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Research progress on the mechanism of Hsp70 in neurodegenerative diseases

CHEN Zhi-Xian, DAI Bin, WANG Li-Qiang, CHEN lJie, LIANG Yi*
(College of Life Sciences, Wuhan University, Wuhan 430072, China)

Abstract: Heat shock protein 70 (Hsp70) is a ubiquitous molecular chaperone which plays important roles in a
myriad of biological processes. Neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease are
caused by the gradual loss of neuron structure and function. Their common pathological feature is toxic oligomers
or amyloid aggregates formed by misfolded proteins including Tau, a-synuclein, TDP-43, prion protein, and
polyglutamine protein. A large number of studies have shown that Hsp70 can regulate the metabolic processes of
these proteins, including refolding of misfolded proteins, inhibiting protein aggregation, and degrading misfolded
proteins and aggregates. Furthermore, co-chaperones can drive cellular functions of Hsp70. This review summarizes
the role of Hsp70 in neurodegenerative diseases, elaborates the mechanism of Hsp70 inhibiting tauopathies,
synucleinopathies, TDP-43 proteinopathies, transmissible spongiform encephalopathies, and polyglutamine
diseases, and focuses on the suppression of Hsp70 on aggregation and toxicity of misfolded proteins in
neurodegenerative diseases. Finally, we discuss and prospect the challenges and opportunities of Hsp70 in the
treatment of neurodegenerative diseases.
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INGY R/ INERAR 54 ) (small heat shock protein, sHSP).
Hsp40. Hsp60. Hsp70. Hsp90#ll Hsp110®, 1 Hsp70
Z 5 THURR &M A ariG sl .

PREIRAT VRS A& HH P 22 70 45 40 A T g 18 1k
RPTEL BEE N RIHERS , 2 IR R S RN R
AN TE] A 22 AR AT P 5 8 # A — A L[] R B ARRALE
B AT 1 EE A BT AR A N E S B- T2 A A,
TR B SRR SE AR LT 4E e BFFRI, oy
THEAE T UM 35 5 B AR RE LT 4R T R s
AREFEANH T Hsp70 #1H] Tau 2 HH - o- RAbZ
T A TDP-43 B AR A% Y 1 g 49 R i 93 A =2
R S e 5 S i 42 IR AT MR AR AL, 3k
W T Hsp70 15 K45 D Re it 75 ZLAH X B 1 4 B 7+
AR BB o

1 Hsp70#fiA

Hsp70 2R s A F R Mt R s £ 15> 1
PEABZ —, JEE A &2 (protein quality control)
ME E R . N Hsp70 2805 22 /0 1 8 AN Jl L 4 1t s
Hodr 2 /N 53 Hsp70-5 (BiP/Grp78) 11 Hsp70-9 (mtHsp70/
Grp75) 73 s A 8 0 T B Rk g, AT
A FH A 30 P 5T I R0 Bk A o () i R T B B
AR AR NS 5, A 6 R 3 EE
3 T4 B R A4 Az s

Hsp70 FZA5 LT 45038 . B ATP g
HEH —A ATP 45600 51 N o 1 R 45 & 450
1 (nucleotide-binding domain, NBD). 3 & — /MK
WM& NS — DA B a- B2)E 55 F (a-helical
lid) f) C 3 JEE 45 4 45 #4935, (substrate-binding domain,
SBD) L) & — B¢ #% 4% NBD 1 SBD [ Linker®'”, 4
ATP %54 NBD I, o- 88ig & 7447 JF, bt SBD
5RYISER 155, RS AR ; 24 ATP #KfEHN
ADP 5 NBD K25 &% H BRI, o- B2 55 + K,
R e R R 4h & 1048, BEi SBD 5 )R8
e M. Rk, Hsp70 KAE5r 7 HH1E ThRE 75 22
I ATP V2R 4G AR HCR S, s 2—
S A B [N 7 () P A 5 S LR AT B, 58— KA BN
TR 715, i Hsp40!', Hsp40 7] 5 Hsp70
({1 NBD 454 35 0B ATP BE 1, I ATP (7K
fiF, [FIA R RS A 3 %) Hsp70t> ', 28 — il A
F e M H 1R A2 [l F (nucleotide exchange factors,
NEFs), NEFs il it {2k ADP 5 ATP )52 >k i s
Hsp70 45 & FURE UM IAEER U1, 85 = 240 B [
T2 A1 Hsp70 C i #H B AE H A& )i (C-terminal of

