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Research progress of chaperone-mediated autophagy in Alzheimer's disease

CHEN Jun-hui'?, GU You-quan', YAO Li-he', ZHANG Wei®, WANG Huai-xiang*

1. Department of Neurology, The First Hospital of Lanzhou University, Lanzhou 730013, China; 2. The First School of Clinical Medicine of Lanzhou University, Lanzhou
730013, China; 3. Department of Stomatology, Lanzhou University Second Hospital, Lanzhou 730030, China; 4. Department of Intensive Care Unit, Ganzhou District
People's Hospital of Zhangye City, Gansu Province, Zhangye 734000, China

[Abstract] Alzheimer's disease (AD) is a common neurodegenerative disease. Its main pathological change is senile plaque (SP) formed by massive
accumulation of amyloid B-protein (AB) and neurofibrillary tangles (NFTs) formed by excessive phosphorylation and accumulation of Tau protein in cells.
Chaperone-mediated autophagy (CMA) selectively transfers proteins with CMA motifs to lysosomes for degradation. When the autophagy process is
impaired, AP and abnormal phosphorylated Tau protein will accumulate in neurons, which can destroy the normal function of cells and accelerate their
death. Relevant studies have shown that CMA is an important pathway for abnormal protein degradation in early AD, and the inactivation of this pathway
may play an important role in the progression of AD. This paper reviews the concept, and physiological role of CMA and the pathological relationship
between CMA and AD, and elaborates the role of inactivation of CMA pathway in AD diseases, in order to provide new ideas for the research and
treatment of AD pathogenesis.
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AFEHLE], A WER S LA 3R, OFE HmE, B A5
AR 18 RS 9, 2 200 B 5T PN 5 W O ae ik I EA, Do
RS f A v, BV BRI B K R R R
5, IFTER RN Y . @0 FAEBA B B
(chaperone-mediated autophagy, CMA), Bi/FH:AR51
TN AR BT A T BRI b, R AR
W2 88 G 2 R AR S Y, T A A AT
fife B0 RORARZ BOIEHE R, CMA SR R R
Fefr i B 2R, HixgmmRiG e et R AD /Y
.

1 CMANREZTENZRNHFE. B
*5E

1.1 CMAMRESF

CMA J&— RO v i A4 09 S P 2R I R A A, T
SR AR OFAK 5O TR U 2 1 70 (heat shock
cognate protein 70, HSC70) SKR¥WEAL G, iz E
BRI B 1 QU Bl KA OC I EE 1 2A  (lysosomal-
associated membrane protein 2A, LAMP2A) 5JE¥) & 1
gty JRHEAELEL . QIRYE B LAMP2A
Z RIS % BIREHAE N . OTEREHAREN, IRYEN
S il A il VA

1.2 CMAMTER . Zi R ILEY

1.2 PRBHEM HSCT0 AL T 40 M P A3 il fAs ey 1120
e BT P HSC70 (cyt-HSC70) i i 5 K ¥ 5 A i) KFERQ
(iR (Lys, K) RN (Phe, F) -2 (Glu,
E) W& (Arg, R) -W&BE (Gln, Q) | HuIkF
HMEARH D, KRR 8% BRI - e —ig
A, BR HSCT70 4, #4K 58 1 40 (heat-shock
protein 40, HSP40) . HSC70 #1 H /£ F§ %& 1 (HSC70-
interacting protein, HIP) HI HSC90 ## 1 16 & 1 (HSP-
organizing protein, HOP) A5 HAh%# B f:15 347 5 HSC70
AR E GY, RIERYE AN, M5, Sk
FEP R HSCT0 (lys-HSC70) 1 2 457 Ji 40 2K 11 DA 7 Tl A4 A5
W im BRI IE A

122 ZIKREA LAMP2A Z—Fhia BE AR A CIEE A .
HIAR LAMP2 mRNA 3 2 £ 55 45 ] 4145 3 Rl i 1174
B LAMP2A . LAMP2B fil LAMP2C, HAYA LAMP2A fJ
7E CMA I & R B AR . K LAMP2A f7AE T
it fA B5E F o, ] 5SS A 0 £ 4R 22 11 HSC70. HSP90,
HSP40. HIP FMTHOPE MR E &), = 5IKYE AN X
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P id B o V2 T AR TR R A A 10 DAV Tl AR JEE o 3 i
N iE Z 0. A, EEEHAR KM EAE S S
HK LAMP2A 454 7 K 5 LAMP2A () 2 B4k, %L Bk
ARSI R A 2 A Wi iz 2 EHAE N

