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MopenupoBaHue 60je3HM XaHTMHITOHA
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bone3Hb XaHTMHITOHa — HacNefCTBEeHHOE HenpofereHepaTMBHOe
3aboneBaHue YeloBEKa, KOTOPOeE BbI3BAaHO MyTauuel B reHe HTT.
MyTaHTHbIN 6enok HTT nMeeT yANNHEHHbIN NONUIYTaMUHOBBIN TPaKT
1 obpasyeT arperatbl B A4pe 1 LUTOMNIa3Me CPEAHYIX LUMMNKOBbIX HEll-
POHOB CTpUaTyma, NPUBOAA UX K rmbenu. MexaHn3mbl pa3BuTUA 3a-
60neBaHNA 10 KOHLA HE M3yYeHbl, BBMAY OrpaH1YeHHON JOCTYNMHOCTA
6uomatepuana n nosgHero NposasneHNa 6onesHun. IMeHHoO nosTomy
OAHOW M3 aKTyasnbHbIX 3afjay ABNAETCA CO3AaHNe MOLENbHbIX CUCTEM
60ne3HN XaHTUHITOHa Ha OCHOBE KYJIbTUBMPYEMbIX KIIETOK YesioBe-
ka. CoueTaHne KNeToYHbIX TEXHONOTMI 1 CUCTEMbI pefaKTMPOBaHMA
reHoma CRISPR/Cas9 no3BonuT n3yyaTb MONEKyIAPHbIE 1 KNIeTOUHble
MeXaHV3Mbl Pa3BUTUA NaTonoruun. PaHee B nabopaTopuit SNUreHETUKN
passuTtna MHcTuTyTa umtonorum u reHetmkn CO PAH 6bina paspaboTa-
Ha MeTofVKa BHECEHVs MyTaLuK, Bbi3biBatoLLeli 6011e3Hb XaHTUHITOHa,
B reHOM KJ1eTOK YenoBeKa 1 NosTyYeHbl MyTaHTHbIE KIIOHbI KNTETOK
nunanmn HEK293, mopenupytowme 6onesHb XaHTUHITOHa. B gaHHoOM
paboTe Mbl NOKa3sanu, YTO MyTaHTHbIE KNEeTKMN YaCTUYHO BOCMPOM3-
BOZAT NaTonormyeckunin GeHoTun, a UMEHHO: 06M1afatoT CHUXKEHHOM
nponvudepaTMBHON aKTVBHOCTbBIO, MOBbILLIEHHbIM YPOBHEM anonTo3a

1 BbICOKOW YyBCTBUTENBHOCTBIO K UHIMOUTOPY npoTeacom (MG132).
MonyyeHHble pe3ynbTaTbl CBUAETENIbCTBYIOT O TOM, YTO MyTaLus, Bbl-
3blBatoLas 60ne3Hb XaHTUHITOHA, BAUAET HE TONbKO Ha HEMPOHbI, HO
1 Ha Apyrue TUMbl KeTOK.

KntoueBble cnoBa: 60ne3Hb XaHTUHITOHA; KNEeTOYHble MOAENY;
penaKkT1poBaHe reHoMa.
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on HEK293 cell line
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Huntington’s disease is a hereditary neurodegenera-
tive disorder caused by CAG trinucleotide repeat
expansion in the first exon of HTT gene. The mutant
HTT protein has an elongated polyglutamine tract and
forms aggregates in the nuclei and cytoplasm of the
striatal neurons. The pathological processes occurring
in the medium spiny neurons of Huntington'’s disease
patients lead to neurodegeneration and consequently
to the death. The molecular mechanisms of the patho-
logy development are difficult to study due to the
limited material availability and late onset of the mani-
festation. Therefore, one of the important tasks is ge-
neration of an in vitro model system of Huntington’s
disease based on human cell cultures. The new ge-
nome editing approaches, such as CRISPR/Cas9, allow
us to generate isogenic cell lines that can be useful for
drug screening and studying mechanisms of molecu-
lar and cellular events triggered by certain mutation
on an equal genetic background. Here, we investi-
gated the viability and proliferative rate of several
mutant HEK293 cell clones with mutations in the first
exon of HTT gene. The mutant clones were obtained
earlier using CRISPR/Cas9 genome editing technology.
We showed that mutant cells partially reproduce the
pathological phenotype, that is, they have reduced
proliferation activity, an increased level of apoptosis
and high sensitivity to treatment with 5uM MG132
proteasome inhibitor compared to the original HEK293
Phoenix cell line. Our results indicate that the mutation
in the first exon of HTT gene affects not only neurons,
but also other types of cells, and HEK293 cell clones
bearing the mutation can serve as in vitro model for
studying some mechanisms of HTT functioning.

