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CHEN Yungi, ZHANG Pengshan, HUANG Chen*

(Department of Gastrointestinal Surgery, General Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai 200080, China)

Abstract K63-linked ubiquitination is an important post-translational protein modification that plays a
crucial role in regulating various cellular processes. It is also involved in several human diseases, including cancer.
Gastric cancer is one of the three most prevalent malignant tumors in China. This review discusses the formation of
K63 ubiquitination and the regulatory mechanisms of E2 enzymes, E3 ligases, and deubiquitinases. This review also
explores the significant role of K63 ubiquitination in the development and progression of gastric cancer. K63-linked
ubiquitination modulates biological processes, such as cell proliferation and migration, autophagy regulation, metabol-
ic reprogramming, DNA damage response, proteasomal degradation, immune response, and inflammation modulation.
These processes affect the proliferation, migration, and invasion of gastric cancer cells. Research on K63-linked ubig-
uitination has provided potential diagnostic and therapeutic targets for gastric cancer. This review summarizes progress
on K63-related ubiquitinating and deubiquitinating proteins and how K63 ubiquitination regulates gastric cancer. This
information can be used to identify potential diagnostic and therapeutic targets for gastric cancer.
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SR LG S SRR R CRIER.

2 % (ubiquitin, Ub)& —Fl i 762 2 % 2H ik
)7 51 i BEAR S (RN TR B . 2 R AENZ RAE
— RANZ R EA T M S A R E OB
MR AL AR . R UMY AR R E AR
Fefit. |mAFUEMMEE . &AM & A A EE
A MEmE. B, A5 ET. RIEGES
5. DNAMUIBES. Kk, 2R AR50 T
o] Dy RE R AR BY S o ROA AR v] B F B 2 M, B
FEHAE . PHEIRAT MR « 3 B R0 5 R T S g
FHORH SR 20, 2 FmT DU 7/t 2 R e ik
FIAEAT—/> (Lys6+ Lysll. Lys27. Lys29. Lys33.
Lys48#1Lys63)miMetl 5 7 — Mz R4 &, iREAE
masEIRA, TNz w N ZRZFEL. FA
ZRZEN M2 REZ FZFE D, Ke3EIf,
TZRED E 63N MRk, K63MH Kz &1k
CL A — B LR LR, E 2 AR B A A B
P B ZMAER . BN WA A ) K487z Ak
= L ) Bl B A PR AR I R O, TS K484
fih = R TR IR R ALAR LG, KO3 IRz =1k 18
T AT DA 2R SR A T AR 4 P (KA ELAE R AR
FRsm, 22508 E 5. A, Rk
F - DNAME S FI G928 Js 8 46 25 Fh 240 Bk B0, b4k,
KO3 EF 172 AL S RERE . 4RI AT 3 A 98 i
PR IR AEFR A Ko

1 K63:Z Z LRI ak K = #L

K637Z AT it Je B — R B R € B =
RGeS L. 2 E192 2 B0 g DL AT PR 14 7 U
FRZRmDTIRBRIRRES , Z R ER R B2 R4
A B SRR TS TR A, B S 1E B39 e Y
AL N e R 2 #E R R A B R e i IR R A .
Hor—ANZ K4 7 COOH K i 5 7 — M HAREH
K63 A PRI IE LA 1EHE, RITE K63 IEIE I 3R
B, X — T RO RS2 3 2 Fh R E Y, ook
PRI TS B2 R Al B3z RiE#H
i, 2292 ZALEE (deubiquitinases, DUBs) iz R &5 &
EEE, R UEE R B, K631z TR R
AR T E2/E3RIM EAR A, I B T E3AI DUB
Z B BRI B Ak
11 E2XZRESMEEIZREEDE

Ubc 1372 71 57 K634 112 2 BE I B £ 2 E2

CEATE, PR PR R AL E2REAK AE 2R (1 Mms28K
UevlAL E3#E#EMAH HAEM, 114 2540 u% K63
ZERERR, FES SRRz R, LREERZ
REEM B2 R 2 ™. i, UBE2VI/E N E2iZ
FOEN, £ PR RIS NE A A S
UHRF2§ 5% (1) F, I nl {21 UHRF2H K63 172 3
1,

