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Fig.1 Human ATG12 protein domain
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6 ~E5E ), MIMMEIZ A A R REAS TE 17 W AH OC 1 i
gty kIR @, Tk, ATG12-ATGS &
AW SE ATGI6L1, ATGI16L1 (4 N 32 fiE 1 17 &
454 ATGS, MIMTE B ATG12-ATG5-ATG16L & &
P+, WIPLR i i B # 45 & ATG16L1 3k 1 5%
ATG16L1-ATG5-ATG12 & & & , # LC3-ATG3-
ATG12-ATGS-ATG16L1 4 5E 7 F WEAARRE |, fig gt
LC3 7 [ MEARIE E R Ak, MIMifEsh A me ik ry e
B T ATG12-ATGS B AR B 2 B A H
WEAR I L 1 AN, ATGI12-ATGS E 41Kk
HoAt B WEAH DGR B S R E ] . PRI — ik FE v,
Optineurin 1y H W24, AEUSAE I ATG12-ATGS5-
ATGI16L1 & A 1A 1] 27 47 WIPIL2 9 [ s 44 4 3 5
M3 58 3 AR I8 B . (EAR T2, 1
ATGI16L1 Bk ()15 R, TECPRI g 52
PIRBERR AR EAE R, HH5E 2 2 IV AR R
It 5 ATG12-ATGS JE i E3 £ & & 1k, ATGI12-
ATGS5-TECPRI1 fE h —F 4l 37 F ATG16L1 ) & 1L
E3 RS A, RBHE T 245045 B AR I g =l e 7y
LC3 gkt i iEny e g 5, JEBiit, BIRCS
A % 5 ATG12-ATGS %5 &, M\ 1 40 i ATG12-
ATGS5-ATG16L1 & A K EIE &, 30l 41t 3 e ot
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E2 fiff ATG3 #12% E3 [iff ATG5-ATG12-ATG16L & &
YT EER T, 5 AW PRI T A s 19E £ B iz
(PE) ¥, RS AR LC3-1, Hrf
ATG12-ATG3 B &) k4548 B EZIEMN .. s
Metlagela %5 ' {YHfF5%, ATG124 ATG3 454 1Y%
AR T ATG3 45 R h— 2 I 13 42 B iR ik
e (153~165) (EIS2b), X 13 ~2d FEWR N I il
— AN IER RS (153~157), TTE C 3 IE i —
A BZHER G 1, ATG12 I ATG3 458 RS H
— 5 LC3 454 HASHXT N sk 148, BB
20 LC3 A HEAEH X, (LC3 interaction region, LIR)
Sy hseEmR, SR, T ATG12 62 5 LIR
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Hanada 25 "7 {58, ATG12-ATGS5 &4 ¥y it 14
5% ATG3 9 E2 il i 14, f2 i LC3 SR Mt £ B i
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B LC3-PEE &Y, JA3h HARKIE . Hah,
ATG12-ATG3 I RETFAS 1L Tk LC3 AR B fk .
Murrow FI Debnath "7 38 H} | ATG12-ATG3 B &
iE ot 5 WK s>k i2 2 51K (endosomal sorting
complex required for transport, ESCRT) #H ¢ H
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I X AR AR Z Tl 22K 2R o

i B RTIR, ATG12-ATGS5. ATGI12-ATG3 5 H
W AF O 28 11 A AH B AR RS AR F WA TR 1A SR
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Ko RAMSE X LA BAEHIAA B R WA DG 1Y
TRYT BT I SRR

Fig. 2 The molecular mechanism of ATG12 regulating
autophagy and the structural diagram of ATGI12
conjugates.
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TERR R R Ye L  h, HOG YU R LG B B
Wi, TEFR BRI 5t T, ATGI2 I DIRE R N %
hO(E3) . i, EF 2 ORI E (foot-and-
mouth disease virus, FMDV) &4t J5 , ATGS-
ATGIR2 E W RIB B E TR, X—HWE 55
B@Eﬁ?ﬂ&ﬁéﬁéﬁﬁ@ﬂﬂﬂ&ﬁﬁﬁa& FMDV iifi i 2
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ATG12 RS, T 3 W N2 NF-«B {5 5 i #%
T BE SN, T AR O EE RS A Y A,
ATGI127ETHEZ (interferon, IFN) /-SFAHEER
N ARG ERT, S TR R G
o e e AT ) Y Moloughneyff[m
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4t JF ARG A0 AR 3] [ BRI L,
DA e W 2 T DA I R4 1 W I Rk ket 1
TR GPERN . AN, ATG5-ATG12 HBEikfE s
i FL#2 5 RIG-LHNIPS-1 254, 4l TR T4 R 0™

