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Advancements in gene therapy for Huntington's disease
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[ Abstract] Huntington's disease is an autosomal dominant genetic disease. In recent years, clinical trials have been conducted for vari-
ous intervention strategies targeting mRNA levels, and meanwhile, with the development of the clustered regularly interspersed short
palindromic repeat (CRISPR)/CRISPR-associated genes system, there are also reports on gene editing strategies for pathogenic ge-

nomes. This article reviews the gene therapy for Huntington's disease in terms of current clinical status, research advances, and im-

provements in clinical assessment.
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SRR 12975 B AA I 75 2L 1) BRAE G B , T B2 RBIE N 5
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1.1 A SUR4Z 3 8 (antisense oligonucleotides , ASOs )

TR AT R & — Fh & B BRAE DNA 2 RNA, W DL 5
AHRE Y mRNA B 23 & 610, Tl o SO i i iR il H 5
| mRNA B . MR IE ASO TR [ 5 51 (A [, n] 43 A [
I AL i) BEF 21 960 1 5% 78 0 HTT mRNA 193 25 (37 2 B 4 S
(non-allele specific) ASOs, LA K%t mHTT mRNA 45 4 = #E [7]
SR 0 A5 67 JE R R 5P (allele specific ) ASOs o

Tominersen (IONIS-HTTRx 3% RG6042) J& Hi Roche F1 lo-
nis Fil 257 w5 A VRO K 1, RE NS [R) s $E () 7 A A6 1 28 AR A
HTT mRNA (IR S50 5L R ke M ASOs. I T /T a 11 PR
IS4k R 5 7R, Tominersen $ PN 72 51 G845 A3 2R HD 5 ik
A mHTT 2 H K, 2R E AR PEREAC, 76 90 mg Al
120 mg 7148 21 119 32 12038 v ULSR 21 B mHTT /K P-4 3 2k
R AR 29 409% (NCT02519036)"' . 3 415 52 56 sh 4 vp A4 151 0 &5
B, M0 mHTT BEAK 40% KA 24 F mHTT 23 51 78 K il
B J2 TR ARAL AR 55%~85% T 20%~50% . KT , Bl J& #E4T
i TG R B8 % 21 120 me R 411 2 58 12 h Uifg il
TRHIRE 1 25 PRAER T 450 2 St R0 240 I i Ak, LS B0 INFL
97t R (NCT03761849) , A K% 301 H #E M2 k" 720 43 #r

PR BN AR R B0 B 1Y HD SR 3 T B8 AR 0 AE AL
TR A MR Y 25 245 T AR 261", 2023 4R ), B IR 3l
TE Y 2 B R 1836 (GENERATION HD2) , § TER Z A )
7] 4 Tominersen (60 mg. 100 mg) &F 16 i 1 K 25 25 11997 5%
(NCT05686551) .
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polymorphism , SNP) 48 5 7E CAG 37 34 (1) 55 {37 ik (A I o 4
v, I, Wave Life Sciences Fllit H 2 &) 2L [6 JF & 1 3 Fh
A e B A 25 o7 5 R Sk 19 ASOs. H: H & X 1362307
(WVE-120101) . rs362331 (WVE-120102) (1) ASOs T 5& i,
1b/2a W I FR 32 % (PRECISION-HD1 1 PRECISION-HD2,
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BH L AR LR 2 ] A IX 0 RCR MR o IR, 7 A2k
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ASO-WVE-003 ¥ ] i) & 28 FF SNP3 AT EGL R T X K2 &
PEo BEAh, BRI B I PR 8 5 BRSPS X R T
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B R PR NFL R mHTT B8 R AU Wi 7 3UR
13 PTC518

