Journal of Neuroscience and Mental Health, 2017, Vol.17, No.12

- AR L

A4 R0 AH G 38 9 LRRK 2 X BEys S i) 15 B ALl

WmEe ke WAHE XNHIEF EEE WIEIE R#MH T4

[EE] MeARRRRTTREERBN S RV ZRITHER, TLRARETLF7) 52
(LRRK2) £ & 2 PD A% A % Lth i B %, LRRK2 £ T A s 69 PD X 580k, A% k. 2K %
ERREAY 2L R S AR E AR, B R AL E S A KA PD £ A48, LRRK2EAYZ RLENA )
EoA, EAVETN, LRRK2 EAL T S AR M, @& IR & RAR, IR, B RIRABIEBRIK, K
5 e tis gy, IUATIE A R AT 0 K HLEG LRRK2 548 50035 Hr 69 Bl X AU AT 4234

[ %R ) Mehn; FTLRARELFINENGL, FhiEkh; %57k

doi: 10.3969/}.issn.1009-6574.2017.12.006

Regulation of Parkinson disease-related protein LRRK2 on vesicle trafficking and its mechanism

YANG Xuan, ZHANG Wei, HU Yue-qing, et al. Institute for Geriatrics and Rehabilitation, Betjing University of

Chinese Medicine, Beijing Geriatric Hospital, Beijing 100095, China

I

[ Key words ] Parkinson disease; Leucine-rich repeat kinase 2(LRRK2);  Vesicle trafficking; Review

4 #%J5 (Parkinson Disease, PD) &N X T /K
IRUEFERIA IS8 R IR T . 8% . A8, 3%
ZELZFHRESE5PD K. LRRK2 RAEJE PD K Ji
BONH ILRAE N 2 . 20 5% WS PD 9 1 47
[EE & AR B R T 5 2(Leucine—Rich Repeat
Kinase 2, LRRK2)ZE K 748, IAMEA 19% 1 HUR M
PD 5% K 4 LRRK2 3 R R 48 1Y, LRRK2 €38 7 54
(1) PD A AF WS B, 7 2% 5 /MR PR 2 LR RE AR 2
TG 2 55 22 o BE SRR AE, TR IR IR R 5 5E R
PEPD( 1L R B, B4R 22 kb . LSk F7 48 s
RHAFE) H N, (B BARBUR LA A s,
PRI L, $R 1 LRRK?2 [ AR BE DL K 2 7 SO0 T 227 PD
(R IR 2 B .

1 LRRK2MEBHEHMRIES

LRRK2 7EA [P & 18] =y BEAR 57, BH 2 527 M Bk
FR2H . LRRK2 & L&A 2 AN IhaetEgs i, o
%8 ANK. LRR. Roc+ COR. MAPKKK /1 WD40
gE Ry, Hoi Roe AT COR %5 438k 3t ] 40 B 1 GTP il
SRR, ATEZESE T #1404 5 PD K

EE£TWH: HEARBEILETH®1601117); HRH %S
[ %A R 17 102 2 51 H (201709110044) ; 650 H R4 540 H
(7184221); LT & T AA TRIH (2017A14) ; LRI T2
PRI H (xx2018099) 5 63T A R G )2 R DAHARAATH
(2015-3-117); LT BAE EBE B N R 3R 40 H (bjlnyy- & -5)

YEFZBRAL: 100095 dbET B 25 K AF M B AL T B4R BE B 2 4R I
5 RS WP

BITEE: TME Email: Jyu319@163.com

- 854 -

AR B LRRK2 22748, H #7558 fix 2 M AL 5 A
94, 4l &AL T ROC &5 M 3 ) R1441C. R1441G.
R1441H. R1514Q %7%; £i7F COR 45 #4511 Y1699C
FAR LTSS M) 12012T G2019S. 12020T 58
AR DA e 2T WD40 45 K8 i1 G2385R 9848 B,

LRRK2 B UESE )" Z RIETFTHMMERR L
ANEBAL, BLHE /N K B 5 AE L BE AN A% .
LRRK2 fEA A X 5 & A Fr A A, LRRK2 7E 5 J2 1
DL K SCIRAR I mRNA & &85, 1M7E 2 B Re A
2t h A BB, B LRRK2 & £ik T2 D%
PRI, TIAE 2 EUl A B X 2 ik B s

FEMZ TGN, LRRK2E LT 2 Fh S5 v, 4l
FRANM I Zebi i, R SR AR AR WA DL TR
FifgA . LRRK2 85 (AN B /K [0 5 IR 2 hy ekl 3 2ok Ak
g5 7 471, KT LRRK2 AS g 825 1k N B 485 4 v 0,
H AT, AT AR BERR & LRRK2 /& U] 55 158 45 46 AH 45
A, R CHKEIEYE R LRRK2 7T DL S 2 F &
FAHEAEA, 25187 35 IR AR A
T — B R A ThRE
2 LRRK25ZFE#a4%5 i

