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Bo3Mo»KHOCTb penporpaMMmpoBaHuA reHoMa MIeKoNUTaloLMX akTUB-
HO nccnepyetcsa 6onee nonyseka. B 1962 r. [épaoH BriepBble Nokasan
BO3MOXHOCTb PENPOrpaMmrpoBaHnsa reHoma anddepeHLMpoBaHHOM
KneTky GpakTopamm SHyKNenpoBaHHOro oouuTa. B 2006 r. AmaHaka no-
NyYnn MHOYLMPOBAHHbIE MIOPUNOTEHTHbIE CTBOJIOBbIE KneTku (UMCK)
MblIwK 13 $r6Po6IaCTOB C MOMOLLBIO BCETO NNLLb YETbIPeX TPAHCKPWM-
LMOHHbIX dakTopoB: Oct4, KIf4, Sox2 n c-Myc. Monyyermne UMNCK no-
CTaBWUJI0 BOMPOC O NOSTHOTE PenporpaMMUpPOBaHNA: OCTAOTCA N
AKTUBHBIMU FeHbl, SKCMPeccnpyroLLmeca B UCXoaHbIX dubpobnactax?
W Hackonbko xapakTepuctnkn UMCK cooTBeTcTBYET SMOPUOHaNbHBIM
ctBonioBbIM (3C) KneTkam, KoTopble B JaHHOM Cllyyae ABMATCA CTaH-
naptom. B HacToAwee Bpema UMNCK nonyyeHbl 4nsa 4ecATKOB BUAOB
>KMBOTHbIX, ogHaKo JC KNeTKn — MeHee yem ana ggaguati. B 1993 r.

B NHcTuTyTe untonorum n reHetkn CO PAH 6binn nonyyeHnbl 3C Knet-
KU1 LIeHHOTO MYLLIHOrO 3BepA — aMeprKaHCKon Hopku (Neovison vison),
6narogapa yemy NoABUNACH YHMKaNbHasA BO3MOXHOCTb CPaBHUTb VH-
LyLMPOBaHHbIE 1 MOSTyYeHHble 13 SMOPVOHA NAOPUMNOTEHTHbIE KNeT-
K. B 2015 r. Hamn nonyueHbl UIMCK ameprikaHCKOM HOPKM 1 MOKa3aHo
penporpammrpoBaHie reHoma Gprbpo6aacToB Ha yPOBHE aHanm3a
3KCMPeCccrm reHoB: YacCTb reHoB Oblifa YCMeLHO PenporpaMmMupoBaHa,
YacTb MMena NPOMeXyTOUHYI Mmexay ¢nubpobnactamu n 3C KneTkamm
JKCNPeCcnio, YaCTb He PeNpPOrpaMMmnPOBanach, N HakoHeL, NPUCYT-
CTBOBA/V reHbl, SKCMPEeCcusa KOTOPbIX OTAMYanacb ot 06oux TMnos
KneTok. Takum 06pa3som, elle Ans OAHOTO BMAA XKUBOTHbIX CTaslo BO3-
MOXHbIM U3y4yaTb MAPUNOTEHTHOCTb 1 AnddEpPeHLPOBKY Ha ABYX
Trnax nmopunoTteHTHbIX KneTok: C n UMNCK. B HacToAwen ctatbe
npencTaBneH nogpobHbI npoTtokon nonydeHusa NMCK ameprikaHckom
HOPKM C UCMOJIb30BaHNEM BEKTOPOB, Hecywwux reHbl OCT4, KLF4, SOX2
n c-MYC uenoseka. KpaTko onvcaH Heob6xoarMblii HA6op MeTof0B
aHanuza: mopdonorua UMCK, yutoreHeTnyecknii aHanus, nonnumepas-
HaA LenHasa peakums ¢ 06paTHOW TPaHCKPUNLMe Ha MpUCyTcTeue
«MAPKMPYIOLLMX» MIOPUNOTEHTHOCTb FEHOB 1 TeCT Ha GOPMMpPOBaHMe
TepaToM B UMMYHOAEGULMTHBIX MblllaX. [JaHHbI MPOTOKO NO3BOAAET
BOCMPOU3BOAMMO 1 3bdekTnBHO nonyuatb UMCK ns ¢pubpobnactos
aMepUKaHCKOM HOPKMU.

Kntouesble cnosa: UMNCK; nntopunoteHTHOCTb; Neovison vison;
aMepuKaHCKasa HopKa.

KAK ULMTUPOBATDb 3TY CTATbIO:

MpuctaxHniok U.E., MeHn3opos A.l. MonyyeHre nHAYLNMPOBAHHDbIX Mito-
PUNOTEHTHbIX CTBOJIOBbIX KTETOK aMepPMKaHCKON HOPKN: MPOTOKOJI.
BaBunoBckuii XXypHan reHeTukmn n cenekymmn. 2017;21(6):701-709. DOI
10.18699/VJ17.288

HOW TO CITE THIS ARTICLE:

Pristyazhnyuk I.E., Menzorov A.G. Generation of American mink induced
pluripotent stem cells: a protocol. Vavilovskii Zhurnal Genetiki i Selek-
tsii=Vavilov Journal of Genetics and Breeding. 2017;21(6):701-709. DOI
10.18699/VJ17.288 (in Russian)

YIK 57.085.2:636.934.57

Moctynuna B pegakumio 27.07.2017 r.
MpuHATa K ny6nvkaumm 14.08.2017 .
© ABTOPbI, 2017

@ e-mail: menzorov@bionet.nsc.ru

Generation of American mink
induced pluripotent stem cells:
a protocol

LE. Pristyazhnyuk!, A.G. Menzorov! 2@

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia

Mammalian genome reprogramming has been stud-
ied for more than half a century. First, Sir John Gurdon
showed the possibility of differentiated cell genome
reprogramming by enucleated oocyte factors in 1962.
Dr. Shinya Yamanaka produced induced pluripotent
stem (iPS) cells from mouse fibroblasts by the use of
just four transcription factors in 2006: Oct4, KIf4, Sox2,
and c-Myc. Generation of iPS cells put a question
about the reprogramming completeness: do genes
derived from fibroblasts retain their expression? And
are the features of iPS cells in compliance with those of
embryonic stem (ES) cells that serve as a standard? To
date, iPS cells have been produced for tens of species,
while ES cells, for less than twenty. In 1993 American
mink (Neovison vison) ES cells were produced in the
Institute of Cytology and Genetics SB RAS. That cre-
ated a unique opportunity for comparison of induced
and embryo-derived pluripotent cells. In 2015 we
produced American mink iPS cells and showed fibro-
blast genome reprogramming at the level of gene
expression and divided genes into four groups: repro-
grammed, with intermediate expression, non-repro-
grammed, and the ones with a“novel” expression
pattern. Thus, an opportunity to study pluripotency
and differentiation on two pluripotent cell types, ES
and iPS cells, was added for one more species. In this
article we present a detailed protocol for generation of
American mink iPS cells with human OCT4, KLF4, SOX2,
and c-MYC genes. In addition, we briefly describe
necessary methods for their analysis: morphology,
cytogenetic analysis, PCR with reverse transcription
for the presence of pluripotency “marker” genes, and
teratoma formation test in immunodeficient mice. This
protocol allows reliable and efficient generation of
American mink iPS cells from embryonic fibroblasts.

Key words: iPS cells; pluripotency; Neovison vison;
American mink.



noBwIxX KieTok (UITCK) mprmm (Takahashi, Yamanaka,

20006), venoseka (Takahashi et al., 2007; Yu et al., 2007)
U JIPyTUX BUAOB OTKPBUIO HOBYIO CTPAHUIY B W3yYE€HUU
TUTFOPUTIOTEHTHOCTH, YMOPHOHAIFHOTO Pa3BUTH U TUdde-
pennmpoBku. [IpocTora MEeTOANYECKOTO MOIX0 1A TO3BOIMIIA K
Hacrosiiemy Bpemenu nostyantb UTICK st necsiTkoB BUIOB.
B 10 )¢ Bpems smOpuroHanpHbIe CTBONOBBIE (DC) KIETKH,
KOTOpPBIE MOXXHO CUHTATh CTAH/AAPTOM IUTIOPUTIOTEHTHOCTH,
MOJy4eHbI MeHee 4eM i1 20 BUIOB.