AR T B PN VE 5 Y ASOs L% I 2 157 VE ST Y AAV,
Hi PTC /AR A B, fEHER2 I HTT pre—mRNA 55 422 () /N F
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PTC518 T4 HTT pre-mRNA B $2 , il 53 51 A BN & 711 fi
ZLfifi HTT mRNA BB LR BRI7 AR, E20224F3 A,
PTCJA 3 1 130 1L I RAH 5, B TEITAL PTCS18 7F 162 4] i
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SN, I L2850 A 0 A R I P A B AR Y R B R
4 XL B 3 A M o AEVRYT )R 12 8, PTCS 18 BEAE 77 A it
Py AR AN B I HTT (9 2 5 A mRNA 7K P, BTG B2
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I 5L K (CRISPR associated gene, Cas ) {fi 4 B i 9% R S5 B8
PUIRIBE IR SME DNA , H i CRISPR/Cas REHE) 12 FI T K
B W FE R 45 . CRISPR/Cas 1 2 HD 3E R4 YT H AT Y
KT [, MR HE A A DNA WUEE W7 ¢ (double
strand break , DSB) , 435 DSB B F14E DSB A,

2.1 DSB % CRISPR/Cas % #-

DSB % 2 Cas9 ¥ 2 i 7E gRNA 515 F 5 H#5 DNA J¥51
G55 VBT UV WAL, XSG T 2 A, 338 i 102 ] 5oy 12 32
BIL, PR IS, 5 LR SR , /MBI L DL 55 Ah— 5%
SR BRI AR AT B A% IR IRE 5 . & H Roche Tominersen
e AR (1 BIF T 45 R A BF A B HTT Wl g LA S 2RI,
PR AH PR i 7 > EL A A v 114 5 (o PR R e

1 T Cas9 B 1% il iy 4 BUHE 5 2 PAM 3 A5, 111 55437 B [
[i1] SNP ) 22 25V Al 55 A3 i P ] PAM AL s AN S AR TR, 2 Cas9
S A R DR R S P e B AL T AT RE (1 1D A,
TR SNP AL AL T A0, 7E1% SNP 37 s 45 T REAE SR 72
P AL I R T8 BTk Cas9 £ 11 PAM {0 65 (T AR A5,
FEPITC) | DT S A5 007 B PR A S . — HLil A PAM R 28
AR EEALEE R, Cas9 U)H] DNA AU , S B BEAL IR IR 51 21 | i
T 5 B S AR 0 JE LA A, SCBRIGG RYAY T o 38 R R I A
TET exon | 15 5'J8 81 T 7 51 LK 395 N 3% 1~ L ) SNP, i 45
S5 A57 B TR (] PAM A7 7E 22 57 , e 08 00 5L 06 5 1k ok 4 14 19
exon 1 BYY), 3 FLA AT B8 LA IE #2540 L RN AR UET T8 4L,
M SE BT 5848 HTT R 2 1ERY ISR B A 24> 1l it
PEROL R, H AR b Ae S WA my , T 22 T 45 RS B
80% VA L) HD B3, BLIZ R AR B i iy K e T 1l o Bl
Cas9 % 1 TIHE H 25 W6, 2 Cas9 25 (1Y A2 A L7 B e
RS S 25 Rl 25 B 0 PAM BR ], FLE S i PR B2 B R J5
SEBO T AR B TR A 23 )™

TEH SRR

S'TTTITTTTTTITITITIT TTGTCG TTITTTTITTTTTTTTTS' Crispr/Cas9
Sl A A CAGCALLLLLLLLLLLLLLL 5

‘ Ii&ﬁ%ﬁﬁ
A I

3'TITTTTTTTTTTITIT TTGCCG TTTTTTTTTTTTITITS' Crispr/Cas9
S llLLLLLLLLLLLLLL AA CGGCAULLLLLLLLLLLLLL 31

PAM{V A5,

~ eRNA CasORZ IR

5 Hh—Fh DSB M N 24 gRNA 35317 exonl CAG F 4
PP A A8 FEAL AR5 K IR RE 1 gRNA REAS (115 58 25 3L [ 9™
(Y CAG B P 5 4, oo 25% B9 CAG A A 51 AR
5848, T340 75% FEAE RIS A8 R (12 g atE— 2P Bk
PEA R IE A AT
2.2 3E DSB % CRISPR/Cas %

i dE DSB %! CRISPR/Cas9 3 W 32 22 J2&: 4§ CRISPRi DL A&
IEE AR AR . F9E W R IR CAG 5 &) 31 1) CRISPRi BE
G AE ARG 2 DNA BUE ST, AT S B H PRI mHTT,
I H I Lk CRISPR/Cas9 B AR 5 AT S 25 i , T ELX
iy CAG JE (R (1 F 3R AT 52 ™