LRRK2 Z 5 i 17 T & B 1 238 7 W 1T 2.
Migheli 26 "V %% B 75 1 %654 LRRK2 9 SYSY 41 ffd £ 7%
S A K BT, TR IA 620198 MIE TR IX
— IR N &, #2785 LRRK2 i3k 1 SYSY 44 i AE
K Z 40 Whe Kim 25 K BLAE HEK293 41 g o
sk LRRK2 3 850 Wi A 20 85 ) p62 7E4H g I K2 AR



AP SR DA 2017 S48 17 B8 12 1)

B, AN FRE R p62 B E BRK, R AR LRRK2
I T p62 (17 Who B I BEIE 2 WA 3L P2 AL HE N S
I 42 i % 3 A DAL R v 2R R A 4 4 I 1Y) B v 18
VER FAT— A5 m] 520 2 1 1) 2876 530k

Cho 210 i) FH 5 385 43 47 %6 5 3 ) FH 4 28 3L 951
VE 92 56 IF S2 7 LRRK2 F1Secl6A 17 7£ A1 H.AF H.
Secl16A J& — /N Ko TR MG KMEE AN E & A, T
K 1 B 58 K B Sec16A J& P 51 Mt 11 (Endoplasmic
Reticulum Exit Sites, ERES) [ 55 2220 43, 75 N i
WA 25 e R EAR S o6t COP 1T 1 /INELI T B &
L, LRRK2 B L f# Sec16A 4 € 5 ERES M i {2
EAMN R S E w RS, RSz,
LRRK2 FlSec16A FL @A T H 2 ERES . LRRK2 %
IS ER R T Sec16A 7EH K R EL A1, Toiksi e T
ERES, M4 85 1 A PA J5f 190 38 i 42 i R S k. th
38 3 LRRK 2 232 fift 2R AT 8 T 1 I JIC 7 25 R
T Y0P N R 52 Rl 0 a2 ) 2 ek D
P27~ LRRK2 W] G380 3 7 52 44 5 1 A PR Joid I 28 7 7K
BRIz S R R 1 H b, R A HAE A
JFES b 5

LRRK2 i A] DL i 5 15 2K 5k 1k 22 41 it JisE ) 290
%, 7% R LRRK(LRRK2 [A] Y5 25 [ ) J K ml B
1) 24 Rk 42 7 Hh 2R fink 3E 3 2 1 SNB(synaptogyrin
[l Y5 £& 1) F11 SNG(synaptobrevin [A] Y 85 [ ) AMYAL 7
i TR Ak AT, MR A g3 P, 7F LRRK2 %
[A] e [ 1) 28 HUBG 3 #if 48 70 H 3 IA CFP-LRRK, & B
LRRK FHARAEH TR A T 50 AT 5 172 8 A T i R s
P, DAL HE I LRRK A 8 2 il ik /E B T vy AR A4 A
T S A B AR 1 E s i Y, (ER e B AL
FD R BB . Lin e 100 % I 9L 0 4 45 76 1 LRRK 7]
DL i 5% S PE 301 Lav(Lava lamp) f12l /) 85 H S5
(Dynein heavy chain, Dhc) 25 1 I1E I, DL 6l 47 58
P AR IR AR I ) i 0 A 4 B, X b
FHATLRRK F3BE S P 2 IEAH G BRILEAAE, Steger
25 UV SE 9% B LRRK2 7] LL B 1% £k Rab8 F1 Rab10, 7
11l Rab8 1 Rab10 5 H i 15 5 A A 45 & . Rab8 Al
Rabl103¥2 5 T 5 [ M 5 7R 3 4k 22 40 g e 1) 32 S ik
T2, P SEHEN LRRK2 38 7] 5838 13 1 75 Rab8 A1 Rab10
(T RE LASZ I B 11 A g 7R S A4 22 4 B B 1R 32 4o

I Ah, 36 A B 5 K I LRRK2 ) 5 %08 I8 £
SR R SRR I S SR, Y R R R R )
Fay S A AT DA i 2R 2 AR OE R TR 43 W T e A2 A5
Maekawa 25 120 % 31 10 J& 5 11 12020T %% 5 R /) B, 2
JB N R TR AR AR R B AL 2 B G RE AR 4 T 1
B SRR E RIS TR E 7. Beilina 251 R TR B
A2 e N it ik LRRK2 5 850 1 7 28 3 W) (Trans

