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[#E] HEEMAPAE (major depressive disorder, MDD) J&— b UL H ™ 5 ARG A0 B AT, R8O (R P& 2 5 1 B AG I TR 45
E. MDD 995 Bl &2 2 B B B 5otk H i R g e 4 B . SLimanziie MDD 2 1Ry Xz —, BHRiiFfeR
B RACRAL. BeMATERE . BEIRMEA R FERE, b—a B E R T TR MDD &R HLEA RS 2
A1 (autophagy) J&:— ﬁ‘ﬁgﬂﬁﬁﬂtﬁ AW RERILE, 52 R-E O IHA RS — R 5 R PR miELEh
YrEMERLEE (mammalian target of rapamycin, mTOR) JEAIE A W AT B JHE R 1, S4iost A B & 4ErF, nrLd
T 3 mTORAKHS 1 [ Wil B 5 mTOR AR A1 1 Wil B 08 (A o WD ) s/ T 1) 5 LG R 0 G T8 AL G B T e 3- 1
(microtubule-associated protein light chain 3- 11, LC3-11 ). Bel-2AHEAEFHZET (Bcl-2 interacting coiled-coil protein 1, Beclin-1)
Fip62, JMELAER, BORBZMFRI RN, HEESEBERE RS S TIARE R R, BUWARIA YT vl BEsZm H v, Ktk
PP WA 3 T BE R ARAE A A R AIR YT RE S o AR NN X 4 RS A WA S E B RS, R AMAERAE ST AR
YR PLEI AR AL S AT S A TR . 320 mTOR AR I W53 #% & mTOR AR B Witia % 15 7 UL B s A M e AR e
TR S A — 2R
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Recent advance in autophagy-related pathways and key biomarkers in major depressive
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[Abstract] Major depressive disorder (MDD) is a very common and severe mental disorder. Persistent emotional distress is one of
its main clinical symptoms. The etiology of MDD is complex and highly heterogeneous, and has not yet been clarified.
Antidepressant is a kind of important method for the treatment of MDD. However, there are still some problems such as slow onset
of effect, low cure rate, safety to be further improved, and low compliance, which also reflect people’s lack of understanding of the
pathogenesis of MDD. Autophagy is a mechanism of cell degradation, which plays an important role in maintaining the stabilization
of homeostasis. Mammalian target of rapamycin (mTOR) is an important regulator of autophagy, and adverse conditions can activate
autophagy through mTOR-dependent or mTOR-independent autophagy pathways. Microtubule-associated protein light chain 3- Il
(LC3-11), Bcl-2 interacting coiled-coil protein 1 (Beclin-1) and p62 are common to be used in the measurement of autophagy flux.
In recent years, more and more studies have shown that impaired autophagy may be involved in the development of MDD and
antidepressant treatment may affect autophagy. Therefore, regulating impaired autophagy pathways may be a promising target of
antidepressant treatment. In the future, more attention should be paid to the study of autophagy signaling pathway in the central
nervous system to provide more reliable evidence for the mechanism of MDD and antidepressant treatment. This article introduces
the roles of common mTOR-dependent autophagy pathways, mTOR-independent autophagy pathways and autophagic markers in
the progression and treatment of MDD.
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#JE M ARAE  (major depressive disorder, MDD)
SR UL H " RORS pRE AT, R AR 4 H B
SERME N SETIMACRE RO N, Rk . M
U, M REsE . HEIR SN AT AR et
98, B ORI S PR AE T T A AR DGR EL
gEE ARG — . PUMABZS YIS T MDD B 1 —4k
HIT A, HAE S S e R P 2 Bl e . &
FEFRIS I 23 A . AR R RS D IR,
BUIMAR 25 W16 )7 VE MDD i 3 W86 7 FB 22—,
FETERS NS | R AR, ZetAfritm . BFEIK
MPEAS R AFE R, X —E R R T HEr AR
TABAE &R HLHIA LAY Jm R 7

H W (autophagy) Je— -1~ i3 V5 il 1< 5 i 22 4
Ko F2 s A9 B s G SRR ek 72, &
AT DA Tl BOAR A OS , SIZ R IR RS —
A A 1 A0 A I R B RS S T o o AR e
PE A R EEME A, AEEERE A R SORT AR 95w
it Wy i o 2 s Bl A 7 SRR AL, R 3 Fp R B
E H W (macroautophagy, WF78H) 1ZAZEHR) | 1
H A R 0 F W s SRR A w0 A] AR 55
I & AL ANTR] oy R Zokidk B o S Ak
A I PN L SR AR A

VTAER, ORI Z BB R IE B s B WK IE 54
ABIE R EY),  H WA OCIE A 1T Be A BARIG I
AP ERD 2100 SETARIE S R DE R, TSR
BB RGX— W . H e — I8, —Jrim,
I o 3 TG T SO 28 T RS SO A LA T R T
TP, ATREMEHEIMARAE 0 Ak K T, 25T g
33T VA B Y W R R CMARIE TR . S —
Dy, A WS W AR AE 0B 28 T R] KO R
fI%, ET 25 om @ LEnT DLscGE X — 8, mH K%
BHUMAR S CAOE ST ARYE AT aE 5 A moK-F
P e

A BRTZE0EE S TAn i ma il A im
KRB T R Z A~ A W] (U0 GPRIS, PDK4,
NRGI F EPHB2 JE[H ")) 1 i J& MDD Ry ¥ 712 H7
PR, HWERREY) [ MDD R 17 Bel-2 4 A
£ H & B (Bcl-2 interacting coiled-coil protein 1,
Beclin-1) | AYHELE R 17 B A K F A 25 4k
SEPUARZ YT AR YT A AR R . AT L, A
g7 MDD il 2| 7 S SRR, BRI A BT AR

