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Depression is a psychiatric disorder characterized by depressed mood, anhedonia, fatigue, and altered
cognitive function, leading to a decline in daily functioning. In addition, depression is a serious and
common mental illness not only in an individual’s life but also in society, so it must be actively
treated. Autophagy is involved in the pathophysiological mechanism of mental illness. According to
a recent study, it is known that autophagy-induced apoptosis affects neuroplasticity and causes depres-
sion and that antidepressants regulate autophagy. Autophagy is a catabolic process that degradation
and removes unnecessary organelles or proteins through a lysosome. And, it is essential for maintaining
cellular homeostasis. Autophagy is activated in stress conditions, and depression is a stress-related
disease. Stress causes damage to cellular homeostasis. Recently, although the role of autophagy mecha-
nisms in neurons has been investigated, the autophagy of depression has not been fully studied. This
review highlights the new evidence for the involvement of autophagy in the pathophysiological mecha-
nisms and treatment of depression. To highlight the evidence, we present results from clinical and
preclinical studies showing that autophagy is associated with depression. Understanding the relevance
of autophagy to depression and the limitations of research suggest that autophagy regulation may
provide a new direction for antidepressant development.
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a3 olfre F&A7E ¥ A7 A E(Neuron) o] A4
314 71Hol Zg3te] AANZES AP BE
S, A2 Al 2~(Synapse) FA S SZAIA AAFAE
=9 7%5& AR AKE A5 8IS YERRT] W&
ol t}H8]. &, &-¢LA 7t A7 7} A4 (Neuroplasticity)oll %3
s FHok F¢LaAV YEtes ALoE ¢¥A o

o] Aol ostw, AAMEL] 7} 3HaHE(Auto-
phagy)oll ]38 A3 AFE (Apoptosis) S A7 7k o Gk
< Fo] $-&5& s 21, FEA AX A ATEA
shab-go] TG o R Art4asAEe 92 487
Ao #AT 7Hsgdo] UTH10] B =EoA=
pAE} 9250 ATFASAE ] M B Y AT
TEFS ANt aA g
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NIZOM R7IA%HEE (Autophagy) Q| &t
Autophagy (A7}48H2H8)L 1960 =g 54
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F<l 28] 2E % = F B (Christian Rene De Duve)7} ©]
S BY¥on, 18] 20Z ‘Auto’ 22Z(Self)9} ‘Phagy’
9 =Th(Eating)®] Tol7t FA R ot F, A& He
o] omE A ZAPEH B3 E]] A= B &
Fejoltt 20168 LB =7 TPt 241 QA
(Yoshinori Ohsumi) ™7} A7 4 3828 A2 E 4943}
o S FASIHA HEA ¢ e dE ATk Ax9
3+ (Homeostasis) 4] 2 2] ~Eg 20 tigh Alx
g =S 98 B oy, ATt Ad7ss T3S
T AU B28% MExAV|Foly gdulAS g8 4A
(Lysosome, B &)} 222 Bt Al As= olgd
7 (Catabolic process)©] TH10, 33, 37]. A7} 2HEL
9 &7 =1 met Al APE Em=e A S8
7= ek Al W A7bAasAgo] AP HIAGAL
g o] HHE= B, AUz ArkAskz g2 A
ZEHE ety did B E FUHAIZITH