Golgi Network, TGN) JE & 53 ¥, ¥ 73 #1142 76 H TGN
REN T2, B #5510 TON br B4 & Rk 2k
R 1 et 110 LRRK2 284844 (G2019S. R1441C Al
Y1699C) {15 TCN JE34& 7% I &t B 43 it — 28
VAR
3 LRRK25%FaaEFfAmnt
3.1 LRRK25 £ ke Bs et Xiong 2" K
T 2RI LRRK2 F U/ B 5 #2870 Fh 4R 5 2l
FRACH) FM4-64 [ 75 P4 (K . Matta % ) % 1 LRRK
Ty e 2k FLl 4 248 J0 0 2 AR 1) FM1-43 JL 7% (1)
HE N, PLE 2 B4R LRRK i 30k o) g
I S5 A] R S fk B v i A FE . — D R AR R
LRRK #] L% & £k Endophilin A(EndoA)S75 5% 3&, 1
HIH 5SS 5. EndoA Z 5 MK E AN SHI40H
Mok #2 . LRRK Ih GE 6k 2K 5 350 M0 5 5% 23 1 EndoA
RS, 1M G2019S (1 AE F AR B2, 11X R Fh 2
A YA AR TR B M 5 . B S Arranz
2t LT 2 N B SUIR A 0 28 5T vh 0] %2 B LRRK2 %
EndoA [f15% B2 4. Shin 25" % BLAE J5ACHE 5 40 4
JeHL A B4 Y LRRK2 8¢ LRRK2 282544 (G2019S
FIR1441C) B 98 LRRK2 34 5 B0 5 fi 3700 i 75 48
2%, ABA1 B LRRK2 £ Rab5 77 £ #H H.AF ], Rab5
A AT BN T IRE Y BT 0 N R ) K
HH. i 3RIA Rab5 14254 218 LRRK2 BT 3 B R
fish B 76 B A Th e B A, X — IR AL AR B S 1 9
IESE 7 LRRK2 A DL RabSh ) T6 5% 3 & A B iR 1L,
P GTP EvEPE, #8278 LRRK2 W] REiE i 5 Rab5 AH
AR B 5 3 e A AR e Pan Ok
Pt 2R IE G2019S [ HH b 1 28 70 5 i 38 0 i 75 E 2% o
A 138 % 0 LRRK2 fE 6 18 B2 {4, synaptojanin 1, — Ff
T fih v K B 2Rk 1 LR B R g 7 9 o V0 P 7
R REEBENEM. KN, LRRK2 141§
I3 YT synaptojanin 1 1 D) B8R 520 5 firh 2 76
LRRK2 &2 577 1 2R firh $& 96 i it e JHOS FE
Piccoli 25 " % B i ok I AR Bz J2 1 22 70 LRRK2 5 5
Merr PER 5 AR BT T A2 4%, HEEARES
T synaptotagmin F synaptophysin X FH ¥4 1] 5 fih %4 H
2 T 5, $2 78 LRKK2 F08 S S04 T35 MR 725
S . AT AR FLUBR T UL %% B 4 e T 4 o
(FER B H I B PEAG, X — B35 ik 4 B gh 3
BRSPS T I 1, VB 40 AT e A2 T E R EARE T
LRKK2 K IA PLER 41 2 S fik ) A BF 2 I BBV R A=
Al G R, {HAE, LRRK2 ik S8 7 RALTEE
i Th RE B AS, {3 43 5 i [B) B PN 328 U775 R ZE 2%, M\
M5 B0 1 5 fi J H A R P v s TR T R B

+ 855 -



B30T B FH 40 B 7 D BE B RS 51 k. Carrion 45 PV
K B R 9% LRRK2 3 N SYSY 41 g 28 firh 22 0 55 58 fih
AR & o Cirnaru 28 P HREL T /N B0 B2 2 2% fih
ANE, B LRRK2 041 IN- 1 A1 GSK B AR T 28 fis /s
A 2 R R R, T e B LRKK2 JU) 7] A 58 4 ¥ B
X —RURE . Migheli 2 10 i) P M0 H7 v 4G 0 B
FIEG2019S(E 18 PC12 41 g 2 L& B i &= LT &Y
85%. _biksh B LRKK2 X 5 fih B8 0 g ek 1) 18 1
55 G 1t A 5. Piccoli 25 M3 ) FH A € 1 B3
I Jo i 3k % o Y 84 M LRRK2 HH HLAE FH &R A, Hirp
AFELADRME A, U0 N- 25 KM Uk ] 1
(N—ethylmaleimide Sensitive Factor, NSF). syntaxin1A .
synapsin I. synaptobrevin 8. Belluzzi 2 iF 52 7
LRRK2 A NSF Z [A A BAEH, 7F H K I LRRK2 %
P2 AL NSF T645 5% 3E, #8017 H ATP B3 14, M2
155 1] ¥ NSF Bt 6 2% [ 5244 (Soluble NSF Attachment
Protein Receptor, SNARE) & & 4 1) fift 5 %, K bk
AT AR LRRK2 it 2 i B 6 R i i 8 45 7 g 2 sl ik
5 5 b 2 AR LA R SEBLA, (H LRRK2 5 HiAth
Sl (1 IR F LT 75 B — D A
3.2 LRRK2 53 R & /@ p5feitst  LRRK2 R
T 5 fih B 1 R R B e AR A, R
T 0 G A 57 B 1 L 75 AR . Pereira 251
R T 2 15 G2019S AT R1441C K B BF 40 i
IR 7 Ty R B 1 4 H 1) B 40 b L BH B T OE R 4H
fil. Maekawa 2527 % F1 LRRK2 35 K] il 52 /I Jiss J5ii 4
X o — S fil A% B 1 (37 B e 0 R 25 38 0, 20 i
Rab5 PR FEIE % H W 248 0, H Rab5 AR S E
(dynamin) A LA 39 58, 27~ LRRK2 % KRB 4
TN R I TS . Rassu2% ™ 75 SYSY
4 1 T OUL %2 31 G2019S 452 4 48 I () M & Th g . AT
R4 T 40 2 B, i 3R IA G2019S B
A B 1 2 B SR 1R Ak, A K
BB, Mutez 2 X% G2019S 3 45 PD £ 3% 41 1fiL
AZA AT T e AT, R T A kKA F i
(15 i, Hd it 45 A% 2 1 (clathrin) /5 1
Jf0 I8 4% . Schreij 55 3 F T Pull-down SZIIE
SE LRRK2 1 clathrin %5 % 2 8] 47 72 H 8 40 B AE H
Stafa %5 B0 1 % B LRRK2 Fil dynamin 5% % & [ 2 ]
AAEM BAE A, HARSNSZEGUE B dynamin 1-3 330 4%
LRRK2 Bk o HR4E LA L& HEN, LRRK2 X 41 i
it 5 A1 P P8 T B L R 4% clathrin K AH < B A
SR SEPLIT, (2 F A ¥ BRI E AT R RE R B, [
UEAT s B 5T