&) rEms

A=, HETAR HF RNA 3 19 &2 6, X % W] ATGS-
ATG12 e /K] B bl — L8 RNAJRHEFI I, L4k
15 ERRIEE ST 7 IFR CHNEE (hepatitis C
HCV) %028 i B5 3 B R FEN
T ™ 3% M (protein kinase R-like endoplasmic
PERK) Al # % % 5 H 1
(activating transcription factor, ATF) 6i&i%, fiEik
ATF4 1 C/EBP [f] ¥ & H (C/EBP homologous
protein, CHOP) 1y i, 5| & MM % (ER-
Stress) , #EMiE T AW, FEARB T ATG12 Fl
LC3B Y3k L1 7o 7N AL T3] miR-23a 1 1k
iR, miR-23a (1 T E L ATG12 fie it 1T kg
YHAAE YRR B A RS, A S T
HRIER F AN Z-6 (interleukin-6, IL-6) Fljied
IRBEH -0 (tumor necrosis factor - alpha, TNF-a)
KT B EAS TR B N,
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Fig.3 The molecular mechanism of ATG12 regulating antiviral activity
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AE % 1 5 R RSB L (mitochondrial outer
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Bel-2 G5 1 A ELAE S e s, TR A
LARARTA T AORRRA BT, e 1 22 40 i v Z2 i 33
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ik LC3B. ATGS M ATGI2 0] B35 28 R A B FL A3
HA5R ATP A2 T = AR BT T RON, 33X 7R WX Zekn

FAS receptor

PRSP 200 i (B AR A R A4 i AR o T e
EEBEAEM B MR ML REIES AR ATG12 1Y
Fik, LK DNA R SRR T REFR AT,
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TR, X2 R 40 N ATP 7K F T 98 IS
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-monophosphate = (AMP)  -activated protein
kinase, AMPK) {55, L& RIS

HHBSRAERIVE, DIHERIVRE T LK
AMPK i FEH0 2[R 40 67 0 LB Y R A R A
5 (mammalian target of rapamycin, mTOR) {5
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VP K AR A M NS N, T R DI RE X 4 4
RPE T AR R (B 4).
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Fig.4 The molecular mechanism of ATG12 regulating mitochondrial apoptosis
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5 PR AR Lk ol A e 17 3850 [ 4 P A7 7
FNYERR A RE RS 1 SV E B 32k mT, B
PR 5 a i RE SR A B LR R IR B
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W7 AR 1 A= 4 R ) i R 52 i 200 Jf Y e IR S
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1 A AR, 18R] A 81 A X M A 4K
PR R 52 A 20 B Y 2R K RAETS o RAE ATGI2 5
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{8 ATG12 76 15 R B AR BE 7 T B S RE 5 ATGS A

Moo 4 5 2 & B OB kR R
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Fig.5 The molecular mechanism of atgl12 regulating metabolic homeostasis
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3 ATG12E&S%

