0) )L S i R
Progress in Biochemistry and Biophysics
' 'j 2025,52(5):1081~1098

www.pibb.ac.cn

ATGRREHRREEZEFRHIIER"

j(,J ,Hg, 1,2,3,4) ‘ﬂ ;‘%j’ 1,5) )g] ﬁg;):b 1,2,3,4)** E‘;%J&!& 1,2,3,4)%*
(VL Ty KR A SRR 5 T 20 AL 1117 SIS, 2RI 430068 ;
DAL Tl K R T T AR R L S as, BWI 4300685 P WAL Tl RsE Tolk ke it bR Qg oLy, I 430068
DAL Tl e Tl S i 48 B 50065, 1IN 430068; 3 WAL RG24 S a0 TR, 1B 445000)

WE AR EZAE PR . R T RO SOA AN Y SRR, R R R S 2RI A REA G
HEH 12 (ATG12) Je—FZ ZH#E (ubiquitin-like, UBL) &, 1AM, MRS M ey K& EZ/EH . ATG126E
Bz RYE N 5 ATGS 254, MMTRYE BRI AL . Ak, ATGI2 IRk iR mR T, IFdERrdehi Rk pfass.
TIRF LA F «B (NF-xB) {5538 A TP R A5 T8 B, IS W AE 32 X008 2 L M HELRE O o (A2,
ATGI12 (B 2o 2R AN N I RE AR IR S . WFFT R, ATG12 193355 Mo gn e iy 8 s . 5688 BAL 7t 251 3 0 A%
FRrEFURE . e . B R s h R B SR m s, R IR E S TS . LAk, ATGI2 3L 2505 L3
89 AR A S (35 1 2 S S HISE , RGBS AR T LA . AR SCLER T ATG12 IS5 S ThBE . 7 [ 3h
W TR AR BT RR LA R S kA R R SCE, [RIBHRTT T AR S O i AN ] BRI Pk, SRIE T ATG12
VEh B WEAH DG 1) B 2 AE bR NG T 7 A s A T

A AMEHDCHRE2, MR, M, T, BORER

mESES Q291, R73 DOI: 10.16476/j.pibb.2024.0506 CSTR: 32369.14.pibb.20240506

P R — A 2 Ao A v v R S B B e L
il O S B AR T 20 5 A Tl oA e R A
e B R, AWAEMRERS ., B8,
FNE IR 5 R DL B b 221 A T M A 22 R A RN
JELR R AR P T AR AR R
—Z5 FHAWEAHERER (autophagy-related gene, ATG)
S Rt 7= ) A Rl U RE SR R, X 2L =)
GERR M HWEAHOCER H V. A WA SCHE 1 R i
HI R RS R AT 1993 ARAE g RE R B Y, ATG12 4
RZFER— 5, B E A 158883 (LC3,
TreBk Atg8 ML W IR ) Rk i OC B e 4 2
FLH 3240k, CAT T 4012 ATG 2 11 Y
BRI b g 2 ), H R 43 7R B A
AWz ) BEARSE . FEYURIS S0 A gt 2 rp
I L h 4 20 R 4 20 FA% O ATG BT 59140
SEIE AR M B R

H B R 3R . W Tl WA o
FHBA R ANE S B ARG T i m

ifl (phagophore) FURTIARZSHIIIERL, SR)5 A W
FERIFFHAA, AR AR, B AR5 4
FEME: ARG B . AT B .
IR AT BOFT B AR - BEHA RS B B s PNz
EFERG——ATG12-ATGS I R 50 A & LC3 gtk
RGP T HEERE AR, mBUE M LC3 4%
il F W S TR A S F WA S A R RS