it 11 284 | 5 40 B A — 5 3 B I A
Rk 2 A Mt . Miklave 25 P ) B ATP B350 B

- 856 -

Journal of Neuroscience and Mental Health, 2017, Vol.17, No.12

Jif e TT Y b R 40 B, % B LRRK2 26 DM il 2 5 35k A
Jr 2 A B e P 40 i b 2R B B, $2 8 LRRK2 7
VAT IR R AR . (B D T
F R I LRRK2 %5 A il [ o 5 el B 2 i &5 30 70 48
b, T 3G 0T ATP 3R 40 A P Ca™ R B, DRI
LRRK2 7] RE 2 38 =L 52 il 2 B ;4 Ca™ & FEE 18 1% i ¥
112 b Rz g ek A i B

4 LRRK25RW& - REE RS

TEAN M R A B 77 e, B /Nt N4 B T s w)
TNk, KB ENEQNZAREASES %y
BHENIEA SRS IR R ENTEIREENY
JR 22 ok 8 60 3 i e 2% [ 1) 200 oL s 3 T 4k 292 R 4 L T
s ME B IR AN A 278 N A b 5 7 B Rl
A AR N E O KRR ME. KEIFER
B LRRK2 5 £ /> Rab & /A {EAH HAEH, JFad i i
5 Rab & A I DI RETE 2 N IR T 520 Py 4 — 7 g 1
A%,

T 46, LRRK2 520 1 IR 2 N AR () R, i 3t
DUTESLI6 45 R B LRRK Al Rab7 A fEAH EAEH . 1E
LRRK 32 5 2% (1 5L g UP 7 40 f o, Rab7 PHAA (IR
R AR AR 2 1N, HL I RN I B L R BT
Lysotracker AV, $ 7% 1 £6 5t % 1K) IR G A 405 A 48
EH B, 7F Hela 20 g v i 26 14 57 4E ) LRRK2
B AR A (G2019S AT R1441C) 5 25040 ity 25 1 % 2 4=
KR B2 A4 3 N Rab7 BH 4 Yk 2% A 4 1 3l 2 o 28 2% o
Ht— B 78 & B LRRK2 842 44 (G2019S AT R1441C)
B IK T HEK293T 41 g o 3% 45 Rab7 7k S, 275
LRRK2 ] HE 3 3 1 75 Rab7 FE 1 §E M 1 Ik 2% 4 44
1T RE

LRRK?2 38 A LA 75 A 1) 52 o7 LA B T T R %
R ThAE. Rab7 REWE (VA B4 5 18 =A% 8, 1 3%
3K LRRK 1 Rab7 50 51 6 241 i 9 A7 42 8 1 9 T
P 5N R Rab7 (1) 5L 0 U1 v 20 A A EL BH SR ek /b, &
B LRRK2 % PE 85 T Rab7 WA A #55 D) e,
Dodson £ B Fi| i F1 i % 2 18 5 55 5 % LRRK T fig
B, ARSI B LRRK Th g G 25 1 56 6 B v 40 g
HH VS A PR I K, SRR TS R B AR Th e R AR
(YN

)5, LRRK21EZ 51075 T retromer 8 & 14T
ﬁléo retromergﬁﬁgﬂéfﬁé UAS ﬁﬁ%ﬂ%% Ei }J\ lj‘] M@'J
TGN [ 3 [m) iz %, 2€ 3643 #: 5 F 35(Vacuolar Protein
Sorting 35, Vps35) /& retromer & &A1 O & H, 7]
B TR A R R R 2R E A RN S E
AR B TGN f135 17) #% 12 7°). MacLeod 25 B¢ %k Bl 1
KR EAR B JZ 480 28 0 it R TA G2019S 5 B0 il 14
AT K, TR) B 5 I A AR v % 66 1 1 R A 6 T



AP SR DA 2017 S48 17 B8 12 1)