Hsp70-interacting protein, CHIP), CHIP =] LA¥% 5 Hsp70
ZE 5 1A TR ) A 3 B R 1 T A R I e A P B A
Hsp70 [T RE 2 #¢E 5 HAH AR H R B 7 745
UM, IR R e

Hsp70 75 LA AH 5 R 7 A ok 7 B2 224 H
wiamdlE AR ERE, RIS E A R ET
S, S5 HW - ERIES (ALP) M2 & - 52 H B
A& &G (UPS) SE4i i P bl &1k, 8RR 2
MR A P R E R, Hsp70 @i s &
FSCER 153 ) 9 B AT £ 3 5T AR A R 4 S R i 4 B
AR AR P9, Hsp70 A4 B4 T F-AR LUK B8 (1 A
ARVERT, feibie ik . EE s
MBE T 45 SR W, Hsp70 1998 | Tau &5 FH WK - WAH
3BT BCHTROR sl PE . AT A 4 R T B 1 B
R R B,
2 Hsp70iAiEFEAMARITHERNEDR
5
2.1 Hsp705TauZEHH

Tau & Fi 2 18 H T 455 85 H Tau EEHIE
TOARH 22 12 o 28 v A i R 4 8 I T T o A 4
YETT T BN — A ZRAT SR . Tau 81 ) 2L
Dihe 2R s Ra AR e g 458 Bl IR ki8R
Ji (Alzheimer’s disease, AD) & fx & W, # Tau & H
i, IR 2 ANIEH BEAT A% b RIS (progressive
supranuclear palsy, PSP). J7 Jifi 3 & 548 1 (corticobasal
degeneration, CBD). F& 2 Jl ki J5 (agyrophilic grain
disease, AGD) 1 705 (Pick’s disease, PiD) &5 P71, 5]
i Tau S H B HRKENKRIRZ, 7B BRI
N5 5 AR 2 f £ E K R IR BT Tau B8 14 0993 %
FRALAE 1 T B 2 e Th RE R AT AIBE T B0, s 2
RAMIE T Tau & ARIRE D, F, BB
RN Tau 25 A &6 YT Tau 2 F9 7 B E 50K .

WL, Hsp70 2 51% Tau &5 H K5 R IT
B INEEAR P, Dou 25 B A Sarkar 25 P9 K Bt
IS Hsp70 7] LA & Tau & A SRR, {Edt Tau
H5ER LS, RN FEC Tau & B BRI, 6]
Tau 2 1 R FFFHK Tau #0%. Hsp70 4%+ % Tau
B A R EE A N A B o AR B B,
th CHIP 7£ 45 Hsp70 4% /5 BB R 1L Tau & H /1)
Bt fide i B2 R FEOCHEME ] . CHIP 5 Hsp70 45571
i CHIP-Hsp70 2 &4, X P G981 ] 3
BERR LI Tau JEK HZ 24k, ARG HZ R AL Tau
e es B B AR PR AR, el/b 1 B RR AL Tau B
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Sl IET: B Petrucelli 25 B B 70t 57
X451, 1% I CHIP Refig 4 Tau B H72 =14,
Mz A Tau 23 9% 8 A B AR fig . Rtk, Hsp70
TEA I #0 Z0R AT PR A5 R T & B A (W0 Taw)
() SR RN B PRI 75 2 — Se A Bh R+ B A . AR 1)
&, Hsp70 (1R E | T Tau & A RE M K,
ik &) CHIP fi 2> e #F Tau & H R4, X3
B} CHIP A1 Hsp70 2 [8] (1)1 45 % Hsp70 4% Tau &
SRR OCEE, PR R B o (e B[R4 R 4%
Tau & (A (A P, Nachman %5 % 5 B 7 — i i
Hsp70. Hsp40 F1 NEF (Hsp110) ZH J& ¥ ATP & i 1]
EARE GRS RN e R4, AT
NARPI I 6 B Tau 25 (3 Y B U8 R B 41 4 DL K
M AD 3 i 20 23 RS2 B Tau 85 H 2 4E# AT DAgE
EME SR, R E S EAG 7 fi b
PE. th4h, Hsp70 &2 5 —Mt7r A S
R EWERLE, BT Tau 2 (A R ER SR D,
EH I E MBI L], Hsp70 2340 | Tau £
FIUER R LT 4R il 2