ATGI2 MY Z 5 AW e, Wil S5t
T M Bel-2 5 51 AH BLAE FRAR S 2 b (AR i 42 11
JHT U R, ATG12 5 ATG3 454 Efs 8 15 2k
BARERAS, XTYUMEAENG APET- B mE R
i 5 H A [ AR DG L ATGS . ATG3 I AH B
EH, ATGI2 8] LI F xB (NF-xB) {5

x [FF AR HA (82273970, 32070726) ¥EHHIHH .
s IR AR

JEIH L Tel: 027-59750483, E-mail: cefan@hbut.edu.cn
JHES0E Tel: 15327240105, E-mail : tangjingfeng@hbut.edu.cn
Wik 4T : 2024-12-05, 4532 A1 2025-02-12



+1082- EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (5

ST YERE T, TR 307
PERHRPT S =02 WAk, B ATGI12 23 Bl 4 i
R A I BEREAUPIRAS , IF ELR2ma Qi
PRI 22 R TSR R, ATGI12
7 1 22 R AT N I FLBRE AR 2 L O i 2y
IR R TR A B L BN S 1 A OC B9 T 48 A
Ja o LA AR AR 2 AR T ROk
ATG12 B335 55 M A B34 58 . e 7% KAl yr i
LIRS, SRINTHAEAN RSB R B AR HIL
HIFFEZE S 77 b, ATGI2 TERI 2B AT PSR
o B0 AL B B R BOVE AL 2 B G TE o

1 ATGLR2BYH F&5#

12 ZFE (ubiquitin-like, UBL) & HAZKKEH Y
20 AR G L 2B 2, ATGL2, IRFRCAIZ &=
FEEF 12, JER TUBLEEHEBEMN —R . AK
ATGI2 FERN T 5504 ik (5q22.3), 6~
FHIRL, Zf% 1A 140 MR IR . T i
YRS kuE AR MHBZT, BRI ATGI2 3
AT 2 5 ek, WA e AR, 4% 14
i 186 NE LR AL . 4> T2k 21 ku B
Ji. NFEATGI12 FPH i 5. H Mizushima 55 B 58

P66 L131 G140

Ml K52 IS5

L

s, NJE ATG12-ATGS 1% 5 ATG16L1 1 &
ARG TR (K Sla), ATGI2AL5 24 o
W2E . 3BT B UK —BERF RS, X —E5 M1
A bR S RS . MR Y% AlphaFold 3 %)
ATG12 Z5H) T, 76 N ¥ 38 17 78 — B TC 7 7 41
(EIS1b) . WFFERM, AR, Atgl2 N
ufs N R M JG ¥ X (intrinsically disordered protein
region, IDPR) 7¢ L TfE & #5 i #2 i & SC B A
Ho 2 X35 H UBL S5 M3l AH 48 T 5 Atg7 Fil
AtglO &5 & B REE, [FTSaEMRY Atgl2 9 C
i e 52 R R . YERZ B RGN — IR
Y, ATGI2 W —HRZ5M 5z % (Ub) EHIFEA
[, HIE ATG12 fA7EZ R IT & 451 LU SOE
IS IR C i H R . R, UBLEHH KK
WEAS#2 R Ab A AS G0 1) R 4T 2 1 A AR RA A, 4R
MM, Wesd i ATGI2 FEA b2 M AR E R, I
38 3 B AR Y Oy R B A 7 R, X
Wbt sR R, Wiz R ATG12 1 fif;,
M A M s T e, fif ATG12 7 8 F B4
HlF A SRR R EE R . LA, ATG12 Lif
FEAE— 2L F BH3 B P I X, 5T ATG12
SHRT-EARGEZ M EER " (B 1),

)

v
UBL

Fig.1 Human ATG12 protein domain
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Fig. 2 The molecular mechanism of ATG12 regulating autophagy and the structural diagram of ATG12 conjugates
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Fig.3 The molecular mechanism of ATG12 regulating antiviral activity
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Fig. 4 The molecular mechanism of ATG12 regulating mitochondrial apoptosis
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Fig. 5 The molecular mechanism of ATG12 regulating metabolic homeostasis

ES5 ATGRIAEKIEHESHD TFHLH

T = ATG12 14 97 40 i Jo8 I 114 200 1 P e 4k AR O K 1 T 9 LA R A 0 AR 2 9 B

H+1la.