IR 5% #& (Mannose—6—Phosphate Receptor, M6PR) & &
2 B&, T i 2634 Rab7L1 7] LA 20404 G2019S
BT S B R AA T RE MRS . MOPR J& — 1 H retromer
BAREIZEA, WHRAKERHEEELE
B, ] retromer B S 1A Th BE 2 5 EM6PR K & 5 [F
i, VEEAR K B A O 7E N2A g o ik
LRRK2 FRAF & G2019S 5w # Rab71.1 35 5 £ 41 g N
Vps35 F Vps29 7K F B i, #& 7~ LRRK2-Rab7L1 1]
Ae 2 i U 71T Vps35 & H K BLSZ W retromer & &
R I AL, Dodson 25 14 F) FH G 938 Hh U UE 92 6 IF 52
LRRK2 Fll Rab9 2 [A]f£E M BAEH, IF K it K&
2H Rl PE B0 TR ZS 19 Rab9 7] DA il LRRK2 3 14 6kt
KT B B R T BE PR IS . Rab9 E B2 4 F K
KWK L, 172 MPR IR 2K A& 7] TGN # 12 I FE 11
—AFEEAD. FHEN, LRRK2IE ] el 5
Rab9 AH ELAE L, 715 MPR 12 M 52 00 7 Bl 4 1%
fRINRE
5 LRRK254iia&2%8

TR RN 22 e B R W AT A&, N BRI IE H
At EEE, X IERIEEh A EEEM. HifE
A KB SIS IEHE 2 B LRRK2 1] BAVE A T4 fa 3 22
T, s AR E M

Gandhi 25 %) F| F Pull-down Fl Ji 3% 52 3 1iF 52
LRRK2 Fll o/ B —tubulin — F 4K 2 6] H A1 B 1E .
Gillardon™" & B LRRK2 7] LA 8 % 4k, B —tubulin, i
G2019S A LUfd B —tubulin BER 1L /K3 5120 3 1%, 1A
AN TR A LI BN TERUE M R AR S DL R,
G2019S 42 = T 1 B A /K °F, #2758 LRRK2 41 5 1%
B —tubulin BEE AL IN T U A2 2 7« Esteves 2514
] % B8 LRRK2 #1011 771 IN— 1 5 SUNT2 20 B 4 3t 25 1)
tubulin 7K Pt &, 3 — 5 E SRS £ 2 14 AT LRRK2
PR A G . USRS X T4l B DI RE R B &
KRELRMEH, HEME T ERE W T mEg
. WF 5T EAE R A LRRK2 . G2019S A 120207 5 %
PO /IN BRI L8 3] 1 GO A e 1k S BN, R Ak
BTG, SR R EAR B M Y. LRRK2
R tubulin Z 4L, Law 25 M % Il LRRK2 3 [ 3%
B2 /N SRR AT 44D N @ —tubulin Z.BE AL 7K F B 2 &
THF A RN . (H 2, Esteves 2510 1) W1 %2 5| IN-1
REFENT2 40 fE N o —tubulin Z B4k 7K F & 2 BRAK,
I HE I LRRK2 %} o —tubulin 2 Bk A4 () 38 715 7T B
FEA BT HEEEE Y. o —tubulin 1) 2B 5 3
JIMIR R AR SEERNEEA 6. Reed 25780 R K
o —tubulin ) Z AL AT A AR 3G S UK Eh B H 5
o —tubulin ({145 & 1F H FRARK, [R1A 4il 22 58 23 B2 B 6
FEAIK, $2 R IKsh R H 3l J1 DhRelERG . BRIk, LRRK2

AT fe it 5% o —tabulin Z R A KT 3 110 8 75 5
VAL P SEASAE b
Meixner 25 " i Bj £ NIH3T3 44 il o' LRRK2 5
% A~ actin W4 DA I actin I 15 28 A A7 76 AH BAE .
AT 3 i A A S 36 IE B LRRK2 7] LA 5 F-actin &5
&, FHIH T actin K1 EES . Moesin. ezrin 1 radixin
FL[F) 20 B ERM & 500, IR AL ERM Jd it 3 C v
F F—actin #H 3% LA &2 N 3 A1 A 5 AH 3% DA% B2 F-actin
R RRLRE, AT SH T T 24 B 4 ) 4 2 DA K A A s 2
A EEEEH ). Jaleel 25 1O AR AN 286 h R
I moesin A # LRRK2 58 4% f& G2019S % fig 1k, Bl 5
Parisiadou 2 L47] HE— DR SR B 28 o G2019S
A LB FR 1k ERM;; At A1 138 & B 7E G2019S % JE [A] /)y
B 2 AN T 4 22 0 R I F—actin & & B 2 T+ &,
Caesar 25 S 1 7F R1441G %% 5& K /)N B 5% fioh #8128 /1N
A i W %2 3] F—actin 7K 7 F+ &5, $2 78 LRRK2 248 44
G2019S A R1441G 7] Gef2idt 1 actin I %A . LRRK2
T fe 575 0] Be 2 52 M 40 ff N 1E ¥ actin 99 2% 172 5%
TovkE N B WIS R At A EE A PIE , AT 52 1k B I 1)
%,
6 NG
LRRK2 3 K 245 1 N PD ¥ 4 044 S5 4%
LR R IR, A 5 AR B DL R B Th e T ER A% PD
MR B 6 B E L. TEARTH, A4,
T LRRK2 X} TRy 1. LRRK21E £ Mg
7 b 5o T Re s A BAE R T EIEE
B, 005 TR VP PR R P B TR PN A D A T
PRI ERL NI RE L retromer & AR T BE LA K B3 5
W LRRK2 X T~ 32 $ i U4 5 nl gl s 2 A
AFGIFE LS5 PD AR, BLFE MR T S AR &
AW AR R L MR TG IR L #2838 T R TI
. R, BEAE LRRK2 W 15 3236 L i i it 72 i)
RN, MK 2 g F PD Rm HLE] O E R, oA
EFEIRTT PD HEHE e 4 S
5 £ X M
[1] Kestenbaum M, Alcalay RN. Clinical Features of LRRK2 Carriers
with Parkinson’ s Disease [ J ]. Adv Neurobiol, 2017, 14 31-48.
[2] Martin I, Kim JW, Dawson VL, et al. LRRK2 pathobiology in
Parkinson’ s disease[ J ]. J Neurochem, 2014, 131(5): 554-565.
[3] Monfrini E, Di Fonzo A. Leucine-Rich Repeat Kinase (LRRK?2)
Genetics and Parkinson’ s Disease[ J |. Adv Neurobiol, 2017,
14:3-30.
[4] Sanna G, Del Giudice MG, Crosio C, et al. LRRK2 and vesicle
trafficking[ J ]. Biochem Soc Trans, 2012, 40(5): 1 117-1 122.
[5] Hatano T, Kubo S, Imai S, et al. Leucine-rich repeat kinase
2 associates with lipid rafts[ ] ]. Hum Mol Genet, 2007, 16(6):