B3V FHIE MRS S5 M A R, H RT3/ R
— KZE: RINGZ!, HECTHAMRBRAIM, RINGALE3
HEHENE ARINGZE WIS RFE, 1B M B E245 7 (1)
ZRBELERBRY), B G BR AR ; 1 HECT
Gl keI o v (R R R BEAL 3 3R, AR N-di 4h i 22
5, HECTZA! E3/ X 7] 43 Neddd K ji% . HERCZ ik
AMEABHECTH . RBRALE A RINGS5HECTAHLA,
£ % RING1-IBR-RING2 45 #35k, EL AL IZ 265
(E2).

H A 78 K BL 2 B B3R AT 55 Ube 13k £ HAE,
Hor SR S M A K633 2 (1 .75 TRAFZE [
TRIMZE 1. RNFE . cIAPE [N I G
N EEESEE. TRAFFEEE AN 5 NF-xB,
I O (2 BB S, I TRAF6 AT 4L A Bl K632
Rz REE, MENGE S SRR S HBUE TGF-BIRUE L
1} 1(TGF beta-activated kinase 1, TAK1), ZEfivE L
IKKE &Y, A& SHNF-«BIIEOE ", B3 &R
RNF 126 4E H T IKK & A9 1) 8 W 3 IKKy, i
A SFHKE3NZ F A, HEEHENF-xBIE S 1S
5 R ERRE R F I A0 [FIE, TRIMIS#3# T
SR ST A . BFICER I, K63 TAK
72 Ak TNF-015 5 NF-kBISOH ) 0 B 4 115161
TNF-af8% L1 TRIMISHERIE, J5# 5 TAKI H#
A EAER . TRIMI15iE T H PRY/SPRY &5 #4451 1
TAK 1 EK63%Z FRBER A e, R TAK LG 1%, A Al
§9IFL& L NF-xBfE 5 17, 2 BN, E31E 2R
RS A 0 AR, 7EBOE JE R % NF-«xB
SEORHRAE T R BIVE A, T 5 4 i 1Y) 2
AR
1.2 KZHEER

R RNEEZ RN R PR E CRIER , ¥
2R BEAE R R B EOE BOR R AT R . H
HIT 40 H IR 100 22 P 2532 22 A0 AR 98 17 71 [ 905 1 A
SNEEIIA] 43 9 )\« 2 2 R B ity /K A B (ubiquitin
C-terminal hydrolases, UCHs). iz &N L&
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Fig.1 Structural features of ubiquitin and variety of ubiquitin chains (modified from the reference [39])
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E3 : ubiquitination
ligases DUBs
]
CYLD, USP1, USP2a, USP3, USP4,
RING HECT USP5, USP7, USP8, USP10, USP11,
TRIM1 TRIM3-5¢, TRIMS. TRIM15- USP12, USP13, USP14, USP15, USP17,
: 2 g USP19, USP20, USP22, USP25, USP26.
16, TRIM18, TRIM21-25, TRIM27, ‘ , , ) , ,
g Mg y ~ NEDD4-1, NEDD4-2, USP33, USP35, USP38, USP53
TRIM ) TRIM31-38, TRIM4S, TRIM47, (NEDD4
b TRIMS50, TRIM54, TRIMS6, TRIMS9, | 4/ NEDDAL(RSPS), ITCH,
TRIM65, TRIM67-68, MURF1 WWP2
UCHL1
2 o)
(TRAF TRAF2, TRAF3, TRAF4, TRAF6 QHERCJ HERC4
= OTUBI1, OTUD1, OTUD3, OTUD4,
- p- N OTUDS, A20
(CBL) CBL, CBL-b kothers) HUWE1
i JOSD2
RNF RNF5, RNF8/RNF168, RNF31, RNF41,
\ RNF125, RNF126, RNF135, RNF213
SMURF SMURF1, SMURF2
T N MCPIP1
MARC@ MARCH1, MARCHS @rladn@ ARIHI, ARIH2