3 ATGL2E5¥%TR

3.1 ATGL25phyE

3.1 ATGI127E M 4 M 58 Ao 2% rh g/ H
ATG12 75 My 240 338 58 Fn 5 7 v () /R 5 1 kS

T EZxdE, Mg, ATG12 /Y L ek T xT

AN]SR ok Jeg 44 it v 3 i EL AT EE P (&1 6)

IncRNA-HCG11 i& 11 miR-26a-5p/ATG12 %l i % AT

PGCl-o: 5eb 48 P00 Tl 4% 33 5 9y B80T 52 Ay 2L 0T

20 e g 1) R L B ATTG 12 7 ST 200 i s 200 i 34
g A EAE ™ . 5 2SI J& . IncRNA-
HAGLROS 7 [7] 8 15 miR-5095, B i {E ¥ ATG12
(OFRIRITHE DR MG, FeZ R R A AR A S GE . 7
HIE TS ™ IncRNA-HOTAIR 4 26 |98 T miR-
454-3p KTk, miR-454-3p 1Y FHH] T HAE L
ATGI2 W 3RIA, f23F T ITIFME 7 A, M
T TR IR A R 5 . IncRNA SNHG11



1088+ EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (5

I 5% J5 30 1 miR-483-3p/miR-1276 Y £ ik, F3
ATG12 3k i T 1 1 5 98 40 B 38 5 77
ATG12 TE g 5 ¥ i A vh 9/ RIS 3 172
FsE . Ean, —IiaEsE s, miR-30a-3piflid B
FEAL 0] ATG12, Ml B A0 i i iz 2 it , o
I T ATGI2 TR e B i i B 24 7 5ol
(72, miR-378 FLHEAL[A] ATG12, X a) 4 Hi )
AE S A WL FRA G, DT 52 0 2 SR (0 L 7% 1
WF9E K, miR-3653 1 = e B 5. 1 114 L 982 4
ORI, E R ) E R IR N ATGI2, H A
Beclin 1 ## 7% Kl F 1 (autophagy and Beclin 1
regulator 1, AMBRAI), Wil 7 AWEiEE, M
il L MR JEE 40 B b B2 - 18] 5T 5% 1k (epithelial-
mesenchymal transition, EMT) & fif J& 5 % %)
miR-570-3p TRV RIS 2 T, =
I XOBICRT e ot 25 B AR VR AT |38 miR-570-3p,  AA
A RS RE DY & 25 58 R AN 1 R e 25 4 58 1 4R
1 (leucine rich and coiled-coil containing 1,
LCMRI1) FIATG12 fyZik, FEMT A H P96 41
T MR 2268 01 . B RS TR
IncRNA——HULC (highly up-regulated in liver
cancer) T miR-107 5 ATG12 (9454, ik
TR AN AR 2R AR ), 1X R ATG12 1 i
R Al RE R IEMEHEE ] P 2, ATGI21E
i Ie et v B A2 30 e 4 A e P S A AR 2 e
JIE, HEAARHLSI AT RE v B 2 5405 Sl B i
FEAMEM . RIS E S OCHE ATG12 7614
FERS AR P IR L, DU IR s RS IR T iR
BT AL AR
3.1.2  ATGI2/E R IR B a6y i A= bRk
ATGI12 7EMIRRTT P B TELE b 35 ()
H 46 52 210CTH, JUHORAE UG 7 S Fi s 7
. ZIWHFFREM, ATG12 Ak KF-5 g 41
JRLAY A TG PR IR DG, T WA R A= o b
WA B ffE . B, ATG12 7 ERBB2 fHMEFL
g A0 L T R R T W, TS I 24 ) 1 R
I RIA M ATGI2 SR T PTG, R ITATG12 A]
REAE N — D EEM AR, T T L i
FXRIT R RO B A EE (hepatitis B
virus, HBV) JEYEFEUT M (hepatocellular
carcinoma, HCC) W FHEJRNZ—, Ff HFEHBV
TR e 1Y) T 40 R AR B PR I AH 2, ATGS .
ATG12 R LB BRI, X275 ATG12
A fiE & HBV #H 5C HCC MW fE TR YT S 41, F X

