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Autophagy is a major catabolic process that is involved in cellular degradation of unneces-
sary or dysfunctional cellular components via the lysosomal machinery. Autophagy is in-
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volved in a variety of biological processes such as programmed cell death, removal of Al

damaged organelles and development of different tissue-specific functions. In recent ex-
periments, the role of autophagy as an important mediator of the pathological response
to redox signalling of cellular damage has been elucidated and expanded. Oxidative stresses
to the cellular system induces autophagy as a means to selectively remove oxidatively
modified macromolecules and organelles. Reactive oxygen species (ROS) are highly reac-
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tive oxygen free radicals that are produced as by-products of cellular metabolism, primar-

ily by mitochondria and NADPH oxidases. ROS can be beneficial or harmful to cells and tis-
sues by depending on their concentration and location. ROS function as redox messen-
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gers in intracellular signalling at physiologically low level, whereas excess ROS can induce

oxidative modification of cellular macromolecules and eventually promote cell death.
Thus, the interface of autophagy-related oxidative stress adaptation and cell death is im-
portant for understanding redox biology and pathogenesis. In this review, we describe the
basic mechanism and function of autophagy in the context of response to oxidative stress

and redox signalling in pathogenesis.
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1. XHAIEZo| 7| :

AAE -2 Trlo] 2] o] mEah Whlo] nje} A4
Z1-8-(macroautophagy) 12|l U] AJA}4] 28 (microautophagy),
Ap| 2 ufj 7 A} A1 28 (chaperon-mediated autophagy)2] A 7}A]
2 SRk AR, AR AREARI ARAIRNE-S dE o
™ Z}7}EA] A 3 A (autophagosome) 2 Y7 o] 50t AL A E F
gk thetA IS AR A FEA A LA 7 s 2l
I} -ggFoto] Ap7kaLAl-g-8fj4x4|(autophagolysosome) & %/ 5L
A7 Rl e Sfaf] vl e AdeEell A 2E s
<= ATk o] 2HoflA] 300 7HO] AFAARE- AR A au-
tophagy-related gene, Atg)7} 2185} o]& AR} = & Hof| A4
E] It o]=7|71A] uf- FAFstTHe). =AY, BIAIARA AR A
23]l oJaff 2lago] AR Nl dE S 2okl 47| 2}
8 ik A, AE RS2 B Al 2o AR
79 o] 57} HEFol S, KFERQE: 15}l Ab] E-chal gt
A& FAet & FEFA7F 2l Aol A lysosome-associated
membrane protein-2A receptor (LAMP-2A)Q} Adlslo] g4
W2 A9, woll= 2golth

2 ol A AFAERE- - AEAQ] Atg T A to] 23t 9f
3ff o] Foj &= AR AR Aol 24S HE-o] AWsl=s & Alo|
o AN ARAZRE-O] =0 THA| = 2 ik o E/dAkas TiARAO] 2
off A== Ao = A §lom, ApAARGof| tigh Z/dAkax
FaFol disl] gok 7] Sl EAHY 71 9 sfFeaE WA QoF
StaLAl gtk G790 Alazol A Aol 98 mammalian
target of rapamycin (mTOR)2] E/do] JA| =], Atgl32] EolAt
3} dbAgsie) ©elikshe Atgl3-2 ULKL Z12]aL 2 [(uncoordi-
nated family member)-51-like kinase 13} 2, Atgl 5419} A%}
Slo] ZASIA IO ZHN A Atgl79] o]EAHEA|2] focal adhe-
sion kinase family-interacting protein of 200 kDa (FIP200) 2} €43
EAIE B/deITh ULKs-Atgl3-FIP200 H3 A= A4 A2
Yh(isolation membrane)S AAA|A A7|EA A A S LHAJTIT)
(Fig. 1[6]. A A7} 42|25 FA5E] 93] beclin-1-class
111 phosphoinositide 3-kinase (PI3K) &g A 40t o}u2} light chain
3-11 (LC3-11) 9] A4 W Z7}aLA] A 3 Al (autophagosomal mem-
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Fig. 1. Schematic diagram of the steps of autophagy. Autophagy is
initiated by the formation of the isolation membrane. The concerted
action of the autophagy core machinery proteins at the phagophore
assembly site (PAS) is thought to lead to the expansion of the isola-
tion membrane into an autophagosome (vesicle elongation). Ubig-
uitinylated proteins may be directly targeted for degradation via the
autophagic pathway. The p62 protein interacts with ubiquitinylated-
damaged proteins in cells. The complex is then selectively tied to the
autophagosome through the interaction between p62 and light
chain 3-Il (LC3-Il). When the outer membrane of the autophagosome
fuses with a lysosome, it forms an autophagolysosome. Finally, the
sequestered material is degraded inside the autophagolyosome and
recycled.