=
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RS BRI . T TR WA 38 % A mTOR M
P 1 e % A mTOR AR i %5 6 DL 4 o
B LRk

1 BIEH#HX{ESENS

1.1 mTOR fVEA 5 i B

WFEL s EIHE E M E T (mammalian target of
rapamycin, mTOR) {553 rl ol 5 [ . ek
FEAA . B2 EE R FEMLR R ", 18
MNEW, mTOR A Z 52 FAFEXEALS
W, WMzlsimEmEsExzLEARZEYI1
(mammalian
mTORC1) & mTORC2, Xf 2 Bl 41 g il 38 15 5 ni
%, mTORCI /& [ WEY X4 4> 7, &4 RAPTOR
(regulatory-associated protein of mTOR) [, R
%R A R U mTORC2 M 26 B it 75 A 8 &
N & . mTORCL ™Y al IF i 5 4n 2 191 ¥4 6 B
(protein kinase B, PKB, Akt). #ZZ4 [R5 1m0 B i it
(mitogen-activated protein kinase, MAPK) 454 H
Wik A 75 538 i 20 1, B VRS G R R T A 2 1 TRl
(adenosine monophosphate-activated kinase, AMPK)
SEAEE E WA S B A

—Ji T, WA BRI AR, SARAE (Y # £2 OT [R]
mTOR AP 530 % AT BE Bk BEOE , 259 Pl g
IR E A WK R ISR . TEZ RN ARAE S
A A LLL B mTORCL @ A T . B WERY
of O 2, HBE 5-HT6 3% 1K (5-HT6 receptor,
5-HT6R) nJ DLt 7 ki 1k 2 3l 9y i A B2 5 59 mTOR
B 2, IRBFIE ™ rp s & B AR AE £ 3 A
i Kz BT mTORC 1 Rk AP FEAIK, 2 flE ieosi /b
A TEMZTT H W BE B0 T RE S HUAR 2 P dn Uik
iR BB ABYE A 56 2

F—Jr i, WA RS P R AR 4 20T ]
A W Pl B, 25% el Rl bk E KPR
PUmERS k., BIn, Aee v s A O RUBR 2 o
ARG T JBR P 70 S ) S KA RR 25 ) SUHE R (ketamine)
AT L3 3 Y A R BT i ) DX )N R 5 24N L
W K A ] 9 A I S B pf e AR E R, R R HE BT
TARAEAERT, BRIy SR B T L T e i 4 v g
J5T R D eI J J5T AR i F) U A OC AR 1 R B 3- 11

target of rapamycin complex 1,
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(microtubule-associated protein light chain 3- II ,
LC3-11) KF, FElp62 [WAR e [ W k&
1 (sequestosome 1, SQSTMI1) | Fik/K¥F, fHH
Wit/ IMAKICEE IS 22, [ B 1 A ) 550 P L EL OB U il i)
PUARVE T o SPTVT AT fgiE T i b B R R B
A0 ML N p-mTOR Kk | g i LORAR [ 1k & $E 5T AR
PRI 2,

SR, mTORCT S5HPARAE 09 & W Ll K ik
JPALHIE R BT, T FEZX LU R R LAY mTOR 4K
15 538 [ 5 MVARE AR DG I 58 M — 525
111 BB FEESEE B P R, R ER
{55 @ 1% (insulin signaling pathway) 7E V85 [ 1
REHEZEH . BEBE (nsulin) . B RFEERKK
“F (insulin receptor substrate 2, IRS2) FZiE I 1EH
T 2 524K (insulin receptor, IR) TS5, %
15 B AR I LES 3-3 8 (phosphatidylinositide 3-kinase,

PI3K) :i%3, 4, 5-—BEMRBEIRMENLEE, /54 mTOR
HIREIR AL, FZAmE AmE 2 BET, ZRHEREER

1238 % AT BE S ARRE SBTIm AR IR T A K

JBE & Z A5 5 i T GBS PE 40 (reactive oxygen
ROS) M4 Zmipmdil, M| 5 R 4K
P, TR Z AN 5 A5G SARIE 75 N 14 22 b il F
A o]

eAh, mﬂb@’(%‘\ (high-fat diet, HFD) #J LLfi
FSL (flinders sensitive line) K (FHARIE 1Y — Fh st
FAERL) MAREEAT R Y, K IV HFD nf L i 4
FEARA S0 A R AR B 3 T e il ) R 28 T I B R AR
5, UL HED Ak T RE SRR A G, JfFH
AR LR [ Wit i) 7 20 3 T Fe b 28 T i e 5 3R A
Fo WA, WICT B © #E B AT LB 5 40 A ) W T
P A W SRR T R BB % 2% fik HFD 5152
b, HEERH Y, (AT BRI E R R S
HWETEPEA DG HRTRE AW . 735k, WA —Fl A
H, R RGESEBA T TR B R = AL R A
ABAEAR . DRI AT AHEN , o w21 A5 08
BETTRERE HFD IR . 2 BB PRI . W R B R AR 52
NS IS 311870 1] N Y- o P SERE]
P4 JB 5 2R % }F%ﬁﬂﬁﬁﬁﬂ"]k@mﬁﬂ\ 2R A
AHRHFIE
1.1.2 AMPK/mTOR {5 5l #% W H R IG 1 F1iK
fif  (adenosine

species,

monophosphate-activated  kinase,

e
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AMPK) ## 4 mTOR I EZF T FS 22—, &
—~H1 AMP/ATP Lt 5638 i B 30 14— i 5 B0Us%
B, e R AN AE R A PR G ek A Y Wk
() AMPK 1] LIRS R b 25 T Ak e R 1 2 A ik 2, 45
7 MR AL E B 1182 A R 2 J2 mTORC 11 £ 1 i 45 4
T, Rk AMPK 00 [ R IR PR 55 1
w2 W R, IARAE AT BE %Awmmnm{ 25E
PEAEANHI A G, UK 25 Y AT AR E i AMPK {5538
FEOE F W RSP UMARRCR o

