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Pathogenic mechanisms of impaired neuronal autophagy flux after ischemic

stroke
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Abstract: Autophagy is a metabolic process in which damaged organelles, obsolete proteins, excess cytoplasmic components, and
even pathogens are presented to lysosomes for degradation via autophagosomes. It includes 4 processes: the initiation of autophagy,
the formation of autophagosomes, the fusion of autophagosomes with lysosomes, and the degradation and removal of autophagic
substrates within autophagic lysosomes. When these processes are continuous, it is called autophagy flux. Blockage of one or certain
steps in the autophagy/lysosome signaling pathway can lead to impaired autophagy flux. Numerous studies have shown that impaired
autophagy flux is an important cause of neuronal damage in the ischemic penumbra after stroke. This paper summarized research
progress in the pathological mechanisms that cause impaired neuronal autophagy flux after ischemic stroke and discusses methods to
improve neuronal autophagy flux, in order to provide a reference for an in-depth investigation of the pathological injury mechanisms

after stroke.
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WA, FHerp, SRAZ O X A4 TRk A AN AT A SE
i1 2 5 X [ A E W SR T AR T
2 5 R LR G A6 FR) 5 AR B ERE R 2 52 DX Ao
Z U AR T il R X AT
WG58 T2 Z TR AE AR EL G 4, IR T 1) B W A AT A
TUHMUAETE 1 T 8 T 40 U 3 P A5 4
I AL O TR R, DR AR AR TS s T aE R
Ut 1R T i 211 i O e T N A L U
CAER, St .

W A B O B A A R B, K B R )
SRR R, TR B ; e B A S
WA R R R, U R E WA B, B R
W A 52 38 5 Y R O e A L VR TG £ PN P g AT
R, RO B /SRS T IERR . XA
AR 5 B I W 3L AT I AR Y E R UL (autophagy
flux), @ ML 5 A6 Hh 5 A 28 0 Y /T i AR S S
D BB, A R ) B R RS, 3
B P R, R T L AR AR o
HUAR - BF e A i 2 o R 2 i o 20 M AE T AL )
Xk g 2 Fp B 4507 P el 5 RE R A BB . A
B W /T RS Sl B A R BH T B K B WAL RS
I EEALHIREAT g, JF A T H AT SeE 4 B
WG it b 7 S R IR T BE R, Dt IE 1 WA S I 12 i
bR AR T A SRS, JFIR BRI
M2

1 3E B BT 2 H L2 T A ERIER

2 0 A S I A A o B A AR T TR R
ZORHEBEMEM. B TMETCRATTH AN, &
REE AL 20 ) 2 2% B DR 3T 2B 1) R 1 T 52 45 P 4
s, Bl Em TR o A EY. 4E
R AR w2 U

W P R O R T BOR R E R R
Az, R B WRTE BRI BE T, 51K HRR
PIREHER, &SRR . TR, &
AP 4R, - 1 %0 B8 F<F (oxygen and glucose deprivation,
OGD) Fl &2 % & F¥ (reperfusion, R) AbH #1128 70
WA BRI G TR B 1 A S TR i
EHTIFCRI, FEET OGD 1 AR 77 K i # 22
JUHI SH-SYSY #H4 JC ) H MR PEAE T 1G I, iy
FHF) 3- HFERTF (3-methyladenine, 3-MA) B LAY
BX IR, JJE T B EEGE 5 B & T
FErs UL geAh, B AR R S AR He L

AR 16 LA (HAK 16ac) B, i & iR IX
M ICEWEIETE, NE T E R /AR T RERE RS P

I Bt L 302, 35 YO P 22 T0 L WS R, (HLEH T R
WL RS, 3 EOKE B IRRY) AR 2 ks
VBRI BEAT FEAR, RIRESIR H R HERR, A
W i B A5 1. B A 9% R (1 R 4E 3 (microtubule-
associated protein light chain 3, LC3) /& H Wi /A& il #4
P b 5 1, W AR B A LC3- 1R) LC3-11 %%
TS WS R B, 7E OGD/R Ab ¥ i) HT22 41
IR B AT 2l kA% ZE (middle cerebral artery occlusion,
MCAO) #E R, { A 2 B LC3-1/LC3-1 F A FEIK,
AN TN, REBR TN E MY, AR S B S
OSBRI AS 2 DK w5 ZEA SE T 45 4
. ZREEEA B E2FH s g6/
WS S LRI BEATIE R, 21 51K B R S
B B 78 & B AMPK/mTOR {5 5 J8 i [ 5 2 5 54
HWE KA E, T & (Eugenol) Tl kb BE ] DL &% fif
XA RS SR BRI R Bl / PR 1

BRI, & B WA B TR B o NI EERR A,
SR AN AF G K, T R R AN AR
HM AT BRI, G et 2 gufIseT .