ATGI12 By AT g 242 55 HBV A 5¢ HCC AR &L
J P ATG12 T PR R 8 £ i B a2 I 4 B 98 X 4k
ST R U, R A R VR T T R DG B A
Mo WFo &8, % SET 454l & 9 2 (SET
domain containing 2, SETD2) #5210 ATG12 /Y
B, SEUG BT SR ARSRIRRE N, i A AR
AT R, BRI XA HEh h =, o
P KB A R e 7 0 2 N IR U &5 1 (rat sarcoma
protein, RAS) i i MAP2K/MEK il MAPKI/
ERK 1/3 {55 53 B A1 ATG12 4 85 11 R ok
ATG12, 1 ATG12 J& 3 Wi i ek o0, HF
Tl A5 P B50RE P RA'S 1 i 9% 4T A #0830k Jkt 241
PATE5, AR EEAE s L B 4B A A7 3%
BRI, ATG12 (92635 7K 7 AT B R PEAl i g £8 3
TS R TT RO B — A B2 e bR, £ X ATG12 19
w25 R IEEH AT, RS T kR
i i, Skach %5 %7 38 o XF © 0 A9 1 B LG 2
(casein kinase 2, CK2) ##I50 (k&9 1) 47
LEMIBME, XA C. A, RIRERERA LK 3-50K
e 43 04 s FA X Ak 0 04 A W T P A T R
ek, MR BT & T — RS HAT W
FERNH] ATG12-ATG3 M EAEHTE L&Y, Tk
R3S RRI 1 WA 00 B B BB LR T AT
RGYIEIBETT . Nuta ) I & T —FlgF Xt
ATG12-ATG3 5 1 8] A B AE B 35 26 B s 30 il
FI-AE AW 189, TLAH 189 RALFEAR T A MEAH CHE
F LC3B B AR ALK, APl 1 F W 40 g v IL-1B
0, SR A Sk RAE SN Y BB AETR T
. BAHDL, ATGI2 ARG I & 4 K
RAEREZAER, AR WSS T d Ak
iRy A 1 e SR L TR T
3.1.3 ATGI12 525/ R
TERSSENLT, AW n] LS8Ry 2575 302
VEANARAETG , MAE AL T, BT LAy i
I S EANEIET: 7. ATG12 FEALIF T 25 T )
AN BE S i 212 VAN S 2 1| b =B (I BT PR B 97 e
S PR A X 25 ) R R . AR I 2RE R
JPH I — KR, ATG12 /5N F W A v i o
HH, 257 2P0 dn i by 25 it 3215 4
o Blan, /NTHE RNA UUER B /R 7l L 25 28 5 2
F1 % % A 51 3 (Wiskott-Aldrich syndrome protein
family member 3, WASF3) K&k, WASF3 £k
TFVEE T ATG12 F3EE, NTE] T ATG12 4
SR AW, LA R AE A0 B A . R AR
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22, (RIFEAE AU M R T O G TR S VD R AR U LA S I W R, DT 7 L R A L A 245
ATG12 i@ TS A MR fe S - A b7 25 B, SH3ZSMZs G/ AR s N (SH3
Yy 2k, M S BRI BOR W ES 7, Ma domain-binding  glutamic  acid-rich-like  protein,
S8 U E B, PTBP3i@it [ ATGI2 RiAkE5,  SH3BGR) @i Mz Z 519 ATG12 [ fife ok 4t
JER AR AT 35 P AR I 25, JF B —HlklYS  FFATG127KF, (e LA A0 M A Wiy &2 2,
ARERIE ST G, SundE ' &I, Ambral i I REPIERMIZ " AW B BHA PR
TR SR RL LR USRI E R U RS, Dsi b duiasiss Y, Bkl ATG12 4y
K, HIGEMIET AWEAHOCE H ATGI2 M RE 1Y AWE IR REaS AL F ZL AR 20 B A0 B 25 2 T 24 .
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HAGLROS/— ™, ™7, miR-3653/ _ J_
HULC/ O miR-570-3p | |PLAGT 3ma s