— /I ZUFSP
IAP cIAP1/cIAP2, XIAP (oth ers> PRINEARKIN,

RNF144B, RNF216

BRCC3, BRCC36, POH1, MYSM1,
AMSH

(SCF ) Skp2, FBXW7

E2 &5MEKe3Z HEZMEIEHEIZKZ RILE S FKARESE TH(40]12250)

Fig.2 Classification of E3 ligases and deubiquitinases involved in K63 ubiquitination (modified from the reference [40])
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[ ¥ (ubiquitin-specific proteases, USPs). Machado-
JosephJpi #H 2% 25 H i (Machado-Joseph disease domain
proteases, MJDs). Bl 5 /% & 1 ¥ (ovarian tumor
proteases, OTUs). HZ4HEMLE D HEREN
(monocyte chemoattractant protein-induced proteins,
MCPIPs). 5 Ub M DUBS AR HAE FH 3 ¥ (motif
interacting with ubiquitin-containing novel DUB fam-
ily, MINDYs). A UFM 145 5 Jok il 45 #4) 45 25
1% 46 & 1 (zinc finger with UFM 1-specific peptidase
domain protein, ZUFSP)#1 JAB1/MPN/Mov344: J& i
(JAB1/MPN/Mov34 metalloenzymes, JAMMs)!',

WEM AR L Z RS 5 K632 R i
gif, rlEdZ R-RABE RS ROz R0 T (K
2)o LRI A 7 CYLDi@ it 25 B TAK 11 K63 1%
P 2 BiZ 28E, IS TAK UG 5[ 4&id, A BE B
TAKIA 5 1IINK-p38 44 Ik It 200

OTUZ J () — LE H 52 i1 OTUDS, H A7 7K fift
K63IEHZ R UEIIAE /7, 18 AR VR A7 il C2244E
K158 miff K633EHE M TAK 1 232 F Ak, AiBH 1L
TAKTHIBERR AL, ol 2 20 o (07 T A s R 222
OTUB Ll i i 7 P 25 B E292 SR 45 & Ubc 13 L1
KA48HH: 2 I3z Kk, 5P B B AR O P,
MITIFEE 7 Ubc13 M8 H /Ko 3X—Fa e A F TR) 4
#4587 Ubc134r 31 N il IRAK1FI TRAF6H) K633
Bz 2B, Wom 1 NF-«xB/5 5l >,

USP4ji i 5 TAK1. TRAF6FIIRF3AH AR,
Ry S e RS B K639z 8k, X L8 4+ 1
WoE, AT TLR/IL-1RA 3 NF-xB LA S PRRAM 3
{1 IRF3/IFN%% 2 S5 S R A 5 15 Sl s AR 31 1 B
FR A7 e AR IR,

Bk, #£JLAN PRRAF S IHEH, A20(3 4 TN-
FAIP3) 555 e # 8 EOR AR T, JF i d 25 Br ek
] TRAF6. RIP1AI RIP2[IK6344: 272 R AL LB
1k NF-«BW#E , AT B il PRRUE B 1412 28 15 i 2070,
A203 W] DA FH Wy B35 B2 2 I8 FR AR T4 F oK
PHAEZZ REEA R, ZR BATiE, X2 DUBTEI Y
K63i&EHZ RAME T @t RIEEZOIEH,
Xof TE 5 R0 40 o A A A
1.3 5HEMEIFRIEHIZEE