3.1 ATGL25phiE
3.1 ATGI127E e 4 i 3 58 A % b ) VE
ATG 12 £ i Je 210 B 385 58 R e B vh i 4 5 1k
TIZ ke, R, ATGI2 () F RBP4 X}
AN RIS 70 ooy A i 15 5 LA SR B e (1K1 6) .
LncRNA-HCG11 i i3 miR-26a-5p/ATG12 i i i3 Jit
20 e g 1) B R L B W) ATTG 12 7 S 200 i s 200 i 34
AR EAE R . 5 2SI )&, LncRNA-
HAGLROS i [1] 8 75 miR-5095, 1 ifij {i #F ATG12
(FRIRITHE DR AN, R R AR G E .
TS ', LncRNA-HOTAIR B9 k2% I3 T miR-
454-3p Tk, miR-454-3p By FIEIH] T AR
ATG12 [ Fe3k, fEdE TIRT-IFME T A, M
PO T R R AU 1A 5E B LneRNA SNHG11
I 3% 5 0 ) miR-483-3p/miR-1276 1) ik, Sk
ATG12 ZRik LRI AR 2E T 15 9 40 ML i B4 5 17
ATG12 75 Il 55 4% o 72 rp 4R RIREAS B T )12
RIS Blan, —IipEss s, miR-30a-3pifiid B
YRR ATG12, IR Al iR B AT RS, R
AT ATG12 fEMg R TR 2 7, S5l
A2, miR-378 EALHA] ATG12, Xl £ HIv]
e W FEAR OG- DA 52 M) 350 P A B8 15
5% & B, miR-3653 7F /5 5% 4% B 77 04 FL I g 240
WO R A R ) R L ATG12. H A
Beclin 1 ## 15 [ + 1 (autophagy and Beclin 1
regulator 1, AMBRAL), #ifi /" F Wl &, M
A0 4 2L R 98 A B Y b B2 - 18] T % 4k (epithelial-
mesenchymal transition, EMT) K ff Ji #% £2 ')
miR-570-3p fEFE A PE 5 R A 40 h W2 F R,
T HURUIICRT D sk 2 B AR A L 8 miR-570-3p,
AT A0 ) LA PR 5 s 2 R A 4 R 4 A Bl 1
£ H (leucine rich and coiled-coil containing 1,
LCMR1) FIATGI12 BRIk, 0005 PRI 240
(A B R 28 68 1 . B SR 3R TR R Y
IncRNA——HULC (highly up-regulated in liver
cancer) 18311 miR-107 5 ATG12 454, 128t
T TF A0 A0 A 2R RE T, IX R ATG12 7 i
SRR TP RE R AR ER P, B2, ATGI2TE
PR B v A PR R A AT RS RR 22
JISEERRY, FEEAARMLEI AT REP R B 2 5[5 5K
FHEAER . AR AFST I 27 06 ATG12 76 b8
R R P IR HLE LU R i R IR T 4

M R SRR
3.1.2  ATGI2E A MR a7 B A bR B
ATG12 7 iR 16 7 Hh (VB AE A b R A0 B
H 5 32 200C3E, JuHIEAE WG 7 B v F s 7
M. ZWH5 RV, ATG12 Bk K5 i 40
JLER) Wt P DR G, T 1 WA g A 2 rh oy
HEE RN G, B, ATGI121F ERBB2 FH IR
H g A0 B R R T W, R T ) 24 ) ) AR
R ZRIA N ATG 12 5indr kBiAHC, KU ATG12 7]
REVE R —A-EERAEY bR EY), HT sl &
HXARIT RN . ST R (hepatitis B
virus, HBV) B2 S EUH4M M (hepatocellular
carcinoma, HCC) ) EZHHZ —, I HIEHBV
T Y% 1 VT 44 M AR R B IR I L 2, ATGS-
ATG12 85 R BT B, X378 ATG12
Al fEJ& HBV A1 5¢ HCC WY T 7EI6 7 48 4, &F X
ATG12 [ ] GE 2 55 HBV AHIKE HCC BRI 4K
L ATG12 19T R g i =y ' a2 BF 440 s %o b
7GR U, R LA R YR T A DGR AE
o WFR &M, & SET 45 B 4 112 (SET
domain containing 2, SETD2) &5 ATG12 )
B, SEUN ST ARG N, SR A A
R AY e, RIS AT ks . 2o
P RAS i iF MAP2K/MEK Fl MAPK 1/ERK1/3 15 5
i N ATG12 () 8 BT R gk T I ATG 12, 1
ATG12 J2& F W A 200, N 154547
O T RAS 1 i 96 240 M9 8 02 16 kit 40 R 8 1155
T A 1 P B R 4B A TS Y . I,
ATG12 () 335 K0T e A R PEAR fiboifg 835 105 1
IBIT RN I — N E R bR, £ X ATG12 B #E ) 25
W R EAEA T, JRIUS T —aE iR filhn,
Skach % 5 3 i X B %0 B 1% 2 1B 2 (casein
kinase 2, CK2) #llil# (k& 1) #AT45 &
Wi, XTPRC. A, BRIRE BERI LA 3- AR 55
(AR s IR A PR A e AR T e, R X
oyt AR AT T & T — R 51 A A
Atg12-Atg3 tHEAEHTEEAL S Y, TFR XA
S F WD R A BY R AU R YT BT R 25 1)
Wit. Nuta 88" WD & T —Fh & X ATG12-
ATG3 85 [ [ AR AR FH AR B e il 5-1k 54
189, ALGH) 189 NMUFHIR T A WEAHCHE H LC3B Y
NEAKF-, BI0E] T B EA A A IL-18 A9 /i, i
7 AR SO RAE SN T T AR T L. Bk
Uh, ATG12 ANLLE MR 19 & A K e vh & 45 B B2 AE
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L AR bR STt AR T T R
{18 R B AL TR T Il
3.1.3  ATGI12 5t 251 56 &