E AR L G 4 4 R E HD b A — g 1 FH TR . HD
BEY M CAC EE T I R4 I 424 CAA, L4 CAG
I CAA BB 45 = BE e, 6 W= LA X . (HER
BRI , DR R AT IS 102 CAA DIRTIELL Y CAC WK,
HEELH) CAG B E WA S ™ & 1 350l N R IR R
L DL AR M CAG ™ HEAH DG, PRI, 7 3 s i i 24
4% (cytosine base editors, CBEs ) CAG #44ft iy CAA 7] BERE
e AT BE /NI LR AL A28 0 1D i k2%, B ATE A A
AT AT BAIEA T % 1 A5

Cas13 J& CRISPR/Cas 2 HY— 51, 5 Cas9 ANJA], Cas13
TE gRNA (5] 5 F 5 057 28 J7 91 1 B 45 RNA 25 6 0 H 39
Y1, Cas13 Y) I RNA ARG PAM {7 21, PRI AE gRNA
BT A B 00 P RS, REAS T 4 b PR A B A R 1
SO A R S R SR S ELS AN TR 5T R B
Cas13 REMS I 3 ¥ 17] CAG 5542 )7 371 3l S B0 46 o7 i PR Ry S
SR ] CAG T & YRR 2% 58, ) 7 1 1) 45 A 6 R 41
IR MR . FDTES Cas13d R TS ,2Q175 HD /ML
FEAIH mHTT 2 [ 335 N, R A B 22 i, (RS (A
B, U CAG EE A Y Cas13d 7E P83 mHTT 1 R
1 1] RE B Ataxin1/2/3/7 \TBP . atrophin—1 %5 & & 2 B4 &
e P 2 11, PRt O 5 o7 B A o — 25 O3
23

HA57F 3 19 J2 , DSB 78 CRISPR/Cas 5 1% 555 i DNA XL

BPAM ~
DNAK B ) =
L —

W

’ Dll_

CGG

AETEPAMA A5,
DNAXUEEBE B 1

El 1 Crispr/Cas9 % F SNP IR E M EF SR FIETER
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BEWT A — RS RO A R EHE R R A e
HARCAEARWILAL , 7 IR & A AR, i tni &, E
DSB #! CRISPR/Cas SR WA A7 45 5 1 2 4k . SEge shiyh
4 B P HD A G 32 D 4 8 5R ms Cf k A S8 AA V) 7T 52 g
AR R L 2P R | — A 3 ) - HD 9 A DG BE R G
BRI RE S A A R R T RE? — R HD B A
A F R S A A T 3R 5 53— 7 THIAS T 3 A bt 5 350l 2 R 5 1
f6g HE A2 R 5 DR 4 i 4 10 U R, R R A 45 25 5 X
CHE PS5 T P T 459 ) T B8 1 in A2 3 A8 1) 74, AT T g
FEOTHAME . LA IG5 4400 3 1) St 2 8K 23 S AH
ARG PRI R s 2 B2 LR AHE .

KT , B2 CRISPR/Cas S0 19 AR WAL , HTT 3 K
SRR ANk T 2R REAY G . BRI, A PR b2 R G 1
PSR K BRI o 25 25 AR ) — AT Bl — AR
AR5 5 SRT, T Cas9 4 AR R A, A 42 5 2 A
AR BRI, LA S B A0 A SR DN i e, 4 7 L 2 %% )
FBFSE o 3 — 400804 1E JR s R i 28 2R BR2 TR T B AL o
AATEI %

3 HDEEBITHIEML i E

3.1 A EHIRE

CSF 91 ¥ mHTT £ 5 HD 5 72 2% U1 AH & 14 2 P b s
Wy AEREPNRTT 0057 ROPAl ol B AR AR, B X
CSF mHTT )3z i I AIGR R WHR A JC A (A5 3 — 25
WAl

