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Current Research Status of Huntington’s Disease
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Abstract Huntington’s disease is an important neurodegenerative disorder, and its monogenetic nature
provides unique advantages for its research. In recent years, major advances have been made in field revealing
its mechanisms and promising therapeutic strategies, which provide novel insights into similar diseases such
as Alzheimer’s disease, Parkinson’s disease and ataxias. Here, we briefly review the key recent advances in
Huntington’s disease research.
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M4 Ak, BN AN KGR PG IT 715

H HITF 90 B 2 B 2 1R AT PR 2 AT Bl R
RUFERI (Alzheimer’s disease, AD). A4 7k [
(Parkinson’s disease, PD)+ /1 22 4 fll] 2 fifi{t.(amyotrophic
lateral sclerosis, ALS)F1 L) (Huntington’s disease,
HD), H RV K& B AT PER R« HDse H A A 2 2
(1) L R T8 A% 8, | 2 RLHTTI 98748 5 S, L3 i
R A e R TR 58, HD AT BAR Xt
HTTHE R I 7 532 W, AT oy 6 7 e fit 1
AIREE, BORIR ST I LK R DA D48 0 T 2 4
P2 TT, FEORIT RURAME, 5 =, BT E L K
ST R KA b B LT AL AR, AR
3 R B IR, T3 iR A L B AL 1
Ao AL, RAEHDAR M %A ELAD X PDEAI, {H X}
FLHLH BG T WRIE FUSE A AT RE AT S0 . 55— J7 I,
HDH)Im PR LI 5 115 il % 7 W 5 AD. PDEHE
W, FHM SRR RS LR RA L.
Uk, HDIIHF 7K A AD . PD&5E #4038 A7 P 508 &
AL B TR A EAE .

HD I PRAE IR 3 BRI N SR i AE A B 30 1E
(eI iZ B BE B %) K PR B AS AR 4T PN
FERGY . HDZ KA T HAEN, PR FE$40~50
& AB AR WL T LE A DA, BT A
o HFVEEINRHD IR R LI N2 —, Bk
F NP ] o, 32 B R GUIRA A 2 TR AT 24,
PR NIRRT M=, B2~y A A7 AN 10~20
M, HDT18724F B IR HH & A 7 i -7 1E 1i(George
Huntington) 5 4t 4 43 I iy 44, 7 52 = A= i i
Xf— AN E W R RN BT Il sk i o, #E
TR T A B R R T % A W A G (A B a4
FUER R B, 773X 5 28 BT /R st A% e e
BRI R A, B o) B8 R HD ) it %
PR, IR AT 199340 KL 1 HBUw 3 B HTT(H
W FRRITIS) . HTTH: R A7 T DY 5 G e fk, 75 H—
G AR T (exon )X A —BCAGHEE P4, 1EH
NBEPIX— B G AN N6~35 1 E R, iRy
W 40NN EE Y A, M2 S EORAE, 1S 3E
Ko WRAE36~39, — o BE KK, —LBH e
AR SR FFICREPOIRAS

H 19934 FUjp Ak I HTTHE < 30 LA K (1254 (7],
Bl % RKAEHDIF FU 3 7 28 17— RPN E B R,
[ NHD AR B A2 O ML BRI 7 FBX =

NAPE, X255 DRI e d — fal BR433A

2 FEWHRAERER

HD i AT RR A IR TT F B, Bl R A= R e
MUREAE 2. H s OCa AR o 2 259, 1M
H— W i) Jg 2= B AR e i 2k 25808 . BT
PEIRIRTT F B R AW b e S AE BN IR R b AT O
TEFNBGHIE, 2 V7 B A AR AL s 2 B K s BRI 48 i
SSRGS T R AT I BIR IR T F B R H B,
2.1 HD/MRIER

HDI /N R R R Z 5 AW K. 3 —RFETM
i e 5 R 3 R IAmHTTHIN-3 A B, 35 Rk 48 57
HTT exon 1%f B85 1 Fr B HIR6/2 S R6/1ARE BYMEL Jo
FIE T K BN 71-82Q AU 40T, IX BUN-3ii F B
B mHTTH KpolyQJF 41, i = i il & 1 v Bt ik
(fragmentation) A] B8 /& %< 9k & AE 1) S B 1t 0 3R, 3L
FEAE HIN-3 Bl R I B A S EE N, IR H 2 R A,
SR, MR i T R B AR R HTTE: K (1555 /5
H, HARAA 2 A8 DL, fE8H% % 75 T S HD A A
—F Ak, SERER R EAERBREJUEE+
JUAD), x5 KZHHDH A B A—3. 25 =2HD/)
AR R A A K mHTT. —Fho7 202 il A T4
4R (artificial chromosome) ] 75 ¥4 3 18 4 BL A (19 N
PEmHTT, £ A REYAC128(F) Al BE N L 4 1 4)
JeBACHD(H] FHAH B N T 4% A P AR Y01, ax Fip
J7 R A T HRE NEEE, 3 HaE THIT
PSRN eSS S S GO L =R N
W FEIERA T ), BSAE TR R T3 R
B, 2 74 T JHTTR: R 45 UL 5 A kb B A4
RHTTE N, SR ANEREAY G, H—FRIA
A KemHTT 77 =S /)N BRI IR 2H 1) Hiee i [R] R exon
18 0 5BL & K CAGHE & 190 NHTTHR: A fjexon 1,
DL R IEmHTT. X Fh 7 208 1 £ K A (knockin,
KI), /N B A JE M He s ) 1 2 ZAmHTTER (A, 1M
H &7 /NRIEAE B A, X AR AL 2 iR
HDJH A . KU AL AN [F] I CAG &2 50 FH I
Q140. Q150 Q1755 JLARI*11, 4 b i, iX A
T IB A% 2 A B 0 N e i, (R A . B
F BB S R IA AR R HTTHE R Brexon 1 K #6
Srintron 1PAAN, 58472 /N B HTTIR) Y& 5L K Hee, iX
et b 22 S5 M B B ¥ 97 9 7 T R 2 i BT AE )