BN, SIEH KBRAEL, MRERVIERAHARLE K R
TR ()06 5 X g S o, BARSR LA p-mTOR/
mTOR T} /& #l p-AMPK/AMPK [ 1% "), Jf H 7
CUMS 755 (1 FVAR 2 P A5 78 (1 1 5 i 45t B2 o v s
ARMKH 2, TR IRYT T LS % Sl
HERAAE A, AR S —F I
BN RN R e PR s R NG NA & e = R |
(voltage dependent anion channel 1, VDAC1), [
AN ATP K-, 3435 AMPK J£4 i AMPK i Y
mTOR/MZ MK 4 11 S6 /i B1 (ribosomal protein S6
kinase B1, RPS6KB1) {55 %, i ifi 94 9 W,
A5 VDACT (40 g ) 2 %%%iéﬁﬁﬁAmm
mTOR il [ i P8 P/ F 5 [ WEs S as vk 1 fan,
wiﬁﬁmﬁmmﬁmuﬁLtﬁ%AWKMHmﬁ
FRWOE A WA 06 P, il ik AMPK/mTOR 5 %34 48 [
W ] g S AR AR A A T il AR BT

JiAh, BR T HUARZ ), WG T d AT DL R
WX 28 22 58 F W /K OF I 2AE 3 — 2l A8 b 5 AMPK
%%ﬁ%ﬁ%omm,%%kﬁﬁﬁm¢lﬁm%
FE B PRI & /E  (electroconvulsive seizure, ECS),
AT AMPK (Thrl172) BIBEERALACE, 3G K B
R 2 Ay v PO T 2 R AR E & AL
HFA T A R EEGIX 22—, PR e iRy 7 il
AMPK {5530 3076 Wt v] B 5 AR ST IR YT I
YERMLEIZ —
1.1.3  PIBK/AKT/mTOR {55 % PI3K /& F Wi i1
— A EEG AT A S A, SRS
U B W S B IE Y P AKT/mTOR., PI3K/AKT/
mTOR {55 P& W — 45 I AE7E T2 Fh di i rh iy 22
H g PR, H BTSSR ERT LI 2 A
SR A IT AT IEE 0 A 10 S YL @A B 1Y
i 2 g A 5Kk 7 85 H W PR % (phosphatase and tensin
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homolog, PTEN) J& PI3K/AKT il f# i) — 4~ 5 %2 fi1 1
PRS-, e AW BRI T

XiF T2 0 I 5 AR AE A OCEE , — R AT LA A
S, PIABIRAS S5y | mIAS i I G
LIS 25767 A WK 2238 I 1F T I R PRI A
L I HPTERYE AT Bl e R ) e, — I
TIHRAE [ A B PR se s, IARRE JR 2 AU B
JiPI3K. AKTRHEME TR, PTENEMARIL R, H
PTEN % ik T % 5 AKT i ¥ N A ¢, Bk PI3K/
AKT {5 53l GV 00 R 0T g5 MDD A 56 0%, 5
— IS RN, SIEE/NEAE, SRR %
(chronic mild stress, CMS) 21/ B 5 B 1K S T
# (Beclin-1, LC3-T K FF ), HX —1EMH
PI3K/AKT/mTOR {5 53 A5 . itn, S
BB TIER A, A&, i 5 PIBK/AKT/mTOR
PR IE PE T UL R RS, PTEN#SG N, Jf BVAYT S %
G T KR R L B, miR-16 RSP
VT 0T L0 55 02 P AN R R 6T v 9
(Beclin-1 F1 LC3-11 T F&) , 1% /E FH 5 PIBK/AKT/
mTOR il {45 % ', PG ITH A 7, 8-DHF (7, 8-
dihydroxyflavone) i J7 AJ fE i & [ I PI3K/AKT/
mTOR i ¥ 5 5 #F 107 o 3% o 95 1 #2238 3= 1
(brain-derived neurotrophic factor, BDNF) /i % iz 4
fiff %% & B (tyrosine kinase receptor B, TrkB) {55,
KL B MARRER, X — i B fe b
5 B X LC3- 11 . Beclin-1 25 [ W85 71 2634 Wtk 1
T, DR R A T I AR 2 S B A S
mTORCI 1% . 2 il & sl AP I0AR A FH i 73 R R 15
5 F AMPA SZ ARG JLE T AMPA 32 44 (138006 7T
i F AKT A1 ERK {555 38 [ 175 3 M £ S0 BE Jit BDNF Fil
mTORC1 {55 */,

gy — WM AN, 2 S Il N PI3K/AKT/
mTOR {553 J Pk WG i, 13 W32 B9 i B2 i o
TR UOR, AT BE R IE £ TP AR 4 R SR
IR B, M AKT/mTOR G J% . 0& F W] A
FLUAPOMARVET, DR 2430 I 7 RIS AE 9 2 A 2 e L
il v B AT A Rt — 2 B0 E

