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Research advances in the role of Rab GTPases in Alzheimer’s disease

ZHANG Jing', JIANG Hai-Tian', HAN Dao-Bin', YU Hui', WANG Lu-Wen’, SU Bo""
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Abstract: Extracellular deposition of B-amyloid (AB) and intracellular hyperphosphorylated tau are the predominant pathological
changes in Alzheimer’s disease (AD). Increasing evidence demonstrates a critical role of a variety of small GTPases, namely
Ras-related proteins (Rabs), in the pathogenesis of AD. As crucial regulators of intracellular membrane trafficking, alteration in Rab
protein expression and function represents one of the primary factors contributing to the abnormal membrane trafficking in AD. Addi-
tionally, the Rab GTPases are also involved in the development of AP, tau and other pathological changes associated with AD. In this
article, we conduct a comprehensive review on the primary functions of multiple Rab proteins and their involvement in the pathogenesis
of AD.
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Fi] 7R BRI (Alzheimer’s disease, AD) s& 8w M2 AD VRIT /7 RIRR I REE RIS .

DL —Ppph 2R AT PG, 2 2 A R R A i AL
SRR, HATEERVEEN LA 5 500 77 AHES AD,
R T BERA B ST 4. AD F Z ik KRR I
NBATHERRA R T RE TR AT NS R oh 55 LA
M HE AR RE ST E . AD Y F B FAFAE v an
N4 B UERFEEE H (B-amyloid, AB) YTAE M2 4F
B AN 22 0 A RO B B R ALY tau B TR LR AR 4
41 Y 25 45 (neurofibrillary tangle, NFT). %R, #%
H RTET R EA 9 K008 BE B3 (R 9T T B AE i R A
R T AD RIRAHLEI A K2 K50, i R

I RA 2 D90 R~ AD B35 i P 5 A7 75 i
FiadiRms, W uRk sz, WIEkEE
Thigfag U, 4 5 X 4100 B AT (genome-wide
sequencing study, GWAS) it 7~ 2 > AD XU 2 [K] 45
Gtz %YM e « PICALM. BINI %5 () 2 (A 7
DAL B2 55 W% B AR R 40 iy 7 R A 0 ik
4, SNX3. Vps35. Vps26. SorLA. Rab5. Rab7 %
e I O B DR 1) PR E R 2 S It B IA 7E AD
R AE T B T DL A BN, IR i R T ak
s& AD RIFAHLEI I OCHE — 3 . AR SO iRz 18 i)
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AN Ras #5555 1 (Ras-related protein, Rab)
KGN F IR S HLAE AD K AEFR Bk F2 A i 7k
AT T RGLriR .

1 RabZREEHESR

Rab 52 /)y GTP i Ras 8 50 o e K 02 73
%, HETE A Rab HiEA 60 241 U Al
FEZ 5T MR N IR, RS,
e BIIRTE L )ikis, BEae, L&
B B TS B 4EFR S

Rab & HTERZHEA . 5 (endoplasmic reticulum,
ER) & i J5, B 4t 5 Rab #ii% 25 A (Rab escort
protein, REP) %% &, Jf7F Rab 7 I 3 & M- L #: 52
fif (Rab geranylgeranyltransferase, RabGGTase) )1k,
T, KA C u ) RSB . R A A
f¥] Rab 737~ W] 4% REP fiyik 2 H b IR 454, 2 A\“Rab
PEIR”, AR TS5 5 M) 2 7] : Rab 4r T1E 5
NEE WA 1% R 28 # [Al T+ (guanine nucleotide exchange
factor, GEF) FJfE1L T, 5 Rab 454 1) GDP 34t iy
GTP; 5 GTP 45 & i) Rab 4y T R /AEM R AR, &
WHEOER, TSNS 46 HEEH, 25
P Z PR R Rab 70 A& 1) GTP BEE M
BN, FAE GTP lgiG1k 25 A (GTPase activating
protein, GAP) [ UG T 77 I i 46 GTP (1)K fig, 5
GDP 54 1) Rab 73 F 45 PR, BRIV KT
A, HREHEEM RS ; Rab iz 9] £ g
, 5FE R GDP fif 5540 X ¥ (GDP dissociation
inhibitor, GDI) 45 &, A EEE &Y, Wl #H
POEIEZ Hbr G, HENHT—% Rab fE¥, It
S RE MY, Kk, Rab AR NS
(1) “orFFFoR7, HIjae i) IR & AT A T 58 8 0
Rab 1§, M3 F|{E¥ + GEF. GAP. GDI %4y
IR . JE %A Rab 777l A 2 D ASF ) GEF
A GAP, 5% [F]—> GEF 5{ GAP %4 [F ) Rab
o1, FTLA Rab 4313 1 (¥ % 52 E 4035 GEF,
GAP. GDI PR HoAthfe Sk 701 HIRS 4R R 4% o

Rab & AW &N o> TR S+ 0r F 8, [
TIPA7 S5 AE B TE UL FE B A /X B DI RE R ER A
myosin 5 71 57 41 M N % 18 1 I8 B B R A
EEA1 58805 2 K. SNARE & 45 Ak & 01
2 U8 b F0m 45 () Rab B A S5 AR RN 4> T45 4
Hs M E A&, @ik R, e
BB, TR, 58 A R Rab 73

Z I, (2R e R b R T RE U
wn, FHAPN AR 1) Rabs 5248 41 Rabaptin5 254
A LF4 [ Rab5s 5 H: GEF Rabex-5 2 8] (3, {#
3 Rab5 FF4E4L T GTP 45603, FE 4 & 1E M
AR M, Rabs 4k£:554E VPS34, EEAL. Rabenosyn5
SN, A AR RS U BE)S, Rabs
%% £ VPS/HOPS & & 4 (1) Vpsllp I %, 1fj VPS/
HOPS & &% 1) Vps39p #& Rab7 (] GEF, ¥4 Rab7
TR I TR ok, 56 R P AR e 6 P AR 1
DR SUN R