K63%Z A B 5 HAh R ALz KA B 7]
FAER AN HARH, i 2 AL 3L F R & e
J5F) i 3z FH 40 A5 5 G

K4R%EA T AR5 5, K638 = F5 5 T
e, & Reie Al B Lk oD g B IRRS 44k 1%
il I, K635 K48n] I [FIE iz Ak 38k, T
YA B A R e P S S W 2 M RE T
E3 2 K IEEHF HUWELE TRAF6/E %1 K63%% F 7=
A2 K484 B, 1% K48-K63HE REfE 4 TAB21R A1), {H LR
PKO3ERASZ CYLDA SR Lz 24k, Erm s
IL-1B/ 53 [ NF-xBil % 2, TRIM263H 18 ¥4 45 #4155
HE5GPX4tH HAEH, f#ELGPX4/EK107MIK1174k
32 AL, 1233 GPX4 M K48F K63 ()£ 12 HALIEAR
T 3G 58 GPX4 2 i A2 PE 21, TRIMS56-ATR
B EYHIE P ) USPS AT 10 212 210 AT TRIM25
PRI ESERREIS T, & s ATREE A B E R
K 633 1% [F] I HE [ AR () KASVEFE 4, M Tl i vz
F-E AR ISR KR, a2 5] e i
HARAEPEIR AR B, X 7 A | K635 K481z = Ak
A A DA R s RS HE TR 4%

FE B AR A0 B 2 rh, MILER TR 2 R BE TR
T T R K637 REE(ENIRZE T &, &t
[ 1) B HRTR A 15 5 R WS i NF-xB 28 38 2% (1 4
FLAAEBY, TRIAD3A(RNF216)i i fi# 44 7% B st
IKIV/K63 R B 2 507 8%, LA S —AH 7 28
(liquid-liquid phase separation, LLPS), H M # 4 n %
PE LR Tausl [ FRAE I I AR 40RO AR,
KN FHE AV H BB IRE AT R R
E33&E 2/ CHIPIE IS 7E STX 179 [ # 2 K27 5 K633
FEM AR MRz 2 54, 3598 STX 175 VAMPS ) AH
HAER, #Em{e 2t SNARER A4 41255 55 g s 1 1
hie, B AE AR TS YRR Iy s 1 s BE3E AR R H5
SR DR AR FHE

XM A i 18] () 22 AR AN R BR T2 R N
LR R AL . BERR AL L RS 1B
TR BT . a0, Akt Ko4H 34k /2 5] & K63
FHIGZ AN AKGEIE B 2 {42 . SETDB1A
(1) Akt K64 FH R0 AE #0352 20 B (1 25 W AL il
IMID2AISZ 42, BETH Aktff) B3 H210 (W1 TRAF6
1 Skp2-SCF)77 2| AktE &4+ B, X — il A2 gk
T Akt K63 M Kz =k, LA A A KR 7 s 4
¥ B Py S AR IR, AT A e R R A T 3 A
. RAETNHI AT SLAMF74# —Fh gk 3244 | it
5 SHIP UM TRAF6AH BAEF, 0] FH 3 A 45 4 45
T SHIP 1 13 195 1 45 1) 425 P4 1) T 2 PRl R AL 20, o
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I TRAF6 1 K637 A6 B, 1 SL i fR 16 A7 A0S
T SLAMF7. SHIP1I TRAF6 [a] (i HAE FH LA K
SLAMF74 5 B4 M PR 7 7= A R 1 22 DG B B

SRR B B3R S R 2
[F) () FE ELAE R 35 B R 15 K 6312 3 A A4 S AN 2
., REEORBEEZBBGEEEHEEZIES
SEMF, AT S5 MERE. NF-xB i
W7 NEMORE W 4 40 55 21 52 4 5 64 LA B 98 i
YR T, A BTl K63 22 B2 AL BOE kB
(inhibitor of kappa B kinase, IKK), 3k ifj 0%~ iigid
001,

K631z ZAM W ¥ & 2 Fhi A A5 5 a8 % ,
SLEFRE 2 g FE . AT K637z R ALK g Sy xt
TR AR AS RO BIA B (S 5 B OCE B 1] T AR
K63%Z A T ALE] ] LURN T SRR ML, 4
S 2 2 P R0 A X075 o

2 BETHK63MHEXZ R

R 4[] o g i T 7 HLAS) (International Agency
for Research on Cancer, IARC) I HCHT 11, 20224F 4=
BR B 8 R e S BT R A A S T IR T AL BT
MEFRE, SO0 O R AR AR 2o, B

TERIFNEEISTT, FET53E26 15, 45 BN 51 il
Jo B AN GE = A B, FRIEVE AeiE K, e O
A B AR R Bk 2 — o K63IEHL Iz
FAAE N —FhE R LB R 5 1810, BB AE NG
5 XA A A YSRGS s oS R
OER . R, FAE B R AR R SRR (1 2 4 T
AEIE H 22 B2 (B 3). — 7, EE NI NS
S SR SR P LR £ PR 4 M B B A
A, R ERE. RNASEARESSESRE; B
—J5 T, EARIRZ R S O B, 2 5% Kb
92 R I R B 28 1) 22 Tl S2 AR OHE 5 SR, R
SE PR G g% A I B 2B Tl T R IX AL R
X K63%Z AR T B INBI B i it e IR I T T R
TIBTERRE.