o ot

R7t2gatE 718

Qxu QAN Wl 93] E R (Yeast)oll A H=x2
A7} 8b28 B f-7 A (Autophagy-related gene, ATG)
7} ¥81Zl o] & AA7EA] 3094702 ATG F+RA} s
ATH34, 47]. A7 822 7} 58] & 2 (Hydrolase) S
7HA AL = EAAE AE U EFS 2Hste] 2313}
= o8 #A4S AFYH33, 40]. 1) F+E(nduction) TA:
Uncoordinated (UNC) 51 like kinase 1 (ULK1 = ATGI)
of oJaf A=, JYAart Z2HE A ULKLS &
2143}k (Dephosphorylation) 2 {138 ULK1S X33t= B3
A (ULK1-ATG13-ATG101-Focal adhesion kinase (FAK)
family-interacting protein of 200 kDa (FIP200) complex)”}
I FAAR o o5k s xdo] A4 2HAZ ¢4
Zl mechanistic target of rapamycin (mTOR)S| E-3|
1(mTOR complex 1, mTORC1)¥-H g &t} 2) AFA
(Nucleation) ©7]: Beclinl (ATG6)/Vacuolar protein sorting
34 (VPS34) &34 (Beclinl-ATG14L-VPS15-VPS34 com-
plex)e] &A1 3}7} Z71= ™A phosphatidylinositol-3-phos-
phate (PI3P)2] AJ4te] =% o] double FYVE-containing
protein 1 (DFCP1)3} WD-repeat protein interacting with
phosphoinosides (WIPI) TH3l o] oJ3)f o] F9 F+x2E 7}
A= A2XA(Vesicle) Aol dojy E 2 F(Phago-
phore)E A ¥t} 3) A2ll(Elongation) ©HA|: F-HFAE H
3} Al 2=Hl(Ubiquitin-like conjugation system)Q! ATG12-
ATG5-ATG16L3} microtubule-associated protein 1A/1B-light
chain 3 (LC3 X+ ATGS)-phosphatidylethanolamine (PE)2
Tt @A S 93 AXA A7 oAy AUtE
21 2~ X A| (Autophagosome) S /3 §th. 4) & (Fusion) =
-3l (Degradation) @A: &3 A7TEAAEA = &34
A gFEAA 27FE2]E3) & A (Autophagolysosome
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EE Autolysosome)S FA3t AEE AE U &7|HE
oy} B4 &l 4A 7lrE3)] & 4x(Lysosomal hydrolytic
enzymes)©ll ]3] 3] E T}, 5) 52 (Termination) TA: =}
7ha=shzgol o] A3td PFEo] mTORCI T &
AslE OA F7HAA A7tasag AL FHH

J
£

FEF XM XIIASEE 7|
ZEH 2(Stress) = $2F, X s
F AAEZe] o] Hu} 2EY AV} ASHE, H &4
(Brain damage) % ¢=3}o] ¥ ¥ (Alzheimer's disease), 23]
<% (Parkinson's disease), T ¥ &% (Huntington's disease),
kA 7 815 (Multiple sclerosis), FAIHH o2 d# 3
=4 =2 7 35 (Amyotrophic lateral sclerosis) 5 ©]
239 E YA 23 (Neurodegenerative disease)2] &
ol ALRE dEA Utt. 2E#H 2 A&l o33t
3 g7 e g fFEEEs ArtAasztgo] 2
g
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(Comparison group ¥+ Control group)©ll VI3 $-&3 3t
2+ " 3l M E(Blood mononuclear cells)ol| 4] Z}7FA
shahg B {2 AR LC3, ATGI2 ¥ Beclinl mRNA %
dol S7FAUTHI, 2]. E=F, 324 A Fell whgo] }
T €35 AV A8 W8] U= Aol Hl3) Beclinl
o] @A (Serum)oll Al A SAHEHATH15]. o] o= A=
o] 47 F21& A3+ mTORCIS Asxd AA
(Signaling pathway)7} 2% % A4 7124 A5 HFH )
Ao B E Y16, 20]. AFF A7 (Post-mortem study)
oA &35 A9 AHFY 3 A (Prefrontal cortex, PFC)
4 mTORCle| AZHE AAZF Z45HATH20].
mTORC1°] #4315 ¥ ULKI E3tAol 2835t 2H7bA
3}2h8-& A5l WA, Beclinl©] A7FA324-8 =4
3EE[36, 58] 44 mTORCIO] 7143488 5
)

=
¥ & Jntn AYFATE T WAL Yok

$23 SERHM APIAEEE 7™ T

AA WH(In vivo)el &5 A7tastaE Added o
g ATE FE TEELS o] 83t ArtAsEE vlA
(Marker)®] W3s}e] =H& 253 TH(Table 1). +EF
SERd ALEHE 2EH 2 29 goFsitiso]. 1
F Wol AHEHI e 2de J
stress) o™, 1 ~E#H2e T =
(Chronic restraint stress, CRS)2} #7137t o= E7}53 2~
E g 2(Chronic unpredictable stress, CUS)7} ATt &3]
CUSE Izt &5 FARE S48 fr=Est 2 f