K4 Rab 25 [ H A AT B A [ w2 1) 40 i 9 o
K, Z5KEEEIZEFE. Rabl Al Rab2 %
A A 43 Wb ok AR b BLA I ) 5 32 P, Rab4,
Rab5 &7 T F A&, Rab7 & Az T B P 4, 1
Rab11 D) A7 F 0638 4 #4 #2. Rab31 7 F R X ik
IRFEM 4 (trans-Golgi network, TGN), 71 H A\ TGN
[ ia i 2 ™. Rab6 15T AT TGN Al /R B
[n] ER 38 [ f5 iz B9, & e, Rab 4 Fib %
SRR, MRS Rk s, R
s R B JRATEROE (I 7T R 3 Rab10 T73V
RAZ U R ECRAR 1 8 2 B4 76 (medium spiny
neurons) % & B SEWEAZ AL, 5 fi 6 M R AR 2R
N EBH RN P L g5 ROR Rab 4y
THEME RGP K IEE )R .

2 ADHRab%FRIKEE
2.1 RabEFEZETS5AD

R, AR 2 (FIEHE s 2 4 Rab 4 13
KR4 5 AD [\ R 2% VIAH G, HFFE KL, RABIO
(1) Rs142787485 RAx ] i 3% (K L4 APOE 4 #5745
HHAD B A P B B MRESE A — A
RABIO 1f] % W, 5 4% Rs149622307 M| 4> 5 8 4 45 &
AD RIR AT 3.5 £ P9, AT IR 2 A MEAG
RIL, FNENEEH RAB74 5 AD Rk, 1tk
bh, HNEFIFE R I RABIIA 53R &P AD 2 617
1550 35 AL G BE,  3E— B N4 4 BT UAIE 52 RAB11A
F1 RABIIB 359I k1 AD JRUSE P9 25 o (R 4 B0 4 »
$E7R RABII 5 AD Z [ v] BEA71E % 1) 5Bk P
2.2 RabEBREADFHRIARE

SRR 22 (FF 4R s AD HREE L /N BRI
R, {7 7E Rab GTP [ 2% [K 8 &5 (1 7K ~F 1 o A8
2011 4F Ginsberg 55 A\ % 140 #7115 i A v AR Bl e
(cholinergic basal forebrain, CBF) #i#l £ j¢ 1 — % 4|



5K 5% Rabs FAERT /R S BRI A ML R F R Teadt g

Rab 7> T (R IL T I, 45 B K U N k0 o fit [
fiF (mild cognition impairment, MCI) A1 AD 3% CBF
4 55 Rab4. Rab5. Rab7 A1 Rab27 ] mRNA 7K
P T R Y 2 I FEAUESE MCT A AD i 5
JECHT G AU F0E L5 i [X H Rab5 1 Rab7 [1)1A7K
SPAHEL T B TR PP AD B RTHI R S
. V2 FHER R 2 50 H RabS PHAE 1 530 Py 1A 42
XTHRAH IR, 52 RARERMRMES 1L IV E
25 70 T R P AR U A B2 5 B, #E APP/PST /)
B, fz 2 A Ty RabS A Rab7 #iA7KF Fif, JfH
Rab7 5 AB Z [AIfF(E W BRI EAL P SRTMAE 15 A
% 5XFAD /)N ER 2 )2 1 Rab7a RIAFRAE, I Hix iy
Rab7a 55 p-tau {775 i % JLE Az B, Rab7 7RI
KN P PRI S AD 2 b Rab7 (71 AN [A],
P2/~ Rab7 (118 ¥ 7] R A7 75 & B S Re 1, BARAL
W HREHE— D . ARy LB KRR ZE M4
TG 23 2 5 Rab7 [ R IE K 5 %% R 6 Y b iR
Rab7 1 Rab5 2 I E N4 & 1 50K, 404 T4
W ;1 Rab5 HIRIAAKF A B AR 5m B, g
S, 15 AR AP RASE 2 AT, HAE N K+
Rab5 H/KF O BT, $27K Rab5 S5/ 5 (1 27
I G R AT B 2 3 G Ve b A AL TR BT ) (amyloid
precursor protein, APP) iy 7. AP AR, Mz
B AD [RGB BhAh, R S EME B2 BT
RNA | j7 25 R 5. 7R, AD B35 i N RABI0 mRNA
TR FER B AR E T P 55—
EI X 4 44 AD FR 3 S AR T C 1R o) BE A2 3 T 21
415 W1 A RE R T, RABIO J% i 45 3L 32 15 09 4/
RNA (microRNA, miRNA) miRNA-655 7£ % 41 [7] 7¢
fEREZER Y,

Btz Ah, A  Rab & (R IEKPAE
AD 2PN TR . i 1 Rab3A 7E AD &
AN TR R JE R B LR T 30% LAk B
7E 1t A BUR A PS1 A260V R A8 44 1) PC12D 41 il
A, Rab8 KJFRIAEHOT AL & PR U SR,
FEHL AD B RIE R i, R A B O IR A A Ay
A A5y, KBLAD B 45 # h Rab8 #xt fE
YEHR A, H MK 1) Rab8 /KF FE 0 HH i
ZE5e B AN, 12 A AR APOE4 /N E: APOE3
/INER Rab35 mRNA 7K-F-B#AE T 12.7%; 22 18 H 1T,
APOE4 /)N i, Rab35 2 [ /K 7t B 1 & 3% B 1K,
& APOE3 /N R 7 32.6% 7,