Key words: Huntington’s disease; cell models; genome
editing.



one3Hp XanTuHrToHa (bX) — neiiponereneparusHoe 3a-

OoneBaHue, KOTOPOE HACIIELYETCs 110 ayTOCOMHO-/I0MH-

HaHTHOMY THITY M XapaKTepU3YeTCsl IPOTPECCHPYIONIEeH
XOpeei, KOTHUTUBHBIMHU H3MEHCHUSAMHE 1 ieMeH el (Martin,
Gusella, 1986). BX BcTpeuaeTcs mpuOIM3UTENEHO B CEMHU-TIE-
csitu cmydasix Ha 100000 genoBek. D10 3a0051eBaHNE BBI3BAHO
9KCMAHCUEH TPUHYKICOTHIHBIX MOBTOPoB CAG (IIMTO3MH-
aJICHWH-TYaHUH) B TepBoM 3k30He reHa H77T (Huntingtin),
PacHonoXeHHOM Ha KOPOTKOM IIede XpoMocoMbl 4 (4p16.3).
B nopme konmmuectBo TpuruietoB CAG BapeupyeT ot 9 10 36,y
OOJIBHBIX MTAIIHEHTOB UX YHCIIO MOXKET HocThrarh 115. O0bru-
HO TIepBBIC CHMIITOMBI HAYWHAIOT TIPOSIBIISITECS B BO3pACTe
35-45 ner. [Tpu aToM Bpemst Hadasa 00JIe3HU KOPPEITUPYET C
JuTHOH TpakTa moBTopoB CAG: 4eM ux OoIbIle, TeM paHbIIe
nposiisieTcs 3abonesanue (Walker, 2007).

VIMHEHHBIN TpakT TPUHYKIEOTHIHBIX ToBTOpoB CAG B
TeHE MPUBOUT K 00Pa30BaHUIO MPOTSHKEHHOTO MOJIUTITY TAMH-
HoBoro (PolyQ) Tpakra B cuHTE3UpyeMOM OeJIke XaHTHHI THH
(MacDonald et al., 1993). BeneactBrue BOSHUKHOBEHHUS 3TOTO
TpaKTa MyTaHTHBIN XaHTUHI'THH IIEPECTAET BBITIOJIHSITH CBOIO
(uzmosnornueckyto GpyHKIUIO B KIETKAX, a TAK)KE HApyIIaeT
paboty u Tpancropt mutoxonapuii (Orr et al., 2009; Mochel,
Haller, 2011; Song et al., 2011), TpaHCKpUNIINOHHBINA amma-
par (Baydyuk, Xu, 2012; Seredenina, Luthi-Carter, 2012) u
JIpyrue KJIETOUHbIe Ipolecchl. B nanpHeliieM MyTaHTHbBIN
6e110K 00pa3yeT UTOIIa3MaTHUECKUE arperarsl U sICpHbIE
BKJIIOUCHUSI B CPEIAHUX IIMIMKOBBIX HEHPOHAX CTpUarymMa, a Ha
MO3/IHUX CTa/IUSX 3a00JIEBaHUS — B KJIETKaX KOPbI TOJIOBHOTO
mosra (Labbadia, Morimoto, 2013).

B nacrosiiee Bpemst bX siBisiercst Heu3neunMon, U ee Te-
parusi CBOUTCS K IPUMEHEHUIO CUMITOMAaTHYECKUX CPE/ICTB,
KOTOpPBIE MOT'YT BPEMEHHO YIy4IINTh COCTOSHUE OOIBHOTO,
HO HE JIaAyT CTAOMIBHOTO IOXXM3HEHHOTO PEe3ysbrara. JTo
CBSI3aHO C T€M, YTO B JIETANAX BCE TOHKOCTH IAaTOr€HEe3a He
U3Y4EHBI, T03TOMY 3aTPYyIHHUTENIEH BBIOOP MOTEHIIMATBHBIX
TepareBTHIeCKUX MUIIeHeH. [TockoIbKy 3TM 3a0051eBaHeM
CTpaJiatoT TOJIBKO JIFO/IU, CO31aHIe MOJIEITH, HanboJIee TOYHO
BOCIIPOM3BO/IAIIEH MATOJIOrHYEeCKHE MPOIECCHl (Ha OCHOBE
YeJloBeKa), HEBO3MOXKHO MO 3THYECKUM IpHYMHaM. Moje-
mu bX Ha OCHOBE JKMBOTHBIX JAEMOHCTPUPYIOT MOTOPHBIE
¥ KOTHUTHBHBIE CUMIITOMBI U (DEHOTHITMYECKNE MPU3HAKI
3a00JIeBaHMs, M UX IIUPOKO HCIIOIB3YIOT B MCCIICTOBAHMAX
(Ramaswamy et al., 2007). OnHako TaKHUe MOJICIIH HE MOTYT
B [TOJIHOM MEpE OTpakaTb U BOCIIPOU3BOIUTH BCE aceKThl bX
y 4eloBeKa BBUY 3HAUUTEIBHBIX TEHETHYECKUX PA3IMINN
1 OTHOCHUTEJIBHO KOPOTKOH MPOJOKUTEIBHOCTH JKU3HHU UC-
cileyeMbIX oprann3MoB. [loatomy HamOosee MogXOonAIuM
o0beKTOM Ut HccienoBanust bX cumTaroTcst MonenbHbIC
CHCTEMBI Ha OCHOBE KYJIBTUBUPYEMBIX KJIETOK YeIOBEKa.

