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The roles of autophagy in progress and development of Parkinson’s disease
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Abstract: Autophagy is a process, in which cellular components are targeted to the lysosome for dissolving and
degradation. It plays roles in eliminating damaged structures, aged organelles and intracellular un-required
biomacromolecules. Autophagy is a high conserved defense and protective mechanism in eukaryotic cell. In
response to stress, autophagy helps to maintain the cellular homeostasis. Autophagy is involved in various biological
activities, such as antigen presentation, inflammation and neuroprotection. Parkinson’s disease (PD) is a common

neurodegenerative disease, its pathogenesis is complicated. Autophagy plays an important role in the pathogenesis

of PD. This paper reviews the relationship between autophagy and PD.
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1 fiif B & (autophagy)

41 o H Wi (autophagy) +2 ¥ IK 40 25 35 40 B 5t
B TR 40 4% JE B W4 (autophagyosome), 84X
Jri 5 A4 (endosome) T B [ 1 1A 744 (amphisomes),
I J5 5 % 8 & (lysosome) il & B 1% 1] Wk %5 il 14
(autophagolysosome), & A 3k 1) 2% 11 TR 40 o 2%
AT S S0 P AR AR A0 S s BT R BT RS
P, S A A A PR R AR IR 20 R AT L 85 4 X
WA . FIMEAEVE 2 AR BRI B4 A MR EAEH,
WL 2R O B AR RS B A )
B g MA7ERIAET g4 L R Pt 2 55 B,

H I 245 — PP B B (macroautophagy).
/N AW (microautophagy) LA K 73 F FEAR A 3 110 H Wk
(chaperone-mediated autophagy, CMA). = HWifE4E
PR )2 AFAE, ARG i R EE R 40 s
0 bV R 2 40 0 iR B g g, B A R ] BLE
AN MIAT G o /0N I DA il A IR A o £ 07 =X
CLEA MY T, R R TG A0 s . AE
TR S AR, 2 AR RV T ARG
70 (heat-shock cognate protein of 70kD, HSC70) 4
TR AR AT UG R U0 & 5 i Tk
L IR 0T, A 20 3 T A A DG R I 2 1 2A
(lysosome-associated membrane protein-2A, LAMP-
2A) ¥ IE BRI TR . CMA [ FE R
AR PRI B, S AR S (1 m AR A
) e ok R

2 BREERY S TFHLE

0 i P9 B R o Bz #=AL - R A A
& 1% (ubiquitin-proteasme system, UPS) [%fi#, 1] &
F1 0 RN 20 M g8 D)3 ek A - 9 e AR B i i 412 (auto-
phagy-lysosome pathway, APS). UPS - % [% i 55 73
ATt 5, APS W47 SEi B K A7 i (1) 2 1 50 4
M.

Hii, C%5EH 30 252 51LE autophagy (1)
RS R DR, e AT AT B A 44 Ok IR RE B A OC B TR
(autophagy-related genes, ATG), Kk, HWEIHTY ¥
HRIE - DAESE T BT B A A v,

0 1 R R3S 2 B R AH O (autophagy-
related, Atg) F122 P A4 /K fidt It 110 52 5% 231 HIL I Pir
P WA DG4 TR IR R U A A FL R
ANFEFBEARPEH. SR EEARGYU K
ATG S H T AW FIGE M B ™. 757597

FEMEAT, WL Y05 = HE H (mTOR)
] ULK1-ATG13-FIP200 % 4 %) F1 % 1% 1k ¥ ULK1
HIATG13 $H] B W AN TE . H W V)5 45 52 2
mTOR 4], 43 ULK] 32 A9 2 Wi A Al
k. T ULK S 2 -5 itk 7 HAb S &
YIRS AL, B ARG AL W IR eV LRE 3 B PR B (class
I1I P13 kinase, class [T PI3K)Vps34 FIfELE Atg6 [H] 5
) Beclin-1 52 H. Vps34 E 5L IR RERL Beclin-1
WA H TR A AR, SAMES Pt R (UV
radiation resistance protein, UVRAG) Fll Beclin-1 i 15
HWEE T 1 W55 T (activating molecule in Beclin-1-
regulated autophagy protein 1, AMBRA1). 754k Vps34
AW AT E RN R R LA R B -3- 6o
1% PI3P LA L2ifitk ATG # 1.