AR, FERZME T RAB B MR IEIE

819

5 AD ()RRt A BB UL R ¢ 7 tau % BRI
pS422 M2 JGH RABS. RAB7 RikThaE : &
tau J55 3R JE A, 40N H B NFT, pS422,
TauC3 W FHPE IHIZ T A RAB4 FIE IR BT .
Braak 3/4 Ji] AD i3 @int jZ J7 h Rab6 £ i& Tt &,
{H 21X 2 15 R 4k Rab6 [ 48 0 M tau 85 (1 0 F2 1L
KT UG, TR AE NFT (44 764 Rab6 BH
&5 s

Ak, 7E AD HBERBAR A, 2 I Rab &
LR, AL Rab A A AD 138 BIG R 2 B
ED. B, AD EE A8 E %4 o RAB7A
mRNA 7K 77 75 5 8 248 95 55 4 B JRUAH B
AD HE R T Rab3 A1 Rab7 /K-F- &5 2 ks 19,
2.3 RabEREADHHEHRE

AR S B E A rTEE. B k5 H
BT AR R R IEAE EERE R, R
1E AD 55 #2838 AT 1R 505 11 5 0 ML o) o 47 v o B
B, BOEAM ORI, AD BN IX 4 H
LT K E B pRab10-T73, 4F % UL () %) 18 20 o
pRab10-T73 PHEAS 5 W70 555, 1.k Rabl0 7K
SEAER LI JE B2 5. Ak, IXLE pRab10-T73
5 AT8 b1t i) NFT f77E m 3L 7, 15 6E10 bR
TCIZE B L@ A AT R Y. 7E SXFAD
BEAL/IN BRI P9 Rab21 ff) mRNA J 2 A /KPR K
AW EMAE, {H Rab21 (12 RALEM KT B & T+
o il B F U 200 BT K I PS1+APBPP /N,
i N Rab SR 55 T I R IEAAS ] R 7E S @

2% bR, T2 Fh Rab 4 F7E AD g h &
REEMBFEE MBI R AP TR B KE R
22—, B REAAAE HAh H 3R 5 5 Rab 7% T 5
Wi AP BY tau 25 %, Frll Rab 237575 AD
AL IR 25 40 A, LA Rab 24K () ELARHLH A
HAY LR T BRI . B — 5, AU
AD 1 Rab 75T/ 7 RIABCE B E 1210, 18
A<= 7% (Parkinson disease, PD) &5 Hfth #2018 47 14
P9 T AE E Rab 2 T 1 7 0 RO BRI 5 &
M PO, BT DAAS [ A 2B AT 0 o Rab 4r FA814E
(149 5 [R) PRI 504 A B TR N BERAAS [R5 998 (1 B0 AL
Hil, FHRBER R SR AT R 2, R
I

2 [48
1%][]

3 Rab5ABHIE
AP A& — Tl el 37~46 N LR Tk B L 22 IR
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BARGHE, o AR, M AR, & AP ik L2
KM, AP, HARZENEDTN. EiRhFEEAE
RUEAE T, APP 2 B Ay S IAEEEI Y. L, ARk
A] ¥ M UE B B AT 4K 2 (1 B (soluble peptide APPB,
SAPPB). B-C A ¥ F Bt (B-C-terminal fragment, B-CTF).
AR AT B- JE M FE E R AA S BN 25 R 35 (amyloid
precursor protein intracellular domain, AICD) ; E3EVE
MREE AR RGR R, APP £ o Ay 70 WbEEET ),
A4 % sAPPa. a-C K Bt F Bt (0-C-terminal fragment,
o-CTF). P3 [APP (1) N s 5 =4, BARALEALT
AB(17-40/42)] F1 AICD. AB #il A& AD [k as fil
it AR I E IR R, APP R H o WA oy
PSEN1. PSEN2 {EUi A [i5ES AR FHE. AP
DRSS N5 SN = SN % SO S b N E L A )
W IZ T FE 2 5, Rab GTP B i T
HEMEO(E D).
3.1 RabifiZAPP R H iM% E

APP BT YIIN T 5 W AR ¥ i8 R 50 % VIAH K -
APP 1 B 43 1AM 1 [ AR B AL Ve A 2L fifl -1 (B-site
amyloid cleavage enzyme 1, BACE1)] £ N & M 4H ity
JEESR T N A A, B AR (P RR PR SR
BACEL! (1% 5 it 73 B 5%, fEULXT APP i
FTEIY) ;v 2 WA i PSEN1 BY PSEN2 18 1k 1% 0 LA
J NCT. APH2 il PEN-2 = /N B 4 i, v 7
WAEEEARRBN T 2 50 A, AR, ER. S KAk
PRFNN AR,y 23 WA IV 5E 57 1T Bt 2 520 AR AR ik
PIZET s o 43 WAREXT APP RN T 32 B R A 70 20 i i
TGN L J TGN J 73 ; x4 APP. AB &b &
W IE B A A AU 34T AR B

Rab1B {7 T~ ER- 5 /K 2 1 8] &2 & ¥ (ER-Golgi
intermediate compartment, ERGIC), /5 M ER [
(ER exit site, ERES) [ 41 [ 1F [ 32 1 ©*°Y'. RablB
Af LTS BAPP HH ER [ 5 /R AR 1) s i 1, ¥
BAPP ffiyik 22 M =y /R FEAR 25 4, Mgk — 22 BI7m
T.: £ HEK293 40 ffi ik ik BAPP,;, A GTP 45 &
B B 1) Rab1B™*" B Rab1B™ ARk, 2> i 25 41
il BAPP ] im /R B [ % is, BAPP 1] O- i ZE4b &
Wi sz B, APP, 43 ik /> P75 7E id %35 BAPP,s, K
$1L 5845 (BAPP SWo5) 1 Rab1B™"" (4 g, [ 4
A PAK I APP, FlI APP, ) 73 A/, AR Y 73 s L
FREKT 90% BT,