FEREEOLT, A WEnT DU T Iby 7 25 1 52
EAMIAENS , A AL ST, BT MR ke i
I S EANIEIET: 7. ATG12 FEALIF T 24 v i)
BRI IBT S 212 AN S 2 1| prs =B (I (I BT PR S 97
S0 JH IR A0 BT 25 0 R BURR P . AR T 2RI R
SR — R EERS, ATG12 /A [ g F b i) 56
B, 257 2R At fbry 259 52 14 14 7
o B, AN RNA DTER LR 7 B 27 28 A E R
H Z % 51 3 (Wiskott-Aldrich syndrome protein
family member 3, WASF3) AY3£ik, WASF3 %Kik
TV T ATG12 BYIEPE, A T ATG12 4
T AW, B LA AE A R B A . AR
25, RIS AE AN PR T I 5 R VD R A AR
ATG12 3 35 P06 B Wik g A2 A8 o 9 20 i - Ak T 25
Yrfe s 2z %, DN B0A IT ROCR D ES 7Y . Ma
S5 SR EE, PTBP3 st [ ATG12 (kR 1 i
R P g A AR 5 P AU (R T 24, I Hx— AL 5
H WA TE S AH S . Sun%s: ™ K3, Ambral Y
FEIRKV- 5 ZL R 20 X 8 52 Lb AL 1 ek S22 A
K, HIEIT IR [ WEAH CH (1 ATG12 52 M 22
HR ST A WS R, TR ZUIE A0 1) 254
g, /MELEH (SH3BGR) i iz 4
T ATG12 [k dEF5 ATG12 /K-, P2k FL IR
YR A WERS & AR, NI BT 2 0 A
A SO WA B R 2R Y B S, LA 2D 2 i 4
P oy, PRI ATGI2 47 T1Y F W I REGS e iEFL
AR A ) BT R T 24

BRI Z A1, ATGI2 {351k 52 2] 2 A 31 g 5
RNA (45 . £ RNA (miRNA) ., FRIRRNA
(circRNA) K %% 9F 4w i RNA  (long non-coding
RNA, IncRNA) i B ol a] #E40 n) ATG12 ()3
TR 7 Bl 4i X A7 RO 265 . iF98 36
W1, miR-214 3RINTESS e 4n i v b 25 o,
HHXT ATG12 (3 il 4 F e 08 12 325 40 B X 7807 1
O 1, AL, miR-23b-3p Mt F ik REAL Y
o S e A M6 Z R AR 2 T 250, TR AR
ATG12 FTHMGB2 3Rk, XML ES 5 F Wi
FREYIAOE "9, Pan %5 1 A5 W], miR-200b
A A G WA G IE  ATG12, AT 384 5 il A
SR A X AT 259 (AN Z2 VG fl B8 R ) B ARURK
P, ATBEN ALY 2 PR AR S . WY R