HOTAIR/ m:nm kA miRY\A—4RS—W
KCNQIOTI ™ m ! JATGI2 i
l _yﬂananvaN.\éWHW
ATGI2 30 5 ATG12 3'nA— — 5 L ATG12
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Fig. 6 The specific mechanisms by which ATG12 regulates the progression of multiple cancers
El6 ATG12iEz % MEiER BRI EEILH
TEZFMEET, IncRNA, miRNA. circular RNALL K ZF0EE (A TR IIFEATGI 2055 5% . RNARRGENE . BATREM:, MMXFATGI2/ 7
1) 4IRS 1 W R T A R, S S bR A R A L B RS DL R ARYT I 24 . IncRNA: KAEIESIIRNA; circular RNA: HOURRNA;
PTBP3: ZEMENEract4s A4 13; ERBB2/HER2: AR/ KM FZ{k2; SETD2: fU{&SETZMINE12; PLAGL: ZIEMHEIRE LN
Ambral: HIEEMIBeclin 175 %%1; SH3BGRL: SH3MZEAAEMRFEEAFEEM; RAS: /MrTGTPES A ; RAS-GTP: RASHHLG
/NGTPIE U E G1K; Raf: RaffE[1MAE; MEK: 2224500 b8 F GG .
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BRI Z AN, ATG12 B35 37 2 2 Fhak e it
RNA (non-coding RNA, ncRNA) Wi, £ Fh
ft RNA (miRNA) . ¥ fRk RNA (cicular RnA,
circRNA) . K 5 9E %% i RNA (long non-coding
RNA, IncRNA) il BB AL 7] ATG12 (3%
TR F 7 Bl 4R X A7 RO 265 . iF 98 3
B, miR-214 (3 I8 7E 45 B0V ¥ 40 i vh &l 35 0,
H X ATG12 B4 1 FH i 0 41 32 4 A %o T80 1)
BURNE 1 AERIHD, miR-23b-3p A3 2 A RE L
G AN Z R T 25 0T 21, R AG
ATG12 FTHMGB2 [R5, XA IEFE S A Wi
FEEYIAISE 91 Pan 45 'Y fF5¢ KW, miR-200b
Wt TEE ATG12, WG il B e 40 M X1y 7 24
Y CanZ Pafh eI AfstE, TRE ik
7 245 P B AL B R g . BFSY Z B, circRNA
POFUT! id i W4 /E A i) miR-488-3p, i 1iij | i
ATG12, fEk B A B AT 2451, i if
— 5 T ATG12 78 B 9 b y7 it 25 v i) ¢ B AE
1T, Zhang %5 1 ffF 58 & B, circRNA SIRT1 i
it 5 EIFAA3 M B /E ], A 45 ATG12 ) £ ik,
ATG 12 3838 877 305 1 52 0 240 e 1 A T 251
T ATG12 7T L3 i 18 VRS 28 I 40 i Xt 2
BJE I EURYE . IncRNA 76 ATG12 (9175 rh s iR
B EEM . Liugs "7 23, IncRNA-HOTAIR il
13 P9 miR-93 FI ATG12 By ik, 4525 B J 4N
MR 250 . A, He 45 U FEH, FEAR/IN
MM, IncRNA-KCNQI1OT1 i# /55 ATG12
T B W, R E ST AR RSO R 2
IncRNA-DDX11-AS1 il i 5 RNA 45 & & [ & 41
Lin-28 [A] Ji %) A (recombinant Lin-28 homolog A,
LIN28A) BYAHEAEH, BEUEFRE A Wi Al OC KL A
ATG7 F1 ATG12 ) mRNA, M 3[R i7E 2L B 4n
it X5} B B 2% A TR 25 1 1 Dai 4 10 5T & FR,
IncRNA OIP5-AS1 i# iif ¥ 5 miR-30e-5p/ATG12 %l
PEEPE PR BETE I A0 A Y VAR DGR 251, X3k
A ATG 12 £ [ 10055 41 A 34 78 v mT B 70 2 22 )
THEF, L, WA T XL neRNA Q1] 3 i 7
W ATGI2 M ARI T 2, A I TR T S AT Y
AT 1]