FI G AY S22 oML g2 21, — 261l PR & J 5 /Y CSF mHTT
AKOPAR T B X i), PR OE B A0 2 40, T 4 119 mHITT A6 R
A5 BB I o AT 5, Ak, CSF mHTT Bk 2 i A
ZETTHr M , 26 PR I IR O R AR A BV, I T s B
isic Pk, CSF mHTT (9 & 5l 852 2 Fh N R A2, (2 H
I AIF 58 A 45 PR 2 A48 CSF mHTT Y52

Wl 25 TR YT SR I S a0 1 IR 24 (i Dk 45 2 S AN T
BB ST, AT 2 1) ST i 0 VKRS A s PR 1 v e 2 52 1
HLE R . R, A er o P AR R S Al AR s 22
F G HTT AR A BOR R S BTRIEE AT 5 ) o

Amber Southwell /1) ] B % 214 28 7T 43 10 114 200 B 41 28 340
PEA HTT 8 H BB 7R 102 AU B Y ectosomes T
3 exosomes H1. 522X Y, ALK A0 AN T AFAERR 22
JCRYFR bR AP ATPIA3 LU S LICAM, i 3% b b 2 5T K IR
I ectosomes H1 ) mH'TT 7K A B8 a5 kg = ok TE A PFAl Hh X A
2R G HTT RST80T BESRNG o 3% — R I AR R AT
MG FRCRIEHE Ty Jr
32 HEATEHEA

S5 MRITE 2 HD AR S A I PRIFFE TP A3 20732 1 H
B H ARSI HD £ 0 2 2025 40 R A R I 4 v i
MIAS R Fe . BRI, B AT R AR & A 2 QA G o F T

i B PRIBIT HEME X I D Rg (52 e . % T MRI A JC B, I
AE HD i PRS0 o ) 7 FREAS )z )

HD i 25 1 A 1 i LA 4548 S D RE S, i 22 os
S K S OO SRR L R 4 B RE Y . Klinkmueller P
SRR 5T S B, i 20N 3 10k 1L 3% AR B (arteriolar cerebral blood
volumes, CBVa) By 7} &1 J& HD AL 2V WA 284k . ZE/NEU
SR DR R S, AR AY CBVa B3 3L = T 17 Mk,
IXIGUH AAEAFAE M PRI v AT SR

TGRSR , mHTT 7R XA 28 R G 27 T £33
BRI, 110 H A E A IR SR HD B I 2 20 BR AL 1Y)
AHOCEE M AATE S, T 500 ™ AR LA O, DR H X AH R
P14 G S VAR 2 ) BE A T DA ZE A R 98 A PRI ok A8 45+
O3 o BOREAT BTG b A R W mHTT KT (45
RE,

4 REHRE

FURIAS HD B 1 2R R A3 TC AT 200 1 BT B, (L R
ZHIRTT RIGTE HD 67 SUs b IF 2l A AR/ o
Je 24 AR HDRYT SRS, IF BLAESE RGHE M DEA 772K
N KRR E bk HD R R R ek 45

& £ X

[1] McColgan P, Tabrizi SJ. Huntington's disease: a clinical review[J].
Eur J Neurol ,2018,25(1) :24-34.

[2] Tabrizi SJ, Flower MD, Ross CA , et al. Huntington disease : new in-
sights into molecular pathogenesis and therapeutic opportunities[J]. Nat
Rev Neurol,2020,16(10) : 529-546.

[3] Chancellor D, Barrett D, Nguyen—Jatkoe L, et al. The state of cell
and gene therapy in 2023[J]. Mol Ther,2023,31(12):3376-3388.

[4] Ling QL, Herstine JA, Bradbury A, et al. AAV-based in vivo gene
therapy for neurological disorders[J]. Nat Rev Drug Discov, 2023, 22
(10):789-806.

[5] Schulz M, Levy DI, Petropoulos CJ, et al. Binding and neutralizing
anti—AAV antibodies: detection and implications for rAAV-mediated
gene therapy[J]. Mol Ther,2023,31(3):616-630.