1.2.3 JEY CMAJRYE—ZO A KFERQ A7 1 M
Jii. KFERQ /& —4H &Mk ikm [ RLEAR (Asp,
D). Glu] F&H: . kIR [Arg, #iZ#2 (Lys,
K) ] 35 BUKHEEZILRR [Phe, R (e, D). 5
IR (Leu,L). @AM (Val,V) | FRIEF 14 Gln 2K,
BT RS Y IR EEA SR Y E 5 HSCT0 /Y
FEAEH, FELET 29 40% (4 M 2 1 [ 80 )8 ol 1R 1 )40
F I F 1 (regulator of calcineurin 1, RCAN1) ] H . it
A, B el E o RS 1B 1 45 77 A KFERQ AR, M
MY KT CMA BYEY .

2 CMAZSM—MEEIE

CMA A Z SHURMZ A B R, HARIR . OR;
BN P RS R . FERCEARME T, AL (12~
20h) . EALNLMER R T ARG Y, CMA AR K
JIE e G S g e R A A A Pl SR R K
TR OCHE AR 7 QE ARG LR, E
if CMA 342, X7 CMA B8 ) B 7 09 & AR R 0 L A i
Pras LB RS A B TR, B Ik AR N 5
RGO QRE . MRS AR . CMA B e PR
il . i B AR SR AR rp B O B B A DGR I A, 9
TOHE L BRI 0 @HAB AR FERRE ML
JREEAET, CMAR BT EEHLMAEEL SR
(major histocompatibility complex I, MHCII ) 451K
PEVEDTRA S0 s CMA G W] 3 5 P At L0 i 1 o DY 7 2D
(myocyte enhancer factor 2D, MEF2D) A4 K+ 2k ff
P, WA SEIN T PAX2 (paired box gene 2) AYFE
ik R4 ) UE ) 240 LA B S

3 CMAZEADRETINER

3.1 CMA M AP FLH% R 0] 4 (%) R A 1

AR RAETE A E AD B OCH R HLS 72, oAk 2
AT EZEEKE . AR & M IEM AT AE A
(amyloid precursor protein, APP) 7E 40 itd N 8% B 43 b Bl
BACEL) #l vy 4 W B (gamma-
secretase) AH 4k K f# N TS T . A BF 52 R4 42 7,
CMA T it APP AU T B3 12 Park 5 ) 1T L%

(beta-secretase 1,
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APP ) C¥ii %A 1 1~ KFERQ ¥ (""KFFEQ™), Hm[i
i APP s H 24 i 7 W B CMA I 9 19 7T g 1% . Dou
4 P TR AT S A 34 CMA JEF 10 AR SRR R4,
ARk, I S K IR A G IR B AR SE R AKIE A
Jilg A AT R AR, DT DR A 1 S SR AR AE ML A Y 2R 4R 5 3%
SR T RE X AD BRI BRSO S, (A I A
ATl CMA SR BRI A APP, 1 5 i R
HC Al 5 ik 3 422 B o 52 b o [ 4 B A ok ) 454 1 AR
HRIKM R . Bourdenx % V! BFSEIESL, TE4 T CMA
WS RN 5, RCATE B R TR 0 B R 2 A T T B
B PN, 878 CMA AR T AD 3R fL . 276
FRBFSE AT AR B, CMA AT LA DL B ] 122 1 Oy AR
E AR SERAIKIRE AR, WA A AR A, HETT
il AD o 72 14 3 Ji&