B, circRNA POFUT! i i< ¥ 45 AF FH #1 il miR-488-
3p, HEMT_EVE ATG12, & g 20 A 3% 5 A ik
S 2Tk, Xk T ATG12 16 H i ALy i
24 ol S B VR D . Zhang 45 D BIF 5T R,
circRNA SIRT1 i it 55 EIF4A3 #H B /E I, 8%
ATGI2 [ 33k, ATG12 1 P 3 W%t 52 i 41
WAL IR 2540, 4R ATG 12 AT L34 5 0 56 2
F 1L 975 200 Jf 6 G 25 s e 9 BRI . IncRNA 7E
ATG12 i it il i i 3 E . Lin % 17 &
I, IncRNA-HOTAIR i 1 ###% miR-93 1 ATG12 1)
Feak, HSREE 0 A0 AT I 250 . Ak,
He %5 'V 38 th L 78 AE /N 40 i i 988 75, IncRNA-
KCNQIOT1 155 ATGI2 /-1 [ W, A2 kT
A [ AR BT A 2514 . IncRNA-DDX11-AS1
ol 5 RNA %45 & & 1 & 4 Lin-28 [ i %) A
(recombinant Lin-28 homolog A, LIN28A ) AJFHE.
ER, fefgta e F WA OC 5L ATGT i ATG12 1Y
mRNA, - DT [ 2 L B g 240 B %o B 25 2R A it 24
P17 Dai %5 M SRR, IncRNA OIPS-AS1 i
1 595 miR-30e-5p/ATG 12 4HAR 518 PR 86 P 11 1M o5
UMY [ WEAH SET 250, X R ATG12 78 (1L
I 3G 5E L AT R e M E A B, IRAT
fiff ik LA i RNA Qo] 38 2 5775 ATG12 sZ iy 7
Mif 2y, WA E R T B BT i S A 1]
32 ATGL2EHZ RS

MR Z IR RM, S8 AMSITFZMaR
GEPR A S, B an BT R KU BRI (Alzheimer” s
disease, AD). LTy MIMA4 5% (Parkinson’
s disease, PD), #IHAEI ML, HEAEMLE RS H
FIAE FHATAIL I v A 52 4 B Y, ATG12 7F [ Wt
PP E EEMAO, MM E RGBT A
PECHVEIT, 5 975 PD &5 4h 2B 17 PR 1
FRMLH . BF5E R, ATGI2Eid 25 A MY
A A AFSFET, DI I P 2R A T 1 1F
J&. Siddique % P KB, ADP MR FFE 6
M EAEMHEH 5 (ADP-ribosylation factor-like 6
interacting protein 5, ARLG6IPS) il i 5 ATG12 #f
HAEFHIFBE 1Rz F4k, (RiE ATG12 i Fae ok,
MATTTHE 5 Rab 1 AR Y [ WA J5 Sl RIS ffr,  Jod 2508
B a®fil#ZEH (alpha-synuclein, o-Syn) EHEMR
PH, o0 A0 M A S O AR SRR T fk . LA,
IncRNA-NR-030777 i i B #:5 ATG12 tHEAEH],
a2 kiR [, DX T B B (paraquat)
B L RATHER Y. LiETY R,
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Fig. 6 The specific mechanisms by which ATG12 regulates the progression of multiple cancers

E6

ATG12i3#% Z MhiEmE R EETLH

HEZFEAET, IncRNA, miRNA ., circular RNALL S ZF0E FARERS IS ATGI2A0%; 5%, RNAREYE, ARSI ATG 124 5/ 41 i
BRI T A S, e S IR AT . RS L AP 2 . LneRNA: KAEIEZABRNA; Circular RNA: FRIRRNA; PTBP3: £

WELE tract 454

FBeclin 1J417#51; SH3BGRL: SH3&5iA WA MRFEREHNEN; RAS: /MrT GTP

AR, Raf: Raff#ES; MEK: 2220500 (08 Fs i .

ATG12 B H A8 50T BB S HUE M PD MG, ax sy
SR T ATGI2 p5Esisive, Al RE T3 A Wk 2 hE
IR, DTN A 2 C AR A TR S . miR-23b ()
I FRIRPNE] T H WA I ATG12 B93E M, AT
T T CAT Xk ph 2200 FA W, o0 T i Bt
fxif51475 (traumatic brain injury, TBI) 5]& A%
BEfs 14 AN, ATGI2 M S5HZ RGN & B &
Ik . miR-505-3p i i) ELHEHE ] ATG12, P F 15
LR N1 v et R O o RV 1 1
e RAE R ZIRA TR S DI RE S Y B A
X, (BARDHWIIER ATG12 FeH 50 2R F 7Pk
W AR R A, BRibz A, KT ATPE