8
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/NERBEY ] T-HDWF F L3578 T Hwt 7t TR
AT, BHE R R R GRS YA . W fE SR
LR, HD/N AR N HDHLH) K 3697 0 73R4 T
KEEE R . Blin, HDW R %R Z T R(ASO)IRIT
R TR/ BB Y L3RS 1 OB, i — B TE
Il AR EHUAS T HIE ) .

2.2 HDAEIIFER!

N R T SRS % B 5, (H AR A7 AE 7 E R
B HD/IN BB 1 A B B 2 38 B H SUIR R #4258
RSO T X — BB EARE . Rk, /N BRI
A V5 0] 45 T S S BN R A B AR RRAE, TR
KIGRIRAFAESRAE o« 10 H/N BRI 5 A 2
RAZE, ToVEAT A R 23980 7125 ARG SE 56

T IRAMNERRE, BN T — R Y KSIHD
AR o I FH 005 23 R 5 B9 40 B 1R 7 v Rk 5 7 84
CAGH & WHTTH: Nexon 11515, 28 BEVL #4% &
A AR HAZ 1 5 Yerkes [ % R AL BT 78 A 0 )
Anthony Chan® F 7E20084F i 1& % 37 7 HD¥) 18 1]
WA B Th A7 RO e AR R 0 ALK 77 RS A
FEPESFHDR A, (H i TREKS ™ H, RAFAET6
MR, BRFAER IR fa e A0, R FH 2 RoE
U 52K ON B N7 T3 N CAGH & [JHTT4: KcDNA
(1) 75 32 T AL 8 THD 2E AR B tH B T — 2853 7 /K P 1
HDJp 3 AR fb S AR R B, (R 523 B 2 (1 #4844
AT RE T TH R R 07200,

Iy — R HL A S A AR HD R E .
RKAN & RGKE DA S N5 5%
FLARACL; 8 0K R B A VA Bl KNG NS ER .
Ik, R P A A EAT IR 3, B 5 B Ak i
PRI o - T HD S AR Y J 5 7 BE PR 3R A mHTT
(IN-i Fr B A g2, (EL[RIRE Hh T 208 AR 1 V6 s 2k
R BBl 5k, S A S A7 s B TR A, TCv2oks
Fom L AL AR, IRIGAREBIAL. T & e T
HiABEH P 22 IR AT PRI I S A B, B N AR
CRISPR/Cas94E [F] 9 #5 £ AW N 1) FEAZ HTTHE K 4
N BSE I AR PE L R o, IR ARG B B AR,
B T HDI R R s NS (K)o IX AR A 5IASE
PRI L TR, T R P R P Y A R R R AR R T
Pips B, A 4595 sh 4 T HD 2 IR 8 5T HDY A 5¢ 4=
W&, B Z A AL () — D R AR, %A AL R
% AR 4T Hb A ADUHID A8 38 78 K Hh SO A o 8] 22 i
28GR PRI SR T (1 SR AR AE Y, X A /N BB A

FIAN B 1. teAh, 2B th BE R L H SR AU HD ) 14
R RAT AR, Sl s RS Rm, HHEE
(P12, IX B8 B ARRAE S AT e o 0 T ARG E i it A%
R, XA T HDW A B 6L, oA
PN LRI R ER A T R E B R S AR A SRS
2.3 HDHYHEhan4IE 5 & A iE B

B T R MHD/N R 5 R i AL, HAh
HDZYA5E 8L, Bl inHDE% R Y] HDZE g 14|
HD IR i 55 1021 HDBE 1 £ A B 2055 30 7 57
HH THDRIHLH KR ITIE 90 . X Lepi Yt BA 4%
SEROLH, BT AR LRl a . AE. 5
TRAT EIE R LS.

B T BB, HDZH MR AR . R4
2 0 A 2R TGV AR DA P (1 0, 5 B R 5 o L )
o R RS 2 R, (H 40 A 2 A HA T & AR )
. —J5 T, QMR 5 T Se8s, I HER4H bt
TERME O NER, B—T7H, M5 NEZAfEE
VIR ZE SR, Bk, NS M 2 A F AR R DA
UG . FH T HD R B, K AR IR
(R 2 O AR AL R AR H R IR SR B A2 o | T A A
2RI, R, B HD A S & ot Ak
H T A JSHEBE T 40 (ESC) Bk & % 5 T4 B (iPSC)
I3k PR R 22 A 2 e, I I TR I R AT 4
L B A A T e i T RT DA B M ASE AL
R, RURIX P I &3 T4 — 2,
TREA T AT YA M RAF I 1 3 2 RS, IR HHD
KRFE AR ML IEH EE

g% LTk, HDA & W) Fi %) B A AR 20 (B AR Y
BEEINR 1) S AU MARE A, ME A% 5 B R AL T TH X HD
T N AT B FOASE . X AR AN 5 BLAR 34, WHDI
KRB SR T itk TR 1 TR