H W IR 3 G AN ZE o P 4% & 1T B LA &R
T, BB BT B JE 2 ) 75 22 Atg6 (Beclin-1) Fil
class ITI PI3K"", &5 AN Beisb K 51 ATG12 5 ATGS
85, Vps34-Beclin-1-AMBRA1-Barkor—p150 & &
Vs ATG7 Fl ATG10. WIS 4] % J A A
21 B4V 15 (phagophore assembly site, PAS), fii [¥] %
T2 £z ZHERMA RN S 5. ATGT Al
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X, BE B Ss & 0 LC3- 11, HEh T
EIWEAARRES -, DR, LC3- [THAE A B W AR &5
o AWRARA S IARS, Mk REsZ 25 b/
R 2 (synaptobrevin/ VAMP, SNARE) 14,
53 fili 57 B b fF) 2R 1 syntaxin Il SNAP-25 Hf #% Ay
SNARE 45 . Fifi J 5 B A 7K A e 1 A4 ) 22 40)
FEAE o

3 BRESHERFHOXR
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2 4 AR 093 AN LAt A B 190 RO AR T s s 12
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2A [ BESE AN N CMAM, 75 PD 1, a-synucein
X CMA A 53 A7 B 10 UL 40 i 3 5 D7
2D (Myocyte enhancer factor 2D, MEF2D)1] [#fi# ,
fREHERh 2 g sE T . B A AR AS3T SRAR Y
a-synucein T 7 MEF2D £ CMA Ji& #) HSC70 ¥
iy, o RIA R AR R AS3T 5848 #Y a-synucein
#AH T MEF2D JEVE, SEUT M mAET .

76 OE H 4, Atg9 s A T ST Ry R S M
(trans-Golgi network, TGN) Fl LC3 FH /M. H L
RAJG, Atg9 2 I TGN # {7 F] LC3 FH 4 /) ifd.
a-synucein it L IEPLEL T Atg9 & 47 F] LC3 FH M/
W, T EUE WA S R AR BL & R ) R K .
o-synucein [¥]id F 35 4 F W, {(EPE T PD hif 2
ANFERR LS, B A B LRk
febEhS . TETE4 (reactive oxygen species, ROS) 7K1
PIBE I LA S R E 40 B i T f kvl L, a-synucein
A 12 A e AR 1 R U
3.2 UCH-L15HE&iBH

12 % C A ZKfift i L1(ubiquitin carboxyl-terminal
hydrolase L1, UCH-L1) j&—F ¢ 223 M FE IR 1) &
I, ANAE— e Rh Rk, s K. . 50
DL R R i (¥ I 41 Z Y, UCH-LI e 0
ORI, RN A 0 1%~2%" . UCH-L1
15 PD Al el 2B A T PR A O

Z¥AF B UCH-L1™™ J& Sk PD R A A [N
RS 5 T XS FAAAN S AR P IR
EAFS, UCH-L1™M ¥ L 2 L e & e
T Mo B, 9848 B (K UCH-LI fiE 5 CMA &)
LAMP2A 1 HSC70 i B2 26 AT CMA. 7240
il )9 UCH-L1 () 58 48 #9 UCH-L1"™M A J i b 15
CMA Ji&#). LAMP-2A., HSC70 LL KR4 14 90
(heat-shock protein 90, Hsp90) AH B 1, #4 )il a-synucein
FKILKF, XERFFTER I T UCH-L1 [ 9874 d it i
T a- Sl H N AR EE PD IR K o

LAMP-2A & DL —F G W 1) 5> 1 FEAR I TE X
AEAE, L5 HSCT0 ZRALRE RS /E Ay B R A CMA 1)
AR H W) 3-MA R A S, A Ik I
UCH-L1 ) [ i e e 2 47 17 55 #9421 UCH-L1
FIEL, UCH-L1™™ fefig 3 in 5 LAMP-2A ()4 T AF:
. UCH-L1 5 CMA [P} 5 {F R BERS T 3 a-synucein
() B . 17 UCH-L1 #5848 8 UCH-L1"™™ 47 0] B
ek PD [ Ao 8 HIR 1H E <e R S 1R KM o
AL/ BRI KT TR ), T UCH-L 2 Bt
B — A EE R 5 P BRIEAR () UCH-L1 REAf