A} 3 5 (Depressive-like behavior)o] 2 75 o] %]
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Table 1. Changes in autophagy-related markers in the animal models
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Stressor Species (Region) Stress protocols Changes in autophagy markers Ref.
CRS Male C57BL/6N mice  Mice were restrained for 6 hr per p-mTORC1 | 55
(HP) day for 14 days LC3II 1t
Female BALB/c mice Mice were subjected to random HP and PFC: LC3II, ULK1 | 17
(HP and PFC) daily stressors for 21 days p62 and mTORCI1 signaling pathway 1
Male C57BL/6 mice  Mice were subjected to random Beclinl | 1
(PFC) daily stressors for 28 days
Male C57BL/6 mice  Mice were subjected to random Beclinl and LC3II 1 56
(HP) daily stressors for 28 days
Male C57BL/6 mice Mice were subjected to random  LC3II/I, ULK1 | 60
(HP) daily stressors for 21 days p62, mTORC1 1
Male C57BL/6 mice Mice received 2 or 3 random LC3-labeled neurons, BDNF, LC3II/I,
CUS (PEC) stressors daily for 84 days Beclinl, ULK, and mTORC1 | 61
p62 1
Male C57BL/6 mice  Mice were subjected to random LC3II and p621 43
(HP) stressors twice daily for 35 days
Male SD rats Rats received 2 or 3 random Beclinl and LC3II/T 1 52
(HP) stressors daily for 72 days
Male SD rats Rats were subjected to random  Beclinl and LC3II | 57
(HP) daily stressors for 28 days
Male Wistar rats Rats were subjected to random  p62 and mTORCI | 49
(HP) daily stressors for 35 days LC3I/LC3I 1
PS Male Wistar rats Pregnant rats were restrained 45  Beclinl, ATG7, LC3II/LC3I, and volume of 59
(HP) min/three times from GD 15-21  autolysosome 1
Male Wistar rats The pup was separated from the HP: Beclinl, LC3II/T |
MS (HP and PFC) mother for 6 hr daily, from PD PFC: Beclinl, LC3II/LC3I 1 30
7-21
Female and male CORT (0.25 mg/ml, drinking Formation of autophagosome and
C57BL/6 mice water) for 15 days autolysosome, p-ULKI, p-Beclinl, VPS34, 13
CORT (HP) po2 |
Male Wistar rats CORT (40 mg/kg, s.c.) for 15 Beclinl, ATG7, and LC3I/LC3I 1 59
(HP) days
Male C57BL/6 mice  LPS (1.0 mg/kg, i.p.) for 5 days HP: Belcinl, ATG4, ATGS, and LC3II |
(HP, Cortex) Cortex: Belcinl, ATG4, ATGS5, and LC3II | 3
p-mTORCI1 1
Male C57BL/6 mice LPS (1 mg/kg, i.p.) was injected Beclinl and LC3II -
(HP) 24 hr before the behavioral 7
experiments
Male Swiss mice LPS (0.1 mg/kg, i.p.) was p62 and Beclinl |
LPS (HP) injected twice weekly for 21 12
days
Male SD rats LPS (0.5 mg/kg, i.p.) was Beclinl and LC3II/T |
(HP) injected every 2 days for a total 22
of seven injections
Male Wistar rats LPS (0.5 mg/kg, ip.) for 10 days p62 and p-mTORCI1 |
(HP) LC3II/LC3I, Beclinl, and volume of 49

autolysosome 1

ATG: Autophagy-related gene; BDNF: Brain-derived neurotrophic factor; CORT: corticosterone; CRS: chronic restraint stress;
CUS: Chronic unpredictable stress; GD: gestational day; HP: Hippocampus; i.p.: Intraperitoneal, LC3: microtubule-associated
protein 1A/1B-light chain 3; LPS: lipopolysaccharide; mTORC1: mechanistic target of rapamycin complex1; MS: Maternal stress;
PD: postnatal day; PFC: Prefrontal cortex; PS: Prenatal stress; s.c.: Subcutaneous; SD: Sprague-Dawley; ULK1: Uncoordinated
(UNC) 51 like kinase 1; VPS34: Vacuolar protein sorting 34