B Unctutyre nurtonornu u reaetukn CO PAH B 1993
ObuTH BriepBhIe 1oydeHbl DC KISTKH aMepPUKaHCKOH HOPKH
(Sukoyan et al., 1993). B 2015 r. vamu noayuens UIICK
aMEpHUKaHCKOW HOPKH, M, TAKUM 00pa3oM, MOSBUIIACH YHU-
KaJIbHAsl BO3MO)KHOCTH CPAaBHEHHS OJTyYEHHBIX M3 SMOpHoHa
W WHIyLUPOBAHHBIX ILTIOPUIIOTEHTHBIX KIETOK Ha HOBOM,
CPaBHHUTEIBHO MaJIo HccienoBaHHOM Buae (Menzorov et
al., 2015). KiroueBble TpaHCKPHUIIIIMOHHBIE (DAKTOPHI, T10-
3BOJISIONINE WHAYLHPOBATH IIIOPUIIOTEHTHOCTh B T€HOME
T hepeHIMPOBaHHBIX KIETOK, IOCTATOYHO KOHCEPBAaTUBHBI,
YTO MO3BOJISIET MCIIOJIB30BATH JUISl PETIPOrpaMMHUPOBAHHS T (]-
(hepeHIMPOBAHHBIX KIIETOK PA3INYHBIX BUJIOB IeHbI YEJIOBEKA,
HanpumMep 1t nomyuenus MTICK cobaku (Baird et al., 2015).
Tax, mpezicTaBieHHas CHCTEMa PENpOrpaMMHUPOBAHHS TEHOMA
C MUHMMAJIBbHBIMU MoOAM(UKAIUSIMH OblIa YCIIELUIHO HPH-
MeHeHna Hamu [t nomydenus UIICK kak genoBeka n MBIIIN
(Heory0O1. TaHHBIE), TAK M aMEPUKAHCKOW HOpPKH. MBI nipen-
nosnaraem, 4to Au(pGepeHPOBaHHbIE KIIETKH APYTUX BUJIOB
TaKKe MOTYT OBITh PEPOrPAMMUPOBAHBI OCIIE HE3HAUUTEIb-
HOI MoAM(UKAIUK TaHHOTO ITpoTokoia. Hirke nmpencrasieH
noApoOHbIi U 3ddekruBHbIN nporokon nonydenus UIICK
aMEepUKAaHCKOM HOPKH M3 SMOPHOHANBHBIX (hrOpo0IacToB ¢
UCIIONIb30BaHNEM HaOopa JICHTHBUPYCHBIX BEKTOPOB, HECY-
uux redbl OCT4, KLF4, SOX2 u c-MYC 4denoBeka.

| | OJIYYCHHUEC MHAYHHUPOBAHHBIX INIFOPUIIOTCHTHBIX CTBO-

Matepuanbi

[TepeuncieHHble HIKE peareHThl MOXKHO 3aMEHSITh Ha aHa-

JIOTUYHBIE OT JPYTHX IIPOU3BOAUTEIICH, TIO3TOMY [UIS YacTH

TUIACTUKOBBIX PACXOJHBIX MAaTepHaIOB MPOU3BOIMTENb HE

ykazaH. B paznene «Oxugaemble pe3yibTaTby He0OOX0UMbIe

MaTepralIbl IPUBEICHBI B TEKCTE.

e Cpena DMEM c 4.5 r/mn miroko3st 1 GlutaMAX (Thermo
Fisher Scientific, 32430-100).

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

e Cpena MEM a ¢ GlutaMAX (Thermo Fisher Scientific,
32571-093).

e FBS (fetal bovine serum — CBIBOPOTKA KPOBH TEJIAT) JUIS
3C xnerok (Thermo Fisher Scientific, 16141079).

e FBS (Thermo Fisher Scientific, 10270106).

e KSR (knockout serum replacement — HOKayTHBII 3ame-
Hurenb ceiBopotkn) (Thermo Fisher Scientific, 10828-
028).

e GlutaMAX (Thermo Fisher Scientific, 35050038).

e NEAA (non-essential amino acid — HeHe3aMEHHUMbIC aMHU-
nokuciotel) (Thermo Fisher Scientific, 11140050).

o [lernmmmumuH-cTpentoMuttnd (Thermo Fisher Scientific,
15140122).

e Tpuncun-3/TA 0.25 % (Thermo Fisher Scientific, 25200-
056).
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e Harpuii-pocdarnsrii 0ydep (HOB) (Amresco, Am-E404-

100).

Kenarun (Sigma, G1890).

Mutomunus C (Sigma, M4287).

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

JAMCO (aumetnncynsdpokcun) (Amresco, Am-0231).

Lipofectamine 3000 (Thermo Fisher Scientific, L3000008).

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

[Mommb6pen (Merck Millipore, TR-1003-G).

Banbrpoesast kuciora, HatpueBasi coib (Sigma-Aldrich,

P4543).

[Mapadopmansaernz (Sigma-Aldrich, 158127).

e [lnanwer 12-1yHOUHBIH, JUIs pabOTHI C aare3uBHBIMU
kynsTypamu kietok (Eppendorf, 0030 721.110).

o [lnaHmeT 6-IyHOUHBIH, U1t PAaOOTHI ¢ AATE3UBHBIMU KYJIb-
typamu kietok (Eppendorf, 0030 720.113).

o Yamka [Terpu quamerpom 100 mm, 11t pabOTHI ¢ aaTre3nB-
HBIMH KynbTypamu kinetok (Eppendorf, 0030 702.115).

e CTepmiibHBIE CEPOJIOTHYECKHE MUIETKH 00beMoM 5, 10 u
25 M.

e [InactukoBsie HOCBHI 00BemMoM 10, 200 u 1000 mx1.

e [lnactuxoBbie mpodupku oobemom 0.5 u 1.5 M.

e Hacanxka ¢punsrpoBansHas Ha mmput, d = 30 MM, tuameTp
niop 0.22 mxm (Jet Biofil, FPV203030).

e Hacanka GunsrpoBanbHas Ha mpui, d = 30 MM, 1uamerp
niop 0.45 mxm (Jet Biofil, FPV403030).

e [lInpur NIacTUKOBBINA CTEPUIbHBIN, 10 ML

IInpun miacTUKOBBINA CTEPUIbHBINH, 1 M, ¢ UrIoi

26GX5/8.

[TpoOupku crepunbueie, 5 Ma (Axygen, SCT-SML-S).

[Tpobupku crepunbhbie, 50 mut (Corning, 430291).

Kpuompobupxwu, 1.8 mi (SSIbio, 6222-S0).

T'unoxsopur Harpust («bennsna», «Domestos Tesb).

ITaxeTs! 7151 OTXOJOB aBTOKJIABUPYEMBbIE, Ki1acc «by.

Ob6paborannabie MuTOMHAIITHOM C SMOpHOHATBHBIE PHOPO-

6nactel Mprmeit muann CD-1 ($unepnsle kneTkn) (cM.

HPOTOKOJI IPUTOTOBJICHUs B pasnueie «[loarotoBka mare-

pHAaoBy).

o Knerku muauu Phoenix-AMPHO (ATCC, CRL-3213),
Phoenix-ECO (ATCC, CRL-3214), Phoenix-GP (ATCC,
CRL-3215) umm 293T (ATCC, CRL-3216).

e DmMOpuoHanbHbIe puOpodIacTsl Neovison vison (3MOpHo-
HbI ipenoctasiensl O.B. Tpane3oBbim).

e JleHTHBHUpYCHbIE YNIaKOBOYHBIC IIA3MHJIBI U BEKTOPHI:
pMDLg/pRRE (Addgene, 12251), pRSV-Rev (Addgene,
12253), pCMV-VSV-G (Addgene, 8454), pLeGO-G2
(Addgene, 25917), pLeGO-hOCT3/4, pLeGO-hKLF4,
pLeGO-hSOX2 n pLeGO-hc-MY C (BekTOpbI IpeocTas-
nens! C.B. Kucenesbim).

lNMoprotoBka matepuanos

e Cpena 1yisi KyJBTHBUPOBaHUS pUOPOOIACTOB MBIIIH (Cpea
g OOM): cpena DMEM, 10 % FBS, 1X nexunmumH-
CTPETITOMHIIMH.

e Cpena uis KyJbTHBHPOBaHMs KIIETOK JInHUK Phoenix (cpena
g Phoenix): cpena DMEM/F12, 10 % nnakTHBHpOBaH-
soit 30 muH pu 56 © C FBS, 1X GlutaMAX, 1X NEAA,
1X nenunmuuH-ctpentomunud. Cpeny Phoenix MoxHO
WCIIONIB30BaTh M U KyJbTHBUPOBaHUA (UOPOOIACTOB
MBIIIIH.