B nocnennne HECKOIBKO JIET NCCIEA0BATENN AaKTUBHO TTPH-
MEHSIOT TEXHOIIOTHIO peakTuposanus renoma CRISPR/Cas9
Ha KyJbTHBHPYEMBIX KieTkax uenoBeka (Freiermuth et al.,
2017). Cuctema CRISPR/Cas9 mo3Bonser 3ppexktuBHO 1 Ha-
MPaBJICHHO MOAM(HUIIMPOBATH TEHOM KIJIETOK. Tak, yxe mo-
JIy4eHbl JIMHUU KJIETOK OT MalMeHTOB, cTpaaaronux bX, c
HCTIpaBIeHHON MyTarnmeit (An et al., 2012).

Panee Obun momy4eHs! kJ1oHbI KiteTok uHu HEK293, He-
CyIIHe pa3luYHble MyTaIlUK (BCTPONKH YUIMHEHHOTO TPAKTa
CAG u nenenun pa3Horo pa3mMepa) B IepBOoM dK30He reHa H71T
(MamaxoBa u zip., 2016). Ota nuHUS KIETOK ObliIa BEIOpaHa

KneTtouHble Mogenu 3abonesaHnin

JUTS MICCTIETIOBAHUS B CBSI3U C TEM, UTO €€ JIETKO KyJIbTUBHPO-
BaTh W OHA XOPOIIO TTOITACTCS PA3TUIHBIM T€HETHUSCKUM
maaumysinusaM. Kpome toro, ximerkn HEK293 ob6nanator
HEKOTOPBIMHU HelpajibHbIMU cBoiicTBaMu (Shaw et al., 2002),
YTO TTO3BOJISIET IPOBOANUTE KOPPEISAIIH C TIPOIIECCaMH, TIPO-
UCXOIANINMHA B HelipoHax. B manHO# pabore MBI Hccieno-
Bayu BiusiHue myTantHoro Oenka HTT Ha mpomudeparuto,
YPOBEHB arlonTo3a M IpyTHe TOKa3aTel! KI3HECTIOCOOHOCTH
kietok JuHrn HEK293 ¢ menbro OleHKH criocoOHOCTH MYy-
tanTHbIX KJ10oHOB HEK293 monenuposats bX in vitro.

MaTtepwuanbi n metopbl
KynsTuBupoBanue kierok. Pabora npoBoxniach Ha Kyiib-
Type kiaetok HEK293 (human embryonic kidney). Becero B
pabote uccnenopanu BoceMs simaUE HEK293 ¢ myTarmmsivu
B IIEpBOM 3K30HE reHa H7T: co BCTpPOMKAMU YIJIMHEHHBIX
TPaKTOB TPUHYKJICOTHIHBIX moBTOpOB (4B, 6H, 5C, 3B),
nenersivu (8H, 8D), Berpotikoit u genenweit (4E). Hanmmame
MyTalU B IEPBOM 9K30HE I'eHa /177 oATBEpkKAAIIU € IOMO-
mpro cragaptHoi TP (mocnenoBarensHOCTH MpaiitMepoB
npUBeACHHI B Ta0I. 1). B kauecTBe OTpHIATEIILHOTO KOHTPOJIS
ucnonb3oBana juHuss HEK293 Phoenix (Ph). Knerku kysb-
THUBHPOBAJH B cpefie, coaepskamiei 45 % DMEM, 45 % F12,
10 % FBS, ImM L-ryramus (Thermo Fisher Scientific), 1 %
Pen-Strep (Lonza).