678-690.
[6] Migheli R, Del Giudice MG, Spissu Y, et al. LRRK2 affects

+ 857 ¢



[7]

[8]

[9]

[11]

[12]

[14]

[15]

[16]

[20]

[21]

[23]

vesicle trafficking, neurotransmitter extracellular level and
membrane receptor localization|[ J ]. PLoS One, 2013, 8(10): 77 198.
Kim MJ, Deng HX, Wong YC, et al. The Parkinson’ s disease—
linked protein TMEM230 is required for Rab8a—mediated
secretory vesicle trafficking and retromer trafficking [ ] ]. Hum
Mol Genet, 2017, 26(4): 729-741.

Cho HJ, YuJ, Xie C, et al. Leucine-rich repeat kinase 2
regulates Sec16A at ER exit sites to allow ER-Golgi export[ J ].
EMBO J, 2014, 33(20): 2 314-2 331.

Sakaguchi—Nakashima A, Meir JY, Jin Y, et al. LRK-1, a
C. elegans PARK8-related kinase, regulates axonal-dendritic
polarity of SV proteins [J]. Curr Biol, 2007, 17(7): 592-598.
Lin CH, Li H, Lee YN, et al. Lrrk regulates the dynamic profile
of dendritic Golgi outposts through the golgin Lava lamp[ J ]. J
Cell Biol, 2015, 210(3): 471-483.

Steger M, Tonelli I, Ito G, et al. Phosphoproteomics reveals that
Parkinson’ s disease kinase LRRK2 regulates a subset of Rab
GTPases | J ]. Elife, 2016, 5.

Maekawa T, Mori S, Sasaki Y, et al. The 12020T Leucine-rich
repeat kinase 2 transgenic mouse exhibits impaired locomotive
ability accompanied by dopaminergic neuron abnormalities[ J ].
Mol Neurodegener, 2012, 7: 15.

Beilina A, Rudenko IN, Kaganovich A, et al. Unbiased screen
for interactors of leucine—-rich repeat kinase 2 supports a common
pathway for sporadic and familial Parkinson disease [ J ]. Proc
Natl Acad Sci US A, 2014, 111(7): 2 626-2 631.

Xiong Y, Coombes CE, Kilaru A, et al. GTPase activity plays a
key role in the pathobiology of LRRK2 [ J ]. PLoS Genet, 2010, 6
(4): e1 000 902.

Matta S, Van Kolen K, da Cunha R, et al. LRRK2 controls
an EndoA phosphorylation cycle in synaptic endncytosis[ T].
Neuron, 2012, 75(6): 1 008-1 021.

Arranz AM, Delbroek L, Van Kolen K, et al. LRRK2 functions
in synaptic vesicle endocytosis through a kinase—dependent
mechanism[ J ].J Cell Sci, 2015, 128(3): 541-552.

Shin N, Jeong H, Kwon J, et al. LRRK2 regulates synaptic
vesicle endmtylosis[ J]. Exp Cell Res, 2008, 314(10): 2 055-2 065.
Yun HJ, Kim H, Ga I, et al. An early endosome regulator,
Rab5b, is an LRRK2 kinase substrate [ J ]. J Biochem, 2015,
157(6): 485-495.

Pan PY, Li X, Wang J, et al. Parkinson’ s Disease—Associated
LRRK2 Hyperactive Kinase Mutant Disrupts Synaptic Vesicle
Trafficking in Ventral Midbrain Neurons[ J ]. J Neurosci, 2017,
37(47): 11 366-11 376.