UCH-L1 5 LAMP-2A. HSC70 Fll Hsp90 [t A H. 1f:
RS sghn, B, BAEAIK UCH-L1 W] g %A %
FE IR IT BUR VE A G s IR0 T 7 HE i 2
3.3 LRRK25 B&&E%

B ALV SGMA 6 AR AR A G IR R ' B e 2
% FE L W 2 (leucine-rich repeat kinase 2, LRRK?2),
A HEL FEAR K o

LRRK2 J2& 5 A i WL IR REAS 75 16 90 46 AR (1)
FORR TP, EHAE TR EE. SoRE D,
/NI LA K R 2 9 fie A 28 TG AE N IR IR S X
Wo A8 HUR MR G AR 1) 2% B /IR R 22 58 fk
LRRK2 £ A # n * . ¢4 7 LRRK2 fig B 4% ok 1]
2 Ml 55 PR IS5 DA 7 R0 Ho A PD AH G SRR AH HAE T, A
M55 8 T SRR 2 Tk T

A o i % G2019S LRRK2 58 48 7Y ffi pfi 25 58 Fll
VAT el 1) 1 WG9 8 1 B R R R [ AL
fF LC3 B Atg7 43 Jx [n) i 5% i #if 28 58 fih | G2019S
LRRK2 [J3iL, FRUIRAA LRRK2 X 2 R fil v
AR A R EH . /2157 AS3T a-synucein
SEAR RVEE LR /N B A, LRRK2 3 2% 028 ) 2 i
P2 IR AT Pk AR DL K a-synucein [ SR BT, 8 g
LRRK2 H 3% P RE 51 o 22 5 fi f A A1 4 ot [+
i, WM LRRK2 A A8 % 38 o b 20 58 f = 2F 2%,
RNA i i 1% LRRK2 2> 54 5 41 filw 15 Wi 3% vk 7,
LRRK2 571 R1441C 554 M (1) H e A0 40 f 15 e
BARAL W H W 2 . p k] WL, LRRK2 7E
PR NS G e PR iR (2
34 PINKISE B

SRR g i N AL R AL R S P, e LA
M shie b ae i, WaEiETES (ROS) A1)
T2 . KEDIREMZRLARE NS LB b B R
P, WP Sebi ik B, 40 A 1 0w kA R 1
BRI A E 7 I B

PD {456 3L K] PINK 1 Al parkin 76 28 R 44 [ 1
ke 31 5 35 4E ) BV, 78 PINK 1/parkin /) 5 2k ki {4
AW, PINK1 25 7 506N PD Kk, {fE4h
A B PINK 78 HL s A48 1 2 11 /K e o 4 5
G RS, W RRHE 2 5 AH K ZE T AF 8
(presenilin-associated rhomboid-like protein, PARL) it
A . SRR PARL ()i K G40 PINK1
BEfl . 8RR O, KAk U1 PINKI 784
FiAARRAN BBGE K. thiik, Zeki AR H 454215 5
2% by, PINKI iG# SR8, B 5 PINKI 71 26 kL A4
LURIR 5] parkin 75 S 24K [ W K B A IR
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P (1] PINK1 5 4| 55 7 437 i (translocase of the outer
membrane, TOM) JE i 1] 5 15 4 346 B8k Hb AT 26 7 4
oMtk T PINK1 B4 385 B AME LR FF 5 TOM Bk
fro LR B M40 M 28 bl 75 PINKIL & A7 26 =
TOM 5 & Wy 1) ik S0 A D) Wl 1k ml o 5 g Ak, W)
parkin Jf FLIE 2 30 BB 1 B9, parkin 4 it 3
(R SRAL S W G O AR B M < i 1) 32 B BT, O
Tk A s A T E N E3 (SN, IR &
AR HR 1 Bl A B