HNmmyHnopayopecuenuus. Knetkn ¢ukcupoBanu ¢ mo-
morbio 4 % napadopmansaeruna (IIPA) 15 mun, nepmea-
ommusoBanu B 0.5 % Triton X-100 B Teuenune 30 MuH, 3aTeM
nobasmsuin 1 % BSA B PBS (Onokupytromuii 0ydep) Ha
30 mun. MHKYOHMpOBay C IepBUYHBIMU aHTHTETaMH 16 1 ipH
4 °C, 3aTteM cO BTOPBIMU aHTUTEJIAMH — 2 U IIPU KOMHATHON
temneparype u 5 muH ¢ 1 Mmxr/mn DAPI (Sigma). Mcrions3o-
BaHHBIC AaHTUTEJA yKa3aHbl B Ta0n. 2. Busyanusuposanu Ha
mukpockorie Nikon Ti-Eclipse ¢ momorpo nporpaMMHOro
obecmieuenust Gupmbl. [ Tecta Ha UyBCTBHUTEIBHOCTH K
uHruouTopy nporeacom MG132 nHKYyOMpPOBAIHM KIICTKH C
5 MmkM MG132 (Santa Cruz) 12 u nepex puxcanuei.

TecT Ha aKTUBHOCTD NpoIH(epauuu. AKTUBHOCTD ITPO-
mudepanyn KISTOK MCClIeoBaIn ¢ oMombio Hadopa Cell
Proliferation Kit II XTT (Roche) mo mpoTokony mpou3Bo-
quTens yepes 2.5 9 mocine qo0aBieHus peareHToB. Kietkn
paccaxusanu 110 5 - 10% Ha nyHKY 96-14eeqHOro IUIaHmIeTa.
OnTU4ecKylo INIOTHOCTh 00pa3loB U3MEPSJIH C UCIOJIb30-
BaHHEM CKaHHUpyfomero crnekrpodoromerpa Perkin Elmer
(2030 Multilabel Reader Victor X3) Ha 2-i, 3-it u 4-if AcHB
MOCIIe TIePECaIKu.

Tect Ha ypoBeHb anonTo3a. YpoBeHb aronTo3a KIETOK
uccienoanu ¢ nmomomnrsio Habopa ApoDETECT Annexin
V-FITC Kit (Life Technologies) o nporokoiy npou3Boju-
TEJISl M aHATTM3UPOBAIIH C TIOMOIIBIO IIPOTOYHOM INTOMETPUH
Ha coprepe kietok S3e Bio-Rad.

Crarncruyeckasi 00padoTka 1aHHbIX. CTaTHCTUYECKYIO
00paboTKy MaHHBIX TSI TECTOB HA YPOBEHb MpoiHdepannn
U aronTo3a NpoBoAWIN B mporpamme R. JloctoBepHOCTH OT-
JIMYUH OLIEHUBAJIHU C TIOMOLIBIO KpuTepusi Bunkokcona.

Boinenenue PHK, cuntes k/IHK u OT-ITLP. PHK Brize-
TSI U3 KYJIBTYP KJeToK ¢ momorisio TRIzol Reagent (Thermo
Fisher Scientific), cormacHO MHCTPYKITUK TPOU3BOTUTEIIS.
Cuntes k/IHK ocymecTsusinm ¢ ncnonp30BaHIEM epMeHTa
obparnoit Tpanckpunrtassl (OT) SuperScriptlll (Invitrogen).
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Huntington’s disease modeling
on HEK293 cell line

Ta6nuua 1. MNocnegoBatenbHOCTY NPAMEPOB

D.V. Sharipova
T.B. Malankhanova, A.A. Malakhova

leH MpAmown npamep O6paTHbI NpariMep
GDNAHMTT CCCAAGGCCACCTCGGCTCAGAGTC CGCAGGCTGCAGGGTTACCGCCATC
CDNA_HTT ............................. A GGAGCTCTCCTTCTCTCCGTTCTCCGGAACATTCCAGACTTG .........................................
CDNA_GAPDH TGTTGCCATCAATGACCCCTT ................................................. C TCCACGACGT ACTCAGCG ..................................................
Tabnuua 2. AHTUTENA

AHTUTENO Tun Pa3BepneHue Mpoun3ssoguntenb KaTanoHbin

Homep

............................................................................................................... nepBMqule
Ant,po|yQ ............................................................ M b|LUMMOH0Kn0Haanb|e ........... 11000 ................... M ,||,pore ................................ M AB1574 ............

n3otmn IgG1k

OT-IILP mpoBommIM B CTAHAAPTHBIX YCIOBHUAX C MCIIONB30-
BaHMEM IpaiiMepoB, NPUBEICHHBIX B Ta0M. 1.