sty mda g3 AT gol AEE I JATH53, 54].
CRS$} CcUSell 93] A47F4-8}2H8 w7 <l Beclinl 7 LC3
7} & vk(Hippocampus, HP)o A1 Z7}F5 1 © H[43, 49, 52,
56], CRS®l ]3]l mTORC1¢] ZAFHATHS55]. 248 A =
Ef 2 d217|3F 59 ~E# 2(Prenatal stress, PS)S
1o ™ HPol|A] Beclinl, LC3 X ATG72] @&} 27}
L&A Fart S7HERN0H[59], EA T 2EFH 2
2 E8](Maternal separation, MS)oll €3l 41 = Beclinl 3}
LC39] Z717} PFColA #a= 9l th30].
&% A EPF (Phenotype)oll A Ap7FA3)2)
H7Vsb7] Y8 2EH X o9 $&5S

< =
S Fojgte RUlE AHEHI Sith 2Ed
=

(e]

o

$o ool 1R

g]

[~ £
B for b
e fu ok

ol S5 3 32 E]F ] =(Glucocorticoid)2] AL

Z~H] 2 (Corticosterone, CORT)S T3} H 20|
Ft}H24, 39]. CORT7} Beclinl, LC3 & ATG7<

VSC 4.1 AlZol A CORTel &3] 3] 2E(Histone) oFH €
3} (Acetylation)2} ©o}A| € 8(Deacetylation) & EZE3F &
d % (Epigenetics) 71l o8 2d=H+= &5 v7<d
sirtuin 1 (SIRT1)] & o] 745 A TH23]. CORT7}
A7 4389 =842 sequestosome 1 (SQSTMI, p62)
I LC39 BHE-E Z7FAIATH23]. CORTL M= A X Foll
/4] vhe)| 2]o} U] &4 (Endotoxin)l A&t} (Lipopoly-
saccharide, LPS) £+ A7 35S do7]11 o2 <3|
& AR Fol dE T A ATH29, 35]. LPS &

=3

Induction

v

ULK1

ATG101 | =—fp
FIP200

mTORC1

|

—1

ATG13

Termination

Autolysosome
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ol 7} HPS| A7FE2A] &8 4A| <7, Belcinl 3} LC32] ¥ S
Z7IAZ2 ek olYel, mTORCl A ZAGAAE 7H4aA
ATH49]. o213 AFZAHE T3l 2EH27F A4S
28-S ST A &5 FIdtE Aol AAEAD
SHA R, Z2ZQ ATFZEAFHES ATk MS9 CUS7t
PFC =+ HPQ| ULKI, Beclinl ¥ LC3 & o] ZAgH,
p62E =7FE A Y11, 17, 30, 57, 61]. Zhang 5(2019)<]
ATE CRSE ¥ HX 72| HPIA ULKIF LC3 &d
o] Z+43}aL, p622F mTORC1S] Z71313 BH60]. ©] &gk
Aite 2Ef27F Artaskag 248 daAivs
< 9rso
EZH CORT GEFA7F AX 7 HPAA A7FEA 4
ZA e} A7LEA G LA B B AUFASEE A o
Hdo] ZFaH e WRE oy 2H13], LAt vl 3 o ]
Z A EZ (Primary cultured cortical cells)®l| 4] CORT® 2]3
LC3, ULK19] Z+4a 9 p629F mTORC1°] Z7F= Slth61].
E T2 FEQ LPSATFAAE X172 HP =& UH T
Ao ArtAasAR0] WETt QLAY Beclinl @ LC39 7+
271 FEAEJ3, 7, 12, 22]. ©]ET AFTAAES 53
CORT®} LPSS| Fo7} A7t4asta &5 &4A1710+= A
F SEEDAA Y ATtAERE 9
o tgk A}EL =E2F = 2Ed 29 AW (Proto-