[ (e UE 2 11 Ambral 55 parkin —Ff, 7ERAE
ANERE R I Tz Ak, LG G 2 i e el 4
6 P, Ambral ] L5 parkin A H 4, i 4E K 2k
WLAA B2 AL BE WS N5 parkin 5 Ambral 22 [7] {41 &
YEM . Ambral 255 T parkin {46 (1) £ 1 2 bi A% 2
WAk, WA T HIGeZebi A PtdIns3K B454Y), IHE
BEEPEE AW BRI R BT

PINK 1 5 Beclinl A1 H.AFFH UL Az it 367 1) PINK 1
R 0% 100 25 b 39 NS At 7K1 1 B RN DL 75 -5 1 40 g
M. 5848 70 () PINK1 W437X ¢ E 52 B8 4% i 59
PINK1 5 Beclinl (¥4 H A H LA & 75 5 B W) fig
% il
3.5 DJ-15BMEB

DJ-1 & —fr L5 M1 4 A% 995 R o AH OC 1) 25 1T
i DI-1 JER ¥ PARKT & A7 TGt 44 1p36 A7 &,
AT R B R AR By FRLBRL DR 15 A% B R MR R G (0 Ak
B pEast L A A 4 AR A ¢ B

R AR 5T 1, DI-1 5 PINK 1/parkin f& % 4t
FreRipAr oh g U0 DI-1 [ 2% B8 % 58 0% Pk 41
UK R A S e b AR 2 & T 4l 1 DI-1 1) ik 2k
WU T AW, RUT DI-1 IhRE A BRI HE T A R K
W B R TIPS NI 2N, ROS MIRERS I
W AN IRE A ) DI-1. PINK1 LA parkin
WAL R R 2 B,

DJ-1 A8 U 15 4 B 2s o s ZeRifR = 4 ROS
Jii, DIJ-1 2K ROS M BH 4 MU SE T, fR97 T 2k
AT  Te 3k . TEARBRAPE T, gk
& P ROS 7K L K 3k 2> 45 J&8 25 i 85 F1 B (matrix
metalloproteinase, MMP), DJ-1 &kt 2 fifi If) g 52 1 1)
ORI SREE, VIR AARTE P DA R B W R K P BRI,
ERAR BTN, BEE T-H Wi bR 2 40 1 £k
Rk B, S 2 B bk KR4, IMiE K PD.
4 ZEit

FIENE PD M7 1, WA R a- % SR fih

1 A53T fil A30P, DL} DJ-1. PINK1. LRRK2 #f
Z 5T AMER. EMERSGT, BAMEA KA
Wi R R LR )k A, X %A PD
AHIFE DR B A G BE J PD B 3 i A 0 22 BH T 4
Mo AR E T 2 BRI S T AET . MPPT Bl
Z UG E R AN L BN A kA% H B
KA BT W seAh, B WA S R W
% (rapamycin) B0 N A0 WY 305 S 10 400 AE T .
KL, B WA ] RE (2 E o 2 4l B ) BB T X R
W 5 28 20 i D T AH OC 1k R R 2 T % R BE A
T LA o

AW ] UE BRI S B, b AR
TEAPE TN ERER,  REMEA R T )7 A <6 AR s S5 ph 42
BAT PR I R . 5 — 5T, H WO T RS
SR BRI, e EME i, il
FEUI A AR IR AE . IS AR R 40 T B R OC R 1)
WA W TR G AR0  FHLRIE— 28 T, R
M AR VB 7 SR A8 B AR, A YRYTY PD 42
AT IR S

(& % x Wkl

[1]  Reuter I, Mehnert S, Leone P, et al. Effects of a flexibility
and relaxation programme, walking, and nordic walking
on Parkinson's disease. J Aging Res, 2011, 2011: 232473

[2]  Ali SF, Binienda ZK, Imam SZ, et al. Molecular aspects
of dopaminergic neurodegeneration: gene-environment
interaction in parkin dysfunction. Int J Environ Res Public
Health, 2011, 8(12): 4702-13

[3] Pendt LK, Reuter I, Muller H, et al. Motor skill learning,
retention, and control deficits in Parkinson's disease. PLoS
One, 2011, 6(7): €21669