[6] Lek A, Wong B, Keeler A, et al. Death after high—dose TAAV9
gene therapy in a patient with duchenne's muscular dystrophy[J]. N Engl
J Med,2023,389(13):1203-1210.

[7]1  Mondal J, Pillarisetti S, Junnuthula V, et al. Hybrid exosomes,
exosome—like nanovesicles and engineered exosomes for therapeutic ap-
plications[J]. J Control Release,2023,353:1127-1149.

81 b R, F0, 2N KR 1 CRISPR/Cas9 JEA iRy T
BTN A T AR, 2022,38(6) :2087-2104.

Ma Y, Deng L, Li SG. Application of nanoparticles in CRISPR/Cas9-
based gene therapy[J]. Chin J Biotechnol ,2022,38(6) :2087-2104.

[9]1 Tabrizi SJ, Leavitt BR, Landwehrmeyer GB, et al. Targeting hun-



BERERKFZR 2024 £55 49 5 5 #5 (Journal of Chongging Medical University 2024.Vol.49 No.5 )

— 5857 —

tingtin expression in patients with Huntington's disease[J]. N Engl J
Med,2019,380(24):2307-2316.

[10] Tabrizi SJ, Estevez—Fraga C, van Roon-Mom WMC, et al. Poten-
tial disease—modifying therapies for Huntington's disease: lessons
learned and future opportunities[J]. Lancet Neurol ,2022,21(7) : 645—
658.

[11] McColgan P, Thobhani A, Boak L, et al. Tominersen in adults
with manifest Huntington's disease[J]. N Engl J] Med, 2023, 389(23) :
2203-2205.

[12] Warby SC, Montpetit A, Hayden AR, et al. CAG expansion in the
Huntington disease gene is associated with a specific and targetable pre-
disposing haplogroup[J]. Am J Hum Genet,2009,84(3):351-366.

[13] Shin JW, Shin A, Park SS, et al. Haplotype-specific insertion—
deletion variations for allele-specific targeting in Huntington's disease
[J]. Mol Ther Methods Clin Dev,2022,25:84-95.

[14] Spronck EA,Vallés A, Lampen MH, et al. Intrastriatal administra-
tion of AAV5-miHTT in non—human Primates and rats is well tolerated
and results in miHTT transgene expression in key areas of Huntington
disease pathology[J]. Brain Sci,2021,11(2):129.

[15]  UniQure. UniQure announces update on phase [ /1l clinical trials
of AMT-130 gene therapy for the treatment of Huntington's disease[EB/
OL]. (2023-12-19) [2024-01-26]. https://uniqure.ges—web.com/news—
releases/news—release—details/uniqure—announces—update—phase—iii—
clinical-trials—amt—130-gene.

[16] Keller CG, Shin Y, Monteys AM, et al. An orally available, brain
penetrant, small molecule lowers huntingtin levels by enhancing pseudo-
exon inclusion[J]. Nat Commun,2022,13(1):1150.

[17]  PTC Therapeutics. PIVOT-HD interim data update[EB/OL].
(2023-06-01)[2024-01-26]. https:/ir.ptchio.com/static—files/chaeh42b
—4897-40c6-bfba-d0f21eacc4d9.

[18] Estevez—Fraga C,Tabrizi SJ, Wild EJ. Huntington's disease clini-
cal trials corner: November 2022[J]. J Huntingtons Dis, 2022, 11(4) :
351-367.

[19] Zhang L, Wu TT,Shan YY et al. Therapeutic reversal of Hunting-
ton's disease by in vivo self-assembled siRNAs[J]. Brain, 2021, 144
(11):3421-3435.

[20] Monteys AM, Ebanks SA, Keiser MS, et al. CRISPR/Cas9 editing
of the mutant huntingtin allele in vitro and in vivolJ]. Mol Ther, 2017, 25
(1):12-23.

[21] Shin JW, Hong EP, Park SS, et al. PAM=-altering SNP-based
allele-specific CRISPR-Cas9 therapeutic strategies for Huntington's
disease[J]. Mol Ther Methods Clin Dev,2022,26:547-561.