brane) 4F¢jo] E Q35107 LC3 (= Atg8)-> -8|FE S thal2l
ofr ojuff LC3-1:> thal 2] Mo & Mm-S ATk Al Tl
LC3&= ThlE Eal a4 Atgdo] Ofsl] C-Heh QIR F-917F Aty
of LC3-10] B3 0] 913} C-2bet 24l 47|17} i Elek L1
2 phosphatidylethanolamine (PE)?]| 2J3f] LC3-112 &L} o]
T2 Atg7 (18 S a4) T80 Atg3 (B28 A D), At
gl6L (B33 1A 4) E3hAof oJsf] mi7l)= fu|F st e
HE-S-& EFISITE A, Atg72 AtgloS Atgl2o]] 18|11 Atg3&
LC3-10] HEAPIE Sahe dekaick ohe; E28 A4l Atgas)
Atgl07} Atg59] Atgl29] thgt FghS o]3tA]7|™H LC3-1 PE
HaElol LCHI12 HEHL, of2fg HYTPL A2
2] g Aol A o]t}8]. p62 [+ sequestosome 1 (SQSTM1)] T
Ao SH|FE AT 9|(ubiquitin-associated domain, UBA)E
AT Qon] o} Ba) RuIATISHE Thun} 23 5 ol
o) 5 A} 2|t Bo) AgkE B 75 A 2 el
715 o] SUIFIES} U pe el m] B AL T
Aol AtEo] Q= LC3of Ao 2FA 2 pe2E E3oh=
A7FEA 2 2 A) W o) T ap A 27|22 24 WollA] el
Ch(Fig. D[9].
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SHH, mTORY] FaFolE2] AL o]go|gFA|9] 5 adenosine
monophosphate-activated protein kinase (AMPK)®]| 2|3} =4 %]
H o] =2 A U] AMP/ATP (5 adenosine triphosphate) H|-&
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£-0] ol Atg5%}iver kinase Bl (LKB1) XE+= serine/threonine ki-
nase 11 (STK11) THi| 8 O}£2] 0 2 &= AFAJRRE-5 91 07) 4= §lr}
(16]. /At2x0f] Of7E A4 2H-9] f1=i= DNA &/Jof| thgh A
HE-S-of| A Fa3t S-S T3l ataxia-telangiectasia mutated
(ATM) THaHZlo]| oJsi A% ulj7[j =], LKBI/AMPK HAME =5 &
aff Alad W TSC29] M5 57147 mTORC1S] E2J3t& =
efgteH17].

S}l 210] high mobility group box 1 (HMGB1)+= A&7l
Q)4 (trauma), A| EZAFEAL] BES-5F0] A Q)2 BFEE|] recep-
tor for advanced glycation end products (RAGE) 12|11 toll-like
receptor (TLR) 58] All22=-8Aof ZAgtste] AEH-a-= w7
4= QIH18]. HMGBI @gAba 0]E2] 0 & SlofA] AJi2E = o]
5519 Beclinl-Bcl2 Ay A-8-3} extracellular regulated kinase 1/2
(ERK1/2)9] 85 FTAIA A4S oFSPAIXITE BHakalA|Ql
N-acetyl cysteine (NAC)-& *]2]3t 74-9- SOD1 H+= 2 [superoxide
dismutase 1 (Cu-ZnSOD) =2 (MnSOD)]7} G55} = A} A1 24
2 HMGBI19] 4|23 o]F-o] oA ETH19].