APP [ N #1272 8 i 22 3 1) I s B MOS0
s Y, 1i BACEL M2 il i /N GTP fi§ ADP

B IR T 6 (ADP ribosylation factor 6, ARF6) [{]3E
MAEE A NEEAR NS, &R T Rabs
BH 4 (1) 5.3 N 4 7, BACE1 7E I 85 V) APP 4= Jik
AB P, FEIEH BT, Rab5 BHE ) 530 P 42 B
oy WG APP HEAT BT YN T £ By, R
B-CTF £ B 2724y, B-CTF 4k B3z 45 0 0 Y 4
TGN i, 2B AR %, 7EFa%: APP,, 11/ ER
B AT 4 BE L 40 e (L/APP 40 i ) b i % i& Rabs,
APP ) B BU YN L3458, B-CTF A%, sAPPp/
sAPPo tUAE Tt 51, 4H BT ABy FIT ABy, B4 WA 7K F-Ft
w1, AD XU %E [K] RIN3, {2y Rab GEF, W] fi
# 5 GDP 4% & f) Rab5s [a] GTP 4 & & {0 4% #,
Rab5 if B2 3#0E, BN, RIS 1 o,
it 3t APP. BACE!L [q N ihH #iz, APP 1B 5]
W%, B-CTF Ay % ; 15814 Rab5 S34N &4 1t
248 W] BHLE RING 5 5319 B-CTF A= et 2 i
APP 1 B-CTF 3] DL S [m] 3 58 Rab5 [0, i1
PRSI, B 2 A2 K DR A5 5 el 8 10 38
i, SIRMEICEYE ; Mid3Rik Rabs S34N R
2 DU R 0 P A ) FE RS R, R R RS . HR
B-CTF 5| kK& u#4: .

Rab6 5& fi7 T e 3 s /R Bt . TGN i = /R =44
JE o WA FEL R T, 2 IR BRI i T
Ffg 4 /I ¥ N TGN b HY 2F 25 30 F2 UV, 1996 4,
McConlogue % A & It 318 GTP 454 6k [# 1) Rab-
6" SR AR A £ W 3 1 s-APP, IR0 WA, T AB
WKV REA AR B A Z m U2, 5 S ORI £ 1
W 5T % 75, Rab6 i@ i 7 % &5 & mintl. mint3 5
APP MIi%E, /% APP [kiaid 2 ™™ 76 ER i ér
B[ APP #5328 & g R SR, TR R N 4y W& 15
BRI 1R ER o 7R m /R SRR APP 5 B 4y
WA AN B LR TH i, 48 Rab6 ¥ [A315 % ER )&,
APP WIEEZE G4 v /i EG B V). T, FP=EE 2
AB P Rab6 [ 5 5E 7 % #1] PKC ff11d4%, PKC iF
PETF £l 3k Rab6 M Ef# 25 Rk, Mififf Rab6
VAT 0 R R SR [ B2 2 ER ) APP Jb,
%Z ] APP IR Se & 4y Wik A i ie R MBS, 7E o 47
WEEIITER T, 85404 sAPP 25 4BV M AL AR R 125
T4 U a0 b i APP AT LL4k4: 4% Rab6
NG REZEE, HNARFEIZE ER F1, 7Rk
AR APP ¥ B Ay ET ) Y. A ERE A&, PKC
X} Rab6 [ AR 5 /E AR T -2 8 1 1 (Presenilin
1, PS1), nIfg2& KN PS1 2554 Rab GDI, MIfiff



K #5455 Rabiz F LR R S BRI AL 4 F KR Fedt fig 821
— APP P omt
== B-CTF D BACE1
= AB <> y-secretase
Fibrilization 1 C sAPPa <@ o-secretase
m 1 1 SAPPB
AN | I 1 .
990 O . 44—
|
Rab5 Rab11 \
Early Rab21 Rab35
endosome
Secretory
Rab11 endosome
Rab35 Recycling
endosome Rab8
Recycling Rab11 . b7 Rab10
endosome Rab35 al
® g%yoo
Rab7 @ u:
Golgi/TGN
By Late endosome Autophagosome Rab1B (
Rab6
Amphisome ERGIC
Endolysosome Rab1 B
Lysosome
Autolysosome j Z ; \S{

1. Rab GTPHSTE AR HE o 11 1F

Fig. 1. Schematic model of Rab GTPases in AP pathology. APP and its secretases are synthesized in endoplasmic reticulum (ER) and
transported to Golgi apparatus by Rab1B for further processing, and then delivered to plasma membrane (PM) through secretory
pathway under the control of Rab8 and Rab10. At PM, full-length APP could be cleaved by a-secretase. With the assistance of Rab5
and Rab21, APP is delivered to early endosome through endocytosis, where the optimal pH circumstance for BACE1 enzymatic activity
resides. Then, Rab7 could facilitate the maturation of early endosome, and the fusion of late endosome with lysosome or autophago-
some, so that AB and APP could be degraded properly. Hereby, APP could get back to PM through recycling pathway under the help
of Rabl1 and Rab35. In addition, APP could also be transported to Golgi apparatus by Rab35-mediated reverse transport for f-cleavage,
and further trafficked to ER and processed by y-secretase. More importantly, the generation of amyloid fibril is also closely associated
with endocytic pathway, since GM1 on the cell surface could also be endocytosed as APP. Once GM1 is recycled back to PM from the
Rab5 positive early endosomes, it could give rise to extracellular amyloid fibril formation. APP: amyloid precursor protein; BACEL:
B-site amyloid cleavage enzyme 1; GM1: GM1 ganglioside; sAPP: soluble peptide APPB; sAPPa: soluble peptide APPa; AB: B-amyloid;
B-CTF: B-C-terminal fragment; TGN: trans-Golgi network; ERGIC: ER-Golgi intermediate compartment.