Zi b, A R AR A A Y
PI3K/AKT/mTOR {5 53t # B ik BE Ay, et
FEWE , Mt 2ot i o€ i nl ¥0% , AT RE T80
BBHER & A5 T 4 PIBK/AKT/mTOR 38 & 45 150 g %
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Pl B AW, TR EBLIAERYE

1.1.4 MAPK/mTOR {55 i@ % MAPK j&—Fl # %
WEAZEY I REA NES R, SARKRR
7] ). MAPK {5 5 5% S i i MAPKKK, MAPKK .
MAPK (57 R Ak % A= . MAPK & —Ff g B2 G SF (1)
22 F R/ TR A B . C-Jun 2 R L (c-Jun
NH2-terminal kinase, JNK) J&T MAPK fJ—Fpiy#Y,
INK i % 9 b 3iF 3% B J2 MKK4 fil MKK7 ( B]
MAP2K), FEH A G SN F c-Jun, c-Jun B34
15 HE 1% 14 5 X} Beclin-1 [ #4536 ME . 15 S FoxOs
WAL, FERE I M, VT oA OG5 ATG 2L 1Y
sk T INKI1E R SE IR IR AL R 1L 5 T ff Bel-2 5
Beclin-1 fi# 2, I 44 /% Beclin-1 4 3¢ 19 PI3K 1 & &
Yy, WA S A mE T R R AT Ak
MAPK/INK /& — 1 mTORC!1 15 5 iy 1F M ¥ 5+
77 %] MAPK/mTOR 38 % 7] L5 3 1 W 34 5 5 00
MAPK/ERK/mTOR {5 538 i 1] LA il 2k B2 11 1 e
HE X 22 R & FEIRIT R . AN, BEA
ZWF5E RN, AR 5 MAPK/ERK 15 5/ 5 i 9 1%
RN YA, WEHAMWN S TN EE, —
T MDD F 2 I AE B RNA I 5 2 7, S AR SE
g R O R 2% S L B R 4R T MAPK [ 5
i

1.2 mTOR AR EAPEAS 45 i B

1.21 FOXOfF 7l N KHEH M O (forkhead
box O, FOXO) ZHEE MG THFH T, 5404
WA N I 2 i A Y. FOXO3a 2 0 15 % 0
H W 5 3 R 5 SR, Rl RS 5 %
SIS S, il AT H A DL e i
B, T HZE T AR mTOR(E 5 . AW
5% P HRIR, FoxO i 53 I g S AW ARAE i) & A
JEA e, RIRTTIWARRE MV TEAE IS . i, BEAE
WFFEUER , FoxO AN AZ i 2 386 0 AU B2 o3 35 22 1) o]
7, MEATRAEN AW A0MEESE . AR S A
W2 S 2 S IARRE KR R W iR Y AL,
e B KB, FoxO3a 4 51 [ I i #4321 5 g &
B (lipopolysaccharide, LPS) i S aMARKEST A
K, I ELZ A WG AT D4 7 48 P EE 0% IR 1 T A
H WK, MIZE A LPS i AR EE T 5 Wl A
W0 ) 790 T LT 54 Aol B 26 X 1 W T FoxO3a A 54

i SRR (0 2023, 43(10) (@)
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I 38 [ LA KCMABREAT R 52 . It 4h, FoxO3a 4%
SEWE R BUMOR B B E A, BEECEER L AR
HRIE (0 % A R e = Z RS R N A T IA
. BUIAR 25 P B AE o A BORE B B R, AR
FoxO AHC H W55 K57 B W, BUR B2 a4,
I A AEHCARYE

1.22 Ca' {57  FE mTORKH M A Wi id i rh
Ca™ {5538 B M AP e g o £ 5 7Y, 4o Py Ca™
AT i FEEGE S A5 R (calpain) AR A
WECVERT, 58 AT LA 1) Gsoc 800 BT R P10
g, 74 0 2 3 W R B (cyclic adenosine
monophosphate, cAMP), # Tl if cAMP/ cAMP
1k 32 ¥ 2 1 (exchange pro-tein directly activated by
cAMP, Epac) /B JIg liff C- ¢ (phospholipase C- e,
PLCe) /= 2 (inositol 1, 4, S-trisphosphate, IP3)
IR L SRS A o WL (guanine
nucleotide binding protein alpha subunit, Gsa) X[ L)
I L S Ca 7K P I8 5B 2 LRGP . P, 1A
Ca’ B 5P 5 o A WG, AR, Ca’ifil
BN AT SE S 0 A ML Ca® BT E . Ca® By Ab 3
SRR AR A B ATP RSB T 45 1 (1) Sy, 2k
KA T DU SRR Y Ca KT (AR 1R
SRORLAR 17 WG D AT RESE A R R T T 4 i G 32 P T
X 37 384075 S ) 400 ML R T R FE AR A B
KRS SR T ik — W, BDGokifk | i n] i 5 5%
e VAR B A (4 A R FIE T AR OG , BB ) Rk [ Wi 25
Yol REHA PLIERIE A B SR, CafE R —AE
B AVEREAES, EEE AT TR R A 5
SHRWIER, BAARPLEt IR 50 sk
uh, R Ca’ (F 5B SR C ok X, (AA
HLEM AR Z 48