3 FERWRLHRS
3.1 HDR—HIheERGEEFRET S EMIEETR
HD & —Fh s Je (R PRI R B MR8 A0, HHTT
BRI P A RAE I L B R DR R AR 5] RS R AR A
Ji PR AT 8 S SRAR R = ) Dy g 1 2k (loss of function,
Difee k), Bl JAL FE K 7= W 3RA5 5 (1 D) e (gain
of function, ARG M), X A& ZitE— D 5%
PIw AL S AT BEVR T SR R T4 .
FE /)N RIS AL 22 AR TR R A 1) SRS K B, HD
FER PO RERAF AP, T EEE AR ILE P
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Table 1 Summary of major mice and large animal models of HD
i) A Bl ¥ ANk 1 CAGs P 2 275 3CHR
Model Promotor and gene Copy CAGs Disease phenotype Reference
Mice knock-in model (N-terminal fragment)
R6/1 HTT promotor; HTT exon 1 1 116 Late onset, slight tremor and intermittent involuntary [4]
fragment movements, seizures
R6/2 HTT promotor; HTT exon | 3 144 Static tremor, chorea, rigid-involuntary movement [4]
fragment
N171 Prp promotor; N-terminal HTT 1 82 Early onset of tremor, decreased motor function, [5]
fragment abnormal gait, early death
Mice knock-in model (full length)
HdhQI111 HTT exon 1: mHtt chimera lor2 111 Abnormal gait [16]
CAG140 HTT exon 1: mHtt chimera lor2 140 Less activity, abnormal gait [14]
HdhQ150 HTT exon 1: mHtt chimera lor2 150 Motive defect, abnormal gait [15]
zQ175 Derived from CAG140 mice lor2 ~188 Motor and grip defects, cognitive defect, weight loss [11]

Mice transgene model (full length)

YAC128 HTT promotor; full-length Several 128
HTT

BACHD HTT promotor; full-length 5 97
HTT

Large animal model

Rhesus Ubiquitin promoter; /77T exon ~ One to 84
1 several

Sheep HTT promotor; full-length One to 73

(OVT73) HTT cDNA several

Tibet mini-pig ~ B-actin promotor; N-terminal One to 105
mHTT fragment several

Pig CMYV promotor; CAG repeats 1 150

knock-in pig HTT gene

Hyperkinesia, progressive motor deficits, hypokinesia,  [8]

striatum and cortex atrophy

Progressive motor deficits, synaptic dysfunction; 9]

striatum and cortex atrophy, neuronal degeneration

Dystonia, chorea [17]

No obvious phenotype [18-21]
Low survival rate; no obvious phenotype in [22]
surviving individuals

Low weight, cutis laxa, early death, walking [23]

abnormality,
abnormal breathing patterns and behaviors, striatal

atrophy

NSRBI A ) R R A R AR R IR AR R HT T (5  IUBOR 182, 73 00 % A & 7 Ml TR A o B DRI — e

FIZ G, Bt N & Tk 5

Genotype and phenotype information of major mouse and large animal HD models. Copy number of HTT gene is “1 or 2” in some models,

corresponding to heterozygotes or homozygotes, respectively. For transgene model, copy number is calculated based on heterozygotes, because they are

normally used for experiments.

JriT e E 5, HuBE DN 8RR (R bR ) A g 51 & HD
MISRIANR AL . Hee ) 58 S it B A /D B P R8I iR 2

, (BBAT SR 2R S 6T, SHDA R A
BN, S R R /D B3 DR H e B R R B
PR BB DY % BL B AR /N BRI Hee R 5
AEHDAH SR P23 Iy — T i, RIKAR S HTTH:

(%6 R /N R, 1 ITBACHD JZ YAC 1285 7Y, 7F (%
B 5 B A M HTTR R RIS WG LT, A R EHD
FH IR AN, I A R A X B AR BT T(WHHTT) ) %
{2 ik A FRURIE 9 J00) 2 B, wHTTH 3% 25 th 7] g £ 3 it
SN IR B B VSRS R R E M, S 5 R AR
B AR RS 3 UEHE K SR T AT HD A& D) BESRAF AL
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32 AAMmHTTEBRSHHDMEEREL

AZ S HTTHE K 3238 148 R HTTH H(mHTT) A
Hrp g, Wi SEHDEY, iz e T kB, A
FHTTH R R IA FRNAT] i 1 5 2 7 5 JEATGHEE
46 £ B0 % (RAN-translation) ™ 4= (& T 28 HTTH
Z A e Ath oy S 2 R R Y BT 1 (L HE A polyAla.
polySer. polyLeuflpolyCys[#) & ), 11X L& & [ [
FiE T Ret 2 5l A M E M, 2 550 I K AP,
BT R A AN, A FHTTH K R IEMRNA, T A
A X R GUCHE & 7 41, 1 7] 68 i8 i AH 4% (phase-
transition) 5 ML 1] 51 AL B 1, 2 5 5 W 1) R AR,
{HIX—{E i H BTk s = o] SE ) ThRE MR dE . RAEE
SRR LT L X BT §E 2 HSHDM AR KR R
(VR Sk 437, AELZE R 43 UE 4 MK AR 48 A mHT T2 HD
P B Biltn, BACHD/N B R KA 1)
R FHTTH R HCAAE i ¥ CAGEE 74 it —
FICAGT %1, iX M J7 # _FFH 1 T RAN-translation/™
YA LA 3 i K GUCE & 7 51 (IIRNA T 1 (1 4 il o
AR AR B B B A HDAE R 2, I H R
AR B (8] 5 HDJps AN 2R AL, GEBHmHTTEE [ o] §e 4 2
SEERR I BRI,

