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Huntingtin Lowering Strategies for Disease Modification in Huntington's
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Abstract

Huntington's disease is caused by an abnormally expanded CAG repeat expansion in the HTT gene, which
confers a predominant toxic gain of function in the mutant huntingtin (mHTT) protein. There are currently no
disease-modifying therapies available, but approaches that target proximally in disease pathogenesis hold
great promise. These include DNA-targeting techniques such as zinc-finger proteins, transcription activator-like
effector nucleases, and CRISPR/CasS; post-transcriptional huntingtin-lowering approaches such as RNAI,
antisense oligonucleotides, and small-molecule splicing modulators; and novel methods to clear the mHTT
protein, such as proteolysis-targeting chimeras. Improvements in the delivery and distribution of such agents as
well as the development of objective biomarkers of disease and of HTT lowering pharmacodynamic outcomes
have brought these potential therapies to the forefront of Huntington's disease research, with clinical trials in
patients already underway.

Copyright @ 2019 Elsevier Inc. All rights reserved.

KEYWORDS: CRISPR/Cas9; HD biomarkers; Huntington's disease; RNAI; antisense oligonucleotides; drug delivery;
genome editing; proteolysis-targeting chimeras; small-molecule splicing modulators; transcription activator-like effector
nucleases; zinc-finger proteins
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* CRISPR / Cas9 MeraHykneasbl
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UM CK 6e3 pepgakTupoBaHua

1) buoncust comaTnyecknx KneTok (punbpobnacTtos)

2) Nonyyenne UMNCK

3) andbbepeHUMpoBKa KNETOK B HY>XHOM HarnpaBneHum
4) npaAMas MHbeKUUs KneTok B NonocaToe teno
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BupycHbIM BEKTOP HanpsamMyto B
OpraHun3m in vivo
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1) Co3gaHue Bupyca
2) MNMpsimasa nHbekuus Bupyca B
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C nomouwibio AMNCK

Vcrnionb3oeaHue mezaHyKrneas Ha ocHoge CRISPR /
Cas9 oHU HEcneuugu4Ho pexxym [JHK, coz0ame
JIE[YHE.

1) bnoncusa comatnyeckmnx kKneTok (pubpobnacThbl)

2) PenporpammupoBanue B UNMCK
3) PegaktuposaHue mytauum
4) OTOOp KNEeToK

5) QudpdpepeHumpoBKa KNETOK B HY>KHOM
HanpasneHun

6) lNpsamaa nHbekumna B ['onocatoe Teno
[omMonornyHag icnpaBneHue
PekombnHauus MyTauum
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CRISPR/Cas9-mediated gene editing ameliorates
neurotoxicity in mouse model of Huntington’s disease
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Gene Therapy for Huntington's Disease Using Targeted Endonucleases.

Dabrowska M!, Olejniczak M2.
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) JKkTopepma

~—» Me3soaepma

CamoobHoBneHue u
MnNoPUNOTEHTHOCTL

JHT0AEPMA

1. UHTErpUpyIOMMni METOI COCTOUT B
WCITOJIb30BAHUM BUPYCHOT'O BEKTOPA HA OCHOBE
peTrpoBupyca.

2. He unTErpupyromme MeTo/ibl BKIOYAIOT B
ce0st UICTIOJIb30BaHKE: BUPYCHOTO BEKTOpA, Ha
ocHoBe CeHnjaii Bupyca (SeV), anucomManbHbIX
mnasmug (Epi), a takkxe PHK (miRNA u
mRNA).

Kpartkas cxeMa penporpaMMHApOBaHUs COMAaTHYECKUX KJIeTOK ((huOpob1acToB) B
WHyIHpoBaHHbIe topunoreHTHoie KieTku (MITCK).



2C u UIIC kaerku yenoseka B KYILType.

A. Konouunsa IC xknerox venosexa, muuusg HUES9. b. Konouus UIIC xaerok,
nonyyeHHsiX 13 pudpodnactos 3a0posoro aonopa. Yeennuenne X200.

B, I' Ummynoumtoxumudeckoe oxkpaumsanne K1ouos UIC knerox na mapkepsi
nmopunorentHocTH. B. Octd (xpacusiii), SSEA4 (3enenstii), DAPI (ronyboit).

[ Sox2 (kpacusiii), TRA-1-61 (zenenntii), DAPI (roayGoit). Yeenuuenne X100.
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Non-homologous H directed
end joining (NHEJ) repair (HDR)



JInzanmH SgRNA ¥ mosryyeHHbIE MJI1a3MU/IbI

GAGGGTAAAATTAAGCACAGTGGAAGAATTTCATTCTGTTCTCAGTTTTCCTGGATTATGCCTGGCACCATTAAAGAAAATATCATCTTTGGTGTTTCCTATGATGAATA
CTCCCATTTTAATTCGTGTCACCTTCTTAAAGTAAGACAAGAGTCAAAAGGACCTAATACGGACCGTGGTAATTTCTTTTATAGTAGAAACCACAAAGGATACTACTTAT

5gCFTR#3 |

PAM nocnepoBatenbHOCTb Anst Cas9

NocnepoBaTenbHOCTb

sgRNA
MyTtauus

_sgCFTR# [
| 5aCFTR#3 I

l sgCFTR#2 !