— LG4 Hsp70 THREM) /N F 25t mT LA T
W 4% Tau & A BACH, 0 MKT-077" A1 YM-01""
1% % 1 M A ADP 25 5 R4S 1 Hsp70 45 &, F20E
Hsp70 FIREE ERAS, X BNy T 25l il 2 K
Hsp70 5 Y B 45 A I 1), {8115 CHIP REAS 4 iKY
ZEA, BETIAE LS B AR PR AR s SO F R
KT C A S/ 4y 1 U Jl 0 ) Hsp70 1)
ATP il P R B Tau 2 (A AR BLBE R 1L Tau 2
HKF, X2 B NI /Ny fE 0] Hsp70 (1) ATP
il 1k B [N, BIEK T Hsp70 5145 & B 1],
B T 5 Hsp70 4561 Tau A LU, Ff 508
It UPS ¥ HEBr. it H st =i — Ml e
) AD J697 77 5« el BT iR & Hsp70 FRIk/KF, ik
B2 [ Tau 5 Hsp70 &5 &, B 5 /N T 2450008
Hg 25 K 4 Hsp70 [ ATP B35 4, 384 Hsp70 ¢
JIT 45 4 1) Tau % %% 3] UPS ¥4 JLF5 M. 5401 77 A
7 R A2, BB 7% M3 (Sulforaphane) i i £2 /&
AD PR /N R AR A Hsp70 A1 CHIP H 334 7K,
75 AB M Tau FE IIER, JEHEROciz sk ©,

2k EFTIR, Hsp70 7E14%E Tau & [ HIRH ik
EHA Y EENEN, H e Hsp70 1945 1
AR ThEE RGBT Tau & HH 2 — M5 1 B KI5
T
2.2 Hsp7050-RfZERR

o- Sl A (195 32 EALFEIH £ AR5 (Parkinson’s

disease, PD). % 5 {5 & (dementia with Lewy bodies,
DLB) 1% Z 4 24 (multiple system atrophy, MSA).
TR A 28 3R AT PR 9 B AE A2 o- R flA% B
(a-synuclein, a-Syn) 7£ #4122 70 F1 i 57 480 il N A3 R 5
TR B 10 58 RARSBE AR FELF 48 . PD J& e WL
(1) a- RAVZE AR, W IEREIZE)IRE. B
AL ARG ¥, DLBER AR A E, IR
FHAE & 5 22 ALLT 58 . PD iR A0 3k 2 PR A 0 1y g
BERT U MSA & —FBUR . N RO R Rt
ITHER A 2R AT R, IEIRK BB E E & ThhRe
TR PD JEIR AN LS S 2 IR AL A N
RHIE

Burmann 25 “7 % 3jl Hsp70 f& 1% i1 5] o-Syn f
N i Al Tyr39 Ji [l — B 31, 5 a-Syn AH ELAE H
FAEIIL R AT AR LT 4R T i 4
FET A XTEAE KRS S B = AN B, R ]
Sepe e K A A4 Y, Dedmon % ™ il Huang %5 &
RKIL, Hsp70 5 a-Syn £F 4 il F2 f 72 AR 1) 2
HE AR AR, A REH T a-Syn TERLAF4E - 4
Hsp70 5 o-Syn 5 H] 9 (A 4k 25 & BF, Hsp70 Bg 4% 417
LR L AR TR 5 24 Hsp70 SR £F4E4s &, T4
T HERZ TR 5 1024 Hsp70 S 4EM% 454, NIAE
T IR AEA . 5 % fF Tau 85 45 4E 2540,
Hsp70. Hsp40 F1 Hsp110 2 5% 1 85 (i B A Rt g
545 4 o-Syn £F4E IR H B MR B, X uREE LR,
Hsp70 1&B% o-Syn J AL A3k 1] P A% o-Syn 5 14 I 75
TR LA B AR B B o