AL, mHTT R = A pp 4 B3 1 i 24 5 HD &
P MU F 78 A% O i) B, mHTT S5 wtHTT & 3
B F A LT 58 4, RORHAESEIAN-Im M — B 2
RO AT EE (polyQ) LL ¥FAE K. Rl k, mHTT
] A 42 B 1 DG B AT RE 2 T K 1 polyQ, (H LI
AN

I KepolyQa| e i 48 35 M 11 i IR d -4 VA 44 T
A ATV A AL . HTT#E & B0 7E 44 &0 A0 40 i Py
T T BCSE SRAARI AN RT3 1) B 1 SR AR, T 1)
polyQ£x i 25 M N A n] ¥ B 1 7% 20 TR 48 1) S FE 1L,
TP AR P B A 2OAR, TT BRI mH T T 1) 4 48
B, (E2, ITERMESE R, A mHTTS
A S EOE I E M, %k, A EMHTT
S5 R Rk BV AR
i il 53, A EmHT T EmHTT
R, 52 ANHFFETAEMEEER. BHing
FERUESE SR B TR A A T B 5. HDK
B 22 TOAE WA AR I I mHT TR SR i & & 2E
ST, HF HAETC I 8] 5 AT 3 MEmHT T 7K1 2 35 AH
R, FRATIEHD A 241 B 43 b 4 28 T B B4 [ A
Fi A KL R IPT . 45 F TR, A EmHTT

AIREE AR R R S EHD E 2R . Bk, 1]
HHEMHTT K FpolyQ 5 B0 4H i B M (1) 45 #4 &
fitth, /2 [Pl B HD U Sk 37 L] AR S B 1] R
3.3 mHTTEHHpolyQ K H“H M A gE 2
HSH MM SRR A

RO T BB 1) B T R T RE ) AR
RN AR . B8 — AN A5 TS Bl TR Dy 4 1P A i A AR
(linear lattice model)”: polyQ &% H #H [F] 1) &5 74 5.
TG R, Tpoly Q) 45 14 Fi. ot i) BE A 5 il | ol 25 1%
(intrinsic toxicity), polyQl K, &5 [ (1 4H g 25 14 ke,
KB — E R 2 I OB . A B OR U, RlpolyQ
o B 2SI S WAE R S BT, 28
ORI R AR AR R M A I LS A (emergent
conformation)”, B 48 5 25 [ [¥polyQiK & 18 B — &
BIME 5, 2 IS <G M HEZ (1) 45 4 5.0 AN TR 1Y
IR R TT, TR AT A R BT LR 3
B E B R . X PR IR A 7 e e
WA, PR HEIBR T Bt A% M4 B 2 51, polyQ
B LI T HIERA BRI R, B
IR RIIRETT

PR AR AR 5 K R e AE T8 e R g K )
polyQJe {3 A 1E 2 P AN [F I B, ol 2 4 G 75 47
TEZANE. PR P4 — S [A) B R H e W Y, {1
Shob BRI S AEY) SRR . BT AT T ZE DL
polyQF G I AN Ea 52, mHTTEE [ 1) 45 44 JE 3 3 T4
filERT . 20165F, W [ 4544 A= 4 27 5R] I v4 VR L B
XTHTT & E 1458 bt ROR1S 17 ~30 A2 8] 43 3%
R A FEmHTTHI SRR IR T R RBE, 13
B T MAk~4 AR 4 KmHTTE A 45 /5%, 2R10,
B polyQF FIAE N IN-Sig 5 A AR SR eV AT, T H. &
AT 45 7 5 T mHTT S H 45 & S I HAP4OI &2 &
Wi, IR AT RE I A IRmHTT A BE IR 2 Rl R o R,
K rpoly Q- 25 4 M B 14 1 44 RIE Rl K SR R /D
B 50 SR 2 A T DA

BEXFCLE PR HE, AT Sl (1) — LA FE A — > %
BT 7 R R SR E B . — 71, an
SR [) 24 1% [5] — £ A 5 A [R] R B 22, Rk
BIZEBAFEAFRKMER, 5—J71H, HDMZ T,
mHTTH) [l 2 5 H 2 3t 2 4R 5 8 2 1
FHOR, BUmHTTRE R BNg, 2 ROk, B, P
i S ARG PR R G AT e R A v R MR A R
1B)o J8 ik — g 57 1 35 T i i A0 2% A S5 AH B )
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TP A ER R AR 1 A< #7512 CH-chasel 3 AT ]
KL, polyQITA3BSHIOFT IR FImHTTH) 5 (P A
AR AR T e Atpoly QET 4 i R 3l O A4 R (0 B fit
A, T ERAEY] T AN FEpolyQRMIfFAE, Bt
A HINLHI B SR, HDR RN AR 40 i, %
R AR IR63 Mz AL J LT sk 2K, PRI TV 4
FEVE B WA H A p62iR 5, AT JC ik £ 1 H
B, MDA IR A 22, S BUR R R (E1C).
I, mHTTH R K fIpolyQiy R AFAE 2 A1, 3 3H
BARAGII AN 5] (0 Bk g 2, B 1 PR s 2 < B 1k
F 5, 2t 1M ml RE P AL AH 35 1E, S BRI -
3.4 mHTT~EF MR T FHLH]