32 ATGR2E#WZ RS &R

MOk Z IR RY, BE A ST AR
SR A O, a0 BT R R i R (Alzheimer’ s
disease, AD). LB FIIA4 2% (Parkinson’s
disease, PD), FIHFI ML, HWEEMERGE W

VEFHFIBLE 1 A e 4 BB 1Y ATG12 78 A i 72
T EE A, IEEZ RS RGN h R HE
KEEVEF , B PD S5 p Z8AR 1 T M50 11455 R
PLEI o . BRI, ATGI2 3 25 [ W 40
MO A AE S FET, DTS M A3 28 3B A T 1 2 5 1) i
J&. Siddique 5 ' &L, ADP EBEIEAL FHE 6
M EAEH&EH S (ADP-ribosylation factor-like 6
interacting protein 5, ARLG6IP5) i it 5 ATG12 A
HAEMIFR Iz R AL, Rk ATG12 ifa e 1k,
M4 58 Rab 1 ARHS ) F WA S s FIEf, 0 250
BoaRfMmiZEMN (alpha-synuclein, a-Syn) R
FH, BCE MRS TR L oT . A,
IncRNA-NR-030777 il i HL#% 5 ATG12 A1 HAE M,
aom 2RI [, MO BT i B H B (paraquat)
BRI ML BATES Y LiAETY R
ATG12 BER A8 T e S UL PE PD AHOG, ik sy
SRS T ATG12 Y6 skl ok, v eS80 me ) fig
AT, TR 28 iR 17448 . miR-23b Ay
RGN T ATGI2 s Ve, G S CAL
X B ph 2800 A Mg, B T O B M e
(traumatic brain injury, TBI) 5I#2RIARIRRS 14
AN, ATGI2iE S5H ARG K F K . miR-
505-3p E i ETHEH ) ATG12, 4R A WgE P, AT
PR N . EfRRN Sy 3 T R R4
RTINS D RE R ARG A WA G, (AR AR5
¥ ATG12 FE 5 ph 22 1R A7 PR P H 23K ROk .
Fribzoh, KRIT L ATPIE R RrEeae g tn,, H
HhOCHR A R SRR TR A A, e R 2R AT
PR, KRG s R A i R iy . e Sk
AL, REGERALN AR, i AD B,
FEE PRI D L0 20 A A Qi Te) @ 1, ATG12 4%
LR A, R SRR T AR Z IR,
AT A R 2R TR BT TR T AR
3.3 ATGR25 0 ME R

