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Research progress on the role of Ataxin-3 mediated protein homeostasis disruption in
neurodegenerative diseases

FAN Xue, XIE Pengyu, HOU Xia®
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[Abstract] Neurodegenerative diseases (NDDs) are a group of chronic diseases characterized by progressive neuronal loss and
functional decline, including Alzheimer’ s disease (AD) , Parkinson’ s disease (PD) , amyotrophic lateral sclerosis (ALS) , and spiny
cerebellar ataxia type 3 (SCA3). Ataxin-3 is an important deubiquitinating enzyme, which participates in the regulation of protein
homeostasis by editing the ubiquitin chain configuration of the substrate. In the physiological state, Ataxin-3 is composed of Josephin
domain, ubiquitin binding motif and polyglutamine (polyQ) sequence. Ataxin-3 regulates the ubiquitin-proteasome system, autophagy-
lysosomal pathway and endoplasmic reticulum associated degradation by deubiquitination function to maintain cell homeostasis.
However, when the CAG repeat of ATXN3 gene is abnormally expanded (>40 times) , the polyQ segment of Ataxin-3 is extended,
which leads to protein misfolding, aggregation, and formation of toxic inclusion body, driving the occurrence of SCA3. In addition,
Ataxin-3 dysfunction is closely related to other NDDs:in AD, it promotes with abnormal aggregation of tau protein and oxidative stress;
Ataxin-3 mutant aggravated the toxic aggregation of a-synuclein by interfering with the Parkin-mediated ubiquitin-proteasome pathway
in PD. Ataxin-3 plays a neuroprotective role in ALS by hydrolyzating the K63 ubiquitin chain of SOD1 and promoting its autophagic

clearance. This “duality” suggests that Ataxin-3 is both a causative agent of SCA3 and a potential therapeutic target for other NDDs. In

[(EE&mMB] 2RI AR S (LH2020H003) s BRIV A 4 & S5 R AR RHIR L %5 98 BHIF I H (2023-KYYWF-0596) ;
AEARH R Z“ R 2 AR PAFE 152 (DJXSTD202403)
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the future, it is necessary to further analyze the molecular network of Ataxin-3 in NDDs and develop small molecule drugs or gene

therapies targeting its functional regulation, so as to provide new strategies for precise intervention of NDDs.

[Key words] Ataxin-3; neurodegenerative disease; deubiquitination; protein homeostasis; neuroinflammation
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disease, AD) 14 7% (Parkinson’s disease, PD) /L
Z5 45 ) 2 W AL JE Camyotrophic lateral sclerosis, ALS)
Je A i /0N i PR L 355 2R 1 3 2 (spinocerebellar ataxia
type 3, SCA3) %, fEffi N\ [15E W4k N, NDD 71 4>
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AR R R 5 Ao AR BRI AR T T
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#E17) Ataxin-3 BT RSN 5 B LT SR (AR .

1 Ataxin-3 IR R TN S EBEWHFE

AN ATXN3 FFAL T Gufifk 14q32.1, & 117140
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F5 N it Josephin g b (Josephin domain, JD).C Uity
3 Bz 2 45 A 357 (ubiquitin-interacting motif, UIM),
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W, BET AT UPS I haS P4t . fEfE L 2
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HEW: WG D AT Z R - R Bz R -2
R IR, SEBLEE K 5 IRV I 22 =L
A ARSI SIS N 41 i S 5 IE 52, Ataxin-3
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RVZ FBE, AR TR A T 0 B AL v BB AU ] D0 S g