mHTTIE & 2R 37 70 715 5 18 B 3 5040 i 7
P, T KRBT« 4% poly QK 2 Jy25QU ) B A= Y
HETHE, HTTZ — M A3 144N 2R B K&

H, (AIHEA SR DR &5 3R, HTTA S
= SEHEATHE 8 5L /7 (19 X 35K, $#R7sHTTA fg il id 5
1R 2 HoAh B SAH BAE R Dhie, KA T S48 H
(scaffold proteins)®'e mHTTH] fig T &5 & 1 Hr 1y
A, FERE T NA NS S EE, L
Mo LR, TSR . B TS A IR R,
mHTTZ /b i i o Y 4 22 A2 K R F-(BDNF) ) 72 4
Migia, LRifkDIgE. £516 5. AP, EHis
. AU, WTESE. PHRERE S
Z PP IR AL 5] PR 2 T e e BOR AT, TR E
H 2 FIRNAZH 2 A 70 0 22 B, a2 i 28 52 0 1Y) ] 2
IR AT BE e HDHHTTE [ B /F 4 (interactome) [ £ 4%
SIDL R H s K (1) % 53 305 1% (transcriptome) [ 24048
(B2)i2,

Il R _EHDR) — LR B AT fE 5 mHTT ™ 4 8 1

(A) © mHTT (B) 5 T, T, T,
¢ S
R & % mHTT & % mHTT
Degrades  Higher \ § $
polyQ slower  toxicity ‘”5 is
mHTT &polyQ SrolyQ
WA . etc.
W & o mHTT & « mHTT
. O
Degrades  Lower & D & A
A vsﬁc '& Y,cﬁéz '13)
faster toxicit >
polyQ y %) N
< @“
polyQ polyQ
© CH-chase
Fast degegration, low toxicity
MW1
Phagophore Autophagosome Autolysome
Slow degegration, high toxicity
3BSH10
Neurodegeneration
SQSTM1/p62 K63-polyubiquitin Low K63-polyubiquitin  LC3 Lysosome MW -recognized mHTT species 3B5H10-recognized mHTT species

A: mHTTHpolyQI R 51 A . i K HIpolyQI S i« 2 251 S ECH 0 M R B i 5w, T BB &R, 3BSH105MW AR Bl polyQ)
ANFETUE . B: FIFH TR )43 3 75¢ 56 LR 55 T A0 24 i CH-chase J5 72 AT LAYE [F] — 2L i AR R FAS R e AR R0 TR R FImH T T 8% 1 R 2511
FEARIE R . C: HipolyQPUM3BSH10R A FImHTTE [ B T A K 6372 AL E MM, T A& £ H WESQSTM 1/p62iR 7, M JCiZ 4 ik 5 1t

R R, B SRR

A: a proposed hypothesis of toxicity is induced by polymorphism of polyQ conformation in mHTT. Conformation polymorphism of expanded polyQ
causes degradation deficits in some of the conformation species, which have higher toxicity. 3BSH10 and MW1 are different polyQ antibodies. B: the

HTRF and click chemistry based CH-chase assay is able to measure degradation rates of different mHTT protein conformation species by different

antibodies in the same set of samples. C: the 3B5H10-recognized mHTT species is not K63 ubiquitinated, and thus is not recognized by SQSTM1/p62

to be degraded by selective autophagy pathway, leading to higher cytotoxicity.
El1l mHTTHpolyQRIHR LS M5 EHBERRE A a2 S HHDAIRESL

Fig.1 Degradation defects caused by polyQ conformational polymorphism in mHTT may be the fundamental cause of HD
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T T ORI S . B0, HD A E I £ 8 (age
of onset)# & - EmHTTpoly QI & (R 48 S HTTH:
IR CAGHL &2 £ 522 56 35 11 SR 56, (B MLk A
B, William YangiR @4l J S AE & £ — RAI KA
A ARFACAGE 2 B HTTH R (¥ /)N SRR 7R o 3l o %
SRR B, E B s 4H 1P B (module)” fEHD
SUIRIR J 2 )2 b 5B A R 22 57, HOXFh 22 5 Bl 4F
BTN o BE AT R, R A (] an SOHR A
IR 13AN Ty A ) 22 S I 4 168 v m JR £ 3o 5
CAGHEEHE IEFHXRM, Fi, CAGEEZA K, 7|
FEC 3% 53 2H T e B AR 4K 1) 3o P SRR, TR] It A s
MM AERE T IR IR R I o

HD DL K F A 2218 AT PRSI 16 55 — I R 3R
DU, o F P B KT DLBCRE R 7™ R I A A )
AW BATT AT SR R T mHTT o] DU i
TN W B HIPK 3 1 3R 34 DA S BB MAPK 11 )3
P, B [ AR B K, kT & KSR R
RGO, fEFE T mHTTRE I ) B8 AT RE 2 1AL
IO, X A BE mHT TR 8] £ 28 5 45 DL X HD S
SR AT PR AL T 1T BE AR RE