[4] Chu CT. Diversity in the regulation of autophagy and
mitophagy: lessons from Parkinson's disease. Parkinsons
Dis, 2011, 2011: 789431

[5] Kang HT, Lee KB, Kim SY, et al. Autophagy impairment
induces premature senescence in primary human fibroblasts.
PLoS One, 2011, 6(8): 23367

[6] Wang Y, Singh R, Xiang Y, et al. Macroautophagy and
chaperone-mediated autophagy are required for hepatocyte
resistance to oxidant stress. Hepatology, 2010, 52(1): 266-
77

[7]  Cook C, Stetler C, Petrucelli L, et al. Disruption of protein
quality control in Parkinson's disease. Cold Spring Harb
Perspect Med, 2012, 2(5): a009423

[8] Lee J, Giordano S, Zhang J, et al. Autophagy, mitochondria
and oxidative stress: cross-talk and redox signalling.
Biochem J, 2012, 441(2): 523-40

[91 Harris H, Rubinsztein DC. Control of autophagy as a
therapy for neurodegenerative disease. Nat Rev Neurol,
2012, 8(2): 108-17

[10] Oh JE, Lee HK. Modulation of pathogen recognition by



WIEME, 5. E WL I AR R A R R (AR 77

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

autophagy. Front Immunol, 2012, 3: 44

Lee BR, Kamitani T. Improved immunodetection of
endogenous a-synuclein. PLoS One, 2011, 6(8): 23939
Pemberton S, Madiona K, Pieri L, et al. Hsc70 protein
interaction with soluble and fibrillar a-synuclein. J Biol
Chem, 2011, 286(40): 34690-9

Vogiatzi T, Xilouri M, Vekrellis K, et al. Wild type
o-synuclein is degraded by chaperone-mediated autophagy
and macroautophagy in neuronal cells. J Biol Chem, 2008,
283(35): 23542-56

Cuervo AM, Stefanis L, Fredenburg R, et al. Impaired
degradation of mutant a-synuclein by chaperone-mediated
autophagy. Science, 2004, 305(5688): 1292-5

Yang Q, She H, Gearing M, et al. Regulation of neuronal
survival factor MEF2D by chaperone-mediated autophagy.
Science, 2009, 323(5910):124-7

Winslow AR, Rubinsztein DC.The Parkinson disease
protein a-synuclein inhibits autophagy. Autophagy, 2011,
7(4): 429-31

Liu Z, Meray RK, Grammatopoulos TN, et al. Membrane-
associated farnesylated UCH-L1 promotes a-synuclein
neurotoxicity and is a therapeutic target for Parkinson's
disease. Proc Natl Acad Sci USA, 2009, 106(12): 4635-40
Shimshek DR, Schweizer T, Schmid P, et al. Excess
a-synuclein worsens disease in mice lacking ubiquitin
carboxy-terminal hydrolase L1. Sci Rep, 2012, 2: 262
Andersson FI, Werrell EF, McMorran L, et al. The effect of
Parkinson's-disease-associated mutations on the deubiqui-
tinating enzyme UCH-L1. J Mol Biol, 2011, 407(2): 261-
72

Kabuta T, Furuta A, Aoki S, et al. Aberrant interaction
between Parkinson disease-associated mutant UCH-L1
and the lysosomal receptor for chaperone-mediated
autophagy. J Biol Chem, 2008, 283(35): 23731-8

Setsuie R, Wang YL, Mochizuki H, et al. Dopaminergic
neuronal loss in transgenic mice expressing the Parkinson's
disease-associated UCH-L1""™ mutant. Neurochem Int,
2007, 50(1): 119-29

Choi J, Levey AI, Weintraub ST, et al. Oxidative
modifications and down-regulation of ubiquitin carboxyl-
terminal hydrolase L1 associated with idiopathic
Parkinson's and Alzheimer's diseases. J Biol Chem, 2004,
279(13): 13256-64

Kabuta T, Wada K. Insights into links between familial
and sporadic Parkinson's disease: physical relationship
between UCH-L1 variants and chaperone-mediated
autophagy. Autophagy, 2008, 4(6): 827-9