Molecular genetics and cell biology



I'Ionyqume MHOYLMNPOBAHHDbIX MIOPUNOTEHTHbIX
CTBOJ1IOBbIX KJTIETOK aMepI/IKaHCKOVI HOPKW: NPOTOKOJ1

BAXKHO! Cuumaemcsi, umo 0nst a¢hghexmusnoi Hapabomxku

JIeHMUBUPYCO8 HE0DXOOUMO UHAKMUBUPOBAML KOMNIEMEHN

6 FBS, nosmomy cvieopomka noosepeaemcs menjiogou unax-

musayuu.

e Cpena it KyJTHBHPOBAHIS dMOPHOHATBHBIX (HHOPO-
6nacroB amepukanckoi Hopku (DDH) (cpena mns DDH):
cpena MEM a, 15 % FBS, 1 X neHunumumH-cTpenTOMHIINH.

o Cpena ms xynsruBupoBanns UTICK ameprkaHCKOH HOPKH
(cpema g UTICK): cpena MEM a, 15 % FBS mna 5C
kietok, 1 X GlutaMAX, IX NEAA, 1X 2-MepKanTo3TaHoI,
1 X neHnuMIIMH-CTPENTOMULIUH.

e HOb: pacTBOopuTh TaOIETKy B BOJE B COOTBETCTBHH C
peKoMeHauel MpoU3BOANTENS, TPOABTOKIABUPOBATh.

e JKemarun: mpuroroButs 1 % BOAHBIN pacTBOP M MPOABTO-
KJaBupoBarh. Padouwnii pacteop — 0.1 % B HOB. [TokpeiTh
rtacTukoBble yaniky [letpu unn nianmerst 0.1 % xemna-
THHOM M 1oMecTuTh Ha 37 °C He MeHee yeM Ha 30 MUH.
YOpars sxenaTuH 1 J0O0ABUTH CpeLy VISt KYJIIBTUBHPOBAHMS
KJIETOK.

o (Cpena 115t 3aMOPO3KH KIIeToK MiterormTaronmx: 90 % KSR
u 10 % AMCO. Bmecto KSR MoxxHO ncnonb3oBats FBS.
Cpeny U1t 3aMOPO3KH MOYKHO OTHOKPATHO 3aMOPa’kKUBaTh
Ha —20 °C, mpu +4 °C xpaHuTh He Ooee AByX HEIelb.

e Bansmpoesas kuciora: passectu 81.31 mr B 5 M aBTO-
KJIaBUPOBAaHHOHN OuancTriMpoBaHHoi Bozbl (100 MM),
poIIETPOBaTh Yepe3 GuasTp 0.22 MKM, aTHKBOTHPOBATH
u 3amopo3uth Ha —20 °C. Pabouas koHmeHTparms 1 MM.

BAKHO! Ilocne pazmoposku 6a1bnpoesyto KUCI0my He Xpa-

Hums npu +4 °C bonvute cymox. B cpedy ons kynoemueuposa-

HUst 000a6IsIMb ceedicue ANUKEOMbl AbNPOEBOU KUCTOMUbL.

e 2-MepKanTodTaHOI: pazBecT 70 MK B 20 MJI CTEpUIIBHOTO
H®B (pactBop X500).

e [mmoxmnoput Harpus (1e3nHGUIUPYIOMHUI pacTBOP): PH-
rotoBuTh 20 % pactBop «benn3ubp unu «Domestos reiby,
XpaHUThH He 00JIee HEeNeNH.

e [lapadopmansaernn 1 %: narpers 4/5 oosema HOB no
~60 °C npu nomermBanuy, 100aButh 1 % napadopmanbie-
runa 1 HeckoibKo karens | M NaOH, pacTBoputs, 10TUTH
H®b u nosectu ¢ momomsio HCI pH 10 6.9. Anmnksotu-
posath 1 3amopo3uts Ha —20 °C.

e [IpuroToBnenue (GpUACPHBIX KJIETOK: Pa3BECTH MHTOMH-
muH C B Boge 0 200 MKr/mil, pekomeHayemast pabodas
KoHIIeHTpanus 10 MKIr/MJ1, MBI HcTionb3yeM S MKr/mit. O0-
paboraTts >MOpHOHATEHBIE (PHOPOOTACTHI MBIIIEH JIMHUH
CD-1 u3 sm0puoHOoB cramwu 13.5 greit (momyuens! u3 LKIT
«SPF-BuBapuit» ®UL Uul" CO PAH) Ha BTOpOM-TpeTheM
maccaxke MutoMurimaHoM C B Tedenmue 2—3 4. Tpmkasl
npombITh KieTku HOB, cuare tpuncunom-O/TA, nnak-
TUBUPOBATH TPUIICUH cpenoif ¢ FBS (He MeHee ueM oqHIM
00BEeMOM), MOJCYUTATH KOIMYECTBO KIIETOK, HEHTpUQy-
THPOBaTh, 3AMOPO3UTH AJMKBOTHI B CPeJie IS 3aMOPO3KH
(ot 1 10 5 MutH KJ1./MUT). 3a ICHB 10 UCTIOIB30BaHUS (HHUICP-
HBIX KJIETOK pa3MOpPO3UTh B cpene st DPM, paccaauThb
Ha KeJIaTHHU3UPOBaHHbIE Yaniky [leTpy B KOHIIEHTpaun
15 TeIC. K1./cM2, OIMH U3 BADMAHTOB MPOTOKOJA MOy YEHHUSI
(uAepHBIX KIETOK M3 YMOPHOHOB MBI ONACAH B paboTte
(Takahashi et al., 2007).

BAXKHO! Mumomuyun C ouenv moxcuuen 0isi Kiemok, no-

amomy Heobxooumo npomsime kiemxu HOB ne menee mpex

pas.
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O6opypoBaHue

Jist Gosplreid yactu 000pYJOBaHMUS IPOU3BOANTEND HE yKa-
3aH, TaK KaKk MO’KHO HCIIOJIb30BaTh IPHUOOPHI PA3HBIX POU3-
Bomutenei. KpnokoHTeitHep Takke MOXKET OBITh 3aMEHEH Ha
AHAJOTUYHBIH.

Jlamunapusii mkad 11 kmacca 3amuTHI.

Ha6op munerox 10, 20, 100, 200, 1000 mxt.
IMunerounstit nozarop 0.5—-100 mu1.

Kpuoxonreitnep (Thermo Fisher Scientific, 5100-0001).
Hentpudyra-soprexe mis mpodupok 0.5 u 1.5 mit.
Hentpudyra as npodupox 10 u 50 M.

CO,-nunKy6arop (KyJIbTHBHPOBaHUE KIIETOK IPOU3BOIUTCS
npu 5 % CO, u 37 °C).

Tepmoctar Ha 37 °C.

XononuneHauku Ha —80 °C, —20 °C u +4 °C.
MuBepTHpOBaHHBIH MUKPOCKOIL.

ABTOKaB.

Kpuoxpaaumnuiie ¢ KHUIKAM a30TOM.

Bomsanas 6aus.

[Iporounslii uTO(QIYOpPUMETD.

MpoTtokon nonyuyeHusa UMCK amepurkaHCKoOM HOPKX
Huxe npusenen nporokon nomydenus UIICK amepuxan-
CKO#f HOpKH 110 AHsIM. Heckolibko 0011MX 3aMedanuii 1o mnpo-
TOKOITY:

e OOmas cxema dKCHEpUMEHTa IpeCTaBiIeHa Ha puc. 1.
JleHp 3apakeHus ICHTUBHUPYCaMH (TPAaHCIYKIMH) Ha3BaH
nHeM 0, HoMep nacca)a KJIEeTOK ¢ 3Toro JHs — Takxke 0.

e KynsrusupoBanue Ki1eTok npoussoaurcsa B CO,-uaKy0a-
tope mpu 5 % CO, u 37 °C. Cpenpl, HODB u tpuncun-JITA
xpansTcs npu +4 °C, mepen paboTo# ¢ KJIeTKaMu Mporpe-
BAIOTCS 10 KOMHATHOW TeMrieparypsl. [Ipu HapaboTke jieH-
THBUPYCOB B KiIeTKax Phoenix u mpu pazMopo3Ke KIIETOK
cpexa mporpesaercs 1o 37 °C.

e Paota c KJIeTKaMH IPOBOJIUTCSI B CTEPHIILHBIX YCIIOBHSIX
B JtaMmuHapHOM mikady I kracca 3aimuThl.

e [Lromane TyHKH 12-TyHOYHOTO TUTAHIIETA COCTABISAET
0KoJI0 4 cM2, 6-IIyHO4HOrO muanmeTa — 10 cM?, a yamku
IMetpu nuamerpom 10 cMm — 55 ¢cM2, ISt KyJIETHBUPOBAHUS
n06aBnATh 1, 2 w10 MIT cpebl COOTBETCTBEHHO.

e Pabota c J1eHTHBHpycaMH ONacHa U TpeOyeT COOIIoAeHHS
TEXHUKHU 0€30MacHOCTH, HE0OXOIUMO 00s3aTeNIbHO MPO-
KOHCYJIBETHPOBATKCSI CO CIICIHATUCTaMH. ba3oBbIe peKOMeH-
JTAIMY TIPUBECHKI 10 YKa3aHHBIM HUKe cchiikam (http://
www.ohsu.edu/xd/about/services/integrity/policies/upload/
IBC-EHRS-Form_Lentiviral-Vector-Safety-Manual.doc;
http://ehs.uky.edu/docs/pdf/bio_viral vectors 0001.pdf).

[eHb -6. Pasmoposka DPH. Pasmopo3ska knetok Phoenix

Pasmopo3ska SOH

1. Hanuts B 5 M po6upky 4 mi cpenst anst DOH.

2. Jloctark U3 KpUOXpaHWIKLIA € )KUIKUM a30TOM KPHOIIPO-
6upky ¢ D®PH u momecTuTh Ha BossiHYIO OaHto Ha 37 °C.
Jloxaarbest, MoKa KISTKH pa3Mopo3sTCs, HO emle Oyaer
OCTaBaThCs KyCOYEK JIb/A.