Hsp70 [¥ 502 5 12 1 2 52 JL 4% o-Syn X
W SC4E R & . Truttmann 25 &1L B, $12 5 SRR
JiR B B AL 121 (AMPylation) f5 ) Hsp70 B4 T o-Syn
() #5 P ; Lindstedt 25 B9 — R GE 4] o-Syn R 4E
(/NG5 T4 77 45 4 2] Hsp70 [ — /MR 2 Bt & R
Bk b, BIN—FEAE R AR B S AE, HaR T
Hsp70 %} a-Syn R4 KB MEMHIEH. Fik, @
i Hsp70 BRI S 1215/ 2 a-Syn HAQHRIA
I7 o- TR B U R —ANE ) BRI T 1)

/NG - ) R AN S 7 AR T DLSE e Hsp70 5%
a-Syn U HETE . #3h7] CBX (Carbenoxolone) Al
115-7¢ (PubChem CID 5461551) 4= il Hsp70 f#] £
1% T FEAIC a-Syn FO SR 4R, TR 40177 MAL3-101 U]
2N Hsp70 (%75 S5 o-Syn ER N ™, #4zh
7 FLZ W] LA in Hsp70 F) 4% S0 PR 1 B3R,
Wb o-Syn A K #EME, MR a-Syn B 5 K/
B 112 B hRERR AR IR B,
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2.3 Hsp705TDP-43ZEA7®

TDP-43 & 1% & B T TDP-43 & [ £ f & It
N S R AT LR A B R i ph B AT e BT,
Hordge i LB O R 8 3l A 48 TR AT MR
R —— WIZYEN 28 E (amyotrophic lateral sclerosis,
ALS), HIRHRHEZERE. T RE3) & E T
HEghmankir, FENRNTLT, SA&LIRFHR
=g B Ak, & A A2 P (frontotemporal
lobar degeneration, FTLD), HJjHEFEZ4T A $h
AT DIReFNE & AT PEBRIG, IRIRRIA 1T RE R
WAL R AEARE AT P I ANE SUA— 8P,

Chen 25 ) 3, #YRTLHF 1 (heat shock factor
1, HSF1) fef8 5 T4 B 7> 7 FE45 DNAJB2a 3Kk,
1M DNAJB2a A i1 5l Jf- 45 & A ¥ 1k TDP-43 & H,
W LA 2 Hsp70 AT BT S EAEEN R,
HSF1-DNAJB2a- Hsp70 il # /) 5 [ TDP-43 & 4
(3% B FE AR AT ALP Al UPS, i 2 38 1T Hsp70
HIrZWE TDP-43 A IThEE, EREW A KR
TDP-43 215 FH /K F I 1E O K FEAIR TDP-43 (35 1.
Lin %5 ©Y (¥ W 5 8 3F B if % 78 HSF1 f& 9% L i
Hsp70, 33k 4] TDP-43 B4 K ) JE iii. TDP-43
A C i fr Bt (C-terminal fragments, CTFs) (] f fig
Az e 3t 7 TDP-43 4L H 5] K 4 M 85 14, 1
Hsp70 R4 CTFs (IR, F£H TDP-43 {4
B AR R 7 2021 4, AR RIS
TDP-43 1] Z. 1AL A2 1 7K ~F 7T [ (K TDP-43 ] RNA
giGae )y, MIMBEKEH RNA X5 TDP-43 ¥ - )
FH 5> B, R AE RNA 45 4 Gk [ 5 TDP-43 JE it A 3
SIS AL TR A5 1, X Fh 5 0 (1) 4E FRAK 88T Hsp70
(¥1 5 F AR FE Mk, Bl 1 RNA 45 4 S AL TDP-43
R A DL R B 564k 1, 22 AR, Hsp70 fELK
B FIYERF TDP-43 B3R - WAH 43 25 LA &4l TDP-43
REE. JHFR TDP-43 5 1 R ARSI 1y i G %
At
2.4 Hsp705 54848 K AR