Pesynbratbl

IKcnpeccusi HelpaJbHBIX MAPKEPOB B JIMHHH KJIETOK
HEK293. Uto0bl OATBEPIUTH IKCIPECCHIO MapKEPOB HEl-
pa’pHBIX KJIEeTOK B KieTkax juHnu HEK293, mpoexeno
NMMYHO]ITyOpECIIEHTHOE OKpaIIBaHie. BIsSBICHO, UTO 5Ta
KJIeTOYHas JIMHUS SKcnpeccupyet Vimentin 1 ISL1 — Mapkepbt
MIPEAIeCTBEHHUKOB HEHPOHOB 1 MapKepsI acTporiutoB GFAP
u S100B (puc. 1, a, 6, 2, 0). Takke B OTHCTBHBIX KIETKAaX
HabmonaeTcs skcnpeccust Helipoduiaamenra NF200 (cwm.
puc. 1, 8).

Ikenpeccust HTT B myranTHbIX KJIoHAX nHnn HEK293.
Hccnenoano Bocems nunuit HEK293, nmeromux B nepsoM
sKk30HE TeHa HTT BcTpoiiku OO0 JeNenn pa3HoTo pa3Mepa
(puc. 2).

Jns nonreepxknenus akcupeccun H17T B uccienyeMblx
muHIIX KieTok mposenera OT-IILP. ITokasano, uto HTT
9KCTIPECCUPYETCs KaK B JIMHUM KICTOK O3 MyTalui, Tak 1
B MyTaHTHBIX KJeTkax (puc. 3). B kauecTBe MmojoKHUTENb-
Horo koHTpois npoBeneHa OT-ITLP na skcmpeccuro reHa
GAPDH.

OTcyTcTBHE G€IKOBBIX arPeraToB B MyTaHTHBIX KJI€T-
KaX M X NOBBIIIEHHAS YYBCTBUTEJIbHOCTh K MHHTHONTOPY
nporeacoM. /sl BBISIBICHHS HAINYNS OCJIKOBBIX arperaros
MIPOBEJICHO UMMYHO(IIYOPECIIEHTHOE OKpalllMBaHWE aHTHU-
tenmamu Ha PolyQ-tpaxt. st 3T0or0 OBLTH BEIOPAHEI TPH JIH-
uun: Phoenix ¢ HopmansabiMK aensimu HTT, 4B ¢ nBymst

858 VavilovJournal of Genetics and Breeding - 2017 - 21+ 7

MYTaHTHBIMH ajuiensiMu 1 6H ¢ oiHIM HOPMaJIbHBIM H OJTHUM
MyTaHTHBIM ajutenieM. [TokazaHo, 4To GeJIKOBBIe arperaTsl HU
B OJIHOH M3 KJICTOYHBIX JIHMHUHN HE hopMupyrotcs (puc. 4, a).
W3BecTHO, 4TO NpHU BO3AECHCTBUM HA KIETKH BEIECTBOM
MG132, koTopoe siBisieTcs HHTHOMTOPOM MPOTEacoM, MOXKET
TMOBBIIATHCS KOJTMYECTBO LIUTOIJIA3MAaTHUECKUX BKITIOUCHUI
B KJICTOYHBIX JJMHUAX, IMEIOMNX MyTaru B rene H77T (Jeon
etal.,2012). IToaTomy ¢ 11€71610 HHUIIMUPOBAHUS 00pa30BaHUs
0EJIKOBBIX arperaroB KJIETKH Mepell OKpaliBaHUeM HHKYOu-
poBamu ¢ 5 MKM MG132, oqHako arperarsl Takke HEe ObUTH
BbIsIBIIEHBI. MyTaHTHBIE TMHUU 4B 1 6H B npucyTcTBUM UH-
rubuTopa nporeacom MG 132 Bu3yasibHO IEMOHCTPUPOBAIIH
MOBBIIICHHBIN yPOBEHb KJIETOYHON THOENN 110 CPABHEHHUIO C
KOHTPOJILHOU JINHUCH (CM. puc. 4, 6).