AAtaZo] o3t n|EFEg]o} A4 E hypoxia-inducible
factor-1 alpha (HIF-1q) THil 2l 0] B3 Hx|5lo] HIF-1a0f 2J3k
cheFeh A A0] HARS 28kt 0|5 BCL2/adenovirus
EIB 19 kDa protein-interacting protein 3 (BNIP3) <= BNIP3-
like (BNIP3L)= A4k Aol o]l HAYo}= A1 21-8-0] f-ieo]]
83t A5 TERITH20]. TARSkEAso] O3 BNIP3 ufj 7] &4
Z1-8-2 mTORQ A|#12481 2719] E1Ake}E Faf WAyam[21],
Aikaxgo] Fedhz AHAARE-2 BNIP3S] mTORCI 248121
Rheb (GTPase2] 5L} Z3}5to] oJA|gho 244 A= mTORCI
o] ZHdshE Waffsto] o] Fojxich22]. T3k BNIP32| AJ2H|9l64
9] Q1914 EHol= SIE/AIF o2 E Ay AEY
21 4| PP} BNIP3] S50l AL OFatAlA AHAA- g
ZQ3h 93RS Tt LC32} BNIP3S] AFS 28-S A5} 23].
Fig 204 24 AkAoh 24121 §1k] T2 1 AJ5hsichFig.2)

20f| B85l 593 ARSI AAI S 2 5 5Lt nuclear fac-
tor-erythroid 2-related factor 2 (Nrf2)/kelch-like ECH-associated
protein 1 (Keapl) Z=0|ck. Nrf2= S4-F-4122] 215919 &
AFs}E-8-91 %} antioxidant response element, ARE) 4= A R}F215}
HE-8-Q A (electrophile response element, ERE)®} Ag}s}o] gHAFS}
AR WS 2ERtTH24). Nrf2= p629] TS 7ML
2 APAREE-S BIAIA Al 52 PALbo] ofet )
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chil o] JefE EXIRITH25]. Nrf2= g/ deioll Al Atakehelzt
TH219] Keapl2] Neh2 (Nrf2-ECH homology 2) §-$12} A%}
Sto] E2ASH e = Al ol EAsh 4leta] AE A
OJaff Keapl & 25 €] 2|E]o] O 7 o5, 23| NADPH
quinone acceptor oxidoreductase 1 (NQO1) “12] 1L glutathione
transferase (GST)9t -2 SHrtsbtai Aol S gt [26].
whahA] A AJ2RE-S Sk ofgt Al §ES B T
7170]| QJafA e 2k wek 4= Qlok

SPALL0] WHEBHE T 1A FAIARE ps3olch ps3 e B
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Fig. 2. Reactive oxygen species-induced autophagy. ROS production
can induce protein aggregates, generated by the mitochondrial
electron transport chain activities and by NADPH oxidase. These
ROS, which include hydrogen superoxide (O), peroxide (H-0.), ni-
tric oxide (NO), peroxynitrite (ONOO), can damage proteins and cel-
luar organelles to stimulate autophagy. Atg4 Cys®' thiol modification
is involved in H.O»-induced autophagy. S-nitrosation of inhibitor of
KB kinase [ (IKKB) and c-Jun N-terminal kinase1 (JNK1) are involved
in NO-induced inhibition of autophagy. Hypoxia-induced ROS also
activates autophagic pathway by hypoxia inducible factors (HIFs) and
their adapt proteins. Moreover, autophagy can stimulate the ROS
generation to enhance the autophagic signalling.

Table 1. Roles of autophagy in disease and pathogenesis
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Di thological -

Stlsfease or pathologica Beneficial effects of autophagy Hamful effect of autophagy
Neurodegeneration  Allows the removal of aggregated proteins before they are toxic. Induce cell death in neurons that accumulate aggregated proteins.

Cancer Promote cell death as a tumor suppressor Prevent cell death as an oncogenic mechanism.

Diabetes Necessary to maintain structure, mass, and function of 3-cells  Aging is associated with impaired glucose tolerance, decline of autophagic

and affect insulin sensitivity
Cadiovascular diseases Compensate for defects in lysosome function.

Immunity Cellular defense against invasion by bacteria and viruses.

activity may be involved in age-associated reduction of glucose tolerance.

Increased autophagy or defects in completing autophagy result in the accumulation
of autophagosomes that impair cellular functions.

May allow microbial pathogens to replicate their nucleic acids and supplies
nutrients for growth.
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