1& Y& Pk ¥ 25 R % 94 (transmissible spongiform
encephalopathy) BT 555 A& — Fh B LM fih 22 R
AT R o B DL ) A% G 14 g 45 0K 6 9 A 02
(bovine spongiform encephalopathy, BSE). IR
(Scrapie). 574 414K (transmissible mink encephalo-
pathy, TME). &4 #E 14355 (chronic wasting disease,
CWD). % [XJi (Creatzfeldt-Jakob disease, CID) Fl
JFE 95 (Kuru disease) 2 ™, A G g 45 R % 976 /2
A IE & R B e [ (PrP) B4 4k —Fhil iR 4 &

(RS R A (PrP™) S

BIHAT AL, AR Gt i 2R 75 IR % A BT
MIIRITZ5M. BE PrP™ ROFR 2, 40 It N 3L i)
WOE CAERF A M B B PR s, s e dE 11
B R, SR S 2y 1A A5 R B AR AR F AL
HIAJE# . Fernandez-Funez 2 ' 7 % 3 PR 5 i
T At E, KL Hsp70 Refg B M
PrP A EAEF, 0 LA & 58k PrP™ (R &,
B URUEW] T Hsp70 W7 BLE (4 py LBl PrP™ i o
it . Mays 25 7 U & Bk R Hsp70 3 [ 1/ B
YT, PO AR YN B SR I HS B R A% e
TR BERE T 2454055 3 ) TR S RV . 3
&7 PrP>* A R, 22 L FTiR, Hsp70 7404 PrP™
(AR 28 55 77 THI A4y v A £
2.5 Hsp705ZRAGRRER

R 2 W i & — Mpast AL P 22 1R AT P R

Wi, HWERERAERE AR P A REN 2 RB A
Bt (polyglutamine, polyQ) B & fF 5y 14, FHH
s R SR W WL 2 BB AB R m A
ZEG BRI 455 4E (Huntington’s disease, HD). A&
ZiE % L Z= 47 JiE (spinal bulbar muscular atrophy, SBMA)
I8 /)N i 14 34355 2 (spinocerebellar ataxia, SCA),
X G g LA R B AR S M A A R AR AE B
polyQ J¥ B i% N AL 4, ALk o & Hsp70 &
1, I Hsp70 553 S99 s R A 56 15,

KERFEW], Hsp70 AT L] 2 B4 =B
E AW REMEE ), Warrick 25 U R IIAE £ B
A 2l s 1 SR i ASE A v e R IA 1 Hsp70 54
BRI E AL, FF HINE] T 2 R B 7 T i
S 5 TAE SCAL /N R A, 1Rk 1) Hsp70
W T BT AR U, Chai 2 7 & B Hsp70
% Bh 4> 1 FEAE Hspd0 5 ataxin-3 BB A% N 9%
f&3Efr, I H Hsp40 & H FYEY) HDI-1 ()it %Kik
k] 7 polyQ HIZREE, BRI T polyQ 5| & 14 pf 212k .
BEEFATE I, Hsp70 A1 Hsp40 7E 531 7K - 152
LT polyQ FSREE P, BAh, BN T
W 1 7 22 SR A U It 5 o ) 4 i A 2R A ) )
RIS B, FREHE T polyQ TRAANE R 7,