BAKHO! Kpuonpomexmop AMCO mokcuyen 0ns Kiemox,

pasmoposxa npogsooumcs npu 37 °C 6vicmpo, umodvl Munu-

muzuposams epems ezaumooeticmsus ¢ JJMCO.

3. [lepenecTy B MpoOUPKY € TEIJIOH cpeoi, neHTpudyrupo-
BaTh ipu 300 g 3 MuH, yOpaTh CynepHaTaHT U paccaauTh
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—> O0OH —

- Pasmopo3ka Phoenix [eHb -6 Pasmoposka SOH 888
OeHb -5
OeHb -4
000 4 000
[ 1 1@ Paccapka Phoenix [eHb -3 Paccapka DOH [ 1 1@
aHchekuus Phoenix eHb —
00 Tpatcd Phoeni [leHb -2
weo L 10] |
CmeHa cpeppbl NeHb -1 Paccagka DOH " 1@] ]
Cpepa ana Phoenix
6e3 aHTMBMOTUKOB C6op Bupycos Aenb 0 @ Tpancaykuna SOH :88
C6op Brpycos JeHb 1 MosTopHas TpaHcayKuma SOH ) Oz
OeHb 2 CmeHa cpefibl .O
OeHb 3
Pa3mopo3ka praepHbIX KneTok leHb 4 CmeHa cpepipl, onpepenexne MOl
HeHb 5 Paccagka DOH “
OeHb 6
Oenub 7 CmeHa cpefibl
[Oexub 8
WMCK,
OeHub 9 CmeHa cpefibl Cpepa ana MNC
BasibMpoeBas K1cnoTa
Henb 10
Oenb 11 CmeHa cpefibl
OeHb 12
HeHb 13 CmeHa cpefibl
OeHb 14 \]
HeHb 15 CHSATVE KONMOHNI

Puc. 1. Cxema nonyuerusa UMNCK amepuKaHCKo HOPKM 13 SMOPUOHanbHbIX GprubpobnacTos.

Ha 6-JTYHOUYHBIN TUTAHIIET ¢ 2 MJI Cpebl Ha JIYHKY. [110-
maab Paccajkdl JOJHKHA COOTBETCTBOBATH IUIOMIAAH, C
KOTOpOW KJIETKH OBLTH CHATHI Ha 3aMOpo3Ky. Hampumep,

Pa3zmoposka knetok Phoenix
5. Hanutsb B 5 Mt mpobupky 4 mut cpenst aist Phoenix.
6. JlocTaTh U3 KPHOXPAHWIIHIIA C KHKHM a30TOM KPHOIIPO-

npu 3amopo3ke DPH ¢ mnotHoCTEIO 90 % C 6-TyHOUHOH
stuelikn (okoso 10 cM?) pasMopo3Ky TakKe MPOBOAUTH Ha
OJIHY SIYCHKY.

4. IToxaunBaHHEM ILJIATO PABHOMEPHO PACIPEICTUTh KIETKU

0 MOBEPXHOCTH I1acTrKa U nepenectu B CO,-uHKyOaTop.

6upky c kirerkamu Phoenix u momecTuTh Ha BOISTHYTO OaHIO
Ha 37 °C. JloxaaThCest, oKa KJIETKH Pa3MOpO3SITCs, HO e1e
OyzeT ocTaBaThCsi KyCOYeK JIbJIa.

7. Ilepenecty B pOOUPKY C TEILION CPEHOH, IIEHTPU(YTHPO-

Batb rpu 300 g 3 muH, yOpaTh CylepHaTaHT U PacCcaanTh

BA’KHO! B 3asucumocmu om KOIU4eCmeda 3amopOodCeHHbIX
KAeMOK U 3hheKkmueHoCmu pazsmopo3Ku MONCHO KYIbMUSUPO-
samb DPH u 6 Opyeom yoobrom pescume. Basicno na oens —1 COOTBETCTBOBATH ILJIONIA/IH, C KOTOPOH KJIETKU ObLIIA CHSITHI
nonyuums kynomypy IDPH ¢ niomuocmoio 70-95 %. [lepeces Ha 3aMOPO3KY, WIH OBITH OOJIBIIIE.

Kknemok HysicHo eecmu npu niomuocmu 80-95 %. Cuumaem- 8. TlokaunBaHUEM IUIATO PAaBHOMEPHO PAaCIpPEAEIUTh KIIET-
€A, Umo KJIemKu Ha panHux naccasxcax oonee 3QghexmusHo KU 10 NOBEPXHOCTH IutacTHka u nepenectu B CO,-uH-
penpocpammupyromes 6 UIICK. Ky0aTop.

Ha 6-JTYHOYHBIHA IDIAHIIET ¢ 2 MJI CpeAbl Ha JYHKY (WIH
yamky [Terpu ¢ 10 mit cpenpr). [nomans paccaaku MOXKeT
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I'Ionyqume MHOYLMNPOBAHHDbIX MIOPUNOTEHTHbIX
CTBOJ1IOBbIX KJTIETOK aMepI/IKaHCKOVI HOPKW: NPOTOKOJ1

OeHb -3. Nepecagka dIDH. NMepecagka knetok Phoenix
Mepecagka SOH
9. D®H pomxHB UMeTh MIOTHOCTE 70-95 %. YoOpath

KyJBTYypalbHYIO0 cpeny, npombiTh HOB, nobaButs Tpur-
cun-D/ITA, 4ToOBl pacTBOp NMpH MOKAYUBAHHUHU ILIATO
TTOKPEIBAJ KJIETKH, U TIepeHecTr B Tepmoctar Ha 37 °C.
Kaxxmyro MIHHYTY TOKQUUBATh KJICTKHA U KOHTPOIUPOBATH
OTKpEIUICHHE OT TUIACTUKA MO/l MUKPOCKOIIOM.

10. TTocne oxpyTieHHs KIETOK pecycrneHAnpoBaTh B 20—
30-kpaTHOM H30BITKE cpeabl 1t DDH no oOpazoBaHus
CYCIICH3UH €IMHUYHBIX KJIETOK M PAcCaJHuTh B COOTHO-
menun (1:2)—(1:4).

BA)KHO! Knemxu ne donoichbl nepecovixamo. Eciu 0obaeneno

caumkom muoeo mpuncuna-3/[TA, neobxooumo nocie om-

KpenjieHus: KiemoK om nidcmuka 000aeums pagHblil 00bem

cpeowr onsi DDH, pecycnenouposamsv 00 0OHOKIEMOYHOU

cycnensuu, yenmpugyeuposamo npu 300 g 3 mun, yopameo
0CA00K, pecycneHouposams & cpeoe U paccaoumb.

MNepecagka knetok Phoenix

11. Y6pare KyJabTypallbHyIO Cpely, aKKypaTHO MPOMBIThH
H®B, He momyckas OTKpETUICHHS KIIETOK, JOOaBHUTH
tpuncus-/ITA, 4ToOBI pacTBOp NPH NOKaYNBAHHUH TIJIATO
MOKPBIBAJ KJIETKHU, U TIepeHecTy B Tepmoctat Ha 37 °C.
Kaxxmyro MIHYTY TOKa9UBaTh KJIETKA U KOHTPOIUPOBATH
OTKpEIUICHHE OT TUIACTHKA MO/l MUKPOCKOIIOM.

12. Tlocne okpymieHHUs] KIETOK pecycrneHaupoBarh B 20—
30-xpaTHOM H30BITKE Cpedp! i KieTok Phoenix mo 06-
pa3oBaHMs CYCIIEH3UH €AMHUYHBIX KIETOK U PACCaIUTh
no 0.7-1.3 mun ki1./10 cM? Ha 5 JTyHOK JKENaTHHH3U-
POBaHHOTO 6-TYHOYHOTO TIaHIIeTa (cM. puc. 1). Yucmo
KIJIETOK HE0OXOIMMO 1moio0paTh 3apaHee Tak, 9TOOBI Ha
nieHb —2 wioTHocTh Phoenix 6suta 70-90 %.

BA)KHO! Knemxku ne 0onoichbl nepecovixams. Eciu 0obasneno

cauwkom mHoeo mpuncuna-3/[TA, neobxooumo nocie om-

KpenjieHus Ki1emoK om niacmuka 000aeums pagHblil 00bem

cpedvl 03 knemok Phoenix, pecycnenouposams 0o 00Ho-

KIemouHou cycnensuu, yeumpudyeuposams npu 300 g 3 muH,

ybpams 0cadok, pecycnenouposams 6 cpeoe U paccaoums.

DeHb -2. TpaHchekuyma knetok Phoenix

13. lo6aBute B 1.5 Mi npobupky 625 mki Opti-MEM 1 u
28 mxa Lipofectamine 3000, mepeMeniath Ha BOpTEKCE
HECKOJIBKO CEKYH/I ¥ OBICTPO OTHEHTPH(YTrHpOBaTh.