[22] Bravo JPK, Liu MS, Hibshman GN, et al. Structural basis for mis-
match surveillance by CRISPR-Cas9[J]. Nature,2022,603(7900) : 343~
347.

[23] Oura S,Noda T, Morimura N, et al. Precise CAG repeat contrac-
tion in a Huntington's Disease mouse model is enabled by gene editing
with SpCas9-NG[J]. Commun Biol,2021,4(1):771.

[24]  Seo JH, Shin JH, Lee J, et al. DNA double-strand break—free

CRISPR interference delays Huntington's disease progression in mice
[J]. Commun Biol ,2023,6(1):466.
[25] Gu XF, Richman J, Langfelder P, et al. Uninterrupted CAG re-
peat drives striatum—selective transcriptionopathy and nuclear pathogen-
esis in human Huntingtin BAC mice[J]. Neuron, 2022, 110(7) : 1173—
1192.
[26] Cox DBT, Gootenberg JS, Abudayyeh 00, et al. RNA editing with
CRISPR-Cas13[J]. Science,2017,358(6366) : 1019-1027.
[27] Molina Vargas AM, Sinha S, Oshorn R, et al. New design strate-
gies for ultra—specific CRISPR-Casl3a-based RNA detection with
single-nucleotide mismatch sensitivity[J]. Nucleic Acids Res, 2024, 52
(2):921-939.
[28]  Morelli KH, Wu Q, Gosztyla ML, et al. An RNA-targeting
CRISPR-Cas13d system alleviates disease-related phenotypes in Hun-
tington's disease models[J]. Nat Neurosci, 2023,26(1):27-38.
[29] Leibowitz ML, Papathanasiou S, Doerfler PA, et al. Chromothrip-
sis as an on—target consequence of CRISPR-Cas9 genome editing[J].
Nat Genet,2021,53(6) :895-905..
[30] Tsuchida CA, Brandes N, Bueno R, et al. Mitigation of chromo-
some loss in clinical CRISPR-Cas9-engineered T cells[J]. Cell, 2023,
186(21) :4567-4582.
[31] YanS,Zheng X, Lin YQ, et al. Cas9-mediated replacement of ex-
panded CAG repeats in a pig model of Huntington's disease[J]. Nat
Biomed Eng,2023,7(5) :629-646.
[32] Coller BS. Ethics of human genome editing[J]. Annu Rev Med,
2019,70:289-305.
[33] Yao XG,Lyu P, Yoo K, et al. Engineered extracellular vesicles as
versatile ribonucleoprotein delivery vehicles for efficient and safe
CRISPR genome editing[J]. J Extracell Vesicles,2021,10(5) :e12076.
[34] Rodrigues FB, Byrne LM, Tortelli R, et al. Mutant huntingtin and
neurofilament light have distinct longitudinal dynamics in Huntington's
disease[J]. Sci Transl Med,2020,12(574) : eabc2888..
[35] Caron NS, Banos R, Yanick C, et al. Mutant huntingtin is cleared
from the brain via active mechanisms in Huntington disease[J]. J Neuro-
sci,2021,41(4):780-796.
[36] Klinkmueller P, Kronenbuerger M, Miao XY, et al. Impaired re-
sponse of cerebral oxygen metabolism to visual stimulation in Hunting-
ton's disease[J]. ] Cereb Blood Flow Metab,2021,41(5):1119-1130.
[37] Liu HS, Zhang CC, Xu JD, et al. Huntingtin silencing delays on-
set and slows progression of Huntington's disease: a biomarker study[J].
Brain,2021,144(10):3101-3113.
[38] Chan ST, Mercaldo ND, Ravina B, et al. Association of dilated
perivascular spaces and disease severity in patients with Huntington dis-
ease[J]. Neurology,2021,96(6) : 890-e894 .
[39] Eide PK, Lashkarivand A, Pripp A, et al. Plasma neurodegenera-
tion biomarker concentrations associate with glymphatic and meningeal
lymphatic measures in neurological disorders[J]. Nat Commun, 2023, 14
(1):2084.

(¥ #)