2 BRRF-AEAMSERBMEL T B ER
PEL

W VA Tl A T B 1 T/ A A I Y
R B, SRR EARERR IS HE MY
BRI SRl G . 2 M RNE TR N- 3 B R I % B
B 7 M 5 B A 52 4K (soluble N-ethylmaleimide-
sensitive factor attachment protein receptors, SNARE).
HHEEAZS S B WK S VA N Ok 56 1) 1) 8 5 R
4 LC3 22/ GTP [ Rab7 (Ras-related protein 7).
N EBES TGRS 122 SRl E K40
S SNARE Hfk, $REtREESEER] (K 1).
2.1 HREFE NS RBAMEHNEESFHLE

Hl I AH 5< 55 [ (autophagy related gene, ATG) J&
i ATG4. ATG7. ATG3 454f5) LC3 & A7) LC3-1.
LC3-I1 ¥4k, 4% AR T e et M, k4,
SRl & 17 (syntaxin 17, STX17). I ik %
5 H 29 (synaptosome associated protein 29, SNAP29).
BEVUAH G 1 8 (vesicle-associated membrane protein
8, VAMPS8). Ykt6 1 STX7 /& SNARE ¥ 14 & [,
Z 5 HWAESERARRE, RN a3z
F/)N GTP [ Rab7 55431 T U7,
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Fig. 1. Schematic diagram of the main organelles and molecules involved in the formation of autophagic lysosomes (i.e. autolyso-
some). The autophagosomes and lysosomes are transported through microtubule and dynamin systems, and membrane fusion is
mediated by a variety of molecules to form autophagic lysosomes. LC3: microtubule-associated protein light chain 3; Rab7: Ras-
related protein 7 GTPase; STX17: syntaxin 17; SNAP29: synaptosome associated protein 29; VAMPS: vesicle-associated membrane

protein 8; HOPS: homotypic fusion and protein sorting. By Figdraw (www.figdraw.com).
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Fig. 2. Schematic diagram of the STX17-SNAP29-VAMPS8 and Ykt6-SNAP29-STX7 pathways mediating the fusion of autophago-
somes with lysosomes. Different localized SNARE monomers (STX17, Ykt6, SNAP29, VAMP7/8, STX7) were recruited and bound
to form two SNARE complexes, STX17-SNAP29-VAMP8 and Ykt6-SNAP29-STX7, which mediated membrane fusion, after that
the SNARE complexes were catalyzed by NSF ATPase to dissociate into SNARE monomers. STX17: syntaxin 17; SNAP29: synapto-
some associated protein 29; VAMP7/8: vesicle-associated membrane protein 7/8; STX7: syntaxin 7, SNARE: soluble N-ethylmaleimide-

sensitive factor attachment protein receptors; NSF: N-ethylmaleimide-sensitive factor. By Figdraw (www.figdraw.com).
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WAL, ST AR R RS 15 L
#4045 STX17-SNAP29-VAMPS.  Ykt6-SNAP29-STX7
T (B 2). WALV A R A /N A
H @A HEE R % SNARE 2 A HAEH, oAl SE
g RE S mskszm ", A, @A %R E
SNARE & & 1k #) R 448y —Fh ks g I 2 &1k,
e B — P ] Y I BT Rl 1 N- 22 ke
MV HZ 5B T+ (N-ethylmaleimide-sensitive factor, NSF)
FIFH ATP JK i BETBUI B 208 SNARE 8 &K &
J& IR AR B, BERUCRAS SNARE W3, DAL TR IK
2 BT U

JIE fil & 75 B AL 7E AN TR B B ) Qa-SNARE-
Qb-SNARE. Qc-SNARE Fl R-SNARE %5 [1 ¥ {& H.
AR — VU2 JiE K SNARE B &k okzh U, w5t
K, WFLAY) A T T ) SNARE S B 0 H
STX17. SNAP29 f1 VAMPS 4%, ix b7 (A i it &
Ji% SNARE & &k A5 AWk 5 5 BEAR MRS 20
H W & I 9 STX17 (Qa-SNARE) 5 ¥ iy 14 JIE - #
VAMPS (R-SNARE) M i Jii # 44 % 2| SNAP29 ( #2 it
Qbc-SNARE 5 4 SNARE 45 #38, & 1), 4% ik
STX17-SNAP29-VAMPS8 7 SNARE & &1k, MMIif
5 BV - EEERAL S B