3.2 CMA X} Tau 2 100 P4 N

TauZE A (Tau protein) J&— i & 0] ¥ 19 KSR KT
BEE, JUPARS S . AT BRT 73 a5
B4 T R A i A1 R T A S A B S . Tau 2R Y
REAS A FEANML S 22T PRI, RS SRz . 5
 Tau 2 (AT IR A 5, ARV SR ) 1 A% 4 I
BT — LU R IE O B 04 5 SR AN 0T i R e 24
S H ROGE B EBUHE 22 S NFTs 9 £ B4 M43 5 1l NFTs J&
AD FERG IR EZ — P Tau 2 H SR AT CMA 1Y
24N L, BIPQVEVK* AIKDRVQ™, 1l S fiff
fEHSCT0 454, Ik CMA J& Tau 2 1 4 i B 2R 44 .
Bourdenx %5 ' WL 4SRN, TEMZ T, CMA &
(EP RIS 2 & e = W R AN T3 s S AP RS e &
FIR A AR AR IT . I, CMA BARRRIT SRR N
Ji R A RIS i e 45 N . Bourdenx 25 ) il Caballero
IR AR BN, TauBEANFHRELRNADY
— B AE, HT CMA J2 Tau 25 1R i A0 B 22 i 4%
i CMA WG PR B AT BH R 8 A R A DO Ak,
CMA ¥R A2 15 8RR R ARIAST AD B — A 7 1m) o

3.3 CMA X RCAN1 M REMEAEN

AL PR (calcineurin, CaN) & —Fh Tau & 1111
LR ACES, 1M RCANI %t i) RCANL.1L £ 1 A 41 i
CaN itk . Liud§ 7 W55 £ W, RCAN1 &4 CMA 1
S EETE . T CMA SR R AT B i . HL CMA iR 12 02
RCANI B B A =8 Y, 7E ADBIRH, CMA &4
(2R3 1] FECRCANT ZKF-THEr, R CaN Y 2 BE IR
TRAVERT, il R AR AL 0 Tau & PR R R, BN
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NFTs UL b4h, RCANI1 K-/ FH =53k il LU APP 1)
KR, TSR AIH A AR SEBRKIITAR, AR
AD PRk 52

4 CMASTauBHHEREmR YN
E 3

WA IR , Tau 28 160 42 2 AD FHI5] 05 05
—, Tl CMA 2L Tau 26 F1REARAG T 278 . 2 Tau 18
(R R EBRI U5 AR A, R . 2
BEAL. 2% L4, T Tau 28 FUEHS (07240 230 i CMA
A WA SR B SR AR, IO T 24 T W9 19

R, XK R AD HE R B BARLE K Rd7 ) 2
SR LT i) S

4.1 CMA 5BRAL Tau 1M R

MR AL 2 5 o UL I Tau 2 A BHIR S E M, R AAE
NFTs JE MU Z i o Taw 25 1109 85 2 1k AT R AR HO0H U 1y o3
Iy, FEARZICH M RRATEE . BRI AL H W 1 DL
T2fE k. OPIBK-AKT-GSK-3B 1@ %« i As L
fiE 3- 3 M (phosphatidylinositol 3-kinase, PI3K) il i i
WG ATl 22 B4 BR/9% 2 B2 R B (serine/threonine-
protein kinase, AKT) kKA ft, BiJ5 #5161 AKT
A] 5| B R A B R -38  (glycogen synthase kinase-33,
GSK-3p) A AWML, MMl GSK-3B ATtk T
GSK-3B "] i #f Tau £ 11 2> s B2 A5 2L Tau 2 1128
FEBERR AL, B PI3K G BB BH % I, Tau 25 FUK & A 2
FERERR AL P @CDKS-P25 i 45 . 2 it JE 300 4 Ao v
%MW 5 (cyclin-dependent kinase 5, CDK5) J& CDKs FK %
MRz —, FEEMERGE T RIEEN, 25 AD B
NFTs R BIE . Y0052 B W It T A5 5 T
Koi Ca™ AL 57 5 3085 28 P RO o 0 e 15 48
PR H 200 i S 20 2 AR P B 5 R T I 2K 1 (eyelin-
dependent kinase 5 regulatory subunit 1, P35) YJ#|pL P25,
J& # IS CDKS,  MNTT5:30 Tau 25 1109 3 BERE IR Ak . 7]
i, CDKS i B2 £k (4 35 in 7] _E 9 GSK-3B i, filf
Tau 2 4 & A od FERERR AL