BAJKHO! Mut ucnonvsyem cpednee konuuecmeo Lipofecta-

mine 3000 om pexomeHOOB8AHHLIX NPOU3BOOUMENEeM MUHU-

MANbHO20 U MAKCUMATLHO20, M. €. 5.6 MK HA JIYHKY 6-TyHOU-

HO20 NAaHuema.

14. 1o6aButh B 1aTh 1.5 Mt mpobupok 1o 125 mxir Opti-
MEM I, cmech ynaxoBounsix miazmu pMDLg/pRRE,
pRSV-Rev u pCMV-VSV-G u, B uHAUBUyaJIbHbBIE
npooupku, BekTopsl pLeGO-hKLF4, pLeGO-hSOX2,
pLeGO-hOCT3/4, pLeGO-hc-MYC u pLeGO-G2 (Bce-
ro 2.5 mxr JIHK), nepemeriats Ha BOPTEKCE HECKOIBKO
CeKyH[ M OBICTpO OTHEeHTpupyruposars. JJ00aBUTH 1m0
5 mxu pearenta P3000 (Bxoaut B komruiekT Lipofecta-
mine 3000), mepemMeriaTh Ha BOPTEKCE HECKOIBKO CEKYH/T
u OBICTPO COPOCHUTH HA TICHTPHU YTE.

BAXKHO! Coomnowenue konuuecmea J{HK niazmuo credy-

towee: pRSV-Rev: pMDLg/pRRE : pCMV-VSV-G : Vector =

= 5:10:2:10. Ha aynky 6-1yHOUHO2O NAGHUIEMA HeobXo-

MoneKynanaﬂ reHeTMKa 1 KnetoyHas 6uonorua
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oumo 2.5 mxe JIHK u 5 mxn P3000. Pexomendyem 3apanee

npUSOMoBUMb cMeCb YRAKOBOUHLIX NAAZMUO U BbIPDABHAMDb

KOHYEHmpayuu 6eKmopos.

15. Ho6asuts cmecy JJHK u P3000 x pactBopy Lipofecta-
mine 3000, mepemeniaTh Ha BOPTEKCE HECKOIBKO CEKYH/I,
nonoxaarsk 10—15 muH.

16. AkkypaTHO TIOMEHITh cpeny kieTtkam Phoenix Ha cpemy
st Phoenix 6e3 moGaBiieHus MEHUIMIUTHHA-CTPEIITO-
MUIIHA (2 MIJI Cpe/Tbl Ha JIYHKY 6-JTYHOYHOTO TUIAHINIETA),
KJICTKH HE JTOJDKHBI OTCIIOUTHCS OT TIOBEPXHOCTH.

BAJKHO! Cyumaemcs, umo aHmubuomuxy moKCuyHvl npu

mpancpexyuu Kiemok, no3mMomy peKOMeHOYencs Rpo8oouUns

mpancgexyuio 6e3 aHmubUOMuKos.

17. o xaruisim 1o06aBuTh aunuaHbIe KoMiniekcesl JJHK k kiret-
KaM, aKKypaTHO TepeMelIaTh NOKaunBaHHEM TUTaHIIIeTa
u nepenectu B CO,-uHKyOaTop.

OeHb -1. NMepecagka DOH. CmeHa cpeabl Knetkam Phoenix

Mepecagka SOH

18. Paccagutes D®PH ©Ha Tpu (wnn Oonbplie) TYHOK 6-Ty-
HOYHOTO TUIaHIIETa B KOHIEHTpanuu 15 Thic. KiI./cMm?
(150 teIC. KI1./1yHKY). OcTarkn 3aMopo3uTh. OiHa TyHKa
Oyzmet ncrnonb3oBarbes A onpeneneHust MOI (multipli-
city of infection — «umciI0 BUpYCOB Ha KJIETKY» ) TIO CBEYe-
Huto GFP, BTopas nyHka — Kak OTpUIaTeIbHBINA KOHTPOJIb
ceeuennss GFP u, mpw xemaHnu, Kak OTPHUIIATEIbHBIA
6e3BupycHbIit KOHTpob nomyuerns UIICK, ocranbuble
nynku — s nonyuenus: UTICK (cwm. puc. 1).

19. 3amoposka DPH: mocne CHATHS KIETOK U HEHTPUDYTH-
pOBaHMS OCAZOK PECYCHEeHANPOBATh BUOpanne nimm B
20 MKJI cpefibl, MATKO PeCyCIeHANPOBaTh B 1 MII Cpeabl
JUISL 3aMOPO3KH, TOMECTUTH B KPHOKOHTEHHED U cpazy
noctaButh Ha —80 °C. Ha cnenyromuii 1eHb UK HE 103-
)K€ YeM 4epe3 TPU JHS MEPEHECTH B KPUOXPAHUIIHUILE C
KUJKAM a30TOM.

CmeHa cpegabl knetkam Phoenix

20. AKKypaTHO 0TOOpaTh Cpey B CTCKISIHHYHO OaHKY C THITO-
XJIOPUTOM HATPHA 1 TOOABUTH 110 2 MJI cpebl st Phoenix
0e3 MeHnIUTNHA-cTpenToMunnHa. He nomyckars repe-
CYIIMBAHUS U OTCIOCHHS KIICTOK.

BAJKHO! Jlna oe3unghexyuu supycos neobxooumo cpeosvl u

NAACMUK, KOHMAKmMuposasuiue ¢ supycamu, novewjams 6 1 %

pacmeop eunoxiopuma Hampusi (20 % pazeedenue « BenusHoly

unu «Jomecmocy 6 6o0e, 20MoOGUMb CEENHCULL PACHBOD KAIC-

Oyro Heoemr). Tlocne desunpexyuu HeodXOOUMO NPO8OOUND

asemokaasuposanue. A6moxiasuposanue 6cex gvlopacvisae-

MbIX MAmMepuanos nposooumcs 00 OHs 7.

OeHb 0. TpaHcaykuma SOH. CmeHa cpepbl

KneTtkam Phoenix

21. Cobparb cpeny c neHruBupycamu, Hecymumu OCT4,
KLF4,SOX2wn c-MYC (OKSM), B ipodupky 50 mu, cpeny
¢ GFP — B pobupky 5 mit. [IoMeHAT cpemy KIeTKam
Phoenix, eciu ruraHupyeTcst HOBTOPHAS TPAHCIYKIIHS Ha
neun 1.

22. TIpounsTpoBath Cpeay ¢ JICHTUBUPYCHBIMHA BEKTOPaMHU
OKSM wuepes ¢punsrp 0.45 mxm B 50 Mt mpoOHUpKy, 10-
0aBuTH paBHBINA 00beM cpeabl Ut Phoenix 6e3 anTuomo-
THKOB H ITOJHOPEH 10 paboueii koHteHTparmu 10 MKr/mi,
TepeMeniaThb.
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23. IlpoduabrpoBark Cpeiy € JEHTUBHUPYCHBIM BEKTOPOM
GFP uepes ¢punsrp 0.45 MKM B 5 MiT TpoOHpPKY, 0TOOPATH
B HOBYIO 1pooupky 0.2 mi1, 106aBuTh 1.8 Mi1 cpessl uts
Phoenix 6e3 aHTHOMOTHKOB M MONMHOpPeH 10 paboucit
KoHIIeHTparmu 10 MKT/MII, IepeMenIarh.

24. B nynke (ynkax) ¢ O®PH s nomyyenust UTICK nome-
HSTb CpeJly Ha CMECh C JICHTHBUPYCAMH U TTIOJMOPEHOM,
B styHKe Juts TectupoBanus MOI —na 10 % cmecs GFP,
B OTPHIIATEILHOM KOHTpoJe — Ha cpeay anst Phoenix
(cm. puc. 1). Hauunast ¢ atoro aus oyayumum UIICK
nmpucBamBaeTcs maccax 0.

OeHb 1. Tpancaykuma SOH

25. JIna nomyuennst UTICK mMoxeT ObITH TOCTaTOYHO OIHO-
KpaTHOM TPAHCAYKIMU KJICTOK JICHTUBHPYCAMH, OJTHAKO
JUIsl HAJISKHOCTH B JIeHb | mpejyuiaraeTcs npoBecTH Mo-
BTOPHYIO TPAHCAYKIIMIO JIGHTUBUPYCaMU. TpaHCIyKIHs
MIPOBOJUTCS TaK ke, Kak U B AeHb 0, C MUHIMaJIbHBIMH
M3MEHEHMSIMH: cOOparh Cpely C JICHTUBUPYCAMH, HECY-
ummvu OCT4, KLF4, SOX2, vo ve c-MYC, cpena ¢ GFP
He TpedyeTcs.

BAJKHO! Ecnu snauumenvnas wacme kiemox Phoenix om-

KpPenuniace om NOGepXHOCMmU, He cliedyem UCHONIb3068aAmb

cpedy, max KaK mump 6upycd HeBO3MONCHO ONpedelums.

s noemoprot mpancoyKyuu MosACHO UCNONb306aAMb CPedy,

cobpannyro 8 denv 0 u xpanusuiyrocs npu +4 °C. Bupycwi

MooicHo maxkdice 3amopadicuéams Ha —80 °C, Ho npu smom

mump nadaem nPUMEPHO Ha NOPSIOOK.