OTpunareabHoe BIMSHUE MyTalMii Ha )KM3HeCNOCOo0-
HOCTh KJeToK. C momompio okpacku Ha Annexin V/PI
BBISIBJICHBI CJICAYIOIINE TPYIITBI KJICTOK: XKHMBBIC, OKpAIIU-
BalONIMECs HAa paHHHME MapKephl arornro3a; Noruoume ot
aronTo3a (TMO3AHMHN aroNnTo3); MOTUOIHe OT HeKpo3a (Tal.
3). Mexty MyTaHTHBIMHU JHHUSIMU 1 KoHTpoieM (Phoenix)
HaOJTI01a1ach TEHJICHIVSI K YBEJIMYCHHIO KOJINYECTBa KIIETOK,
OKPpAIIMBAIOIINXCS HA pAaHHUE MapKepHl aromnTo3a (CM. Tadd. 3,
3Ha4YeHMs IepBOro cTosdna). Pazopoc 3HaueHnii npescrasieH
Ha puc. 5. [To cpaBHEHHUIO C JIMHUCH 0€3 MyTaIUH T0JISI KJICTOK,
MOTHOAOIINX OT AllOINTO3a, B HEKOTOPBIX MyTAHTHBIX JIMHHUAX
UMEeT TEH/CHINIO K yBEJIUYEHHUIO. DTO JIMHUH, HECYIINe
BCTPOMKH YAJIMHEHHOTO TPAKTa TPUHYKJICOTH/IHBIX [TOBTOPOB
CAG (3B, 5C, 6H), u nuaus, HeCcymas ¥ BCTPOHKY, U JeTie-
o (4E).

Cell-based models of diseases



MopenvpoBaHue 601e3HN XaHTUHITOHA
Ha KneTkax nuHun HEK293

Vimentin

100 MKM

100 MKmM

100 MKM

Puc. 1. ImmyHodnyopecLieHTHoe oKpaluvBaHue KneTok nuHum HEK293
Ha HelpasibHble MapKepbl.
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Puc. 2. MNoaTeepxaeHne HanMuma MyTauuii B NepBoM 3K30He reHa HTT

B KnoHax HEK293 ¢ nomolybto ctaHgaptHom [MLP.
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Puc. 3. MNoatBepxaeHne skcnpeccun reHa HTT B knoHax HEK293.

" 100 Mkm 100 MKM

100 MKM 100 MKM

Puc. 4. ImmyHodnyopecLeHTHOe oKpaluvBaHue Ha PolyQ-TpakT.

a - oKpalumBaHue 6e3 MG132; 6 — okpalumBaHue nocse UHKy6uposaHmsa ¢ 5 MM MG132.

CHuxeHHasl MpoJiuepaTHBHASI AKTHBHOCTh MYTAHT-
HBIX KJIeTOK. B pesynbrare ananmusa KJIETOK Ha YPOBCHb
nposn)epaTUBHON aKTUBHOCTH BBISBICHO, YTO MYTaHTHBIC
JUHAN TIponeprupyIoT MeuieHHee (puc. 6). st HarsaHo-
CTH TIOJTy4YEHHbIEC JaHHbIC OB OOBETMHEHBI B TPH TPYIIITBL:
JIMHUM KJIETOK CO BCTPOMKAMM B IIEPBOM 9K30HE reHa HTT

KneTtouHble Mogenu 3abonesaHnin

(6H, 3B, 5C), nunuu knetok ¢ neneuusmu (8D u 8H) u muHust
6e3 mytarmu B rene H717T (Phoenix). Cratuctndeckast oopa-
00TKa JaHHBIX MTOKA3aja IOCTOBEPHOE OTIIMYHE B CKOPOCTH
npoaudepauy rpym JUHUK Ha 1-# 1 2-1 JeHb: JIMHUH CO
BCTpoitkamu npoimdepupyror meanennee. Ha 3-it aeHp o1-
JMYKE B CKOPOCTH TpONn(epannuy HeI0CTOBEPHO.
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Ta6bnuua 3. Pe3ynbratbl oKpalwmBaHuA knoHoB HEK293 Ha Annexin V/PI

PaHHuI anonTo3 (Annexin+, Pl-), %

Mo3gHwuin anonto3 (Annexin+, Pl+), %

Hekpo3 (Annexin—, Pl+), %

AnnexinV, %
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Puc. 5. Pa3bpoc 3HaueHWil B aHanu3e YpOBHs aronto3a B KIOHaX
HEK293.
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Puic. 6. AHanu3 ypoBHaA nponudepauum knoHos HEK293.

CKkopocTb nponundepaLmu IMHUIA C feneLmAMU OTINYAETCA OT KOHTPOJIbHO
nuHUM Phoenix HepgocToBepHO (p > 0.05). CkopocTb nponundepauun NUHNUIA,
HecyLmnx BCTPOWKK, Ha 1-11 1 2-1 leHb N3MePEeHNIA OTIMYaeTcA JOCTOBEPHO
(1- peHb: p = 0.04719; 2- peHb: p = 0.02244), Ha 3-1 AeHb OTINUYME HEAOo-
cToBepHo (p > 0.05).