BB i Rab6 IR [0 g | 7579, AB,, A1 AB,, KFTHE, iHKk AD T, B, R

JIE [ A U S e AD B B RS R R —,
Runz 55 N R I5E AL T M A 11 Rab7 18 H b4 18
THEMG . B IREANA BB E [
2x[HHG PS1. PS2 fE4H N () 4%ia, fif =& HERRAE
Rab7 FHPEFELH, APP 1) B BYUIRD, v BIDIIE £,

73 AT SRR Eyy P2 5 b IR 2 AE B2 AR B0 <5
R 25 [FlRE 23k PST [A) 20 i ) Rab7 BHE i 44 I %
3&, v P A I, AR ERIE £ ¢ #01%] Rabs
Fl Rab7 [k s, Al B Mx — & U7,
Rab8 T 7E TGN [i) 4 ffa 5 (1335 i) s 3z ™,
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R BT Y AR R A Y S R b g
(RS VER . 1261k PS1 A260V A5 A4 5| 4 i
P Rab8 /KP4, M 4] APP CTF M TGN [
R s, A HERRTE FEER AR, oIk
iz 2 MR T B B L, ARy, ZE D, AR/
AB40 Hﬁzﬂ“% [40, 83]o

Rabl0 J iz 0 A T4H N 2 P 250, H ) Re
FESWEEH. MERWAEK. WIS,
R DI REAE S 4 sE. P BN LB RE
SRR o6 B, 7E N2A695 4iiff i F21k Rab10 7]
FHABL/ABy LLFETEE, B-CTF P~ LI £ ; Tl
B A Y5 P Rab10 T R f 25 P A 40 it o AR, K1 H1
ABL/AB, L, 4K APP. 4fig ) APP 11 SAPP
KN AS 52 5200, $ 7R Rab10 7] fE 32 B 521 APP
(0 y 2 WABE BT U R, o AP F 206 S B A 70, Sl
Tavana %5 A\ #2 H! Rab10 7] AE7E APP A7 373 WA g 1)
FIZ. AP I B R R0 R A 43 W S5 T AR v R A
TEH, MIMZ 53] AD & RLE 2 H ©, (Hixee
BB FAE AT 75 2 56 22 (1) S0 UE H B0 E A S RF

Rab11 f2& P4 1A P11 838 4% 1 B 2 35 40 7 19,
N FEFEEREARE D LDL 24 Y, g2
R R A A PO A P 1 22 R A P 2 T A2 A 1 O 3
. WL KRB, APP V717F. APPswe %5 FAD %
A SN TGN ) B-CTF, M ifii FEAS Rabl1 45
AR PR IS AR, (615 APP MERUE WA RS,
BB RE 2 AR Y. 55— 5T, Rabll &5
W5 BACEL [ %l 2% 32 fi Kz & ) 248 it 55 2% T80 ) P390
NG IZ LR, 4 T 5 M 4 B 3R TH BACED [a) 51 Y
ez, IR I R 4% Rab11 ] g /b A 44 & 4i
BACEL X} APP [{BI V], kb AB [/~ 2272, b4k,
Rabll &A1 LA 5 PS1. PS2 (SR /KIAAH HAEH, 2
7K Rabl11 B0 y 73 WA (1 38 [R) B R 15 4 B B
PEFH Y, $Rifi, 7F HEK293 4iffif, Rabll JEA<
S B A 70 R B i 58 AR R BAPP N« 1L RIA BT
2 %) Rabl1 5 Rabl1 Q70L i U AR K I AN 4 5
M SAPPo B¢ AB [ 437K F P,

Rab2l FIThREE B SN A H WA 4 i 4
F44796 P71, Rab21 Xt APP B U] () 5 i JU) 3 22 J
i 5 PST WA FAE I SEBLA « Rab21 AT AfERE v 7
ARG R 4H B P s, SRR TE W U PN AR Il A
TR 3E AP 2R B 'Y, 5 Rab5 3448l, Rab21 [6]
B AT S A fAcor U0, i 40 2 T A2 A (A
BMEOEF)VWHEEEM, BHLEsEammn ™,

Rab5 A1 Rab21 X 7] DL Z 45 GEF, MM #%5 Rab7,
Py F3 AT MR H PN A ) G B PN A Y i A
s 57 Mk, FAN AT Rabll 5 PST
FEAER, WA PS1 #ia. P16 IR 2 40 j i 5%
T U B P A DA R A A I R R R 8 y 4y
WA R B UK AR R AR AL TS B R SRR, AT
T AR E R "™,

Rab35 Z 54N 2N Risd i, aHEH
FEWE -6- IR SZ AR e da U di SR T 2 Ak AT
BB 4> TG IR U, R R . AR AR,
18 P4 I RN v W 2 SRR /KT SR AE N AD 2 B
DR, 35 AT 5 550K B P9 Rab35 A 7K F B A 1
76 N2a ZHfirf, 7% [% Rab35 A #1%] APP 1 BACEI
IFi) 24 i JEE 3 1T PO B, S A — R MEARAE A A4 Y
o, (it APP EIY), oA AR MY it Rk
Rab35 MR 7 APP 7540 B A P 4 2 45 b (G 3R
iR, [FIFFEiE BACEL [ TGN ¥ [ #4ia, MimkE
ik APP 5 BACE! fE A IF EAER, P& APP
CTF 1 AP 4= pk M7,

Kl tk, 75 AD ', H1 T Rab5. Rab7 &5 P 4 4%
ERG P TRIESAE, FHAPP H A A T )
FEVEMFER A BGREIN T, JETEMFEE A4 iR
RRBE, ApFPAENZ.