26. B mynke (nmynkax) ¢ OOH misa nomygenns UTICK nome-
HATB CpeJly Ha CMECh C JICHTHBUPYCAMH U TTOIMOPEHOM,
B JyHKax ansa tectupoBaHus MOI u orpunatenbHoM
KOHTpoJIe — Ha cpexy ais Phoenix.

LeHb 2. CmeHa cpepbl

27. TloMeHATH cpely BO BCeX JTyHKax Ha cpeny mist DDH.
BAJKHO! Ha emopoii 0env nocie mpancoyKyuu 1eHmueu-
pycamu 8ekmopuvl dPGeKmusHo IKCHPecCcupyIOmces u MO#CHO
npoeooums onpeoenerue MOI (cm. dens 4).

LeHb 4. CmeHa cpeabl. Paamopo3Ka ¢urepHbIX KNeTokK.

Onpepenexne MOI

CmeHa cpefibl

28. IlomeHsTh cpeny Bo Beex tyHkax Ha cpeny st UTICK ¢
1 MM BanmbIPOEBOI KHCIOTHI.

BAJKHO! Banwnpoesas kucioma uneubupyem oeayemundasy

2UCIMOHOB U, COOMBEMCMEEHHO, denaem Xpomamun boiee 0o-

CMYNHBLIM 05 Oelicmeusi MpaHCKpUNYUOHHbIX QaKmopos.

B pasnvix npomokonax ucnonwb3yiom eanbnpoesylo KUCiony

om 7 0o 14 Oneil, 6 3mom npomoxone 63sm CpeoHull CPoK —

10 oOneii.

Pazmopo3sKa dpuaepHbIX KNeTok

29. XKenaruuuzuposarb HeoOXonuMoe unciio yaiek [lerpu
(cm. pazgen «IloaroToBKa peareHTOBY).

30. Hasmute B 5 Mot ipoOupky 4 mit cpezpt uist DOM.

31. locTaTh U3 KPUOXPAHUIIMIIA C )KUIKUM a30TOM KPHOIIPO-
6mpky ¢ OPM u nomecTuTh Ha BosIHYI0 6aHto Ha 37 °C.
Jloxxnarbest, IoKa KIIETKH pa3Mopo3sITes, HO emie OyneT
OCTaBaThCsI KyCOUEK JIbJIa.

32. Tlepenecty B MPOOHUPKY C TEIUION CPeIoi, HEeHTPUPYTHUPO-
Barb nipu 300 g 3 MuH, yOparh CylnepHaTaHT U paccajuTh
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Ha JKeJIaTUHU3KpoBaHHbIe yamku [letpu ¢ 10 M cpensl
Ha JIyHKY C IUIOTHOCTBIO 15 TBIC. KIL/CMZ.

BAJKHO! Heobxooumo 3apanee pasmoposums aiuKkeomy

@uoepHbIX KIemoK u Ha cedyIowuLl 0eHb NOOCUUMAMb YUCLO

JUCUBBIX KIIEMOK, YMOObl 3HAMb PeasibHOe KOIUYECMBO KIemOoK

nocie pasmoposKu.

33. IToxkauMBaHHEM IJIATO PABHOMEPHO PacIpeaeInTh KIETKN
10 MOBEPXHOCTH IIacTUka ¥ nepeHectd B CO,-uHKY-
Garop.

BAJKHO! @udepnvle kiemku HeodX00UMO UCNONb308aMb HA

nepevlli-6mopoul 0enb nocie pazmoposxu. Ipu neobxooumo-

cmu nepecaoxu Kiemok 6 0eHb paccaoku (puoepHbIX Kiemok

O0JIHCHO NPOUMU He MeHee mpex Yacos8 NOce UX PasmMopo3Kil.

OnpepenerHune MOI

34. Unrerpanus Bekropa, coaepxkamiero GFP, no3somnser
cenars rpyoyro OICHKY 3P PEKTUBHOCTU TPAHCAYKIIUH
octansHBIME Bupycamu. s onpenenerns MOI Heo6-
XOJJIMO TIPOBECTH MPOTOYHYIO UTO(IyOPUMETPHUIO Ha
npucyrcrBue oeixa GFP. Knerkn ¢ KoHTpoIbHOM 1 00-
paborannoit BupycoMm ¢ GFP myHOK CHATH TpUTICHHOM-
OATA, uenrpudyruposars, npomsith HOB, nientpudy-
rupoBarb, GukcupoBarb B 1 % mnapadopmainbaeruie
5 MuH, IeHTpU(yTHPOBaTh, pecycrnenanposars B HOb
W OIPE/ICINTH TPOLEHTHOE COJIEPKAHUE KIIETOK, NMe-
tommx GFP, na nmporounom nuroduryopumerpe.

BAKHO! Ilpu ¢uxcayuu napaghopmanvoecudom modxicem

nponaoams @ayopecyenyua GFP. B smom cryyae mooucho

ucnonvzoeams anmumena npomus GFP. Kpome mozo, ¢ nomo-

WbI0 aHMUMEN B03MONMCHO ONpedenUmsb MAaKtce YUCo puopo-

bnacmos, 3apaxcennulx, Hanpumep, OCT4, u maxum obpazom

MOYHO Y3HAMb NPOYEHIMHOE COOePHCaHiie KIemOoK ¢ unmezpa-

yueu mpanceena (cm. npomoxon okpacku. https://stemcells.

nih.gov/research/nihresearch/scunit/facsprotocol.htm).

35. [Moacuer MOI: MOI = —In(1 —[nonst GFP+ kierok]). Ha-
npumep, eciu 63.2 % KIETOK UMenu (IryopeceHIHIo
GFP, MOI =-In (1-0.632) =1, T.¢. B CpeIHEM OITUH BU-
PYyC Ha KJIETKY HJIM, TOYHEE, COOTHOLIIEHHE YMCIIa BUPYCOB
K YHCITy KJIETOK PaBHO eAnHMIIE. Tak Kak HCIOIb30BaI0Ch
10 % pazBenenue Bupyca, peansublii MOI = 10. Cnenaem
KauecTBeHHYyI0 onieHky MOI, npeanonoxus, uto MOI
st BupycoB OKSM He oTimyaeTcst OT TaKOBOTO IS
GFP, Torma MOI B omeite Takke paBeH 10. Pasbasienue
cpezbl BABOE COOTBETCTBEHHO yMeHbIII0 MOI, a Bropas
TPAHCIYKINs — yBEIMYHIIA B IBA pa3a, UTOTO, 110 rpy0oit
OLICHKE, B KJICTKAX JOJDKHO OBITH OK0JIO 10 BUPYCHBIX Ya-
crut. s nomyuennst UTICK MOI nomxkeH 6bITh 60s1ee 4.

BAJKHO! J[na ysenuuenus sgpgpexmunocmu mpancoykyuu

8 0aHHOM NPOMOKOLe UCNONb3yemcs noaubpen. Eciu ne

yoaemcs 00cmuib HeodX00UMO20 MUmpa eupyca, MOICHO

UCNONBL306AMb CHUHOKYIAYUIO: YeHMPUDY2Uuposams Kiemxu

co cpedoti ¢ supycamu 6 6-1yHouHom nianweme npu 650 g

60 mun npu 32 °C.

[eHb 5. Nepecapka SOH

36. Yopars cpeny GpuIepHbIX KIeTOK, poMbiTh HDB, noba-
BuTh cpery st UTICK 1 cBeXyro aJiKBOTY BaJIbIIPOCBOI
KHCIIOTBI 10 KOHIIeHTpauuu 1 MM.

37. D®H, obpadorannbie BekTopamu, Hecymmumu OKSM,
nepecaanTs B cootHomeHun 1:10 wa gamku [letpu ¢ dhu-
nepubeiMu kietkamu B UTICK cpene. Hanpumep, kinetku
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a - MmopdoNorma NepBUYHbIX KONOHUIA Ha fieHb 15, 6enbiMU Kpyramm BbigeneHbl KonoHun mopdonorun UMCK; 6 — mopdonorvs KonoHuin
WMCK Ha nepBbIi-BTOPOI fieHb Nocsne paccafky; 8 — metadasHas nnactuHka UMCK; 2 - kapuotun UMCK.

C OJIHOHM JIYHKH O-TTYHOUHOTO IUIAHIIIETa TIePeHECTH Ha
nBe yawku [erpu.
BAXKHO! Ecau xononuit UTIICK 6ydem ciauwikom mMHo2o, K
MOMEHMY CHSIMUsL OHU MO2YM HAYamb CIUGamuvcsi. B smom
cayuae HeobXo0UMO UCNONbL308AMb OObUee pa3sedeHue
KIEmOK.

[OHun 7-11. CmeHa cpepbl

38. Kaxaplit BTOpO# JIeHb MPOBOAUTH CMEHY CPEJIbI Ha Cpely
g UTICK ¢ BambIpoeBoil KHCIOTOH.

BAJKHO! Eciu kononuu Cauukom Maienvkue OJis CHAMUA,

npoooIICaAms KyJIbmueuposanue 6e3 000asieHus 6aibnpo-

€601l KUCTIOMDbL.