2.1 MBARERNEEYFIEIE

211 fmppigaitAs L P R E I TRIMS4
YE N —Fh E3EHell , 75 Bt b B 2E G 0m 1 3 &
Je 42435 A C(Filamin-C, FLNC) K6372 &ALk,
R RE T FLNCHIPEf# . TRIMS4TE GCZHZUR4H
Morp 230 EEa s, HHE&EREKFES GCEHER
B R AR AR ¢ . TRIMSA R i 261k % 15 8 2 o
35E . T8 AR AR ERE I ER , it RIE

=> Promotion =§Inhibition ( JK63-ubiquitination | Metabolic Reprogramming

Proliferation & Migration

‘.

Autophagy

AQP5

RNF168

RAPS0 ‘§

( .
Proteostasis

OTUB2 Adaptive Immunity

l i CagA
PD-L1 TBK1 l [

Sirt3 LONP1 o
TRIM54 NLRP12 : PEDS1
I ILI7B* =
TRIM50 j==—4 JUP Mye { HK2 : TRalo
p62 1L17RB e
CPTIA ===
DNA Damage Repair Innate Immunity &
e Inflammatory Signaling
H2A RNF43 = Immune Checkpoint — P

l

ZC3H12A ==+% TRAF6 §===_ SHP-1

IRAK1 NF-xB

Pellinol

E3 K63z HZ I IHiEE B LS

Fig.3 Mechanism of K63-linked ubiquitination in gastric cancer
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FLNCH]j# i TRIMS4 )/ FHIHIGCRut g, s 1
TRIMS47EGC K J&& H T fE DR s,

TRIMSO/E B @ 2R Rk N i, 1@ 1d MycfE
SIEESINE B A AT R . BARLEA, H
SPRY %5 K458 [7] TUP ) KS 7407 5 3E 4T K632 172
FAb, NI JUPKZ 5 07, FF LA 5 9 - Myc
EREELE= RN a
212 A% AMSEERRER, EAFIBT
oy B M AR TR . — S, ME N
A AFHL, 1 Wik d ik 7 B 52 3 5 25 1 2y BATRB
SR ZH AR R RE AR, AT PRI A Re fi skl /6 A
X T R A, X —HL A 0] B i — 0 (i ke 4
Ji R A R R R R

E3JEHEF TRIM2 175 AQPSHI{E F R 342315 A
Bl ULK |, 55 K634 R ULK1Z =4k, I
7 T 0 i 5 T 4 R P 12k, R PR i gl

Jih 988 I8 BE R 1~ 52 A AH 5C Bl T 6 (TNF receptor
associated factor 6, TRAFO)/E N —Ff E3ZEF2 1, th
Al DL K63 IE AR 1 F Wk 88 2 ULK 11z /AL,
M pR R e M ULKE ST R ), 5 iR 2R
TMEM189, X 4 Il £ B 25 M A 1(plasmanyl-
ethanolamine desaturase 1, PEDS1), GEA552M0 H I {4
e, i FIETMEMI1891] I RULK1FITRAF6.Z
B AR ELAE T, ™ B 4555 ULK K63 R 232 &
WARTE g4, SECULKIRRE M K. Bhabh, RSN
1A A 256 26 B TMEM 1 89k 2K fih & 1) 1 W vl 41141 15
Jee 4T A e