Wk P s A ORI, ARyt
FE BT 2 8 hnoe WL Bk il £ % 7 (ischemia/
reperfusion, I/R) A5 Y vy JIL 40 I (4 463 45 7
ATGI2 760 MASBR , ATG12 i 5 ATGS ()
BEY, 25 AWIRRIER, 3O T 0 WLAH LA Gk
ALK TN 2 CEZ, JUHE O EEE
(myocardial infarction, MI) %45 % & [FFE
HAREZ S, Li% S iR EW, fEUREER A,
ATGI2 R TE O B3 M, BH5.00L
YA [ ARG R B VIAEOC, ATGI2 1 L E 8N R
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AT 0 MAE VR it fa i FH FRIEE . ATG12
5O MM T BRAR DG, XudE Y R R
By, TE.ONUESERIRID 53358 ATG12 Af LI 5k
H WK, JA O WA IR T, A LR
fio Li% " pFsE 4 3R W, miR-30b i@ i FE AR
Atg12-Atg5 AW, T E W LA I Sk il -3
Hdifh. Wuds 25 R ], 113Kk miR-520d-3p
REMSAM ] ATG12 ik g [ Wl B, JF M dids
B8/ 4 (hypoxia/reoxygenation) AbFEXF AL AL
YRS . PR A RERSZ I, DT R0 AL UR
Bt B A B0 2 TR 0 . 21 40 AR Bl 2K 15UE B
2K (helix B surface peptide, HBSP) i 7
miR-21/ATG12 il & 2 3 5% .0 WL Bk 4 A 3 1
(hypoxia/reperfusion) 5|2 4.0 AILAH L ) W35 2ot 32 38
TG AR T, A i S/ A2 AR A JEOGT o JUL A48 L P 45
P er, — s (LB B E L S ATGI2 A ¢,
Zhang % " LHL, FHUASHRAE A miR-132-3p
NI ATG12 23K, 75K BRI IR Fi A 80
EEFE- . SRR Z, Zhao 55 '™ K,
DJ-1 38 & 0 BRAF B R 7 BB 2 A OC 1 (silent
information regulator 2-related enzyme 1, SIRT1)
TS ATG5-ATG12-ATG16L1 & S R{EHE A s, M
TR /N B T 20 R AR Ak, 82 i /R 453403 )5 i)
ZERARE LN o o LI A2/ P AR A 0407 2 el s SR
B L H T E R ERA, SEOL ) R S
R, HETMICRRARIT I, IR IR iE
RRAFIC N EE R AT ATG12 P84 A W
AT HXERE ST, RS A O U S FRE T 1
TR AR YT B T WS AR 9 A 2 R RTI PR
il 55
34 ATGR2MEREZ M SEHRS B

Mo R £ & P (single nucleotide
polymorphism, SNP) H] {8 & H & %5 Wi 1) 77 i
U8, AT BE SRR E IR IRCR, AR,
KB LAE AWEASCIE & BRI B0 22 AT
T ATG12 IR R G AL 5L SR AF 5 2 A
Wi A G [ (ATG2B. ATG5. ATGY9B Fl ATG12)
1E B MSs B P A e 248, Haxsseas 32
FAEPEM B EATE (microsatellite instability
high, MSI-H) fJEAEH . 7E MSI-H B, 24
28.1% MR BIAEAE—A B2~ ATG HE K 5722, TiAE
MSI-H 45 E T, B 27.9%, ik SEiFs 58
ARl gl T A W A e IR R R R, R
I WA DG 5 PR PR 2 A= i el g B E 2 1% g 0

HIVEF 12 ATG12 3N B 2785065 Z R B 5
JENEZ (R AF AR a5 0 OGE, T HORAEIE (5T
W, B4 2R TRE SRR TiX— . Bl
B A ATGI2 (/) = Fh SNP 5 ¥k A 5%, 2 5l 2
1526532, rs26538., 1526537, Song % 2 i@ i 4 HT
T EPUR AR RS A WA DS R st A8 5, R
ATG12 FEH _F 1 1526537 {37 15 5 HNSCC XU i 3
FHG . 3K T rs26537 17 i 1 XU 553 2 PR R 3
AT A5 2 SR T PR 1S 5 DA TG 5 30 ATG 12 35 ]
BEFDIER ., XFEW, ATGI2 By 2 ik & 35
SNP 1526537 W] BE il & 52 i 5 3 L [ ATG12 9 3%
ik, PEMifRE T HNSCC 8% 5 AR (1 —38 4. i
S % Bk B HINSCC (1438t 14 HIL I 42 48 178 19 AL
fift, FETREAT B T AR A KU DAL AR S g . B
ez A, ATG12 rs26537 5 F4H A Ji AUt i 2 4
e 1271 AR JE Yamaguchi 45 12 iUIESE, ATG12 1Y
1s26537 I 5 =4 E E R GIE A, XTI A
M, ATGI12 3L T 4F7 & SNP 5 B 2R ZE 46 1 &
A SRR, BN ATG12 7R TH 1L 2 G0 i b i
WEVER o T ATG12 £ 1526532 il 1326538 43 91 55
Ak /N A AR A IR A 112 A S AR T 2 i
e R 56 10 M, ATGI2 JER ) £ 451
FERTRIGENS , JLH R IEAE 1 b Bk rh 7 i T A
. AEMIF R T 2 — PRI ATG12 Y B H &
SRR R R [ W R R LA bR PR B v A A
FH ., DA AAE VB 2 AT Sy IR S Sl