OJTA bl
T1: GGCCTTCATCAGCTTTTCCAggg,
T2: GGAAGGACTTGAGGGACTCGAagg,
T3: GGCTGAGGAAGCTGAGGAGGcgg,
T4: GCCCCCGCCGCCACCCGGCCcgg
and control gRNA: ACCGGAAGAGCGACCTCTTCT (PAM sequence
are shown in lowercase).



JIu3avn sSODN

- - + M“ BLAST | | PDF| |1

ETATTTCCAGACTTCACTTCTAATGGTGATTATGGGAGAACT GGAGCCTTCAGAGGGTAAAATTAAGCACAGT GCAAGAATTTCATTCTGTTCTCAGTTTTCCTGGATTATGCCTGGCACCAT TAAAGAAAATATCATCTTTGGTGTTTCCTATGATGAATATAGATACAGAAGCGTCATCAAAGCATGCCAACTAGAAGAGGTAAGAAACTATGTGAAAACTTTTTGATTATGCATATGAAC
SATAAAGGTCTGAAGTGAAGATTACCACTAATACCCTCTTGACCTCGGAAGTCTCCCATTTTAATTCGTGTCACCTTCTTAAAGT AAGACAAGAGT CAAAAGGACCTAATACGGACCGTGGTAATTTCTTTTATAGTAGAAACCACAAAGGATACTACTTATATCTATGTCTTCGCAGTAGT TTCGTACGGTTGATCTTCTCCATTCTTTGATACACTTTTGAAAAACTAATACGTATACTTG

* ssODN-#1
e SSODN-#2
w= e ssODN-#3
ww e sSODN-sa



Cxema IKCIICEpUMEHTOB

HIICK

Tpancekuus PejakTHpoBaHue
OLeHKa UHIIE/IOB
H BCTABOK
O [Mrasmuza oGEM-TA-CFTR TIDE + TIDER

O [Inasamuga Cas9+sgRNA

mmmm [enoMmuas JHK

ssODN (oaxoueno4yeyHblit
OJIMTrOAe30KCHHVKIeOTHA)




Pe3ynbTaThl
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» eSpCas9(1.1)-sg#l (MJ11-9%, [T - 1,4%) 0 _espCas (1.1)/
e eSpCas9(1.1)-sg#2 (MJ1-9,6%, ['T1 - 3,2%) . _Ziﬁil’iﬁlu,l,,
e eSpCas9(1.1)-sg#3 (IMJ1-9%, I'J1-8,1%) i Dii,igiﬁzu,l,,
sgCFTR#3
.SpCaSQ (HF4)/
e SpCas9(HF4)-sg#1 (M1 - 9,4%, [T - 1,5%) ) EEER,
2 ‘.sgCFTR#3
» saCas9-sa_sg#3 (I1J1-9,4%, ['J1-7,2%) 0

[1]1- "MnasmungHbIn Jlokyc  [J1- [eHOMHBIN
JTokyc



YacTtoTta HOenoB nu flomonorniyHou

PekomobunHauum (I'P)

* Hanbonee acbdekTnBHas
KoMOUMHaumsa —

saCas9-sa_sgCFTR#3 un ssODN-saCFTR
* HOEenNbl — 7,2% (0,6%-22,5%)
[P —-19% (17%-21,7%)
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Ponb AcTtpouutoB B bl

Adv Exp Med Biol. 2019:1175:355-381. doi: 10.1007/978-981-13-9913-8_14.

Astrocytes in Huntington's Disease.

Gray M.

CTano ACHO, YTO ApYyrne TUnbl KNETOK, BKIoYad acTpoLmnThlI,
UrpatoT BaXKHYHO pornb B natoreHese HD. MyTaHTHbIN 6enok HTT
(MHTT) npucyTcTBYET B HEMPOHANbHbLIX N HEHEUPOHHbIX
KNEeTOoYHbIX TUNax BCen HEPBHOW CUCTEMBbI.



leHeTn4yeckasa HectaobunbHocTb UTMNCK

B HacTosmue BpeMsi o1HOM U3 raBHBIX Mpooiem npuMeHneHus UIICK B kauecTBe KieTOYHOM
Tepalluu SIBJISICTCS UX IeHETUYECKasi HeCTaOMIIbHOCTh (00pa30BaHUE MyTalMi B XOJIE
penporpaMMHUpPOBAHMS U KYJbTUBUPOBAHUS ), KOTOpPask MOXKET MPUBECTU K 00OPa30BaAHUIO
3JI0KaYE€CTBEHHBIX OMYXOJICH M IOSBIISICTCS U3-3a:

1) Panee cyiiecTBOBaBIIMX BapHUalliM B POJIUTEIIBCKUX COMAaTUUYECKUX KJIETKAaX, KOTOPbIE MOTYT

IpOosIBISATHCS B npolecce oopazoBanus UIICK
2) MyTanuu, BbI3BaHHBIX PEIPOrPAMMHUPOBAHUEM M KOTOPBIE MMPOUCXOIST B IIPOLIECCE

penporpaMMHpPOBAHMS.
3) UuayuupoBaHHBIC ITACCaKEM MYTAallMH, BO3HUKAIOIIKE IIPU JJIMTEILHOM KyJIbTHBUPOBAHUM.

Lloomomy ece uccreoosarnus cesazarunvie ¢ UIICK nposoosam auubo Ha K1emouynblx KVIbmypax, 1ubo Ha
HCUBOMHBIX (OOKAUHUYCCKUC UCCTLe008AHUSL).

HET HA OOHOIO KINMHNYECKOIO MCCJIIEAOBAHUA.
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