LR, TRAF6ILRET 15 T K63/ 5 (1) Be-
clin-13Z Z AL W78 xf F E Mg 40 i | e vy &2 X B
W IL-17BHE S HZ AR IL-17RBIIFERIE , i@
23t TRAF6/F IL-17RB_F {542 KI5 IL-17RB R
W5 59k, JH 3 TRAF6S Beclin- 111 EL 2455, 1
K637 3 1) Beclin- 172 #4652, IL-17B/IL-
17RB1E 5 %% 5 18 ik W0 b9 A2 0 1S o T 48 B 1)
W0 A 18 i R 1 4 B 1) R R
213 RitEHA  NLRPIEBE T mEmEEL, @
I 5 TRIM25 56 4 VR4l &, BN H] CHE T HK 2
K631z =B, Y5 A NEREff e 77, st 40
A FLIE S 1 DX B 6 JE R Myc 6 5%, St it
B e (3t ety

PRI BB B 5 4% #2 T 1 A(carnitine palmitoyl-trans-
ferase 1A, CPT1A)/EK 2224 £ AL TR EE AL FLIR it &

M A(lactate dehydrogenase A, LDHA), 1515 K42 K63
12 F AL LDHA S5HFE M B W 5244 p62 (AR BAEH
N0 LDHA B A 12 32 5 o 40 P 1 42 2802
Sirt3 & — M G R R AT, fE B R,
Sirt3 A [k 2k 2 3 B B 1 LONPL Z ALl
Thige ek, 3 I i e 3 28 b7 R SR A T 1R AL R DR 31
firbgg i R . BRI, Sir3RERSTE K1454b £
LB LONP1, {23F LONP1# K637Z F Ak HF
SIHZ AR AR AR, AT B e 0 R A2 A
72@[53]0
2.14 DNAM %A  {EDNAXUEEWI MBS T
FEHF, B3/ RNF8-RNF 168 [ 4% i 4% i o i AL 41 2
I H2A/H2AX I K632 Rz &AL, 5 i<z
R S3BPIAIBRCAL, M 24 55 R 4 Fooe PR
RNF87E H i H R IE T i, 13218 RNF8 W] 5 F B i
U H T2 %) RNF168i8 72 Ak (it 3 RHOCR# i,
I PR MIRHDAC1 R IA KPR M) 1 e 1 e Bl
RNF435& —F7E 5 i oo S 948 (1 e B R 7,
Z I TR ER R K BE % 3 9 GC AN M 7E A& Py Al 4441
(R E0R Vs fie %), Tk B e A0 R ok - B R R AR T I i
S, IR RA BTG . BFFCE AN, S-9 R e ak
AR AR B 5 , 40 A RNF4A3 [ ) BB 2 # B I H2 A4
A SR R yH2AX ) K6372 ALK, AT il
DNAT A3 82 PRI A 15 e 20 B R 200 A 9 S,
22 FAEE OTUB2RE B #I | RAPSOII K63iZ RS &
B, AT 4535 DNA18 S R B 1 AR R E 4
BRI,
215 &afEs ERZFMNWEFOTUB2AUAEDNA
105 BB T RR R AEAE A, A R A B
BhWA T HAM. OTUB2S % H KRTS0LE H
R BRIE B, FHSBE ARG B#E M
%K. OTUB2iE It K48F1 K635 M 302 AL KB
1E KRT80VZ 2 /i 5 [ £ [ Il A A st Ak o e, 30 ot
KRT80MI A2 € T4, M H0E PI3K/AKUE 58 %, (2
B e 20 R AR KR B O, X RS OTUB2 AT fig
FRCA T a7 AN TS A
2.2 BRSNS IAE BT
221 RFEATEHMELAELR  K63IEEM
2R N — PO B R G 1B 10 , Ret BRI E
PD-L 155 8k 25 07 T (1 8 R M 5 R IA K,
S50 SRR RTRE. B REEA
TRIM2S8TE [ Ji h ik E i ) Kb 25 /752



MR AR Ke3Z R IBHfE B i b I Ju it e

3327

PR 2 1S TBKI M K635 2 iz =4k, S8
T IRAIRFIFImTOR IS, 2 FEPD-L1KIA
5., 0% TRIM28/TBK 13l 4 — J5 1 7] [£ (i PD-L1
K, 55 THD 310 e 8 R 5 R T 400 M P9 T R
KT, BRI S 731,