2 HEHXEFEY

TE A W S ARAE AR SC A SCHR A, BR T SR EE T A
AT, AT A RS A AR AT 2
A, AN AWEADCEE N AZ Bl i 2 it . HORSCE
AR AL A - S F I SR A 5 P s ks i vl
VIR IARAE B2 bR 59 . BT AR 25 )7 2L
o HBT, WM AEACEEWEARE . LC3-11
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Beclin-1. p624%,

2.1 LC3-1I 45 Beclin-1

LC3- 11 5 [ WA I 1) O o S 6 A OG, 2 I IR
SERLAY BRI AR AR 0T, Beclin-1 42— Fh #2219 ATG 5
M, 25 AR Xy A #, ol DU 4 s
I 14 52 65 ot 1 AR P T 5 b e W R4 1 A
A BT LC3- 11 Beclin-1 A4 35 35 7K 5F- 2 SR EAG
WG

TRNAMI T A KR, ZRBUImARZS Y nT e ik
FIHLC3-T | Beclin-1, S AN, Sk HEGTIPAER
YERT; M Beclin-1 00 o] BH1EAH R 25 P bt S0 ARVE FH (1)
KA, H 2S5 MDD AU AT AR . Bl
e, FPG T A N B SR AT O X — 2o A 38 A B
LC3- I 2 A kK- i %5 PG 7T 45 25 ] LA
hn>3 15 JE B (learned helplessness, LH) AR/ i
52750 Beclin-1 A28 B4 [ W 2R (0 2 38 7K B
FPGTT 00 /N B A AR ATy £ B % BDNF FI LC3- I
AKOF B s BN, — IR AR K,
B KA MR PG TR 22 AT DA i#F B TR e o 440 i 5 ik 22T
By A B, X — i B R LC3B- I A3 mAs . itk
A, Beclin il 570 AT LU BRBTIDAB 4 Can Bl KB bR
FID609) MHTMARYEN, JFi55 5 MDD ALY 4t Al
TP G

WS 3R, Beclin-1 A B -5 HU AR 25 ¥
JYROAE, I Beclin-1 3L 48 7K 1] fig /& MDD B %
UM TR BUAR R, SARAE B8 & XU AR AT
14 52 187 AT LA 2 470 R I L 200 A A 1 s i A A A
et AT W . R T i £ 0 5% A Beclin-1 5
MDD [ CHk, HRELZSR M ARLS —. Flin, —WpEpE
7 NBEIREAR BBESE 1 $E8 MDD £ I 2%
20 Y S [N Beclin-1 ik Thimr, 55— 200 [ N
5% 1 47 113 Beclin-1 7K - F1 MDD J& 3¢,

2.2 p62ERM

p62 B[R] TV i A 9 A VS 0 o R v e — [ R
fife, DR IMAE AR A K I S TR G
i, LPS o5 SRR R 4k i =/ )N BRU7E R 30 24 SR 3
T AR IERE T R, JFH S LC3-1/ 1 A .
p62 F kK- FREA I L HAn, CMS AR/ B
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BRI —IRAESE 2 $278, CMS /R B p62 K F
FhEr, FOTTTACHE W) WAL, fEA LC3EZ, M
TG IE T 3 — W5, RUSRPETT Al A E CMS /) LA
WAZBELEY B W, AT ESGEAIARFEA T .

EAF—$E M2, R A IRIE R IR Gt
BEAE B W] DLk A8 AMPK . LC3-T1 8% LC3-11/LC3-1 Lt
fH, Beclin-1%5 FH WA 59 7K F 5 NLRP3 44 /MA K
S, AT A MR AORE , R AEPUARER .

3 Lie5RE

BT, 1 Wi B e AR AE & A & e b iV AT
FRGEFR A W 5 ) S R AT BE S e I 55 . R R
i 45 Z2 Fhig 42 5 15 MDD ks B AR B #2, 2R
2459t . Bk S BB A% aod TR 22 4% 11 W A Sl s
FEFER . o, SRS TT 45 25T LA % OBX K Bl & vh
AMPK FI mTOR i# i# 57 5 7K P45, H 4% 5256 55 1 S A
IR, IR TTEAL, HW MWL 2 & h fr
HE— RN . BLAL, A ACh IS 2R A S S
B, DTG P S5 A e st — Rk R .
—FPIBYT M4 T REVE T mTOR KA [ E——R A
B F 153 mTOR Il &R S50 5 WL /R F T F
fo77 =, SR T4 mTOR AN 2352w HoAd 3 %
Ak dm A I e, TR 75 20 e X [ v
FRReE AR R ) E R 2 . 55— PRy T B4
FIREVEH T mTOR AEMHiE A kil %, H Ar4Eh ik
Ik —Ff mTOR AR H W3R Y7 . 5 3 Fhig

[1] DWYERJ B, AFTAB A, RADHAKRISHNAN R, et al. Hormonal
treatments for major depressive disorder: state of the art[J]. Am
J Psychiatry, 2020, 177(8): 686-705.

[2] GASSEN N C, REIN T. Is there a role of autophagy in depression
and antidepressant action?[J]. Front Psychiatry, 2019, 10: 337.

[3] KAMRAN M, BIBI F, REHMAN A U, et al. Major depressive
disorder: existing hypotheses about pathophysiological mechanisms
and new genetic findings[J]. Genes, 2022, 13(4): 646.

[4] P, FEE, BUKEE, 5. SUMHARZI I 2R LA ST,
T EET 2y 2R, 2023, 32(3): 217-223.
LUOL, SHIZY, LAI S Q, et al. Analysis of the global pipeline and
development trend of antidepressants[J]. Chinese Journal of New
Drugs, 2023, 32(3): 217-223.