Tong Y, Giaime E, Yamaguchi H, et al. Loss of leucine-
rich repeat kinase 2 causes age-dependent bi-phasic
alterations of the autophagy pathway. Mol Neurodegener,
2012,7:2

Li T, Yang D, Sushchky S, et al. Models for LRRK2-
linked parkinsonism. Parkinsons Dis, 2011, 2011: 942412
Plowey ED, Cherra SJ 3rd, Liu YJ, et al. Role of autophagy
in G2019S-LRRK2-associated neurite shortening in
differentiated SH-SYS5Y cells. J Neurochem, 2008,
105(3): 1048-56

Lin X, Parisiadou L, Gu XL, et al. Leucine-rich repeat

[32]

(33]

[34]

[39]

[40]

kinase 2 regulates the progression of neuropathology
induced by Parkinson's-disease-related mutant a-synuclein.
Neuron, 2009, 64(6): 807-27

MacLeod D, Dowman J, Hammond R, et al. The familial
Parkinsonism gene LRRK2 regulates neurite process
morphology. Neuron, 2006, 52(4): 587-93
Alegre-Abarrategui J, Wade-Martins R. Parkinson disease,
LRRK?2 and the endocytic-autophagic pathway. Autophagy,
2009, 5(8): 1208-10

Tanaka A, Cleland MM, Xu S, et al. Proteasome and p97
mediate mitophagy and degradation of mitofusins induced
by Parkin. J Cell Biol, 2010, 191(7): 1367-80

Gegg ME, Schapira AH. PINK1-parkin-dependent
mitophagy involves ubiquitination of mitofusins 1 and 2:
Implications for Parkinson disease pathogenesis. Autophagy,
2011, 7(2): 243-5

Jin SM, Lazarou M, Wang C, et al. Mitochondrial
membrane potential regulates PINK1 import and
proteolytic destabilization by PARL. J Cell Biol, 2010,
191(5): 933-42

Geisler S, Holmstrom KM, Skujat D, et al. PINK1/Parkin-
mediated mitophagy is dependent on VDACI and p62/
SQSTMI. Nat Cell Biol, 2010, 12(2): 119-31

Lazarou M, Jin SM, Kane LA, et al. Role of PINKI1
binding to the TOM complex and alternate intracellular
membranes in recruitment and activation of the E3 ligase
Parkin. Dev Cell, 2012, 22(2): 320-33

Schapira AH, Gegg M. Mitochondrial contribution to
Parkinson's disease pathogenesis. Parkinsons Dis, 2011,
2011: 159160

Van Humbeeck C, Cornelissen T, Vandenberghe W, et al.
Ambral: a Parkin-binding protein involved in mitophagy.
Autophagy, 2011, 7(12): 1555-6

Van Humbeeck C, Cornelissen T, Hofkens H, et al. Parkin
interacts with Ambral to induce mitophagy. J Neurosci,
2011, 31(28): 10249-61

Michiorri S, Gelmetti V, Giarda E, et al.The Parkinson-
associated protein PINK1 interacts with Beclinl and
promotes autophagy. Cell Death Differ, 2010, 17(6): 962-
74

Coppede F. Genetics and epigenetics of Parkinson's
disease. Sci World J, 2012, 2012: 489830

Thomas KJ, McCoy MK, Blackinton J, et al. DJ-1 acts in
parallel to the PINK1/parkin pathway to control
mitochondrial function and autophagy. Hum Mol Genet,
2011, 20(1): 40-50

Narendra D, Tanaka A, Suen DF, et al. Parkin is recruited
selectively to impaired mitochondria and promotes their
autophagy. J Cell Biol, 2008, 183(5): 795-803

Krebiehl G, Ruckerbauer S, Burbulla LF, et al. Reduced
basal autophagy and impaired mitochondrial dynamics
due to loss of Parkinson's disease-associated protein DJ-1.
PLoS One, 2010, 5(2): €9367

Gomez-Santos C, Ferrer I, Santidrian AF, et al. Dopamine
induces autophagic cell death and a-synuclein increase in
human neuroblastoma SH-SYS5Y cells. J Neurosci Res,
2003, 73(3): 341-50