K63 7 B, I B B0 5 4 M2 REBAARR K
B, WIS A “ i i ” (P A AR B AR IS =)
(RIRE AL “ T 70

bR EBEH TIRD AL, Ataxin-3 I8 272 R
AT E3 72 FEHR 5 5 102 RAIRES, i [al 2
SRS . 345 Parkin A ELVE X HdE AT Rz
BB ARSI R ], R RORE T
Parkin A K27/K29 84 1) B iz AL A B T HAz e
5 DREEFF; 10 24 Ataxin-3 polyQ F Bt 57 iE K1,
FEXF Parkin [ 2592 2 40 35 VR 3G 98, 0 556 U B K27/
K29 i, fie fi Parkin 5 5 28 F W ARTE B, SRR
B, 5 MID S8 T UL PD R EE A2 A
IR 22T 55— J5 T, Hsp70 A ELAR FH 2R IR R
%ty (carboxyl terminus of HSP70 - interacting protein,
CHIP) 55 Ataxin-3 F4 S0 F) I 445« 4 L S 56 90E S
CHIP &1L U-box S5 H35/1 T Ataxin-3 1 K48 HEZ K
b, fE st ol R AR A LZE R AR S 5 T Ataxin-3
AT 2 R CHIP JEEY) (s 3R 31 & B2 5 . 5 Hsp70 45
H 5 B D IR Bz 3 AL, AT HE 2 B
B, P47 CHIP (Y E3 3% V. A Hl, RAZT Ataxin-
3 22 B#AR Parkin 7KV JF 888 B3R RS 40 R 1%, fe &4
R A AR s
22 Ataxin-3 52 5% a R EL K24

A AR A AT XS A R I & W) B Ak
B, DRFE A 5 hRE. HABOLT, 7%
FREAELLE T BN BT S, AR
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) AH 5% B fi# (ER -associated degradation, ERAD) . H
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Z 2K, FEoR 6 UPS (120 45 P B AT 1 4
", £ ERAD 315, Ataxin-3 5 VCP/p97 A H.1E
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559 VCP/p97 5iz 2 A K7 1 A B4R D, 2
ik VCP/p97 Xz SmAL IR YD B R 2 RE 1, T BN 5
NEFRIT B E AR R A —J7TH, [ W
T % polyQ 47 HiAH ¢ S o 2 1 ) B o 4 0 S
KR 5K, Ataxin-3 "] 5 H B AH 5C 8 H LC3C. GAB-
ARAP &5 &, JF A ik Bt W 244, 2k iz =5
EE AR BOTHE B, T 4 35 B AR 2 B B AR S s Ty R AR Y
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AR IFHRME RGNS,
2.3 Ataxin-3#m@R N1z 55 F

VBN —Fh 2512 R AR, Ataxin-3 38 3 £ 2 5L 50
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LA 2R-6 S5 SRR 87 2 Il _E, Ataxin-3 385
23z F A i k48 i F T Chypoxia inducible
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R, BEM LA MR I 5T, UE W Ataxin-3 7E4F
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2.4 Ataxin-3 #) # FRIEAE A

Ataxin-3 fR £ Z B REAMB B S 5
. SRR FUR DL, S A E R X O WLEE
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Figure 2 Schematic diagram of Ataxin-3-mediated protein homeostasis and integrated regulatory network of cellular sig-

naling/transcription
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KA JE 37 X HH E SBR ALK, T 450 35 K
T fb 3] s 458 P HAT ¥h 71 Can T B 38D w36 73 138
X — R, P 7RI AL T TR T 15
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B SCA3 A& b, LML 5 W H N 1 tau ZK-F 2
T, HLBE R R R AR AL, $27R tau W] RERA
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Ataxin-3 F“FEPERRR BN AT e 2 B F BURSAS o
3.3 Ataxin-3 5PD
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T SOD1 [z A K T, FEA2 a3k o am i B o 42 17
R IB A MEIE B, T A 208> 948 SOD1 1R iz
Bl 2 TURE A1 R R R B SRR AR R Py SRRk
— P ICFE T X — ML, 7RI R IA A SOD1 1) %
IR B A, 3 3208 TP A Y Ataxin-3 RV /D iz s &
T SOD1 4L, 3212 3 T B 1 K At
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P EAE A BE T U, AR Ataxin-3 7E SCA3
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Figure3 Schematic diagram of the “dual roles” of Ataxin-3 in neurodegenerative diseases and targeted intervention strategies
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