[5]1 JARONCZYK M, WALORY J. Novel molecular targets of
antidepressants[J]. Molecules, 2022, 27(2): 533.

[6] GONDA X, DOME P, NEILL J C, et al. Novel antidepressant drugs:
beyond monoamine targets[J]. CNS Spectr, 2023, 28(1): 6-15.

http://xuebao.shsmu.edu.cn

AR M B RO bR S B | 1329

TEBIRYT BRAR BT AT L AL TR 28 980T 8 4o 5 ol v X
LAY AWK 2B AT AR — KB, S
ZERAT F W [8] 15 A 4R 2 2 MDD SR O BLR
SMPER T

7oh, PUNARZSY) (fffE Ak, sARvb i, 3
FIPUBRE > . NBKIRSE) BR T EH0 A m R T
FRMEIT 3 AT LT o 75 4 W 0 T A AR e
FEAERL X A PR 25 B Bl B T — R
B

Zi b, AIWERTEAVARAE PR E R, ARRAREE
PIE MG A5 s . OPUMAR G ¥y ol LUK & [
@) A Wi 5 fib A S AR AR T o PRI, R 2 s
HAX RIS R GE A WS S Il RIPTSE, A ARAE S T
A2 ML I P 4L B 22 m] S A Ui

F) 25 11 32 75 BA/Conflict of Interests

FAT AR PRI AETER 2wl o

All authors disclose no relevant conflict of interests.

{£& TT#k/Authors’ Contributions

UGS TIeSCIRE, A ST ERORR S T SUB .
JI A AR S B R T e AR R AL

The original manuscript was drafted by LI Siyuan. The revision of the
manuscript was reviewed and guided by HE Shen and LI Huafang. All
the authors have read the last version of paper and consented for

submission.

* Received: 2023-04-10
* Accepted: 2023-06-29
* Published online: 2023-10-28

[7] WANG Q Z, DWIVEDI Y. Advances in novel molecular targets for
antidepressants[J]. Prog Neuropsychopharmacol Biol Psychiatry,
2021, 104: 110041.

[8] MA Q Q, LONG S H, GAN Z D, et al. Transcriptional and post-
transcriptional regulation of autophagy[J]. Cells, 2022, 11(3): 441.

[9] FLEMING A, BOURDENX M, FUJIMAKI M, et al. The different
autophagy degradation pathways and neurodegeneration[J]. Neuron,
2022, 110(6): 935-966.

[10] FRIES G R, SALDANA V A, FINNSTEIN J, et al. Molecular
pathways of major depressive disorder converge on the synapse[J].
Mol Psychiatry, 2023, 28(1): 284-297.

[11] FLEMING A, RUBINSZTEIN D C. Autophagy in neuronal
development and plasticity[J]. Trends Neurosci, 2020, 43(10): 767-
779.

[12] KUIJPERS M, HAUCKE V. Neuronal autophagy controls the
axonal endoplasmic reticulum to regulate neurotransmission in
healthy neurons[J]. Autophagy, 2021, 17(4): 1049-1051.

LSRR 0, 203, 43(10) (@)



1330 | bfsmARSE (B

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

HWANG H Y, SHIM J S, KIM D, et al. Antidepressant drug
sertraline modulates AMPK-MTOR signaling-mediated autophagy
via targeting mitochondrial VDACI protein[J]. Autophagy, 2021,
17(10): 2783-2799.

BAR-YOSEF T, DAMRI O, AGAM G. Dual role of autophagy in
diseases of the central nervous system[J]. Front Cell Neurosci, 2019,
13: 196.

ZHOU Y F, TAO X, WANG Z, et al. Hippocampus metabolic
disturbance and autophagy deficiency in olfactory bulbectomized rats
and the modulatory effect of fluoxetine[J]. Int J Mol Sci, 2019,
20(17): 4282.

HE S, DENG Z F, LI Z, et al. Signatures of 4 autophagy-related
genes as diagnostic markers of MDD and their correlation with
immune infiltration[J]. J Affect Disord, 2021, 295: 11-20.

HE S, ZENG D, XU F K, et al. Baseline serum levels of beclin-1,
but not inflammatory factors, may predict antidepressant treatment
response in Chinese Han patients with MDD: a preliminary study[J].
Front Psychiatry, 2019, 10: 378.

AL-BARI M A A, XU P Y. Molecular regulation of autophagy
machinery by mTOR-dependent and-independent pathways[J]. Ann
NY Acad Sci, 2020, 1467(1): 3-20.

JRFEE . GLT1-mTOR [ W8 15 HIL i 70 A AE F002 41 74 3 v
FOLHITFSE[D]. bl b A K, 2018,

ZHU C Z. Mechanisms of GLTI-mTOR autophagy in the
comorbidity of major depressive disorder and chronic pain[D].
Shanghai: Shanghai Jiao Tong University, 2018.

#R5 AT . mTOR 5 530 B e A 22 A5 1 5 R4 73 RU0E 5 It 2 259
BN R SCHEBER ST (D). i 158 K2, 2016.

GAO K R. The exploratory study of the association between
polymorphisms of mTOR pathway genes and susceptibility, the
pharmacotherapy effects in schizophrenia[D]. Shanghai: Shanghai
Jiao Tong University, 2016.

AN X Q, YAO X X, LI B J, et al. Role of BDNF-mTORCI signaling
pathway in female depression[J]. Neural Plast, 2021, 2021:
6619515.

TIAN Q, CHEN L, LUO B, et al. Hydrogen sulfide antagonizes
chronic restraint stress-induced depressive-like behaviors via
upregulation of adiponectin[J]. Front Psychiatry, 2018, 9: 399.