ok BE B W2 AL 1 Tau 25 11 2 DU FRAE 40 Jf 1N JF )i NFTs.
R, RS 2 B AR AL Tau 25 (12 FH (- NFTs B Al 19 &
PR —. M Y IESE, Tau & BB RR AL YA
SRANTR] DA A 5 P Tl A T I e 2 R A TE O]
TNASRE 5 V5 AR IS 45 G B0AS B DA Vs T A JIE 6 7% 31 Jls 1
MIMABEES 5 CMA IR R R FE#E . BT, iZBE IR L Tau 2
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H e ol a5 M OG5 BE 3 (microtubule
associated protein 1 light chain 3 alpha, MAPILC3A) B
LC3HHEAEH, ZF AMEREYREAE ' EABANLT,
RAB Y Tau 2 [ 2220 1 CMA i 48 B A7 ok 4 R e ML
BV . MR LS 1Y) Tau 2 (H 2 B A MR
BEAT IR, (B2 IZR R N RCR IR T CMA iR 42,
AT -3 B0 R A 1Y) Taw 2 B PCAR, 00 EE AD 55 1Y
R

4.2 CMA Y4 ZBiAE Tau T E R

AR A2 5 LY Tau 25 1A BHIE S 18 . Caballero
4 YESE, fEAD T, JEY) Tau K AR S BB, &
BHiE LAMP2A Z R4 CMA R E & W) B B R B4 32
BRI AN, AN CMA BRI, W)E, &
AL Tau 8 L2 TR N A A R A, O o Ml 1] 20 i M R
B PG X BRI T LB AL Tau £ FU0H 28 0 4
HEEEAE R . ks, Bourdenx %5 P [ SZIGBIRITESS, K
I Hh #2828 B9 CMA Y& PE B A 1 J2 2 A= 78 AD b i B
i, WTE KA CMA W B | B B A 2o e A
A Tau 8 . SEICHEN, CMA B27E AD 40 4
Tau YRS PR B OCHEVE T, 0y 48 22 AD i 1Y i
RIGI TSR BERT RS T .

CBEAE Tau Al 2 CMA AR, L, THEH T
Mz R B W Y R, Tau ) ZEELS S-
i M Ak /Y il -3- B R B A B (S-Nitrosylated
glyceraldehyde-3-phosphate dehydrogenase, SNO-GAPDH)
#5; SNO-GAPDH ] Bp [ 3 % Tau & F1 £ It A0 Al (19 7%
P 1 Tau 4 F 2 QBEACHEE [ 40 Sirius nl (Sirti 1) ]
P YE, TGN £ Ak Tau SR IR . BT, E&H
/NG IS TR Tau 2 H S BEARKF . BRI IE
(CGP3466B) & —Fh GAPDH W fitf 3 Ak 11 5 5 40 i 51
AR GAPDH 11 Sirtl 9 S-E A HEAL , F I Tau A £
WAL Ao Tau 25 F1 25 QWL Sirt] Y975 T 252 Bl AR
Tt e i 20 — 4 45 R (nicotinamide adenine dinucleotide,
NAD") & BE (55, A NAD (4 40 ) 5] Sarm1 & F1 7]
PAFRIG P A NAD K-, FFBH I 4 BEAL Tau 2 9 R
TS St 1 4000 500 EXS27 $0 ) Sive 54355 14 55 08 o e e
TR AW i B8 I 11 70 FK.866 41l NAD & i, W] 3
Tau & 1 O BEAL . A, 8L S WEfLREG 6 (histone
deacetylase 6, HDAC6) W] fifi Tau 2 15 L Wifl; JEf4&
PR 2y —HJEM (Diflunisal) 2 XUK4%EREE (Salsalate)
Al Tau 4 S WEALBEARYIEME, T I Tau 28 11 HY 2 TE
67, Z5 b, 7E Tau 2 0 S WAL AR A AE Z RN A
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KR, %R WAL Tau 5 116 CMA A2 140 il
YRR, SXRTBEN IR RIG YT AD SR BERT AT 1] .

43 CMA 5iZ K Tau E 1 X F

ZFEAR R UL Taw TR BIRS B0, %, 2
FHA 27515 CMA T K KFERQ S5 AT L, 42
NN IE N2 ZE ALY Tau 2 T B HE 4 CMA iR 12 017 %
fige 11 RIAE, 7E Hela 20 i A1/ RS RS opr 1E 47 A4 9F 55 3IE
S, CMA IR A] LAJA T HoAh iR 72 ok B A 12 A Tau 2511 .
Kt , 12 Z Ak Tau 25 1 AT B 3588038 R4 CMA iR 72 3
Trbes .

