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Momusayus u yenv. bonesus XantuartoHa (bX) — ayTocoMHO-TOMHHaHTHOE
HelpoaereHepaTUBHOE 3a0oneBaHue, Bei3BaHHOE dKkcmaHcueil CAG KoJIoHOB B IEpBOM
sk30He reHa HTT u mpuBopsiiee K MOpaXCHUIO (QYHKIMA W THOENH CpeIUHHBIX
mmnukoBbix HeliponoB (CLIH) momocaroro Tema mo3ra mauueHToB. [ns momcka
CpeIcTBa TepalmuH LIMPOKO NPUMEHSIOTCS KJIETOYHbIE MOJAEIM HAa OCHOBE KIIETOK
nanueHTa, Onarozaps KOTOPBIM HMeEETCS BO3MOXHOCTH pa3paboTaTh MalMeHT-
cnenn(UIHOE JIEKAPCTBO, a TAKKE H3YUYUTh OCOOCHHOCTH BIIUSTHHS T€HETHUECKOTO (hOHA
Ha martorede3. PARP-mHruOuWTOpbl, W3HAYANBHO CO3MaHHBIE UII OOpPHOBI C
0HK03200JIeBaHUAMH, CBSI3aHHBIMU ¢ MyTarusmMu B TeHe BRCA1/2, B mocnennee Bpems
TECTHPYIOTCSI JJIsl Tepanuy HeHpolereHepalyy, B YaCTHOCTH Oose3Hel Anblreiimepa,
[TapxkuHcoHa 1 XaHTUHITOHA.

BcernencrBue pa3sBUTHSL MATOTCHHBIX MPOLIECCOB B CPEAMHHBIX IIMIIMKOBBIX HEHpOHAX
MOJi BIMSHUEM MYTaHTHOHW (OpMBI XaHTUHTTHHA WM XPOHHYECKOTO HapyIICHHUS
nenoctioctd  JIHK  mpoucxomut rumepakrtuBanms PARP,  merexTupyromiero
onHouenoveyHsle paspoiebl JJHK 1 npuBnekaromero y4acTHUKOB MallliHbl penapanun
myTeM cuHTe3a MeToK nonu-(AJ[P)-prbo3sl. TloBbIIeHHAsS aKTUBHOCTH MPUBOJIUT K
ucromeHuro myna HAJI+ B kieTke, a clieoBaTeNbHO, K HAPYIICHHIO YHEPreTHUECKOT0
MeTaboau3Ma KIETKH M (yHKunoHupoBaHus Ipyrux HA/I-3aBHCHMBIX (EepMEHTOB.
Kpome Toro, mpoucxoaur moBbiieHne — noiu-(AJl®D)-prubdo3o-ynpaBusieMbIx
¢dbepmenToB, B yacTHOCTH (hakTopa YY1 — KOTOpBIM OTBEYAET 3a IKCIPECCHIO TCHOB,
cBs3aHHBIX ¢ pa3BuTueM crpecca DIIP. IIpuMeHeHre UHTHOUTOPOB JOIKHO CHU3HUTH
TOKCHYHBIE /17151 HEHPOHOB MOCIEACTBUS: TaK, IOKA3aHO Ha MBIIIINHBIX MOJENAX O0JIE3HH
Xanrunrrona R6/2, PARP-UHrHOUTOPBI CIOCOOCTBYIOT CHU)KEHUIO TEMIIOB PAa3BUTHS
CUMIITOMOB OOJIE3HHU.

Memoowvr u anecopummer: Ilomyuenne MIICK w3 MOHOHYKJIEApHBIX KJIETOK
nepugepruveckoil KpoBH 4eEJIOBEKa IIyTEeM PeNporpaMMHUPOBAaHHSA C HPUMEHEHHEM
BpeMeHHOU 3kcnpeccuu ¢aktopoB Smanaku. Otoéop m xapaktepuctuka WIICK c
ucrnonb3oBanueM koiudectBeHHOH [ILP 1ns  omenkm skcrpeccun  (HaKTOpPOB
mwiropuriotrenTHocTr (OCT4, NANOG, SOX2), crontranHoi nuddepeHIHpOBKH U
UMMYHO(IIYOPECIIEHTHOTO aHallM3a Ha MapKepbl TPeX 3apOJIBIIICBBIX JIMCTKOB.
Berpoiika B AAVSI mokyc ¢ momomsio CRISPR/Cas9 TexHOMOTHM TeHeTHYECKUX
KOHCTPYKLUH 114 skcnpeccuu ceHcopa crpecca D[P XBP1-TagRFP. Ilouck, Ha ocHOBe
aHaim3a JIMTepaTypHbIX JAHHBIX, TEHOB PaHHETo W Mo3aHero Havana bX, m3meHeHue
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OKCIPECCHH KOTOPBIX YCTAHOBJICHO HA KIETOYHBIX WM MBIIUHBIX Moaemsix BbX,
MOCTMOpPTaNbHBIX 00pasnax mauuentoB ¢ bX. Broimenenne PHK u cunre3 xJIHK.
AHanmm3 ypoBHS Okcmpeccumn TeHOoB-mapkepoB CIIH, crpecca 3JIIP, 0Gonesznn
XaHTUHTTOHA.