454 H3; ERBB2/HER2: AFRAEKHT32{k2; SETD2: W&ESETHMEAH2; PLAGL: ZIEMEMYEILHK1; Ambral: AW

45 ; RAS-GTP: RASH 145G /NGTPIE AN

MIFRFEE e LN, A K s R IR TR A pA
W, MTERR LR TR T, KRR 2 & AR
JEPER) . BORRE TR, S EREE HE A ]
A, U AD BB, FERETR A A R B A
[BJET e ATG12 FEA R Ak, i 545
TEEMRZIRIEANIG, A BB T M
BRI R
33 ATGL2E O mE &R

G 335 B AT O AR PR, A et
JE TS 2 85 om o WU sk i B #E 3 (ischemia/
reperfusion, I/R) 5 &Y vy L4 ffd %) 463 15 7
ATGI2 16 USSR, ATG12 3 IE 15 ATGS (1)
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EEY, 25 HEREIER, SO0 U0 A Bk
AT E B REE, JUHZEO AL
(myocardial infarction, MI) k& 5 & J& v [a] #¢
HAEZRE Y, Li% RN, fEURBA,,
ATGI12 YR IE A0 LA P 225 B3, B 5000
0L F WG SR B DDA DG, ATGI12 1 iR BNy
A BT LA B A e i P B A e v B R AE SR
ATGI12 ik 5.0 JLAN A A T REAHOG , Xu 55
MR R, 7EO NSRRI, 335K ATG12 1]
DIMG iR B WK, b DU I T, DT
U o Li%E " B S5 R R, miR-30b i i
R Atgl2-AtgS G, I A mk LLSUER JH I 5
PR ED . WusE 2 iR, i 3R 38 miR-
520d-3p RN ATG12 (262 [ et 7, i
MR F2 B /P& (hypoxia/reoxygenation) AbHi
XP U JIUARMEIE T3 PR T A RS20, AT RO
WLL/R 5493 (4 B v B2 07 1 o0 i . 240 A AR
ZW2E B R AK (helix B surface peptide, HBSP)
3 328 I8 15 miR-21/ATG 12 %l 1 25 9 40 JIL i S P
# (hypoxia/reperfusion) | &2 #.Co ULAH A [ W ik
FE PG R T, 980 H/R AR BT 0 UL A i i) 9
P e, — B LR Y B L S ATG12 A R,
Zhang % " LB, PSR AEDS [ miR-132-
3p AT ATG12 B3R, 7R UK /R 541515008
R EM. SIEMRIAIE, Zhao % M I,
DJ-1 i i B AE B 5 T 2 MI5CHE 1 (silent
information regulator 2-related enzyme 1, SIRTI)
WS AtgS-Atgl2-Atgl6L1 Z A ARIEE A mE, i
/N AN MR A, D i /R 45403 JS R 2 R
i SZNE o o LI 4/ 5 A 0 o Lo 8 A L
™ E AR ELRES, S8l kS EE R, H
HIH JCRRIGRTT ik, IR R R T4 s
JU S Gl A PR ATG12 P45 A WA T
MIXCEERE ST, BEMS O LR SR R L 0 3 1) T8 1
TRIT AL VAR A W SRR PRIV i 5
34 ATGL2MEREZ TS HER S RME

Mo R £ & M (single nucleotide
polymorphism, SNP) 7] & /& Ff & % i 1Y 73 + i
PR, AT RE 2 R R E IR TT RO, AR
R LA H WAL F & IR ECE 22 S 1R
LT ATGI2 {HER R G BRI A7 50 1 1, B
WA SEHE P (ATG2B. ATGS. ATG9B 1 ATG12)
e B MAS E e DA AE IR A8, HIX e s 32
BT T AEAFE (microsatellite instability