BAstA e o 9 9 AEE

>,\I

RE AT AP FRO Aol 8| ArpasAE
Z7h7dol el Qw3 TG o] FAw A ol

sl e

v

Phagopore

OO

» <« ((At612

Lysosome

— "))

uonebuo|g

Fusion

«— <

Degradation Fusion

Autophag 6some

Fig. 1. Schematic diagram of the process of autophagy. The process consists of into several steps including induction, nucleation
(formation of phagophore), elongation (formation of autophagosome), fusion (fusion of autophagosome with lysosome),
degradation, and termination. Original illustration created by MK Seo using BioRender (biorender.com).
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A7 A8tz g0 digt 22 UElr] oo

2E# 2 gl ks B E o] 83 FERY O]ﬂ‘)ﬂ 3
2 Ay FES AMESte] A W A7kAasRE-S Wrke
T Atk A7tas A gl Fofahs FAAR] ATGE AA
ZHKnockout) 22| Foll A Ap7kAsb2kg-o] el g el
A 9&S oldfiste Hl F =8l HATH27]. ATGS%
ATG79] knockouto] HPS} th 92 Al W ohajd &3]
Aol SH 4 AAAE AEE 2H3le AR RAFJT
[14, 26]. $2F TERDA F2 EAHE ¥ d9<
HPS} PFC7} obd ] M o} nl Al Z(Microglial cell)ll A =7}
A3pa8-2o] d&o] 8] HTH38]. ATG7 knockout = <l
aff mlAlolm Ao A2 FAJ o] THAE B ofyT) Al
W2 7)ol GEFS FATH25]. A3 nL Al E(Asctrocyte) 2]
A7 ashatg-2 ol &l A A AN, ATGS knock-
out® AX| 7o I HA HAFnAE 237} AA =
ATH51].

AAAZ AF 2= G F&0] THAEHE Z7]19U Long-
term depression, LTD)S & &3t T EE A tAMG =
E} ] o] E(Metabotropic glutamate receptor) -84 2 &
A37F mTORC1 A5 AA 9 AH2~ dd ad
AL ZTMAE Aog AFAFHJG4). 28, AEE

o] &3 Aol Al = N-methyl-D-aspartate (NMDA) =8|
£ 9EF mTORCI AZAHAZEAAE Sl A7t4sh2H&
o] =5 ATH28].

NEZHUM XE7IA5EE 7|1™ o7

A7+ 481282 417 A (Neurodegeneration) O = F-E
BHod ¥tk oy} 417 e (Neuronal development)Z}
A7 S 2 ITH33, 45]. o] AYFHE= FX Al
73 &(Neural tube) #H3l, S2HAxon) T H AP A
I e A A7 A AR 8-S gt
[45]. o]} BHH AFTAAEL FZ2 A (In vitro)?d
NEE 7|9ro 2 3t I AT ATGT3 p62°] 747}
AR E7A 2R AFuAE £33 AT &
o % TH48]. SIRT1¢] I &A(Overexpression)® U7+ 217
A ZF SH-SYSYA| Z A& SIRT1ol &3} A7}A3)2)
£o] =5 o] 2174 54 (Neurotoxicity)= o ¥sl= wHH
ol, ATG5 T8¢ 71%& 7H4(Knockdown)A 719 27}
&3-S W5 SIRTICRZ Q13 AR5 2Hg0] T3
HoH19]. ATG1Y] FTELE A7FAREEE W A Y2 A
A& FUHAZI A, AT A S-S TAaA7IE o2 IE)|
Afs A7 = ZFAFEJTH42]. LAk A EFE afviAz
(Primary cultured hippocampal cells)oll A &35 Td 4
FAAL = F-20 417 G A A (Brain-derived neurotrophic
factor, BDNF)2] 2174 2% & 3+= 7} 234 (Caspase) T4
< At MEZAE S o Bk ofu gt 27bA sk}
o] 245 T3l AAAEZY &S SHAZATH44]. Al

t}7}, BDNF+=
Ni@%ﬂﬁ

Q) vk ol Al el 4 mTORCI

WA A7tas gl AARS T3
s 1 Aeke), A7kas e 227}
217 ﬂi e fesi, AAATE AEE A9 A7)
Lo gol 2] STHRE WA LA FAT AT
& 2 278k R0
2~