CHAUMONT-DUBEL S, DUPUY V, BOCKAERT J, et al. The 5-
HT; receptor interactome: new insight in receptor signaling and its
impact on brain physiology and pathologies[J]. Neuropharmacology,
2020, 172: 107839.

HUANG Z H, HUANG X Y, WANG Q, et al. Extract of Euryale
ferox Salisb exerts antidepressant effects and regulates autophagy
through the adenosine monophosphate-activated protein kinase-UNC-
51-like kinase 1 pathway[J]. ITUBMB Life, 2018, 70(4): 300-309.

LYU D B, WANG F, ZHANG M K, et al. Ketamine induces rapid
antidepressant effects via the autophagy-NLRP3 inflammasome
pathway[J]. Psychopharmacology, 2022, 239(10): 3201-3212.

SHU X D, SUN Y M, SUN X Y, et al. The effect of fluoxetine on
astrocyte autophagy flux and injured mitochondria clearance in a
mouse model of depression[J]. Cell Death Dis, 2019, 10(8): 577.

JEGGA A G, SCHNEIDER L, OUYANG X S, et al. Systems
biology of the autophagy-lysosomal pathway[J]. Autophagy, 2011,
7(5): 477-489.

LUMENG C N, SALTIEL A R.
Autophagy, 2006, 2(3): 250-253.
BA LN, GAOJQ, CHEN Y P, et al. Allicin attenuates pathological
cardiac hypertrophy by inhibiting autophagy via activation of PI3K/
Akt/mTOR and MAPK/ERK/mTOR signaling pathways[J].
Phytomedicine, 2019, 58: 152765.

GAO W Q, WANG W, ZHANG J, et al. Allicin ameliorates obesity
comorbid depressive-like behaviors: involvement of the oxidative
stress, mitochondrial function, autophagy, insulin resistance and
NOX/Nrf2 imbalance in mice[J]. Metab Brain Dis, 2019, 34(5):
1267-1280.

ABILDGAARD A, ELFVING B, HOKLAND M, et al. Probiotic

Insulin htts on autophagy[J].

[32]

[33]

[34]

[35]

[36]

[37]

[38]

391

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023, 43(10)

treatment protects against the pro-depressant-like effect of high-fat
diet in Flinders Sensitive Line rats[J]. Brain Behav Immun, 2017,
65:33-42.

PORTOVEDO M, REGINATO A, MIYAMOTO J E, et al. Lipid
excess affects chaperone-mediated autophagy in hypothalamus[J].
Biochimie, 2020, 176: 110-116.

SONG J, LEE B, KANG S, et al. Agmatine ameliorates high
glucose-induced neuronal cell senescence by regulating the p21 and
p53 signaling[J]. Exp Neurobiol, 2016, 25(1): 24-32.

KALE M, NIMJE N, AGLAWE M M, et al. Agmatine modulates anxiety
and depression-like behaviour in diabetic insulin-resistant rats[J]. Brain
Res, 2020, 1747: 147045.

XU W, LUO Y, YIN J X, et al. Targeting AMPK signaling by
polyphenols: a novel strategy for tackling aging[J]. Food Funct,
2023, 14(1): 56-73.

KIM S H, YU H S, PARK S, et al. Electroconvulsive seizures induce
autophagy by activating the AMPK signaling pathway in the rat
frontal cortex[J]. IntJ Neuropsychopharmacol, 2020, 23(1): 42-52.

LI'Y, CHENG Y J, ZHOU Y, et al. High fat diet-induced obesity
leads to depressive and anxiety-like behaviors in mice via AMPK/
mTOR-mediated autophagy[J]. Exp Neurol, 2022, 348: 113949.

HUANG X Y, WU H R, JIANG R Z, et al. The antidepressant
effects of a-tocopherol are related to activation of autophagy via the
AMPK/mTOR pathway[J]. Eur J Pharmacol, 2018, 833: 1-7.
ST, R, A, 4. KR R SE PIBK/AKT/mTOR {5
DI B (], ST BRI, 2020, 36(5): 689-694.

ZHANG Z N, LIANG L Y, LIAN J H, et al. PI3K/AKT/mTOR
signaling pathway in central nervous system[J]. Journal of Practical
Medicine, 2020, 36(5): 689-694.

KAREGE F, PERROUD N, BURKHARDT S, et al. Alterations in
phosphatidylinositol 3-kinase activity and PTEN phosphatase in the
prefrontal cortex of depressed suicide victims[J]. Neuropsychobiology,
2011, 63(4): 224-231.

XIAO X, SHANG X L, ZHAI B H, et al. Nicotine alleviates chronic
stress-induced anxiety and depressive-like behavior and hippocampal
neuropathology via regulating autophagy signaling[J].
Int, 2018, 114: 58-70.

KAREGE F, PERROUD N, BURKHARDT 8§, et al. Alteration in
kinase activity but not in protein levels of protein kinase B and
glycogen synthase kinase-3beta in ventral prefrontal cortex of
depressed suicide victims[J]. Biol Psychiatry, 2007, 61(2): 240-245.

YANG Y, HU Z Y, DU X X, et al. miR-16 and fluoxetine both
reverse autophagic and apoptotic change in chronic unpredictable
mild stress model rats[J]. Front Neurosci, 2017, 11: 428.

AMIN N, XIE S Y, TAN X N, et al. Optimized integration of
fluoxetine and 7, 8-dihydroxyflavone as an efficient therapy for
reversing depressive-like behavior in mice during the perimenopausal
period[J]. Prog Neuropsychopharmacol Biol Psychiatry, 2020, 101:
109939.