high, MSI-H) By#REH . 78 MSI-H B ¥, 24
28.1% MR BIAETE— A~ 21~ ATG FE 848, TiFE
MSI-H %5 EgdiE, Z B~ 27.9%, X Eemifs 5
A A g i T A W R A AR A R, R
I Wi A DG JEE R AR IR 2 A= v ] e ELAT B g 4
HIVER 12 ATG12 BEH M L2515 Z Mm%
JEMEZ RS W R OCH, JEHOR AR IE A5
i, O ZTRAT R s TiX—5 . Bl
B ATG12 () = FP SNP 5 % i A 5%, 4 3l 2
1s26532., 1526538, rs26537, Song & ' H 15 43 HT
i DO AT 5 A ARSI R (e AR 5, R
ATG12 BE I 19 rs26537 i 4 5 HNSCC U 58 3
FHOG o 32 T 1526537407 1 19 AU 5437 35k R 5 350
LA R ) e SR T T S R N T T B ATG 12 Rk 1A
WA TSR . X FRIA ATG12 i 36 1K i il SNP
rs26537 Al REIH o 52 M 1 AL ATG12 3Rk, i
MR T HNSCC 8t 4% &) BRI —3 53 o ik 2L 31
Shy PULfigE Sk S0 i R 200 60 9 1 350 A% BIL TR B AL T 1 DL
fif%, IR BEAT B T AR RS A AN TR S ms o B
LAk, ATG12 rs26537 15 R4 At g XS o & 35 AH
o 1270 AR JE Yamaguchi & ' iUESE, ATGI12 Y
r$26537 i 5 ZE A B R ARG . X IR &
B, ATG12 3 H H AR SNP 5 15 3525 4 1
A BRI, BEOR ATG12 78 T 1k 2 G0 g b i)
WIEAEF o 1 ATG12 A rs26532 il 1526538 43 1] 5
A/ N0 B A R e A% T2 L R RS TN A i
W RS A G 0 Mz, ATG12 3R A £ A1
TEANTR , U HRIRAE 19 ) ek Hh 473 1 25 J 22 A
o, RAERMIARTTEH —LIHRITATGI2 W £
A ey 52 ) I A R R LA e SR 8 v A A
FH L DA AR M = 2 AR AT Sy IR S g LAl

4 ZitE5RE

ATGI12 5 A Wi B vp i el B 7, H
7 A WAL P AFE A B —E R R B . A
LZERT ATGI2 RN A W . Sy Oy . ANEAR s
LR TR T UL RN (A2 FE
fE) R ER LS . ATGI2 78 AW S T-1
A EE A, AMES AT R OE
i #7325 1 G e B BE AL, ATG12 38 3 5 HAh 8 1
A EAER, S5 XN E Z 0V il xf
HWERE T 038 U, ATG12 76 4E F5 41 i fa 2
RARBUIE AR AR T 10 R 55 HEAEH . Lok,
ATGI2 e () & A . &R R Yy /R iz
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ok s o ATG12 38 2 PR ) W Fn ki iR A 5 1
TR, WA LG5 | R RS AR 2
Ve, (EASTEE R, ATGI2 15 £ R de h R 9
I, SRR ILAT VR R MRAT T TR . UL
Ai, ATG12 i85 4 28 25 G835 I 0 1) % A=
G, TEIIE M IRATIR R, ATG12 2 Y
ZAMANG R JAVEAE B AH DG, 1 T RERE
Wi £ AP RN . Bz, ATGI2 /E b 4i i A
e o R e A R R, A T AN A RS e
71, SR A A A TG B

SR, KT ATGI12 & I A BV 2 K
ik, AFEHSEHE N B (A5 A BT BE ) B BRI
JEBMERLE, Wz BB L Y &, BAREA
WF5E W ATG12 fE7E X PR FIMENE , (HFRATT AR IE
55 BT ATG12 S W] & A X B AME I 1Y) . IS
& ATGI12 7 F Wi #5 K Wied e A % i v i) o i
H252 81 EM, (HY TR — N e 4
Wo a.ATG12 I TIREZREME M A4S B 704 B BH . 21
AW £ EAE T AE ATG12 5 HoAh [ W AH G &
(40 ATGS. ATG3) WIAHILAE, {5 HAr 40 M/t
ORI R R T R ) ELARE FBL AT AS 58
. b. BHETEIWFIEALEE I ATG12 7R 4E R 2k 1A fR
BT R E AN, H B AL A5 55 1
KIFEEHR . . ATGI2 FEAREEAE R A iV 2
S AR L TR, B R A
HYESS B FLIR R B R AR R, kY
WF5E AT DAY J 3 0 2 hE K AL, R ATG12 7EA
Ivi] B I S A e TP i D BB B LS TR 25 Y e R o d
Jo . AR 5T I 45 A AR W [ B2 3k PR 4~
A, AR ATG12 (8P 4%, A H AR e
M 25 i Z EAEH . B XTI RAEAS 50 Hr, tE—
B AIE ATG12 Je FLR 8 PR 75 55 8 i 25 v i 4
M., AT IFRABRIIGTFRG, LLeIRIEAE
M2k, dEd DL BRSOy MR, KA BT A
PR ATG12 194 W) Ty g S FLAE Mg v 9 PE
T Sk 98 A5 14 F 30012 W7 R0 36 97 4 %) S 3% A
Tdie