3.5 HDHIRNX#FFR1%
HD = % d HTTH R R 22 7 42 FImHTT & 5
A4H B 25 1 5] . mHTTAE & Fai i b2 R iA,
{HHD A #f £2 1B AT 32 LR AR AE R BN SCHIR AR, 1 80K
M 23k 2 W i — B8 52 AR (D2) ) v ] 22 iR 42 0t
(medium spiny neuron)?/EHDY A 1 i 5. FE 75758,
JATHDAF LE IR o i [X 37 A A g A48 G VA 1) 22 i)
R, T o) R i X AR e A ) A A B T AE 4 L A
PR PR I 2 T B AR AL o
HDi X 45 5 14 1) 72 AR 22 9 25 0] e A HL
il —J2di H E ML (cell autonomous), BPEL
ARAR A 22 0 i F R FE LRy e BE TR, JHOK U mHTTH
B PR B 43 0 2R A0 2 0 NP mHTT#5 14 58 0 &%,
I AP IX Le i 28 T AE PR T B A B IR AT AR T . A
an, SUIRMCE 4E3RIA /NG ER FRhes, 1] fE i 34 0
mHTTH] 75 AR 2 H(SUMOylaton) 34 fii 235 14 5 24t
RABRSE T FRATTAE DAAE (1 A o B,
SUIRMAE & AU LGE B BB Z ARGPRS2 1] LLKY 5
PEIG I SOCRAAMHTT ) 7K, 3 ELSUIR R 22 T8 1
FEFPEAETR, S — 2Rl R AL 2 SR 40 B 1

Clinical symptoms in motor, psychological and cognitive functions

Neurotoxicity and neurocircuit dysfunction

Autophagy, apoptosis, proteasome, intracellular calcium
signals, oxidative stress, ER stress, mitochondria damage,
vesicular transport, BDNF secretion and sensing

%%
G @ :
Sp %, Transcriptome changes
o
- ~1 000 genes
% %, ( genes)
(82
%,

: L o
Proteomic changes &

(~300 proteins) Q\% $Q@
S
&

mHTT RNA, mHTT protein,

RAN:-translation products

Mutant HTT

HD [ iR & HTTHE R ) A8, For A2 (mHTT RNA. mHTTEE [ X RAN-translation [ AR 2 742035047 7T 85 020 M0 25 1 B 24 3 0B,
B EZREMSR H TmHTTH EH . mHTTHRIE WL TNMER RS, I HHES LA N E A TR, I L SwHTTIE A TR B
o XENTACFIZRLEE T AN ZAME Sl AL, SR 0 A B T B RS, B S EURRIGARREIR . DA B R
T RS = A1 ) RT3 = A G BRI s AR, A LY YT T VA R AR AR, (B 8 S S R AR R VR 9T 7 10 s PR e o B {51 = 7 T
AR IR AL, A RNVA YT T VARSI, 8 L IX SE LR AR I PRAEIR IRIVE B3 7 22 AR RS 25 55 -

The fundamental cause of HD is the mutant H77T (mHTT). The mRNA, protein and RAN-translation products may cause cytotoxicity and eventually

lead to disease, in which mHTT protein is the major cause of toxicity. mHTT influences the expression of nearly a thousand genes and interacts with

several hundred proteins. These molecular changes result in deficits in multiple signaling pathways in the cell, leading to neurotoxicity and circuit

dysfunction, and ultimately clinical symptoms. The above process forms logic structure in an upside-down triangle: the closer to the bottom, the closer

to the fundamental cause of the disease. The corresponding treatment strategy is more difficult and yet more fundamental. The closer to the top, the

closer to the disease symptoms, the corresponding treatment is easier, and yet more superficial.
E2 HDEYS FHLHIRE AR E

Fig.2 Schematic summary of HD molecular mechanisms
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MLl (non-cell autonomous), BRI SURAEMZE ezl 1
Foh R B0 B AR 3 45 S T RE e AR T . LR B
Pk [ T AL 2 /EBACHD /) RS RS rfr | 4 S 5
HImHTTLE SUIRA () 2655, HDAHIC K R SR 1716 IF
ROA RS I B8, 145 57 14 O¢ ImHTTAE B2 )2 1
FIE, MU 58 AR T 1245 A R HD A SR
RGO g ah, JTAE R — e AR B, )2 BISOR A
(R0 22 A 2% 45 5 S BDNF -0 7] BE X HD P i [X 5 57
PR EEDTERO, TN RS Y ) 32 AR AR IR
TEMIZINRE T H, MERITR B R TS, Rt Bk
G810 T L T L AR R 0 LA, T i DX
P72 A 0 B S L R A S AL AN ARG e
PEBLE BB R o

Zx LRTIR, HHDEUR B KR HTTR LK, HDF
A B ENLE . AL R T DA K
DX S AL A L35 B A . o, HDI R
Ui 1 LA K 40 /B X2 THD R 995 (P ATL 1) B8 2 30T 5 9
I R R B, £ 55 PR 7 T REAE AT 25 5, B 5 iR
Ao mHTTAS B M B8 $32 30 0 7= A= (AR IR, 1 %o 12k
BT T AME, (R A RESRAS VA AT IR (E12).