Piccoli G, Condliffe SB, Bauer M, et al. LRRK2 controls synaptic
vesicle storage and mobilization within the recycling pool[ J ]. J
Neurosci, 2011, 31(6): 2 225-2 227.

Carrion MDP, Marsicano S, Daniele F, et al. The LRRK2
G2385R variant is a partial loss—of—function mutation that affects
synaptic vesicle trafficking through altered protein interactions[ J |
Sci Rep, 2017, 7(1): 5 377.

Cirnaru MD, Marte A, Belluzzi E, et al. LRRK2 kinase activity
regulates synaptic vesicle trafficking and neurotransmitter release
through modulation of LRRK2 macro—molecular complex[ 7.
Front Mol Neurosci, 2014, 7: 49.

Piccoli G, Onofri F, Cirnaru MD, et al. Leucine-rich repeat

kinase 2 binds to neuronal vesicles through protein interactions

- 858 -

[24]

[25]

[26]

[27]

[28]

[37]

[38]

Journal of Neuroscience and Mental Health, 2017, Vol.17, No.12

mediated by its C—terminal WD40 domain[ J ]. Mol Cell Biol,
2014, 34(12): 2 147-2 161.

Belluzzi E, Gonnelli A, Cirnaru MD, et al. LRRK2
phosphorylates pre—synaptic N—ethylmaleimide sensitive fusion
(NSF) protein enhancing its ATPase activity and SNARE complex
disassembling rate [J].Mol Neurodegener, 2016, 11: 1.

Pereira C, Miguel Martins L, Saraiva L. LRRK2, but not
pathogenic mutants, protects against H202 stress depending
on mitochondrial function and endocytosis in a yeast model[ J .
Biochim Biophys Acta, 2014, 1 840(6): 2 025-2 031.

Maekawa T, Sasaoka T, Azuma S, et al. Leucine-rich repeat
kinase 2 (LRRK2) regulates alpha—synuclein clearance in
mi(:roglia[ J 1. BMC Neurosci, 2016, 17(1): 77.

Rassu M, Del Giudice MG, Sanna S, et al. Role of LRRK2 in the
regulation of dopamine receptor trafficking[ J 1. PLoS One, 2017,
12(6): €0 179 082.

Mutez E, Nkiliza A, Belarbi K, et al. Involvement of the immune
system, endocytosis and EIF2 signaling in both genetically
determined and sporadic forms of Parkinson’ s diseasel J |.
Neurobiol Dis, 2014, 63: 165-170.

Schreij AM, Chaineau M, Ruan W, et al. LRRK2 localizes to
endosomes and interacts with clathrin—light chains to limit Racl
activation| J ]. EMBO Rep, 2015, 16(1): 79-86.

Stafa K, Tsika E, Moser R, et al. Functional interaction of
Parkinson’ s disease—associated LRRK2 with members of the
dynamin GTPase superfamily[ J ]. Hum Mol Genet, 2014, 23(8):
2 055-2077.

Miklave P, Ehinger K, Thompson KE, et al. Surfactant secretion
in LRRK2 knock—out rats: changes in lamellar body morphology
and rate of exocytosis [J].PLoS One, 2014, 9(1): e84 926.
Dodson MW, Zhang T, Jiang C, et al. Roles of the Drosophila
LRRK2 homolog in Rah7-dependent lysosomal positinning[ I
Hum Mol Genet, 2012, 21(6): 1 350-1 363.

Gomez—Suaga P, Rivero—Rios P, Fdez E, et al. LRRK2 delays
degradative receptor trafficking by impeding late endosomal
budding through decreasing Rab7 activity[ J ]. Hum Mol Genet,
2014, 23(25): 6 779-6 796.

Dodson MW, Leung LK, Lone M, et al. Novel ethyl
methanesulfonate (EMS)—induced null alleles of the Drosophila
homolog of LRRK2 reveal a crucial role in endolysosomal
functions and autophagy in vivo[ J | Dis Model Mech,2014,7(12):
1351-1363.

Cui Y, Yang Z, Teasdale RD. The functional roles of retromer in
Parkinson’ s disease[ J ]. FEBS Lett, 2017.

MacLeod DA, Rhinn H, Kuwahara T, et al. RAB7LI interacts
with LRRK2 to modify intraneuronal protein sorting and
Parkinson’ s disease risk [ J |. Neuron, 2013, 77 (3): 425-439.
Barbero P, Bittova L, Pfeffer SR. Visualization of Rab9—mediated
vesicle transport from endosomes to the trans—Golgi in living cells
[J 1.7 Cell Biol, 2002, 156(3): 511-518.

Gandhi PN, Wang X, Zhu X, et al. The Roc domain of leucine—
rich repeat kinase 2 is sufficient for interaction with microtubules
[ J 1. Neurosci Res, 2008, 86(8): 1 711-1 720.

Gillardon F. Leucine-rich repeat kinase 2 phosphorylates brain
tubulin—beta isoforms and modulates microtubule stability—a
point of convergence in parkinsonian neurodegeneration?[ J ]. J

Neurochem, 2009, 110(5): 1 514-1 522.