OeHb 13. CmeHa cpepbl. Pasmoposka ¢puaepHbIX KNeTok

39. Cwmenuts cpeny Ha cpexny st UTICK ¢ BambprpoeBoii Kuc-
JIOTOM.

40. Pa3mMopo3uTh GpuaEpHbIC KICTKH Ha HEOOXOIUMOE YHCIIO
JKENTATHHU3UPOBAHHBIX |2-TyHOYHBIX IIAHIIIETOB.

[enb 15. CHATUE KonoHun UMCK

41. Ko mguro 15 na gamkax Iletpu TOMKHBI OBITH TECATKHA—
COTHH KOJIOHHH, M3 HUX OKOJIO TTOJIOBUHBI C MOP(OJIOTHEH,
cootserctytomeit UIICK (puc. 2, @). OTMETUTh TOHKUM
MapkepoM cHU3Y yaniku [leTpu komonnu ¢ Mopdomorueit
WIICK nmst cHATHSL.

42. VYopars cpeny ¢ GuaepHbIX KICTOK, mpombiTh HDB, no-
6asuts 1o 1 M cpenpl st UTICK Ge3 BanbipoeBoit kuc-
JIOTHI Ha TYHKY 12-IIyHOYHOTO IUIAHIIETA.

MoneKynanaﬂ reHeTMKa 1 KnetoyHas 6uonorua

43. Hanectu Ha HOBBIE Harku [letpn karum HOB (~50 mxor)
n tpurncuHa-O[{TA (~20 mxun).

44. OOBecTH BBIOpaHHBIC KOJIOHHU UIJIOW HITIpUIlA HA | M,
CKOBBIPHYTb MHIMBHUIYaJIbHBIM IJIACTUKOBBIM HOCOM Ha
200 mxia u nepenectu B 10 M cpensl B kamio HOB.
ITocne mepeHoca cepuu KOJIOHUHM MHAMBUIYaJTIbHBIMU
MJIACTUKOBBIMU HOCAaMHU TIEPEHECTH KOJIOHUU u3 Oy-
¢depa B Tpuncun-3/TA u unkyo6uposars 10 MuH npu
37°C.

45. PecycnenampoBats komoHuH B 50 Mxi cpenst st UTICK
Y NIEPEHECTH B JIYHKY ¢ (prunepHbIMU KieTkaMu. [Tokaun-
Bas IUIaTO, PABHOMEPHO paclpeeNuTh KIETKH 10 JTyH-
kaMm. C atoro MomeHnTa HoMepoMm maccaxka MIICK cun-
Taercs 2, Kakaas nepecajka J00aBiIseT HoMep rmaccaxa.
ITpu 3amMopo3ke HOMep maccaka He MEHSETCs, EAMHHUIIA
prdaBIAeTCs IPU Pa3MOPO3Ke.

[Hn 16-30. PasamHoxeHne n xapaktepuctnka UMCK

46. Mensats cpeny Ha cpexy anst UIICK pa3 B nBa mHs.

47. Tlpu noctrxennu mwioTHocTH Oosee 90 % wim ipu n3me-
HEHUH MOP(OJIOrHHU KOJIOHUH (T1osiBiIeHue nuddhepeHu-
POBaHHBIX KJIETOK, OSBIEHUE «ITy3bIPEW» H IIaBAIOIINX
«1apoBy) mpoBoauTs nepecanxy UIICK amepukanckoi
HOpKH. YOpathb cpeny, poMbiTh HOB, MOKpeITH TPHIICH-
HoM-DJITA, momectuth Ha 10 Mmun Ha 37 °C.

48. ob6aButh omunH 00beM cpenbl st UTICK, pecycneHau-
poBars, nentpudyruposars npu 300 g 3 MuH, paccaanuTh
Ha (uaepHbie KIeTku B cooTHOmenun (1:2)—(1:12) B
3aBUCUMOCTH OT IJIOTHOCTH KIIETOK.
BaBuNOBCKMI XKypHan reHeTUKn n cenekuymm « 2017 <216
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Generation of American mink induced
pluripotent stem cells: a protocol

49. Tlocne nony4eHust 1OCTATOUHOTO KOJIMYECTBA KIETOK 3a-
Moposuts UIICK: mocne cHATHS KIIETOK U IIEHTpU(yTH-
pOBaHHUS OCAJO0K PECYCIIEHANPOBATh BUOpALel WIN B
20 MKJ cpeJibl, MATKO PECyCHEeHIUPOBaTh B | MII cpeibl
JUIsL 3aMOPO3KH, TOMECTUTh B KPHOKOHTEHHED U cpasy
noctaBuTh Ha —80 °C. Ha crnenyrouuii 1eHb WK HE 1103-
JKe 4eM 4epe3 TPH JHA NMEePEHECTH B KPUOXPAHUIIHUILE C
JKUJIKUM a30TOM.

50. ITapamnenabHO ¢ 3aMOPO3KOM MOKHO MPOBOIUTH aHATIU3
UTICK (cMm. paznen «OxugaeMble pe3yabTaThbDy).

Oxupgaemble pesynbraTtbl
Mopdgonoruss UTICK. B sxciepuMeHTe MOXKHO MOJIYYHUTh
necsatiku xonmonnit UTICK. Mopdonorus UTICK gomxkHa co-
OTBETCTBOBATH IIIIOPUITIOTEHTHBIM KJIETKaM aMEpPHKaHCKOH
Hopku (Sukoyan et al., 1993; Menzorov et al., 2015). Ha
puc. 2, 6 nokazansl ManeHbkue xoaonun UIICK. Kononnn
MOHOCJIOHHBIE, ITPY IIEpepacTaHuH HAYMHAIOT ()OPMHUPOBATH-
Csl IJIaBAIOIINE TOJIbIE «ILAPBD», IEPECaIKy KICTOK CIIEyeT
nenath, He nomyckas 3toit cramuu. UTICK amepuxaHckoit
HOPKH COJEPIKaT KPYIJIbIe TPAHYIIbI, BEPOATHO JIUIHUIHBIC.
OTH rpaHysIbl XOPOIIO BUIHBI B OTPAKEHHOM CBETE.
Hurorenernyeckuii anaan3. Ciemayromuii 3Tam Xxapakre-
puctuku UICK — ananus kapuotuna, KOTOpbI y aMepUKaH-
ckoit Hopku uMeeT 30 xpomocoM (cM. puc. 2, 6, 2). [1o Hammum
HaOIIOICHUSIM, XPOMOCOMHBIN COCTaB IUIFOPUIIOTEHTHBIX
KJICTOK HOPKH cTaOmieH 1mo cpaBHeHHI0 ¢ DC KiIeTKaMu
Mbild. J{st mosyueHus npernapatoB MetadasHbIX XpOMO-
com UIICK amepukaHcKkoi HOpPKH 3a 3—4 9 10 QUKcalui B
cpeny nobasuth kommemun (Sigma-Aldrich, 10295892001) B
koHneHnTpauuu 0.1 mxr/mit. Kiterku npombite HOB u cHsth ¢
yamku [Tetpu ¢ momomipio 0.25 % tpuncuna-3[TA. Tpumn-
CUH HHAKTUBHpPOBaTh cpenoil st DPH. CycneHnsuro KIeTok
niepenecty B 10 Mt npoOupky u ieHTpudyruposars mpu 300 g
5 muH. CynepHaTaHT CIUTh, K 0CaKy JOOaBUTH 3 MJI THIIO-
tToHnueckoro pacteopa (0.56 % KCI) n nakyOnposars npu
37 °C 20 mun. [Tocne sToro k cycniensuu 106aButh 100 MK
CBEKEMPUTOTOBICHHOTO (uKcaropa (METaHOI : yKCycHas
knciora B coorHomennu 3:1). Knerku nenrpudyruposars
npu 300 g 5 MuH, cnuTh cynepHatanT. K ocaaky akkyparHo
JT00aBUTH 2 MJI OXJIQKJCHHOTO (PUKCaTOpa W BBIACPIKATh HA
bty 20 MuH. KiteTkn pecycnenaupoBarh 1 HEHTpUPYTHpPO-
BaTh npu 300 g 5 MUH, 0caloK pecycreHanpoBars B 1-1.5 mi

Mpanmepsbl gna OT-MLP

leH Mpaimep npamomn

Nanog (N. vison)’' TGCAGAGGAGAGAACTGGGA
octa(N.vison) GATCAGCCACATTGCCCAG
So2(.visom) CCATCTCCGTGGTCTTCTTT
CMYC(H.sapiens?  TGCCTCAAATTGGACTTTGG
KUF4(H.sapiens? GCCACCCACACTTGTGATT
Hprt(Novison® CTTTGCTGACCTGCTGGATT
Gapah(N.visonP . AATGCCTCCTGTACCACCAA

|.E. Pristyazhnyuk
A.G. Menzorov

(ukcaropa, noBTOpuUTh mpoueaypy. IlonyueHnyro cycrnen-
3MI0 KJIETOK PAcKanaTh Ha 00€3KUPEHHBIE OXJIAKICHHBIE MOK-
poie npenmetHsbie cTekia (Thermo Scientific Menzel-Gléser,
76 %26 MM) U BBICYIIUTH B IIOTOKE TOPSIYETO BO3AYyXA.