£ % ik
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Abstract Autophagy, a highly conserved cellular degradation mechanism, maintains intracellular homeostasis
by removing damaged organelles and abnormal proteins. Its dysregulation is closely associated with various
diseases. Autophagy-related protein 12 (ATG12), a core member of the ubiquitin-like protein family, covalently
binds to ATGS through a ubiquitin-like conjugation system to form the ATG12-ATG5-ATG16L1 complex. This
complex directly regulates the formation and maturation of autophagosomes, making ATG12 a key molecule in
the initiation of autophagy. Recent studies have revealed that ATG12 functions extend far beyond the classical
autophagy context. It promotes apoptosis by binding to anti-apoptotic proteins of the Bcl-2 family (e.g., Bel-2 and
Mcl-1) and enhances host antiviral immunity by regulating the NF- «B and interferon signaling pathways.
Moreover, ATG12 deficiency can lead to mitochondrial biogenesis impairment, energy metabolism disorders, and
substrate-dependent metabolic shifts, underscoring its pivotal role in cellular metabolic homeostasis. At the
disease level, dysregulation of ATG12 expression is closely linked to tumorigenesis and cancer progression. By
modulating the dynamic balance between autophagy and apoptosis, ATG12 influences cancer cell proliferation,

metastasis, and chemoresistance. Notably, ATG12 is abnormally overexpressed in multiple cancers, including
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breast, liver, and gastric cancer, highlighting its potential as a therapeutic target. Furthermore, in
neurodegenerative diseases such as Parkinson's disease, ATG12 mitigates protein toxicity by enhancing
mitochondrial autophagy. In cardiovascular diseases, it alleviates ischemia-reperfusion injury by regulating
cardiomyocyte autophagy and apoptosis, demonstrating its broad regulatory role across various pathological
conditions. Genetic studies further underscore the clinical significance of ATG12. Polymorphisms in the ATG12
gene (e.g., 1526537 and rs26538) have been significantly associated with the risk of head and neck squamous cell
carcinoma, hepatocellular carcinoma, and atrophic gastritis. Notably, the risk allele of rs26537 enhances ATGI2
promoter activity, leading to its overexpression and promoting tumorigenesis. These findings provide a molecular
basis for individualized risk assessment and targeted interventions based on A7G12 genotype. Despite significant
progress, many aspects of ATG12 biology remain unclear. The precise regulatory mechanisms of its post-
translational modifications (e.g., ubiquitination and acetylation) are yet to be fully elucidated. Additionally, the
molecular pathways underlying its non-canonical functions, such as metabolic regulation and immune
modulation, require further investigation. Moreover, the functional heterogeneity of ATG12 in different tumor
microenvironments and its role in drug resistance warrant in-depth exploration. Future research should integrate
advanced technologies such as cryo-electron microscopy, single-cell sequencing, and organoid models to decipher
the intricate regulatory network of ATG12. Additionally, developing small-molecule inhibitors or gene-editing
tools targeting its protein interaction interfaces (e. g., the ATG12-ATG3 binding domain) may help overcome
current therapeutic challenges. Through interdisciplinary collaboration and clinical translation, ATG12 holds
promise as a next-generation molecular target for precision intervention in autophagy-related diseases. This
review summarizes the structure and function of ATGI12, its role in autophagy initiation, its physiological
functions, and its involvement in disease pathogenesis. Furthermore, it discusses future research directions and
potential challenges, emphasizing ATG12's potential as a biomarker and therapeutic target in autophagy-related

diseases.
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