3.2 RabifiEAPLTERILARE

EIEFEELT, ABpR—FEENEA, 7
Wh R EHEG . 24 GML L5 HiR (GM
ganglioside, GM1) 2 R IR R 7T, AP U
i[5 GMI1 454, JERL GMI #4151 T AHE 1 AB
(GM1-ganglioside-bound AB, GAB). 4 GMI1 2 &%
R AR BEL M E & o BBHEHIZE K ; 24 GM1 &
B AN, AR MIRERK B 2R, H—P
et AB SF4EMTE R, P g i 1Y, R IR
WAME T, 4IERMm K GML 1T RLNF R
WINAE, 2 NARIERR G GMI (5] 241 a1,
/NERSY GMIL W] DU iE & m R R Ak B, IRk
AR, B IS A G A AR ROV A 3R AT A
£ PC12 4t i f Rab7, W HH AR DhRe R A R A
ARG, TE 2 GMI B 5 37 16 R 2 40 e K 1
Al LR AN R AN TR R IATE AR 4135, TR AB £F
o M, R B Rab5 b 8 RE T DR 40 i 2 T
GM1 /KF, (HIEARRE IR AR £F 423 M. DU
RIS AD AR ZF 4 R E Al e Y A
DIRebEisA 2%, 15 FIHNARRCEA R, R



5K 5% Rabs FAERT /R S BRI A ML R F R Teadt g

N R GML & Wik ig R s )5, A RE sk
R, N GAB TR U HEA R %A
3.3 RabiBiEABHIERE

ML TN A A AR I B E IR AR AT A
fig U, Rab7 A LLNAR APP %% iz Bt 1) i i 72,
TE R E W /MA, T 58 APP-CTF Fll AB B4/ -
i ¢34 Rab7 FIELTE A Rab7 Q67L 48748 1] i 2 [RAIK
nrbf2”” N2a Zil Jfii i APP-CTF 1 AP ] /K F, X —
1 FH AT P B AR Pk 77 B 3k i 25 R A BHLIBT, T2k
A K] Rab7 T22N FEAR U F AN A= 5 FAURR 1,

T 73 U 380 20 0 A ) AR D 3= S 40 i <2 Joie % i I
RN E SR . iERR U, AR #Ah & T
FWE. BEUS, £ Rabs FHYE M F N 4£. Rab7
BEE OB B P A, R iRl B A 1
It 21X Rab5 5 Rab7 5 41 25 U3t AP I HR R,
It AR I EEAR s MY M R AE ML R
fiE, TFN-P 25 4R TR0 0% IFNAR1/IFN-o/
B 32 A SR U AE T E B (I MIR1 8% s 88 n ),
Rab GAP TBCI1DI15 # & i 72 52 24, Rk
ik, Rab7 ) GTP /Kfi#6e 710k 55, R 5 #F 2L L
WORA, (R A ME S EBEAR RS, TR
Mo H BESE A U, BAh, EH S AB AT
SEALT Rabll PHERIFHIEIR N R, {Hid 24 Rabll
HALR AP IEAE TN MR ; HilREHM
5 A Rabl1l Q70L 58 4% {4 JU <3 3 95 40 f 4 AB 1)
?gé;% [118]0
3.4 INRFRERBE BORabIFE A BRYIE IR

/IS IO 4T L i P 2 R ) A A A R Y, AT
DA 2077 B Bt 2 200 1) 200 L TR B HH 1) AB e TE /N R
YifH, Rab7 ARt e gt AN Ik, WEFIASEE D
REE, N AP AR IS, H5R AP R
fil, T AP B R ) 3R IE K P R3E T AN 2 B
ma U2 g Ah, FIR I AP SR TR A b S ]
J2 J53 41 L A Rab5 BH A4 ) 9 44 ] Rab7 BH M B A 14
BEAK,  BEAS 53 P AR 1) G A PN A P R R 5 (23
Rab5 [1] Rab7 [ %% 4 T £ & /N R 4 ML kT AR (13
Brfie s U,

A UL Z Fi Rab 7312 511 AB R &4 J7
M, %7 Rab 7> FIUREM 2 HE 1 ElJ [l — Rab
SRR A2, PRAMAT Rab 7311
% APP i, AP AR TEFRMEAMAS FHLH,
AR T EE T AP AR R R TR A B T AD K&
I3 WL AR TR N B AR T S 25 O T
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4 Rab5tauf®iE

Tau &5 A R FH 9< 55 A tau (microtubule asso-
ciated protein tau, MAPT) F#£ K % td, HINFEFE &
i ieE M U R T IS . AR ERIE LT, tau
O RN, 58 RSEM RS, ERE
EHES . JIFEN tau AW E &R —E
G FAE, W kAERSE, TWHERE. R4
NFT ", Tau AT ELZ K - EAMERSER,
H W - AR R G5 v UAE b e, X tau 25 (A
TR U SO TR tau B AT DU 2 04 31 2 i TR
BR, 28 AE FH AL A0 A BB B, 3 Ak tau i B2
[k U2 1, Rab A SR 12 1L R 0 IE % 2 e
AR T 450, tau & (A ThRE R AS 2 FHAS
Rab GTP i D) e &K #% s 53— J7 1, AD H tau J
PRI R AR R R [RIFE D K Rab 4315 19 2 Fh 4 g
Wi IZ AT (] 2).