4 FEWMFRAIATT RS
4.1 FH3THDFER R mHTT RHFLEIRATT

FEAP B T5 T, BT AUE IR A 780 B HDIE A
ARG ot EE R L (B H RTHD A Ao v] DAk 5
PR AR VBT T . DB RIER K 254 © AR
R _E A T 28 TS (tetrabenazine) X HD 5| 2 ) £
FEAEAN B R B N R R . U
(deutetrabenazine, T i % Austedo) =L A B 47 1) 25 1%
24 7)1 M J5 (https://www.accessdata.fda.gov/drugsatfda
docs/label/2017/208082s0001bl.pdf), HAJH |- 57T %
AR — e, WA IR SRS ERE IR . — Lo h
AR 254 an oK S5 S AR IR IR 4 F T MGEHD 5 i
AT IR o

b 5 o SR AR ) < SR A 1 A0 ) 5 B 42 T )
Rel S AL T I EE MR H 2538 2, I R & BRTT
PR EE . B, B4R B X L
fitf(HDAC)BE Wr 771 ] G o] DL IdE i By 9% A8 7 S 1 2
15 3 B S B, DT 508 5 1 25 FRER 3 1
00 1) 5% 18— T B PDE 10A (1) BEL Wy 751 mT e o] LA 3 3k i
T BURAR S Al Th 8 LA /D HD 32 3l B 5 A1 SUR A4
Z 4, B ATHDM A 3% R 1 BDNF Gk Z 1 HE4T BL#%

o[z kh 7, WAl GEXTHDAHZ Jeie (R VE S, A
IX T H R ERIE TR R B ARG L FE
4.2 SHXmHTTKERETT

BIRVRTT 7 AR AT R, (HE S HD IR A
i Rl —mHTTE A H%AEH, B R 688 22 7
FEIR, TCVEMGE R R, ik, HEEBEmHTTER
H7KF, AT e A SCE R A T HDIR T 77

X —VRY7 BRI AR 3] T KEIRUES,
FE/N BRAR AL i S R A mHTTHIN- 35 F7 BE AT L% &
HDAH IR A I 7= A, T AE I 2 5 4% 1 3R I8 ] i HD
FHOG R AL IZ W ok 55 EL 22 W R, fE 2 A~HDW FL3)
YRR R i I ShRNA B siRNARRHT T AT LA R0
RHDAH SR AL, 1] FH ASOHMHI HTT mRNAFIHH %,
0] DA 2505 457 A - S35 5 e 210 FRAT T2 AT Y
WAL IR T HE R 1 2 A DL R BRIKHTT/K
(P2 HEEEER, FRATT S SR i 0 M 3 —2BAIE S, ) st
& 2 F B R iR X LI R 51 R /N 7 25 R ) 1K
SO B PR ] DA AR RHDAH 5G4 Y 06274852 366467731

39 = B2, B FmHTTSwtHTTE A P
Fil v FEARARL, K 2 BB ARHTT R 5 ¥5 46 Tk X o
Wi, MM 2 i lwtHT TSP 1 R B[R, FRAR
WHTT/K V& 5 %2 4, 8l Rk e s, 2 —14
R A 1) . HTTSE R 2 IR iR R & ) 75 3
R, FL5e bR o REBURIGEE, 14 & bR R AL
§5092 SEORHTTAE K B WHE R OC 8, (HFE{R50%4H
XA AR o o —J7 1, /DN BRBE AR S A 28 v (1)
PR W, £ A PR IE 70% I HTT &R H XA
51 TR B 1A AR AT I A A R G AR
FEI R B, AEF 5N B H ) 56 4l BRHTT 4
Sl R 4, H 2 AR /N RV H S B )
Hh 58 4 BRHT T R 51 & B 2 1A F 4 AP &3
A Ui R 77 ) 2 TONIS 2 7] 35 4F K 34T 1 Il R 1A 42,
FHXF464 5 N AT 1 [F) B S [AmHTTAAIwtHTT )
ASOIM %525, B i C 58 i i ST A& B Talil i PR
IR, T4 T ASOM B = iR B AR AR 02 22 4
(1, 3t Hea K2 H09 N, ASOH B FFK T mHTT &
wtHTT. )20 25 AR 0H, PR ARG PR R i o 5 v ) U
B HUR T R1E30%~50%, T HTTH) Sk B R B2
iz ghae 100k 2 it B2 A K (https://
huntingtonsdiseasenews.com/tag/ionis-httrx/). LA
X ek B FRARHTTAKF, B s 2 [H) i P AR
mHTTS5wtHTT/KF, 7] DO HD P AR AP 1) ¥R
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STAE

H ATEE X mHTT/K S (% Fif o7 F B R 4 1E
e AT A I B ) SR 2 B2 50 =35 #A)
HTT DNA. ¥ HTT mRNA ¥ EHTTEE F(E3).
kR T IR R HOR, A& CRISPREL AR,
AT A TR bR HTTRE A, 38 BB mHTT & F R 97 5%
TRSCR . X — LS O/ AR B rp A 560 91 3k 13
BRI, 48R, CRISPRIEGTE K it AR 22 4
I R AT AT PR S R R et — ke . Siln KR 7 —
T8 (M) HTT DNAR) AR NIAE A T 5 R AR 2K % R
TRIZIR B VIB(ZFN) 45 & £ HTT)S 8 1 X3, ik 40
il HTTHS [RI Rk R 3R U