—"r%% FE SIATIE A=

ERENt R7IASEE 710 O|xl= HE

F-EA7E AABMELY A4S A
2 AR FFE Foe Zo] dFHIL Jdon[9, 31],
G2 A7F A7 a2 v E ST AleE g
A= AJATHI). &3 e FEAe A8 FF/7F A
on, BE A7) obd gF AT RS
Lol 9 FAG A3A A (Tricyclic antide-
pressants, TCA)Q! o} EH € T (Amitriptyline) 2 A1 2] 2]
MZEY A4 AAAl(Selective serotonin reuptake in-
hibitor, SSRI) Al A<l Al'® = X Z(Citalopram)- Beclinl 3}
LC39] &dE& SV A AR, Wl gt 22 (Venlafaxine) < ©F
TGS n xR &UATH13, 62]. SSRIQ!I ZF3A €
(Fluoxetine)> CUS®l o3 7+ -2-FAF 5 2 LC3

9} p629] WdS 3N 7Y, &4E v EZ 2 ol(Mito-
chondria)& A7 ste A4 A Z S A7t4siatE-& £31
A Z TH43].

FEAE €T Ade & FAY X590 }7%49‘
2 AEH, o] AT ArtAstEE fEot THol
. TCAR! @A Z 271 (Desipramine)< 4 730}"—%(Ghoma)
ZF AEQ C6 AlEoA Beclinld LC3 THE STHA

A, A7FEALEA Y] FAHE Tl AZAE S
o™, mTORC1 4% AA=HATG31]. = TE TCAS
o] w] Z 2} ¥l (Imipramine) ©] 4174 o}nlE A 2221 USTMG Al
Zo A A7FASR LS X33, mTORCIS 9 A8tE=
Zlo]l ZAHATH18]. WEkA, 5 A7 M-S 93]

A7t 232 g A1 AE kelsta ShA welEofof
e, & o AME A7k Basih
2 =
Se3e A AAHCE FF 07 BA F9 shiol
o, %%%94 B A S FEDSAL, DAL

A /\]ﬁf‘ﬂg_% BEshe 74°fa F= T JHug,
AZbastagol $£5% AR Wl TR AUE

T3 2 & ok A= Artasiargo] AZAEE
SR R[32], AAE &5 o] HPY) £ A EAL
Wo] 2% o] 1elo] BrH41] ol&) @ B oIA A7

:10 ol



s}zhgo] 59 FHol E F Uuh A7t EE-9]
Zpol 7t BAHE A7 dFEE g Fo| 7)o Art4st
Z}%«] st ¢35 dete= 71 4=
< WElr] oy XP7H\—§]-X—.L%°H 3k AgA 2
% = 9 AF3HA o] FoAH o st} &5 AUtAS)
ﬂ% 7174 Aol ALgH oEE’_%]fi A go] a1, HS
AT Asfol] w2 ) 7E PFCS} HP2] A/tA3)2-&-
WHslo] =248 TG AUl ArtAszrgol dHH
oz BA ATl deEtEE QIxkE AXFe xfolE
E43E o 22 AFAFYT Qs &4 7 AU
A5t &gof H X &= Gkl WaAa JAINE AdHEA 2
HA7tA 9] AF= A AR Z2 Ao A 7MA] &
oy AT AFE o, AAAE A7FABFER-0]
229 e gl SH(pathophysiology) @ U &84
9 X5 AT dAFHo] Jor g 274 Aol 3
A TS A% A2 WgoZ Hed 4+ 08 A
9k, 2714882 A48 -9

ZAe| 2

of Aohe AR(REY R Hopr)EAREAR) A
Aoz FFATATY AU Wol FH ATY
(2016R1A6A3A11930127, 2020R1A2C1010148 2 2022R1F1
A1064272).
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