4.1 RabigfEtauByiiBt{iL

Mamais 55 N\ K J,  #f Rabl0 2 B # 42 T
W tau B H7KF, H tau BERR ALK P 2123 B 3
1M F % 15 Rab10 Fr 41 v EEAHEA Y Rab8a X tau &
SRR b KPR B B R 0, 5 8, Al
NEH AT8 HrR Al & B0, Rabl0 mizfa i S 1 & i
T2 Ak 1) tau 2 (1 R 62 kDa (1) tau "9, 4,
Rab10 (1) & AL A2 1 T BE 1 5 tau 25 1 BB IR 10 7K
P ME DIREA B E VI ORHL « AD 35 fiXi N Rabl0
BERR ALK Ty, IS0 BERE IR 1L (1) tau B A7 AE
AR (A e A M7 5 T AE /N B Y B Rab10 R 4R
AEERRAIRES, W 242 m U N X 8 45 & 1 E
2 (microtubule associated protein 2, MAP2) {145 7K
S, R HE A TR S LR 52 MR,
Rab7A i % U £ 4 ik Hela 41 ff2 77 tau S202. S404
B s IR A KT, AEBE R AL 1 tau B B 5 & tau
HEAR R S [FN Rab7A [ m B AT PABEAG K
R A A2 T tau S202. S422 7 45 A B R 1k 7K
H T181. S404 £ i H B M2 1k /K ~F I A % 52w,
Rab7A X tau B 2 {4 1 1 425 AT B A2 i Hoxf 22 3890
/A (multivesicular bodies, MVBs) 2% 7E 41 i N 1] 1
25 I 52 0 GSK3P 55 £ [ N 56 i, H BAR L
PR 7, BeAh, PCI2M 4 it % ik Rabs
B Rab5 S34N EPEFIERA, AT LA TR tau 22
i, K71 & tau FEHIEZ 5 [FFF Rab5 S34N R
AR ] LA ] AD KBS 2k Bl RIN3 5] & 1 tau & H
SRR . g ERNR, S &M EFh Rab 4T
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~~ Soluble tau Q'Phosphorylated tau
& Free tau aggregate

tau-containing exosome —~

ﬁ -~
Rab7A lPhosphorylation
Early Rab10
Secretory endosome
endosome @ @ q q Q'
ﬁbm Y
Rab1A + Rab35
-~ Late endosome/MVB @ Lysosome Endosome/MVB
&
—~ /

Rm \ A@?A
o

Golgi/TGN 3
o® °
) . o &
—
= =\ Endolysosome\\ Endolysosome
ERGIC ) Phagophore oS

P

= < &
= ~--4
Tau
ER 7~ aggregation
AR

(5 By &
=

2. Rab GTPi§ /£ taui # 7 ¥

Fig. 2. Proposed model of Rab GTPases in tau pathology. Tau protein is synthesized in ER, and then transshipped to extracellular
space from Golgi apparatus via Rabl A-mediated tau secretion. In neurons, tau stabilizes and spatially organizes microtubules in
parallel arrangement, and thereby regulates axonal transport. When hyperphosphorylated, tau detaches from microtubules and tends to
oligomerize and aggregate. Several studies have revealed that Rab5, Rab7A and Rab10 are deeply involved in tau phosphorylation. Then,
intracellular free tau is sorted and packaged into the endosomal system with the assistance of Rab35, and transported to lysosomes by
Rab7A for degradation. Besides, in the progression of AD, exosomal tau seeds is one of the main culprits of tauopathy spreading.
Exosomes containing tau seeds from another neuron are endocytosed into the Rab5 positive early endosomes and transferred to Rab7A
positive late endosomes. Rab7A facilitates the tethering and fusion between endosomes and lysosomes, and then generates endolyso-
somes with low pH milieu. Those exosomes are resistant to the enzymatic degradation there, so that exosomal and endosomal mem-
branes become permeabilized. Therefore, those tau seeds could flee from degradation, interact with cytosolic soluble tau, and give rise
to tau aggregation and ultimate intracellular neurofibrillary tangles. Nevertheless, those noxious permeabilized endolysosomes could
be enveloped and eliminated by autophagosomes. ER: endoplasmic reticulum; TGN: trans-Golgi network; ERGIC: ER-Golgi interme-

diate compartment; MVB: multivesicular bodies.

Z 5% au WA KPR, EHEAPHDHE L SR FEAN AR, AR B Rab7 #E—20
— I IRE fle 2k A R 5 T g AR 2 18] (1 R 5 2 A T g 1A, pH
4.2 RabiffiEtauFERRE BEAR, A b PR TT a6 A HE AR T s TRER T

L, Polanco S8 NI T AMNMRTE [ tau 2R SNBAKRAE AR pH A5 R, X B VA B it
AR . SN AR tau R AHE AR AN MR R T, SRR, DR VA T O rh A A ) B AR BN
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18K AMIAART DY A R IE S 1 B A 9, tau AL
OB TR R, SR P RIE L tau A S S, R
SR TV AN P P B IR AR 5 LC3 BHE ) 1 Wt /N R ik
AR NIRRT tau 2T A O, PR LY tau
wE ", KA Rab7 AR ER N IAEFA KL A, tau
HERERZIEIN ;104 Rab7 ] P tau 25
ELIE 5 R
4.3 RabifiEtauZARYER

Rab35 7EAH il N tau &5 )35 B B fif i # vh R
FEEELEAEM « WK - VAR AERE T, Rab35 57
A5 40 i A A TR 7 3 1 S BR VB SIS ) (hepatocyte
growth factor regulated tyrosine kinase substrate, Hrs),
Jii 8l W AK 43 1% ¥ 12 B A W) (endosomal sorting com-
plex required for transport, ESCRT), 7. 4rikiz
RUARICH taw R E, K HEE 2 RN AT, Jf
H— A%, T MVB, &4 tau & A s 2%
B4 F B AR U200 R SRR A R A 4 4 T Y
Rab35 H)#e3¢, Rab35 FRIAFHK, tau HELIEHIE
%% MVB, tau 8 (R&E, 5l RME G ™
#h 78 Rab35 JUJ AT DA RORE B2 S5 R 51K 1) tau d H
RS — RPIA R LR A U, Lin 5 NiE K
LT — 2577 ESCRT E-E W) TIREM tau H FHIERR M)
BAG3-TBC1D10B-Rab35 {555l : 7F [F % &2
H1, BAG3 RIL/K VT, fEit TBC1D10B-BAG3-
PS70 E &I A, ] TBC1D10B % Rab35 1
KIEVEM, AT 0% A ) Rab35 524k Hrs, JH3IN
& ESCRT A1) tau 25 FERR « 7E AD B3 i
H1, BAG3 (354 LI5S, {643 TBCID10B M
TBC1D10B-BAG3-PS70 & & ¥R ok, W5 1)
TBCIDI0B 1 Rab35 ki, WA tau & F I TEFR
SZRH, HEREMZ LA Y,
4.4 Rabiff}EtauZHES 3

RablA #4157/ T ER [ iy R AR FE 0 2
iz o f2 PN i 4 6 A Hela 41 A #1004
RablA F£ik, WiEFE/RIERRE AL, 1G58 R
A 1) 40 R £ P9 A A da e AR 1R B, T {12 3t tau
B4 U A B A0 A AN tau 2R 2 (Rt
AB AR ™, 4RI 51 R w R B A B R 46 T,
TEBGBAEIEIR, tau ()50 WARN AR (1A iladt— AP 30,
{23t AD 1R .