Ykt6 & SNARE FKJEk it , 7&—Ff R-SNARE
®H, EATHEMAE L, 775 SNAP29 fl STX7
TERSABAY) SNARE U e ol &2 A AR P 122
P[5 FIEH I X AITET, STX17 & Qa-SNARE
|H, M Ykt6 &2 —4> R-SNARE &£ H, ‘Eil5%
& EASER) SNARE & HAHEAEH 5 B STX17 #1 Ykt6
73 %5 VAMP7/8 (R-SNARE) Il STX7 (Qa-SNARE)
HMEAER

SNARE & & 14 ] 4 2% 52 £| /)N GTP Ji§ Rab7
e 2R A AR s ) . Rab7 B A E AL T H WA
JEE, WIOKA#E GTP fefibe &, HHZERMEAMEA
5173 2% (homotypic fusion and protein sorting, HOPS)
HEREE R YRR e B E RS 1 R X,
[F) IR 3 6 45 A 15 1) SNARE 25 [ 3RS 6) 152 JIg Jofi X0
SFIZHIRE S P,

2.2 RN RZE P RS- A B (AR S PEFE

R ML fS, WA - VA Bl AR Rk G L oA DG 2R
HRIE R, FEHEWRIEIEEE &S, B
HERR, 51K H RS .

WFFCR I, Ao i BT T 0 %% 38 Rl ot
REECEY RN AR = M, R EEAK - %

TR 1) R £ 25 SR BELT , 5 580 B Wt A b 1
it A5 W 5T K G R 1ML 20 min 5, 2 56 o NSF
ATP B KRG, FEMEICHN B WEE - R A R
E T BT, A A P v R B AR A B BRI,
T AR A A KB R, HAEEE B
(cathepsin B, CTSB) MR HHAZ P44t TR BT A
FEZYIVES ¥ AL AN B iibvin o) G T VL 2o oY | I
[FIE, G 8 5% S G € m] L) ek 1 oG R 1L /5 1 Wk AR 7
CTSB BH & 107 (1) 9 I g A4 1) =5 P, SR BA P K
REM B Al P DL FEAE S 1 i oG A v 5 550
AR - B ARL G320, 51k E RIS . Ak,
STX17 &/ 5 A WA - iR mh & s & G Y,
STX17 mitfik /N BURARHHZE 64 OGD/R Ab # J5 Wl 5%
F| [ WE /N PR R T BE R RS VA R AR AR B, E RV R
Wr, B/ PR TS e iR E B, e
SNARE £ F /K5 F WA - 45 i A mil & A0 o
TSI

3 BERAINEELTERMA T AR

T AR B K A A AN R W] R BUA B R D e
Bl o B FERIN, At Ao 2 3 Eoeh 48 oI A
W— PP NH LU A D (cathepsin D, CTSD) K
K EF R EAR AT TR, WHANZZEARR,
T3 E VA B AR A JEAIEBR 2 BH, 1T shRNA /1
(1) CTSD Pt ik U e Bt 1 4R e 1) 4 22 OR3P 2%
R, Bl CTSD /K-F g 7 To N IVE B R DI RE
FEHE ST AR A E PP CTSD KPR E
TEFE A B o L e A 6o a2 P 2 A s 4 28 R4
o B BT E

VAL TR B 1 7K AR IR v 1 A ) O A e e 2k
FEAE b H R, AT REAERANER, 5IkKH
MR PERG . AEFUR I, A Bl A T R S A B I
R R RN B R, RERIRAE K AL T, X
Bt & ¥% 5% [X] ¥~ EB (transcription factor EB, TFEB)
FIKIG IR A% e A s ABAESR IS 3, #% TFEB
KM NE, WREAE VT B, B R E
WA R, BB B tksh, CTSD iETE
50 2 RIS AR TR S AN T RE, I B AR 5 4
KANEERTh e RS & B CTSD IR SR .