Jst ananm3a MeTadazHbIX IITACTHHOK MPETapaThl OKPacuTh
pactBopom DAPI (Sigma-Aldrich, D9542) (2 mr/mn B HOB),
HaKPBITh TIOKPOBHBIM CTEKJIOM, 101 KOTOPOE TIOMECTHUTh He-
ckobko Kamens antuddiina ProLong Gold (Thermo Fisher
Scientific, P36934). MeradasHble MIacTHHKY aHAJTM3UPOBATh
Ha (IIyOpEeCIIEHTHOM MUKPOCKOIIE, OCHAIIEHHOM KaMepoii
JUIS CbEeMKH IperaparoB. [ aHaimn3a XpOMOCOMHOIO CO-
CTaBa MPOM3BECTH IOJIcUeT XpoMocoM Ha 50 meradasHbIx
IIacTUHKAxX, 20 U3 KOTOPBIX HCIOIb30BATh ISl KAPUOTH-
MUYECKOIO aHaIM3a. XPOMOCOMHBIN COCTaB aHAJIU3UPOBATh
corlacHO HOMEHKJIaType, peaoxkenHoi B (Mandahl, Fredga,
1975). B ananuze uCnonb3yOTCs MUTOTHUECKHE TJIACTHHKU
OKPYIJIOH (hOPMBI, XPOMOCOMBI B KOTOPBIX JIEIKAT OT/IENBHO,
6e3 OOJIBIIOrO YMcia HAJOXKEHHUH, TIPH 9TOM Ha Ipenapare
BOJNM3M MeTa(a3HbIX IIIACTHHOK HE JIOJDKHO OBITh OT/IEIBHBIX,
CBOOOIHO JISKAIIIHX XPOMOCOM.

AHAJIN3 IUTIOPUNIOTEHTHOCTH. [1J151 TOATBEPKICHUS TIITIO-
punorentHoctu UIICK ucnonesyercs OT-IILP-ananu3 Ha
«MapKUPYIOIINE) IUIIOPUIIOTEHTHOCTD T'€HBI M TECT Ha (op-
MHPOBaHUE TEPATOM B IMMYHOIC(PUIIUTHBIX MbIIIax. Jlomnon-
HUTEJIHEHO MOYKHO IPOBEPHUTH, IIPOU3OLLIO JIH O’KUJIAEMOE B
IUTIOPUIIOTEHTHBIX KJIETKaX 3aMOJIKaHUE BHECEHHBIX B TEHOM
TPAHCTEHOB.

Jliist BBISIBIICHHSI SKCIIPECCHM I'€HOB BBIJCIUTH CyMMap-
Hyo PHK u3 xierok ¢ momommpio Aurum Total RNA mini
kit (Bio-Rad, 732-6820) nim TRI Reagent (Sigma-Aldrich,
T9424) B cOOTBETCTBUU C PEKOMEHIAIMSIMU TPOU3BOIUTENS,
obpaborats [IHKa3oii I (Fermentas, #EN0521) u cunTe-
supoBars kJIHK (Fermentas, #1612). 3atrem npousBectu
amMILIH(UKALKIO TPAaHCKPHUIITOB reHoB Nanog, Sox2, Octd n
SHIOTEHHOTO KoHTpoIst Hprt u Gapdh (cM. Tabnuiy). YenoBus
amIMQuKanyu: HadanbHas aeHarypanms npu 95 °C 3 mum,
30 ruknoB u3 95 °C —15¢,58°C—-15¢, 72 °C — 30 c u 3a-
KIIFOYUTENbHAS JJIOHT Al B TedeHue 3 MuH. [lmopunorent-
HBIC KJIIETKH aMEPUKaHCKOH HOPKH 9KCIIPECCUPYIOT MapKephl
IopunoTeHTHoctu Nanog, Sox2 n Oct4.

B mmopunoTeHTHBIX KJIETKaX MPOUCXOAUT 3aMOJIKaHHE
JICHTUBUPYCHBIX BUPYCHBIX ITOCIJIEIOBATEILHOCTEH, B TOM
YyCclie BBEJICHHBIX BUPYyCaMU TpaHCTeHOB. [lockoibKy B

Mpanmep o6paTHbIN Pazmep

AMMJIMKOHa, N. H.

TCTGCTGGAGGCTGAGGTAT 137
................ C GTTGCGAATAGTCACTGCT159
................ A TTACCAACGAAGTCAACCT131
................ G ATTGAAATTCTGTGTAACTGCWZ
TCCACTCACAAGATGACTCAGT ........................ 4 08 ........................
................ C ACCAATGACTTTGATGTCCCB4
................ G GTCATGAGTCCCTCCACAA84

MpumevaHue. MNMocnegoBaTenbHOCTV NPAIMEPOB B3ATbI U3 CIEAYIOWNX UCTOYHNKOB: 1 (Menzorov et al., 2015); 2 (Mathew et al., 2010); 3 (Rouvinen-Watt et al.,

2012).
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I'Ionyqume MHOYLMNPOBAHHDbIX MIOPUNOTEHTHbIX
CTBOJ1IOBbIX KJTIETOK aMepI/IKaHCKOVI HOPKW: NPOTOKOJ1

KauecTBE TPAHCTEHOB OBUIN MCIIOIH30BAHbI TCHbI YEJIOBEKA,
MOXKHO UX CIIelM(UUECKH aMIUTHUIPOBaTh, HE 3aTparu-
Basi FOMOJIOTY aMEPUKAHCKOM HOpKHU. B Tabnuiie mpuBeeHs
mpaitMepsI 11 cienuuaeckoit amromadukarym reaoB KLF4
u c-MYC genoBexa.

Tect Ha popmupoBanue teparoM. [LropunoTeHTHbIE
KJIETKH CIIOCOOHBI 00pa30BBIBATH TEPATOMBI C KIETKAMU —
MIPOM3BOJTHBIMHU BCEX TPEX 3aPO/IbIIIEBBIX JIUCTKOB, PH BBE-
JeHUM UMMYyHOAe (UM THBIM MblIaM. HecMoTps Ha KpUTHKY
(Buta et al., 2013), TepaToMHBII TeCT MHUPOKO TPUMECHICTCS
JUIsl aHAJIM3a IUTIOPUITOTEHTHOCTH KJIETOK Pa3InYHBIX BHJIOB,
B ToM grciie DC kierok n MTICK amepukaHCcKoi HOPKH.

J171st TosTy9eHns TepaToM MCTIONIb30BaTh CTaHAAPTHBIN MPo-
tokox (Hogan et al., 1994). Ot 5 no 15 mun UIICK B cpene
s UTICK moaxoKHO HHBEIUPOBATH HMMYHOIE(DUITUTHBIM
meimaM imHIA SCID B 3arpuBounyto odmacts. Uepes nBe-Tpu
HeJIeNTN M0CIIe MHBEKIIMK IPOBOJUTCS aHAIIN3 BBIPOCIINX JI0
nuametpa 0.5—1 cm Tepatom (Hentze et al., 2009; Kuzuniosa,
2016). I[TnropumoTeHTHBIE KIETKA JOIDKHBI U hepeHIpo-
BaThCsl B KJIETKH BCEX TPEX 3apOABINIEBHIX JIMCTKOB, HO €11~
HHUYHbIE TEPATOMBbI MOT'YT HE UMETh BCE THIIBI KJIETOK, 103TO-
MY JKeJIaTelIbHO aHAJIM3UPOBAaTh HE MEHEE TPEX TEpaToM Ha
JIMHUIO KIIETOK.

3aknioyeHune

IIpencrasnennslii mporokon noxydenuss UIICK amepukan-
CKOH HOPKH ITO3BOJISIET OBICTPO MOTYUIHUTH ILTIOPUIIOTCHTHBIE
KIJIETKH, KOTOPBIE MOXKHO HCIIONB30BaTh B MCCIICIOBAHMSIIX
paHHEro pa3BUTUS aMEPUKAHCKOM HOPKH, U3yUeHUS ILIIO-
PUIIOTEHTHOCTHU H, B JajbHeNIeM, 1 TpaHcrenesa. [lomy-
yenHble Hamu UIICK n OC kneTku aMepuKaHCKOW HOPKHU
nenonupoBanbl U goctynHbl B LIKIT «Komnekuust miopu-
MOTEHTHBIX KYIBTYp KJIETOK YeJIOBEKa W MIIEKOIHMTAOIIIX
00IIeONOTOTHYSCKOTO 1 OMOMEIUIIMHCKOTO HAIPaBICHUS)
OUIL ULl CO PAH (http://ckp.icgen.ru/cells/; http://cells.
biores.cytogen.ru/cells/).
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