SHIN C, KIM Y K. Ketamine in major depressive disorder:
mechanisms and future perspectives[J]. Psychiatry Investig, 2020,
17(3): 181-192.

ZHANG Q, WANG X B, CAO S J, et al. Berberine represses human
gastric cancer cell growth in vitro and in vivo by inducing cytostatic
autophagy via inhibition of MAPK/mTOR/p70S6K and Akt
signaling pathways[J]. Biomedecine Pharmacother, 2020, 128:
110245.

KALRA P, KHAN H, KAUR A, et al. Mechanistic insight on
autophagy modulated molecular pathways in cerebral ischemic
injury: from preclinical to clinical perspective[J]. Neurochem Res,
2022, 47(4): 825-843.

D'ORAZI G, CORDANI M, CIRONE M. Oncogenic pathways
activated by pro-inflammatory cytokines promote mutant p53
stability: clue for novel anticancer therapies[J]. Cell Mol Life Sci,
2021, 78(5): 1853-1860.

HE J, REN Z K, XIA W S, et al. Identification of key genes and
crucial pathways for major depressive disorder using peripheral

Neurochem

Vol.43 No.10 Oct. 2023



LV

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

- ~

blood samples and chronic unpredictable mild stress rat models[J].
Peer], 2021, 9: e11694.

ALI T, RAHMAN S U, HAO Q, et al. Melatonin prevents
neuroinflammation and relieves depression by attenuating autophagy
impairment through FOXO3a regulation[J]. J Pineal Res, 2020, 69
(2): €12667.

CHEN Y, SHIJ B, LIU HY, et al. Plasma microRNA array analysis
identifies overexpressed miR-19b-3p as a biomarker of bipolar
depression  distinguishing from unipolar depression[J].
Psychiatry, 2020, 11: 757.

RANA T, BEHL T, SEHGAL A, et al. Elucidating the possible role
of FoxO in depression[J]. Neurochem Res, 2021, 46(11): 2761-
2775.

PERRONE M, PATERGNANI S, MAMBRO T D, et al. Calcium
homeostasis in the control of mitophagy[J]. Antioxid Redox Signal,
2023, 38(7/8/9): 581-598.

HU Y X, HAN X S, JING Q. Ca(2+) ion and autophagy[J]. Adv
Exp Med Biol, 2019, 1206: 151-166.

JIJ, LIS Z, JIANG Z K, et al. Activating PPARB/3 protects against
endoplasmic reticulum stress-induced astrocytic apoptosis via UCP,-
dependent mitophagy in depressive model[J]. Int J Mol Sci, 2022,
23(18): 10822.

PENA-MARTINEZ C, RICKMAN A D, HECKMANN B L.
Beyond autophagy: lc3-associated phagocytosis and endocytosis[J].
Sci Adv, 2022, 8(43): eabn1702.

PRERNA K, DUBEY V K. Beclinl-mediated interplay between
autophagy and apoptosis: new understanding[J]. Int J Biol
Macromol, 2022, 204: 258-273.

YE S, FANG L, XIE S Y, et al. Resveratrol alleviates postpartum
depression-like behavior by activating autophagy via SIRT1 and

Front

http://xuebao.shsmu.edu.cn

[59]

[60]

fe1]

[62]

[63]

[64]

[65]

[66]

AR M B RO bR S s | 1331

inhibiting AKT/mTOR pathway[J]. Behav Brain Res, 2023, 438:

114208.

TRIPATHI A, SCAINI G, BARICHELLO T, et al. Mitophagy in
depression: pathophysiology and targets[J].
Mitochondrion, 2021, 61: 1-10.

ZSCHOCKE J, ZIMMERMANN N, BERNING B, et al
Antidepressant drugs diversely affect autophagy pathways in
astrocytes and neurons: dissociation from cholesterol homeostasis[J].
Neuropsychopharmacology, 2011, 36(8): 1754-1768.

KORNHUBER J, GULBINS E. New molecular targets for
antidepressant drugs[J]. Pharmaceuticals, 2021, 14(9): 894.

XIANG H G, ZHANG J F, LIN C C, et al. Targeting autophagy-
related protein kinases for potential therapeutic purpose[J]. Acta
Pharm Sin B, 2020, 10(4): 569-581.

ALCOCER-GOMEZ E, CASAS-BARQUERO N, NUNEZ-VASCO J,
et al. Psychological status in depressive patients correlates with
metabolic gene expression[J]. CNS Neurosci Ther, 2017, 23(10):
843-845.

TR, fIHIE, § G, 5 AR 0L Beclin 17KV 20Hr[J].
I RS #2225, 2022, 32(4): 265-267.

NING A L, HE L Y, ZENG D, et al. Analysis of plasma Beclin 1
levels in patients with major depressive disorder[J].
Clinical Psychiatry, 2022, 32(4): 265-267

YE X X, ZHU M M, CHE X H, et al. Lipopolysaccharide induces
neuroinflammation in microglia by activating the MTOR pathway
and downregulating Vps34 to inhibit autophagosome formation[J].
J Neuroinflammation, 2020, 17(1): 18.

MOKHTARI T. Targeting autophagy and neuroinflammation

pathways with plant-derived natural compounds as potential
antidepressant agents[J]. Phytother Res, 2022, 36(9): 3470-3489.

treatment

Journal of

[Ax4E|] KER

i SRR (0 2023, 43(10) (@)