SR LA A0 51 R ) R o e 28 RO Vi il A 25
M, FEURRGARIR /12E, FISUKENE, filk 28
BT B AL AN 2 B SR T, BRI Ak
s 93 B
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PR B ROT

s =N SN PR W N AR N Y e PR T
3-MA 155 —Fh B g 0] 75 B 9B 9% 8 3R AL (bafilo-
mycin Al, BFA) 5, #J#fil#pse e B idtfe, &%
P> MCAO 552 KB A FE AR AR i 7K [ A iz )
BB P A, 2,6- SR RS IR @ PR AR AT
A N W AH ¢ 8 ) R0 2 b | R AR
RERAAERY, e R R, EER
(Curcumin). FPRF 3 A (Schizandrin A). HLIA MR
(Ascorbic acid) & R IREA WA UE S BRI / 7
BT BAT 0 A S R R P

X EBEA L, B R IIEIE Y 188 (Polox-
amer 188, P188) 1153 mTOR flfi{k, JFii%: MCAO
J& mTOR KT R F%,  Bi7 1k G I 50 B 1 i A A0
BOm E W, T SEELR SR ER Y5 P1s8 A
BRI TENE, €T BE BN — P 28 ) R I A 45343 1)
W7 L o R AR SN S250 3512 B, RS % (Spermidine)
Al #E AMPK/mTOR 15 ‘5l B 15 5 H Wk, A 20
B e, FEH] caspase 3 /T Beclin-1 ¢
fift, YK Beclin-1 fKHIE F I, (RIE4HAAE AR B2,
EHERFERIL, 16 & (Anthocyanidin) 7] LGS B
Wi, kD AR, PRS2 OGD g1 [ i o 4
ML, 1H2& ATGS Bk fiieF RMma iy EH
KRN, KR ATREFEAE T R A ATGS 1 FHL
YRITSRIMPE RS 5 3R TV (Astragaloside TV) A
JHt N SQSTMI (Sequestosome 1) fe i B Wi, X
KSR / PR BT 2 R R A U,
4.2 ETXEBWBERAT REREEGE

W ZMiERIREA N2 5 SNARE E 4 14
TE R AH O 26 23 B AR A v DL SO 1 R U P 0 o
4, I A E T B 20k STX17 Al BA k3 K
BV I A 22 7T R AR B U AZ N AR 5 T Il i R
B W50, gbAh, HEEERE (Trehalose) AT IEILE — & 2
F& Bk T oA 5 X R BRI STX 17 7K T AN A2 5] kS
) E AR - VRGO G RS, S E R, K
MR ER PR I NS 24 FLL (pseudo-
ginsenoside-F11, PF11) & % 18 i 34 il VAMP7 7K ¥
M K A ME MCAO Ja 1 B Wi AR - ¥ B 4 R & B
5 B, BRI R B, s AT B M YA R A 11

DIPK2A 7] i it 5 VAMP7B 45 &, #i] VAMP7B
5 STX17 WIAHHAE A, #1498 STX17 5 VAM-
PTA [W4Er, T3 5E H W - RS Y, K
i 11 DIPK2A F2 1A BT R o i 0L f 1 Wk V5 g
e R SRS R RIS E . AR KRI, STX17 (K
X AR HE T STX17 A1 SNAP29 2 [1] ff) A H.{F
FI LA B2 STX17-SNAP29-VAMPS SNARE & & ¥ [
R, ISR T STX17 5 HOPS & & 14 2 18] (1) Al
HAEAH, MifidE— et AWErk - iR A B>,
1M 41 4% H 2 W # # i CREBBP/CBP (CREB binding
protein) Fl1%& Z B AL HE HDAC2 Hf 5 PEHLIA ST STX17
) 2 Tk A, i iH % CREBBP/CBP 1 HDAC2 ] fig
& A O St L P 2 Y W R R R E T
4.3 BT HERREAK BRI EDRIBIESE

T Ik SR VA T R PN K AR R T T DA A
Bt K AR RE 71, B2 M0 F R RS . B 9K
L, % % (Melibiose) nli#id 1755 TFEB % A i
FHABGORIG M, S B 52 X A 2 0 i H b b
5 P, ghAh, T (tomatidine) /£ OGD/R {5
RSO N R T oY RN = R S P R N
CTSD #ik. {2t TFEB Rk ML HEAL, o35 A il
RThRE, TBHE M PER L o s P W7 AR
AhRIERG TP LR EAN pro-CTSD 1] #f %
Fh 2 ARG RO i, IE A R ) R A, JF
TSI SRR C5 %= W 5 VI 2 P 0 £
B AT R R K AR Bl (B BT, DABGE R
R K FRAR G R A J2 51 S 1) 1 Wk B g 1) T i

5 RE

VS & L VRN S - AR bW E L
BEAGHLA BT FURE R, IR T BGE H R I 245
I SR L BT B Dy T T TR S . A
I 2 e i L 5 X R 228 T R IR R A B A
RSEA Y, W a] A R A e e i, N
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