4 BEERE

ATGI12 VE A [ W B2 o A A R 1 IR 7,
1 A WAL TP A E A AR 2 — e R A I . AR
LER T ATGI2 RN A M s N . AR
LRI PR LA LZFE0R (LG 2R
iE) R ER RN . ATGI2 7 F W 5 T A/Y
R R A, AN ST R E A
i 3 F 9 o B AL, ATG12 38 5 5 HoAl 4
A EAER, S 50X Z . st
X RN T4 28 PR, ATG12 78 4E 3540 a2
B MARBUIR AR AR Ty 1 & BRI . ILAh,
ATG12 TEMIRE I K A . & J& fyy h iV iz
Wik 48 /R o ATG12 38 1 4% 1 W AR R A T 1Y
TR, WA LG5 . R RS AR T 2Y
P, (HAAEERE, ATGI2 152 R h 22 9 H
VR, SRR AT RRVE R MRRY T TS AR . UL
Ab, ATG12 i85 28 22 45 959 AL AE 0 1 2 2
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S FERRIE FITRA TR 2A T, ATGI2 3L N £
BPEAL G R JRUEEE A KU A OG, 181 RERZ I
BERITH RN . M2, ATGI2 VE R4 A W
Ao AR R EE R T R, A T A0 Y R
71, FMARZ AL g B

SR, T ATG12 5 A BAIAFAEVF 2 K fift
2k, G SR B R A S nT e i LA R E
JEBALE, Wz ZAM B E Y AR, BAREAT
W55 R ATG12 fE7EX I AMEM , (HAT 75 B8
ATG12 2 ey & AR X I FHE A Y . 45 ATG12 78
F W o R e PR A Ok R b i B 25 A7 B
M, ARSI A — 2R B 541, a. ATG12
(IRE 2R AR B T BB . I IFY 224
A ATG12 5 Ml A G 8 1 (4 ATGS .
ATG3) MWIAHEAER, AICAEANMARSS . W3R
KT ) BARVE AL A 66 . b B ATHBT
FEAAE i ATG 12 FE 42 br AR S Jy Tl i B 22
BB () 4 7 ML AN 5 30 0 oK 58 2B R .
c. ATG12 FEAN [l i 28 78 rp (1 1 FH 22 S5 the SRy A SR A
FURAL T H LA, BUA T R RSN
i, FLARE RN B SRR R, AR ST AT LY
B g e A, RE ATG12 76 R [H] b8 i o
Brhiige SN R BE, AR
SN LSRG B FIE R B R, TRASE
ATGI12 (P4, B AR R it 25 b () 2
YER o 8 X IR A 1 20 B, iF— 25 36 iE
ATG12 K H R 7R E b e, A
WP IR RAARAG B IR TT S mE LA IR g A Y g 24
P T DA BRI T IR A, KA B 4 B A
ATGI12 WA= 2= Trhe S HoAe e /e, DT
SRHIREAE () R T2 B RR T R AR 0 S B A vk
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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 ATGS5 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
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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
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 ATG12
promoter activity, leading to its overexpression and promoting tumorigenesis. These findings provide a molecular
basis for individualized risk assessment and targeted interventions based on A7TG12 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 ATGI12 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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