O6cyxpeHue

B nactosmeit paboTe MCCleI0BaHO BIUSHHE MYTAalUi B
epBOM 3K30HE reHa H77T Ha XKU3HENEATENbHOCTb KIETOK
muanr HEK293 ¢ moMolsio pa3inyHbIX METO/I0B aHAIHU3a.
Mpsr nokazanu, yto Juaus HEK293 o06mamaet HEKOTOpBIMU
CBOMCTBaMH HEHPAITBHBIX KJIETOK, IO3TOMY MOXET OBITh
HCIOJB30BaHa B MCCJIEAOBAHUU OTIEJIbHBIX MEXaHU3MOB
Pa3BUTHS HEHPOAETEHEPATUBHBIX 3a00JICBAHHIM.
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Hecmortpst Ha TO uto skcnpeccust 17T noaTBEPANIACE BO
BCEX MCCIIE/[yeMbIX KIIETOYHBIX JIMHUSIX, OSIIKOBBIX arperaron
B [JUTOIIa3ME MyTaHTHBIX KJIETOK HEe HaOIoaanocs. Boamox-
HO, OEJIKOBBIEC arperarbl (POPMHUPYIOTCS TOJIBKO B KJIETKAX C
HU3KO# nposinepaTnBHON aKTUBHOCTBIO, JIOJITOM ITPOIOIIKH-
TEJIbHOCTBIO KHU3HU M JUIMHHBIM KJIETOUYHBIM LIUKJIOM, KOT/a
HE MPOMCXOANUT peMOAeINpoBaHus nuroriazmel (Currais
et al., 2017; Kim et al., 2017). Takumu XapakTepuCTHKaMH
00y1aZlatoT HEHPOHBI, OAHAKO OCTACTCS HEACHBIM, MOYEMY
npu BX norn6aroTt npenMynecTBEHHO CpeTHUE ITUITUKOBBIE
HEUpOHBI CTpUaTyMa.

He oOHapy>k1B BHYTPHKJIETOUHBIX arperaroB B My TaHTHBIX
KJIETKaX, MBI PEIIMJIM UHIYIUPOBATh NX (POPMHUpOBAHHUE C
MOMOIIIBI0 MHTHOKTOpa poreacom MG132, Tak Kak paHee B
UCCIIEI0BAHMUSIX €T0 Y)Ke HCIONB30BaIN B 3TUX Ielsix (Jeon et
al.,2012; Nekrasov et al., 2016). B xome 3Tor0 SkciepuMeHTa
MI0Ka3aHO, YTO OEJIKOBBIE arperarbl Takke He 00pas3yroTcs,
HO KJIETKH, HECYIINE MYTalNio, 00jee YyBCTBUTEIBHBI K
JI00aBICHUIO MHIHOUTOpa. BO3MOXHO, 3TO CBSA3aHO C TEM,
YTO HE TOJIbKO Hasinuue MyTanTHoro HTT moxer npusonuth
K THOeNIH KJIeTOK, HO Taike Hegoctarok HTT mukoro tuma
3HAYUTENIFHO CKa3bIBaeTcs Ha nx BbpkuBaeMocTH. HTT BbI-
TIOJTHSIET BKHYIO POJIb B PETYJISLMU ayTO(aruu: OH y4acTByeT
B ()OPMHUPOBAHHUH U TPAHCIIOPTUPOBKE ayTO(HarocoM BHYTPH
kierok (Martin et al., 2015). Takum 00pa3om, B yCIOBHUSIX OT-
CYTCTBUS MJIM HEXBATKH HOPMAJILHOTO O€JIKa JIONOTHUTEIEHOE
WHTHOMPOBAHKE JIPYTOro MyTH YTHIU3AIUU OTPAOOTABIINX
0EJIKOB — MPOTEOJM3a — SBISETCSI KPUTUYHBIM TSI JKH3HE-
CIOCOOHOCTH KJIETOK.