Peszynomamer: Mbl coznanu knetounyro Mojenb Ha ocHoBe UIICK namuenra ¢ 46 CAG
nmoBTopamu B reHe HTT myrem wmx nuddepeHIMpPOBKH B CpeAWHHBIE UINUITHKOBHIE
HelpoHbl. MHorue QaxTel 0 MexaHu3Max OOJIE3HH YCTaHOBJIEHBI C MCIOJIb30BAaHHEM
MOCTMOPTAIBHBIX 00pa3loOB MO3Ta MallMeHTOB, MBIIMHBIX MOJEJCH U OTHOCATCS IO
OoJblIel YacTH K MOCTCUMIITOMATHYECKON CTauy naroreHesa. st u3ydeHus: paHHUX
cTanuil 60JIE3HU KIIETOUHBIE MOJIEIN SIBIISIIOTCA O0Jiee NoaxoaamuM 00bekToM. OHaKo
HEO0XOIMMO yUeCTb, YTO HOMYJISIIUS MOTyYaeMbIX HEHPOHOB IeTEPOreHHA, M BKIIOYAET
kpome CIIIH u npyrue THNBI HEHPOHOB W TNIHANBHBIX KIETOK. M MOTOMY pe3yibTaThl
9KCIEPUMEHTOB TpeOyeTcsi Bepu(UKaIUs — I03TOMY IPOAHAIN3UPOBAIIN IKCIPECCHIO
cnenuduunbix reaos-mapkepor CIIH (CTIP2, ARPP21, GABA, DRD1, DRD2). Kpome
TOTO, IUISI KOHTPOJISI MBI BHIOpaiu TeHbl ¢ AnddepeHInanbHOl IKCIpeccueil Kak Ha
paHHUX, TaK W HA MO3JHUX dTamax Ooje3HH XAaHTHHITOHA WM TMPOAHATU3IUPOBAIH
OTKJIOHEHHSI UX HKCIIPECCUH Ha HaIIeH MOJACIH.

Jus onenku nustauss PARP-UHTHOMTOPOB Ha pa3BHTHE MAaTOTEHE3a MBI BCTPOWIH B
TCeHOM TPAaHCTeHHYI0 KOHCTPYKIHMIO, 3Kcrmpeccupyromryto ceHcop XBP1-TagRFP,
KOTOpbIMA Opu pa3Butuu crpecca IIIP cBeTuT B kpacHOM crekTpe. Kpome Toro, msl
MIPOBEJIH aHAIIN3 U3MEHEHHS YKCIIPECCHH TeHOB-MapkepoB cTpecca DIIP — XBP1, ATF4,
GRP78, CHOP — wu reHOB, M3MEHEHHE ODKCIIPECCHM KOTOPBIX MOKa3aHO KaK Ha
KJICTOYHBIX M MBILIIMHBIX MOJENAX 00e3Hn XaHTHHITOHA, TaK U Ha IOCTMOPTAJILHBIX
obpasiax Mo3ra MaueHToB.

Buvisoowi: B pesynbrare mbl nomyumian w3 iectd jmHud WUIICK mammenta ¢ BX
KyJIBTYpHl HEHPOHOB ¢ pazHou mpenctaBieHHocThio CIIIH, xoTopyro oneHwmm mpu
momorm  konmdectBeHHOH [IIP w wmmMmyHOdIyopeceHTHOro OKpaliwBaHHusS Ha
cnenupuunsie Mapkepbl. Okazanoch, 4ro He BO Bcex nuHusaXx CIIIH mpoucxomut
YBEJIMYCHHUE OJKCIpeccurd MapkepoB crtpecca OIIP, 4To Takke OBUIO BHUAHO 10
nmoBeneHnto cencopa XBP1-TagRFP, w Takke HET TMOJHOTO COBHAJIEHUSX C
JUTEPATYPHBIMH JAHHBIMH 00 M3MEHEHUM 3KCIIPECCHH T'€HOB, ACCOLUHMPOBAHHBIX C
0oJie3HpI0 XaHTHUHTTOHA.