HERH) 2, {ESHPIEAE T K L Hspd0 B2
I 1) DNAIB6 1 DNAIBS 7F 0l fil] 2 ¢ 7% 2 Bk i
gt FE R EE/EM, M X Hsp70 7R R
TEFIABR T, XAl A BT IX 28 Hsp40 #EALHE T
ANHAG T J- SR IR polyQ SREERIDIRE, AL
Refg AT T Hsp70 KAEAER 7,
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25 BTk, Hp70 76V % 40 248 18 4T M 5 3 AH 0%
FEEB AR R R EEEAEM, W HAE R
RE I 75 ARG B 4 B 4> 7 148 Hsp40 5B, #%
HIRAZ e [K 1 NEFs 2 5= HIIge 2 HE1E. 2
H SEUS =K DA Hsp70 A% O 4l Bl 40 F #1158 Hsp40
FRZFF R A 4 IR 7 NEFs 25414 T B 40 1 FEAR M
28 FR N Hsp70 245 (B 1), Hsp70 £ Gt e g 1 2 4l
TSN i BT S EE A, H Hsp70 RG]
BRI L HIATE R . EE LR =R LUT M
L AEFAE N Hsp70 RS R AR IT SN
HEHRES SN RIRIRE, 1075 R B0 B 2%
PR, KERE AR KBRS IR e LT
Yk, Hsp70 RAEA L LABCE AR BT £ R &
MEARENS, REERIEL SRR AR
VB AR, IX LR R IR A AR B W - IR R IR 12
(ALP). 2% - HABEIA RS (UPS) flr FHEEN S
1 (CMA)( & 1). fE ALP 1, Hsp70 %% B
VW 3 B B AR 3047 B /£ UPS 1, CHIP
oyt B2 RS ) Hspd0 ¥ EMZ = A&
1 B B B R AT B AR /£ CMA H1, Hsp70 &
Guik B VE IR IR AL B B B A, AR5 I8 2A Y
% Tl AR AH % 5 22 4 (ysosome-associated membrane
protein type 2A, LAMP2A) 7£ ¥ il {4 H Rt JiE 47 B it
(B 1), Fi, FEBE Hsp70 2 4575 5 AH 0% B 3 2K
1A B B AR AR R ALK G B T R B Ty A e

7RI RAT VR B T i, NS R S B AR
B fit o

4 HESRZE

ESR KB 70 W] Hsp70 A] LIMH| #2058 47
PRI AR T B B R SRR EEME, HIEEA B
Wi Hsp70 [RIATE R FPFERE ] GEXT AL 2 AF|
(RS20, K5 52 48 AD AT HD XK 18 1 5
Hsp70 % 4t 53 fi# Tau 5 o-Syn J& ¥ ¥ £F 4E B 7 2R 1)
R SRR B Y BRET, ReE A R TR
i SR AR ER R A B, BTl AT A
IR Hsp70 JiEPEIG YT IR AT MR IS B 2 148
TR AR R AR B 5 12 1 BUAR W LAY 98 Hsp70 X
o-Syn EEMHMHIEH, HFENEHRE 755 o
Wi o6 TS AR E A DS T RE Y. — 2N T2
Vel DA T 4% Hsp70 HIZRIE A D6, W CBX
115-7¢ g% 34 5% Hsp70 {13215, MAL3-101 fgi 4l
#i] Hsp70 )15, MKT-077 Al YM-01 figi5Fa5E Hsp70
[¥) ADP 45 2R3, MW HEE. K% C MM ER
M) T Hsp70 ] ATP Fig i o 255500 o 7 3145
B PHETT R, N 2500 20 RE M R 14 T 3 5
Hsp70 4t S 4R B AR 14 1 AN A I L Ath ol 441 ffg
FREEXREENIhAE, FNIEERLAKE SN
L B B 5 i . [Nk, SR AR S ik B I
Hsp70 1A F B8 1) /N> F 23008 2 R K16 TT 4
IBAT PRSI () RS 2 — .

Neurodegenerative

o

AB oligomers

Misfolded protein

=

aggregates

/

diseases

- o
g

Native protein

CMA

NEFs: #ZH BT ALP: HWE-AEEAIRE: UPS: ZR-BEAMKRS: CMA: 2 FHEN S EE.
E1 HspT0 RS 7EMZIRITHARFRHRIER
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