B AIRNA) 7 ¥ £ A5 1 Fh: R FHsiRNAFN
ShRNAJE I RNAFHLRAKHTT mRNA DL K FFHASO
FEARHTT mRNAZKF- 40 HFH 2. H ATsiRNA
FIShRNA F= ZEIE 7E B W) B B o dh 47 5256, T 40 /T 5L
FTik, ASO CLIE I RIS - BT T W12 B2, 45 30F B
A DL SR mHTT/K S, (HHDAR G R B2 75 o
BEgt— Bk . HATASOR) 3 25 MR E T-45 25 A
Mo BT B TRNAZK K731, ASOT Z H i 71 22
R, IR N RAME S . IbAh, ASOUTHS B i,
R 2R 21100 JTBR T, 46K 2 Z0HDYR N\ JGiZ fdi.
Al IE, FRARHTT mRNAZKF (/N5 A& 90 vl R
B AT St FATHOE 1 TAE R I, FEEMAPKI11
1E MV HTT mRNASE 14, IR /N 73— FH

FUHE ] BHWTMAPK 1145 1 B8 N PR ARHTT mRNAZK
ST B

HE M HTTE [ DA R AR H K 2 5 — Fi il &
BT VR 9T F B JLam R AR 3 2 A L R RHTT
mRNA R A 1] fg i8N T 25 P SE B, AT ik e
M RNA 45 24 ] @ J2 A ) @ . mHTTw] LU H
MG B2 e, DRI L3815 s T 1) /N 43 - 250 T LA 2%
P ARmHTT ¥k ROHDAH 5 3 BB S/ 000, i1
HWEAE AN T T 2R L5 T S AN M 2% 1R B A, L
PRI XT B T mHTT/K P 2 0 1 AR4s 5 1 5 i R
K, G G D G 5 T R P B A0 P ) A7 S AN
W2 R e A VAR RIS, B R AEE IR PRI
IS HY B EFXTHTTE (835 1840 1 0F 78 48 7R,
W0 13 L1647 22 8 R 1 16 IR AL B3 5544407 (%
25QM B A RIHTT U 5 )M = IR 1 £ e 4k, ] DLIE 2%
B IImETT [ 4 A AT B ARG G 7K S84 Sy B R S
HER [MTHTTHF AR KP4 Tl Re. &a, BT
75 3 A DS R S P s PR AR mHT T /K T B 24 58 K /N9y
T2, BATHAT T 28 00k KR ik, 133
T R A AR SRV mHTT /KT (178 1 24 4 3
A, 4INUBI. GPRS5245265672731 0 e B IR 38 1o 4 Fp
ANTE 20 T WL A mHTT /K, T 88 ) 33X b 3 ]
IR B /N o T 258, WA AT RE N HDAR A 14
I IR 2. i, HH I GPR52FE R A 1)
—ANGEAMBZ R, AR S MH 259 ). @it

Transcription Translation Degradation
DNA mRNA Protein
CRISPR-mediated KO; shRNA; Autophagy;
inactive ZFN-mediated siRNA; NUBI, GPR52, etc.;
inhibition of H7T transcription ASO; S13, S16 phosphorylation;
MAPKI11, etc.; K444 acetylation;

4 HTTHE PR (TDNA = 22 1] DLd i CRISPRE A7 5 PRl [k, B3 ) 2R 08 I ZFNZE & B HTT: 3 46 O E 5. M HTTH mRNA
Fn] DL i shRNA B siRNAFE {TRNAT-Ht, BRI /K1 0 DL ik ASORE AR I K 1 354 FL R0 1%, w) LB 3 HTT mRNAF 58 P 1) 1 4% 2 A
MAPKI1Z3AT SR 0 20 o BB T T T AR () 20 2 m) DIOE e S0 E s 3 i L P A 07 06 45 3 I HT TR S M VA 4 BE IINUB L. GPR5 25550 LA
FHEFHTTE [, i BRI KPR 750, S8 m R HT TR MBI 5810, a0S13. S1647 BRI L K444 Ak 55, th ] DA SRHT TR ffi6

URSIE

Targeting /7T DNA: DNA can be targeted by CRISPR, or by an inactive ZFN binding to the A7T transcription initiation region to prevent its
transcription. Targeting 77 mRNA: its level could be reduced by shRNA or siRNA; it could also be targeted by ASOs, which lower its level and

suppress its translation; it may also be lowered by drugs targeting genetic modifiers of its stability, such as MAPK]I1 that we discovered. Targeting HTT

protein: its level could be lowered by enhancing autophagy or by modulating its genetic modifiers such as NUB1, GPR52, etc.; its level could also be

modulated by post-translational modifications, such as S13, S16 phosphorylation and K444 acetylation, which enhance mHTT degradation.
E3 FEEmHTTKFETTHDR =R

Fig.3 The major strategies of reducing mHTT levels in HD treatment
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BEXT GPRS29E M A6 & W7 06 45 21 1) /N 7 T 15 R
B R BT DU R4 B ARmHTT/K 1 Ff H 4% BHDAH 5%
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5 FERERMRAIRE

£ L RTIR, PR AT MR ™ EL R 2 A
R FTRASE I 7 T B i) — 50, 17 i
A D L v 3 A BRI DB AR, AENLH SR T
W50 75 T R A SRR % . 54 RHDI BT Fo B T
R, BT I N R A & T BN B
REWWEHD SRR, 457x T mHTTSEHD Ik
HLA R AT BER T de AL, JF BLAE I R BB 56k 1
BEARmHTT KT 7 IR I T AT V. RS A AR
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/N1 259
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