AP SR DA 2017 S48 17 B8 12 1)

PUD =8 S = SE Y- Y )
[%4@iR] MehBm, HAL;, BHEAH, H4H;

doi: 10.3969/}.issn.1009-6574.2017.12.007

W <3R5 55 M P G 2R B 5T 2t e

Progress of relationship between Parkinson disease and gut microbiota L/U Chen-xi, XU Er-he,
MAO Wei, et al. Department of Neurology, Xuanwu Hospital, Capital Medical University, Beijing Institute of

Geriatrics, National Clinical Research Center for Geriatrics Disorders, Beijing 100053, China

[ Key words ] Parkinson disease; Prebiotics;

PREAR MBI K 2 DLRR E B 1 11 5 0 SR AR NS
AL TR R A REN B —ERAEnt™, R
LGt FEAS R AR M T, S B AR AR A
A3 HRRAE TR (0 R RIS » 53 Rl B () S E [R] 2,
P 975 119 22 50 N 5 2k D T S0 DR 28 B B ER iR
Je BN 22 0 X Th e 52 2o LARA /R 2 I BRI AT 4
AR (PD) J i, TN, BT (1 58 B A BB “ M
R R” R R, 1 tau A LG E I o -
SR R A« R R T R R T s sk B,

E&TH: EEE SRR RN AR Y P By 42 1t
% H R L TQ017YFC1310202); b 5T 7 B e 45 38 sy “fff i 13 &
T 25 3% B B 5 H (SML20150803); Jb 5t iRl 4 4% R 25 5l < B B3 H
(Z161100000216140, Z171100000117013)

YEZ BAL: 100053 HHERKFEHRERMEAR Lotz
RSP TL E R BRI IR E AR O

BEIRAEE: F —# Email: xuethe@163.com; % % Email:
pbchan90@gmail.com

Gut microbiota;

Probiotics; Review

RS RE i DX 56 1) 55 8 11 R i e R e R
A 1 A X35 2, S5 RI E S A ak y < e E R
I, P AR VE L R (1 B ZE L. that 2
Ui, B IR AR 22 18] E 2 Fr i, i 2 K i
i, — BRI EE — E MNPy 10T & . IXH
oK, $R BN 2K E R R R A T R X
A e 1A 2 RS PR A AR R B, s S i A1
2N E B, (8] 253 2 il RO AR A 22 A VR
JIEREG RURTT I A+ Kk
1 ZHEA . FEE AR R

FEMFLEN Y AT B A AT R G, J1EE
YT IR R AR i M. R I i A PR
PR AR NAEBR R o I EEWEFUR L, £EIR
fif B B O 58 3 I AR A i AN 38 2 TR AFAE
OV R . EP AN KEREFHES S
P R VA IR B R 2 R g KR R

[40] Esteves AR, G-Fernandes M, Santos D, et al. The Upshot of
LRRK2 Inhibition to Parkinson’ s Disease Paradigm[ J1. Mol
Neurobiol, 2015, 52(3): 1 804—1 820.

[41] Lin X, Parisiadou L, Gu XL, et al. Leucine-rich repeat
kinase 2 regulates the progression of neuropathology induced
by Parkinson’ s—disease-related mutant alpha—synuclein[ J |.
Neuron, 2009, 64(6): 807-827.

[42] Law BM, Spain VA, Leinster VH, et al. A direct interaction
between leucine-rich repeat kinase 2 and specific beta—tubulin
isoforms regulates tubulin acetylation[.] 1. ] Biol Chem, 2014,
289(2): 895-908.

[43] Reed NA, Cai D, Blasius TL, et al. Microtubule acetylation
promotes kinesin—1 binding and transport[ J 1. Curr Biol, 2006,
16(21): 2 166-2 172.

[44] Meixner A, Boldt K, Van Troys M, et al. A QUICK screen for
Lirk?2 interaction partners—leucine—rich repeat kinase 2 is involved

in actin cytoskeleton dynamics [J]. Mol Cell Proteomics, 2011,

10(1): M110001172.

[45] Parisiadou L, Cai H. LRRK2 function on actin and microtubule
dynamics in Parkinson disease [J]. Commun Integr Biol, 2010, 3
(5): 396-400.

[46] Jaleel M, Nichols RJ, Deak M, et al. LRRK2 phosphorylates
moesin at threonine—558: characterization of how Parkinson’ s
disease mutants affect kinase activity [ J ]. Biochem J, 2007, 405
(2): 307-317.

[47] Parisiadou L, Xie C, Cho HJ, et al. Phosphorylation of ezrin/
radixin/moesin proteins by LRRK2 promotes the rearrangement
of actin cytoskeleton in neuronal morphogenesis[ J 1. J Neurosci,
2009, 29(44): 13 971-13 980.

[48] Caesar M, Felk S, Aasly JO, et al. Changes in actin dynamics and
F-actin structure both in synaptoneurosomes of LRRK2(R1441G)
mutant mice and in primary human fibroblasts of LRRK2(G2019S)
mutation carriers | J ]. Neuroscience, 2015, 284: 311-324.

(Wek B 12 2017-11-06)

+ 859 -