5 CMAHILAMP2AMAS

LAMP2A J& CMA #5428 1 B4 e84 1, HOGPERY TR Y
o] B CMA B RNIEE . DAV SR, LAMP2A
BTG ] 2 AR A Y, BRI .

51 EHLAMP2A HEPEM& 7

(1) GFAP (55 i&4 . ML 4ttt r (glial
fibrillary acidic protein, GFAP) A JE#iiR b MR 1k 2 Fl
IRAS . AEBERR L 1Y GFAP BE 5 LAMP2A £ RAK S5 5 1 fif
HAR R, 4k F I CMA B RIS . TR ALy
GFAP 1] 5 JE B2 Ak 9 GFAP JE it — B 4K, 35 4 P 4 1
LAMP2A £ BRI, I T IE T CMA 176 1 .
PH 25 4 8 & & 52 & R 1 &2 )7 5 i A I B IR 1§ 1 (PH
domain and leucine rich repeat protein phosphatase 1,
PHLPP1) W[l GFAP LRk, FaE LAMP2A ZRE &
Y1, M _EJH CMA 3% B

(2) WREakfe: ARG MR 248
TR B /NG BB IR B U IR R oy i B . TR AR
PR . G R ME I G s A 5 S N, LAMP2A B
AL I Sk A R AR I LAMP2A 12638 K -, Bk |
& CMA RIIE .

(3) LAMP2A [P f# %/ . LAMP2A 5 1R A= %
fi I, 2 S R B BV BRI A IR X P, i
I A R4 Ji 28 R AT SUEE DR, B S R B S A
fis AT DGR R A . FEAE R AR R, LAMP2A 9 2
29536 hy (HMYURFFELE T 48 hm, Hop il ik
L 72 h, DN R S O AR Y LAMP2A A
XEHE . MR K BIURAPIRE T, 5 AR B T i
LAMP2A 253053 8 3 B B i BRI |, i — 20 3 300 -
(I LAMP2A 34, 4k ifi L CMA 76 o
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(1) EFla & 48 ZEMHH F la (elongation factor 1
EFla) A Xf LAMP2A £ R & & ¥ #1785 .
EFla 55 MR 1L 1 GFAP 45 5 1, AEBERR L 1) GFAP 1] 15
LAMP2A ZRE 5 W 455 I RFFHEE ,, AT I CMA
BYIGPE . T = #EMR 2 F (guanosine triphosphate, GTP)

alpha,

Al 43 EFlo 5 W5 2 fk GFAP kA= i B, (R UFAEws iR 1k
GFAP )\ GFAP-LAMP2A & &%) b fi s, [a) it a] Jin s 3 i

12 1k GFAP ¥4k 2y W2 fk GFAP, Mﬁﬁ% LAMP2A Z2 %
SEVNRENE, FIECMA FIEHE

(2) RARafF 5 &1t Mﬁﬁ@&ﬁﬁg a (retinoic acid
receptor o, RARa) AN{LAE FL A ] LAMP2A £ 5 (IS
YA S AR FE M 455, b T H LAMP2A 2 5K
WyEE I S R I N 5 . Ik, RARac AT CMA
WM ZAERT, iR I8 CMA 1 s

(3) CaN-NFATLi@#: 58 ' /R, CaNwnl@nt 2
BRI ALK 16 1L T 40 4% A+ 1 (nuclear factor of activated
T cell 1, NFAT1), i i fb J5 i) NFAT1 A B 4% 45 &
LAMPA2 3 %t 73 2 F- X3, | LAMP2A ()35 ; CaN
AIAEIR AR ETE R A) AT REAR A M CaN By IE Pk,
SR CaN 4 /Y NFAT1 {4k, 4K 1 & 98 LAMP2A 11y 3%

. FEAR CMA 3G

(4) VPS3557E: FEABAMT, /RIS
I ¥ 1A 12 LAMP2 A SKTE Y CMA WG . T A 1)
MM H 4 ik M & & A 35 (vacuolar protein sorting-
associated protein 35, VPS35) ZEAZMNANMLF, ZFF TG
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