Tem He Mmenee ana nuHud CHIH ¢ NOBBIIIEHHBIM ypOBHEM 3KCIPECCHUU MapKepOB
ctpecca DIIP MBI cMOrnM MoKa3aTh €ro CHHKEHHE Iociie A00aBiIeHUS MHTHOUTOpa
PARP Niraparib.

Qunancuposanue: Padbora noaaepxkana rpantom PH® Ne 23-15-00224.
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Motivation and objective: Huntington's disease (HD) is an autosomal dominant
neurodegenerative disorder caused by the expansion of CAG codons in the first exon of
the HTT gene, leading to dysfunction and death of medium spiny neurons (MSN) in the
striatum of patients' brains. Cell models based on patient cells are widely used to search
for a therapeutic agent, which makes it possible to develop a patient-specific drug and to
study the influence of genetic background on pathogenesis.

PARP inhibitors, originally created to combat cancers associated with mutations in the
BRCAL/2 gene, have recently been tested for the treatment of neurodegeneration, in
particular Alzheimer's, Parkinson's and Huntington's diseases. As a result of the
development of pathogenic processes in medium spiny neurons under the influence of a
mutant form of huntingtin and chronic disruption of DNA integrity, hyperactivation of
PARP occurs, which detects single-stranded DNA breaks and attracts participants of the
repair machine by synthesizing poly-(ADP)-ribose labels. Increased activity leads to
depletion of the NAD+ pool in the cell, and, consequently, to disruption of the cell's
energy metabolism and the functioning of other NAD-dependent enzymes. In addition,
there is an increase in poly-(ADP)-ribose-controlled enzymes, in particular, factor YY1,
which is responsible for the expression of genes associated with the development of ER
stress. The use of inhibitors should reduce the toxic effects on neurons: thus, it has been
shown in mouse models of Huntington's disease R6/2, PARP inhibitors help to reduce
the rate of development of disease symptoms. Methods and algorithms: Obtaining iPSCs
from human peripheral blood mononuclear cells by reprogramming using transient
expression of Yamanaka factors. Selection and characterization of iPSCs using
guantitative PCR to assess the expression of pluripotency factors (OCT4, NANOG,
SOX2), spontaneous differentiation and immunofluorescence analysis for markers of
three germ layers. Insertion into the AAVS1 locus using CRISPR/Cas9 technology of
genetic constructs for expression of the ER stress sensor XBP1-TagRFP. Search, based
on the analysis of literary data, for genes of early and late onset of HD, the change in
expression of which was established in cell or mouse models of HD, postmortem
samples of patients with HD. Isolation of RNA and synthesis of cDNA. Analysis of the
expression level of genes-markers of SCN, ER stress, Huntington's disease.

Results: We created a cell model based on patient iPSCs with 46 CAG repeats in the
HTT gene by differentiating them into medium spiny neurons. Many facts about the
mechanisms of the disease have been established using postmortem brain samples of
patients, mouse models and relate mostly to the post-symptomatic stage of pathogenesis.
For studying the early stages of the disease, cellular models are a more suitable object.
However, it is necessary to take into account that the population of the obtained neurons
is heterogeneous and includes, in addition to SNH, other types of neurons and glial cells.
Therefore, the results of the experiments require verification - therefore, we analyzed the
expression of specific marker genes of SNH (CTIP2, ARPP21, GABA, DRD1, DRD?2).
In addition, for control, we selected genes with differential expression both at the early
and late stages of Huntington's disease and analyzed deviations in their expression in our
model.

To assess the effect of PARP inhibitors on the development of pathogenesis, we
integrated into the genome a transgenic construct expressing the XBP1-TagRFP sensor,
which shines in the red spectrum during the development of ER stress. In addition, we
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analyzed changes in the expression of ER stress marker genes — XBP1, ATF4, GRP78,
CHOP — and genes whose expression changes have been shown both in cell and mouse
models of Huntington's disease and in postmortem brain samples from patients.
Conclusions: As a result, we obtained neuronal cultures with different levels of ER stress
from six HD patient iPSC lines, which were assessed using quantitative PCR and
immunofluorescence staining for specific markers. It turned out that not all ER stress
lines show an increase in the expression of ER stress markers, which was also evident
from the behavior of the XBP1-TagRFP sensor, and there is also no complete agreement
with literature data on changes in the expression of genes associated with HD.
However, for ER stress lines with an increased level of expression of ER stress markers,
we were able to show a decrease after the addition of the PARP inhibitor Niraparib.
Funding: The work was supported by the Russian Science Foundation grant (No. 23-15-
00224).
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