[Ipu omieHKe )kM3HECTIOCOOHOCTH KIIETOK MBI OOHAPYKHITH,
YTO KJIETKH CO BCTPOHKOHM YUIMHEHHOTO TpakTa MOBTOPOB
CAG xapakTepu3yloTcst 0ojiee BBICOKUM YPOBHEM aronTosa
10 CPAaBHEHMIO KaK C OTPHUIaTeIbHBIM KOHTposieM (Phoenix),
TaK ¢ JIMHHEH, Hecymel aenenuio. boiee Toro, akTHBHOCTh
npougepanyy B IepBble Ba JHS I0CTOBEPHO CHUYKEHA TOJIb-
KO y KJIETOUHBIX JINHUH co BcTpoiikamu. Ha 3-if nens ananmmsa
9TO OTJIMYUE HEJOCTOBEPHO, YTO MOXKET OBITH CBS3aHO C TEM,
4TO CKOPOCTH Mposuepalui KOHTPOJIbHOI JuHuK Phoenix
BBINIUTA Ha TUTaTO. Pasmuunii Mexmy nponudepaTHBHON ak-
TUBHOCTBIO KOHTPOJILHOM JIMHUHN U JIMHUSIMH C JICJICIIUSIMH HE
0oOHapy>KeHO HU B OAMH U3 JHEH SKCriepuMeHTa. DTO CBUIE-
TEJILCTBYET O TOM, YTO HAJTMYIHE MOIUIITyTAMIHOBOTO TPAKTa
B myTtanTHoM Oenke HTT oxaspiBaer Gojiee HeraTHBHBIN
3 PeKT, YeM AeNeirs B COOTBETCTBYIOIIEM JIOKYCE.

[NomydeHHbIE B HallIEM UCCIIEJOBAHNH PE3YIIBTAThI IEMOH-
CTPHPYIOT, YTO MyTAIIMH B IIEPBOM 9K30HE TeHa H 77T B KIleTKax

Cell-based models of diseases



MopenvpoBaHue 601e3HN XaHTUHITOHA
Ha KneTkax nuHun HEK293

nuan HEK293 oka3piBatoT HeraTHBHOE BIMSIHUE HAa HEKOTO-
pBle (pr3HomorndecKkne CBOMCTBA KIETOK. Takast KIeTOIHas
MOJIEIIb XOPOIIa TEM, UTO HECMOTPSI Ha BHECEHHBIE MyTallHH,
KJIETKH OCTAIOTCS YKU3HECIIOCOOHBIMHU. DTO TO3BOJIUT H3y4aTh
(hyHKIIMOHHpPOBAaHUE HOpMajbHOro M MyTtanTHOro HTT B
TE€YEeHHE AJIUTEIBHOTO BPEMEHH M HCIOIb30BaTh JaHHBIE
MOJIETTH ISl TOJTOBPEMEHHBIX HcclenoBaHuit. OHaKo, mo-
CKOJIBKY y 4eJIOBeKa CUMITOMBI bX HauMHAIOT MPOSBIATHCS
B Bo3pacTe npumepHo 40 JeT, BIIOJIHE BEPOSTHO, YTO AJIS
BOCCO3/1aHuUs OoJiee KOPPEKTHOTO MYTAHTHOTO (DEHOTHIIA in
Vitro He0OXOANMO HCCIIEI0BAaTh HEHPOHBI OCIIE ATUTEIBHO-
rO KyJIbTUBUPOBaHMA. B CBA3M ¢ TeM, YTO UMEHHO CpeqHHE
HIMITUKOBBIE HEHPOHBI CTpUaryMa HauboJiee MOJIBEPIKEHBI
BiusHUI0 MyTanTHOro HT'T, ncciienoBanme 3Toro TUmna KjIeTok
TIO3BOJIMT IOy YNTh HanOOJIee TOUHBIE pe3yasTarsl. [loaTomy
Juist MozaenupoBanus bX in vitro HE0OXOIUMO TaKKE MOITY-
4aTh WHIYIUPOBAHHbIC IUTFOPUITOTCHTHBIE CTBOJIOBBIE KIETKH
YeJIoBeKa, HeCyIlre HeoOXoAnMyIo MyTanuio, 1 auddepen-
IUPOBATH UX B PCJICBAHTHBLIC TUIILI KJIICTOK.

B 3TOM mcciienoBaHNN MBI HOATBEPIMIIN SKCIPECCUIO
HECKONIBKHX HelpanbHbIX MapkepoB B kietkax HEK293 u
MMPOACMOHCTPUPOBAJIU, YTO BHECCHHBIC MYyTallul OKa3bIBa-
10T BIMSHHE HAa Pa3indHble (GU3HOIOTHIECKHE TTOKa3aTeln
MOyYSHHBIX KIJIETOK, TAKHE KaK CKOPOCTh Ipoin(epann,
YPOBEHB ariornTo3a B HOpMaJIbHBIX YCJIOBUAX U ITPU KIICTOYHOM
ctpecce. Takum oOpa3om, MyTanny, BeI3sBatonme bX, oka-
3BIBAIOT HETaTUBHBIN A((EKT HEe TONBKO HA T€ THUIIBI KIICTOK,
KOTOPBIC TPAAUIHUOHHO CHUTAKOTCA KJIIOYEBBIMU B pa3BUTUN
MaTOJIOTHYECKOTO (PEHOTHNA, HO U, B YACTHOCTH, Ha KIIETKH
muaun HEK293.
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