KiIeTOK, npoMbith HOB, nobdasuth cpeny maus dY
(pubpobnacter He mpukpensTcss Kk nmoBepxHoctu B cpene st UIICK) u cBexyio amukBOTY
BAJIBIIPOEBOM KUCIIOTHI A0 KOHIEHTpauuu 1 MM.

37) @Y, obpaborannbic BekTopamu, Hecymumu OKSM, mepecaauts B COOTHOIIEHUH
1:10 na vamku Ietpu ¢ punepusiMu knerkamu B UTICK cpene. Hanpumep, kinetku ¢ 1 myHku 6-
JYHOYHOTO TUIAHIIIEeTa MepeHecTH Ha 2 yamku [letpu.

Hau 7-20. Cmena cpenbl

38) Henb 7. Yopare cpeny mns @Y, neaxasl npombith HOB. [Iuu 7-20. Kaxmabrit
BTOpOil JeHb cMeHa cpeabl Ha cpexy ainst MIICK ¢ BambmpoeBoit kucinorord u Human iPSC
Enhancer Kit.

Henb 19. CmeHna cpenbl; pa3Mopo3Ka (pUIepHBIX KIETOK

39)  Cwmenuts cpeay Ha cpeay mwis UIICK ¢ Bamsnpoesoii kucioroit 1 Human iPSC
Enhancer Kit.

40)  Pa3mopo3uth (uaepHbIC KICTKA HAa HEOOXOIUMOE YUCIIO KETAaTUHU3UPOBAHHBIX
12-1yHOYHBIX JIAHILIETOB.

Henb 20. Castue kononuit UTICK

41) Ko nmuio 20 (20-25) ma wuamkax Ilerpu IOKHBI OBITH JECATKH, YacTh C
Mopgonorueit, coorBercTBytomieil UIICK. OTmMeTuTs TOHKMM MapkepoM cHU3Y uamku llerpu
kosionnu ¢ Moposnorueit UTIICK st cHsaTHs.

42)  Yopatb cpeny ¢ humepHbIX KIeTOK, mpoMbiTh HOB, 106aBuTh 1o 1 Mt cpesl s
NIICK 0e3 BasblipoeBOi KUCIOTHI Ha JIYHKY 12-TyHOYHOrO IUTaHIIETa.

43)  CMeHUuTh cpeny.

44)  Hape3aTb KOJOHHH IITPHIIOM | MII C UTJIOH Ha HECKOJIBKO KYCOYKOB.

45)  TlepeHecT KyCOUYKM KOJIOHHI TIEPEHECTH B JYHKY C (HUICPHBIMH KJIETKAMH.
IToxaumBast mIaTO paBHOMEPHO pacnpenenuTs kieTku 1o synkaM. Homep maccaxa MIICK ¢ atoro
MOMEHTa 2, KaXKJas rmepecajgka n1o0aBisieT HoMep naccaxa. [Ipu 3aMopo3ke HoMep maccaxa He
MEHsIeTCsl, €IMHHIIA IPUOABIAETCSA IPU PA3MOPO3KE.

Juu 20-40. Pazmuoxenue u xapakrepuzanus UTICK

46)  Mensrte cpeny Ha cpeny s UIICK kaxneiii aens. Human iPSC Enhancer Kit
ucnop3yercs B reuenue 10—-14 guen.

47)  KonoHMM KJIETOK IEpecaKMBaTh MPH JTOCTHKCHUU «MHOTOCIOHHOCTH», KOT/a
CBEpPXY KOJIOHHI MOSIBJIAIOTCS YEPHBIE MEPTBBIE KIeTKH. [IoMeHsATh cpeny, Hape3aTh MIIPUIIOM C

urioit Ha kycouku 0,3 x 0,3 mm.



48)  PecycreHaupoBaTh M paccaanuTh Ha GUAECPHBIC KICTKH B COOTHOIIeHHH 1:2—1:12 B
3aBHCUMOCTH OT IJIOTHOCTH KJICTOK.

49)  Tlocne mosydeHUs! JOCTATOYHOIO KOJUYECTBA KJIETOK 3aMOpo3uTh 5—10 ammyn
NIICK: mocne CHATHS KIETOK M IEHTPU(PYTUPOBAHHUS OCAIOK C JIYHKH 12- wim 6-JyHOUHOTO
IUTaHIIETa pecyCcrneHANpoBaTh BuOpalueit uiam B 20 MKJI cpefibl, MSTKO PeCyCIeHAUPOBaTh B 1 Ml
Cpelpl i1 3aMOpPO3KH, IOMECTUTh B KPHUOKOHTEWHep M cpa3y noctaBuTh Ha —80 °C. Ha

CJIGI[YIOH_II/If/'I JACHDb IICPCHECTU B KPUOXPAHWIMIIC C ) KUAKUM d30TOM.

[Ipu noaroroBke COII «llonydeHre MHAYLIUPOBAHHBIX IUIFOPUIIOTEHTHBIX CTBOJIOBBIX
KJICTOK YCJIOBCKA» HMCII0JIb30BAHBI CIICAYIOIHNEC JIMTCPATYPHBIC HCTOUYHUKH:

1 Takahashi K., Tanabe K., Ohnuki M., Narita M., Ichisaka T., Tomoda K.,
Yamanaka S. Induction of pluripotent stem cells from adult human fibroblasts by defined factors
/I Cell. 2007. 131(5). 861-872.