It 4h, Rab7A 5 tau 8 A B A W 8 3L 5E 47,
£ Hela 4/ 5l F# Rab7A 4551 & MVB 54 4K,
H MR PR AT, R 2 PR A tau 2R K,

825

) tau 1920 W ; 3L 9k Rab7A T22N & 71 R
AR AR T BEAK Hela 400 tau (K40 5 3 ik g5 k1
O ) Rab7A Q86L Z 454 U 2 38 il tau () 4314 127
4.5 Rabif§¥EtauEAMEE

Rab5 & AD K LI tau 85 E AL 75 (1) G B UR
s AR AD B U WL XU B K] BINT /2
WEEH H EE RS C, W5 Rabs 59 PE4E
4 Rab GEF RIN3, 4 BIN1 %45 $ui 28 A8 i ik [
KB, Rab5 2 i, 5 RIN3 g6 1958, P
o BEEOE, A EIER R, FECRE tau EHH
LNBIBMAMNE T, HERRFER R R M R,
PHE AR RGN B, i HOEE N R, mA
tau FE (ABE AR, HRm&EE Y,

FEVEEM L, U2 Rab 7 T AR EY
AR R IEAFRIVERT, X B AT A= A2 40 I 5
M. 540, Rab7 7E1H# AR BRI 2 i 3k AB
PieiE 5 R, ST HT AP 40 BB 1t 1 ORI AR
F ;T Rab7 X} Tau &5 [ A 4% 40 4% 55 ik 2 30
IL33E Tau BERE AL, 3900 tau 25 1 584, SEP0HI 40
B (H UL BB AN PR T 70 4 BB R o e AR )
BSHIWF 5T, EAK Rab7 fE4K N, HE5)27E AD &
&b ) BARAE A L 7R E IR . 5
Rab 4% AB AR 254LL, R A WF 5L Rab X} tau 25 (A
MBI SRR Wb SE R e M A ML A B T
IRANHLE AD Kb, ORI 258 .

5 HES TG

3 & 5| A i )x M (unfolded protein response,
UPR) & ER H AR & 80 4 &t B 2P0 ™
AR AP REO R, EE IE R AR TR IR
MENES. aREZ S THIES5EATESETT
3, 4EHF ER i, R oRIF S e T & E
HFr2E £, UPR o BEBOE, Waif 40 .
UPR & AD &84 i A1 [ 5 i 2 g 2 — 1, AD
AN Rabé [R5 TH 5 ER R PIAH O ™.
Rab6 Jf- A~ 520 UPR 2480 BL, (AR ER R
FREL KA, Rab6 <2 515 UPR b f%, Rk
Rab6 234l UPR 17K, JeZ 7R84 1,

BR@IRNE N — M b 2 BT, AN A=
P - 47 08 5 ST ICAZ A5 I Tl BE I 1B W IE e OO0
Lo FEMIN, BRI T ARG TR TR 5T 40
RIS, TERL “REIR - HEBE” RIS, AT4E
FRARBI, A& o bae BoRIE. 1
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AD KHE, HRBEEINEE I AERES
TR, ML T, Esseltine £
NI Rab8 1] LS5 AU B 745 2 F2 52 4 1a (metabotropic
glutamate receptor 1a, mGluR1a) [ C ¥ BEAEH, T
Pt mGluR1a 5 G & E FARIEE, AT 490 i) 2% 2 UL e
(11T B A B #2858 Ca™ B i 'Y, Bt 4h Rab8 15
mGluR1a A B AR RS AT 46 m ge e N s, $2
Y0 2 T mGluR 1a 7KSF 1,

6 MESRE

Rab & [ 1)1 K Dy e 550 22 5] KW A K &
GERGL. WEADIRE R . HIRFERS . ER M
Z MR A, 25 ZER & NFT 78 Bt 1.
YEN AD s H 2 ¢ EE ) —3F, Rab 431 H
AEZERRWFIZEIME, 2Kk AD T 1T Bt
Koy BA S4B R . R R 2 AN
&, Z¥Rab HEAMAMEAAE—D, BHZA
e, HAEMDIGRZRE, WA1E4 T LR AD
KAEAE I Rab 45 17 PD. L2 46l % A 4L
Jif (amyotrophic lateral sclerosis, ALS) Fl = #& il J5
(Huntington’s disease, HD) FHI/EH (£ 1), HAHK
i 73 Rab 71 2 5 H AR 21847 PRS0 1 & A2 AN
#E ( R Rab6. Rab21 Fll Rab27 {U{E AD
8 ). DA, ARRAETTA [F #0228 4T M % 7 Rab
(S [FAE FH LA B T 4R F 0 2B AT VR 5 ) 3L
[B) A 99 AL RO YE 97 B8 55 . T Rab 43 7 o 14 1 15
AD HIMLH, #RZ Rab 43 F1E N AD H IR A4
brEYII AT RETE, 7E AD B IR R £ X Rab
GTP fig K iAEE AN THED. 2. R X
R IR T AR R R R T B i ALK . HOAT
Rab GTP M i VI A2 B DI g Rab EH R S 5
AD AR R VEANLE] A, A7 2R
M Ay AH OC BIF 70 RS SR 1D Il PR 82 R 4 Ik B %2 3
XHFo

SEH
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