2{pHh, RNF43 7] 5PD-L1 &4 E A HAEH,
I e PD-L1 K631&E 47 Z ALk R PD-L11IER
a5, AT B4 R T2H AR X B o A4 PR R PRI PR v 0,
222 BAREEEL XEFSAE ARG R
JEfE ST, K637z FAME NG 5 3 SR IIENF-«B
S DB 9 0E T %, 3 TR A A R A G I AT A
5 b e IO B3 1 REAR S o AL R T BCAR 2(C-
C motif ligand 2, CCL2)BE1 115 Ied A O¢ B g 41 i
(tumor-associated macrophages, TAMs)#){% {iH Al 5%
8, FRE MG IR IMOA TS . B E R R A 2
P T R HEAE FH ), 7E HER2PH P B i 4n i b i &
15 CCL2K S B TAMA MIFER BRI, 54
TMEH TAMF) M2FESR AL, MATTT 3 5508 il 2 BR Bt
Puihk. M N RN A 1 ZC3H12A87 CCL2IE 5,
Be g R 2 3 TRAF6 M2 TRAF3 I K63 2 &
T AIKASIESL Nz AL, FFH R EHIHINF-«BIE 5. A
%, CDA0 T 5 TRAF6/3 1K 6372 AL Ik /> K487z
#=A, I NF-«BfE 5 HBTEGE . A ER &Kt
() CD40-HER2 XUHF S PEHLAR T {12 i TAM ) M1 4
Ak, I o M it 22 B SR AR 24 42 T AN 7 A B B A
P71 AN

Pellino1 /£ 4 E372 R IE#ME, /£ TLR/IL-1RfE 5
1 % o I AL IRAK 25 RS 570 T 1 K633%E 42
)2 Rz Ak, 2EmEeE TAK I NF-kxBSE 5
SIS, UK AE N T, FE B, X AR
RAEAT T2 (2 1 IR sk B 855 v (1% B 2 400 1) R0 24 i
HahH . BFFCRI, Wy THRAF B (Helicobacter pylori,
H.p) g% 55 R R Be I Rax Fh 28 0 , 5 B il e A
Ko HATTHEAT B T4SSEEUEHS — Fh4H R ¥ 25 1 CagA
SR B AR, AU B e 0 RIS, SRR T
TP RN . BAARKYL, CagAETE E40M A 1) &
H SHP-1RAAM BAEH , /218 SHP-1[7] TRAF65:4E .
SHP-1—H 5TRAF6Z: &, {H2:H| TRAF6[K637Z
FACKN TR 98 0 M0 IR T (9 2RaK , AT 47 ) 3 7 i
SRR
223 ENMEELST@RML Ke3Z xibths
5 THHI 3244 (T cell receptor, TCR) & TGF-B&51(E 5

S, @ REES A ENAE R, 2o T4 M5
A7 e R I M 2 I T B 44 e o BFARAE N
— P E3EERRE , 7£ TGFB(E 5 5% T rh # i 45 K i A
. EAN S TGFRRIE K2684b 1 K63iE B2 &AL,
BT Smad2/3 H A2 3k ThOZN H o4k, %o ¥ i H 1% ¥
)7+ k. HAh, TGERRERS I BFARZE L, M
MAMH TGFBR1Z F AL, #0Hfi JRd 55 CD4" T4 MY
rF Smad2/3 B0 , YD Thobs &40 R 1 IL-9 1
CCL207 A= FE R SO IR0 Pl 52 4, e XM Bk
Je B 8 R RO

3 $M[EK63:Z ZWAATTHISRAR

K637Z ZWEMiThe LR R MERE N T
VBN B I T V8 7 SE S IR B B O LI R 1L
Wik T EoA#HkK . Ubcl3. TRAF6Z5AEMS S )i %
K637z REEA A CEE, BLCYLD. A20% Lz =t
g2, SR M S B AR K . R JORE SO BA
J BELWT f 2 106 36 77 T RIS e DRI, AR SR 5 77
) ] B 7 BB TR SR ) R e B3 M R R
TR, N B R IE YT T RER AR . I8 R 0 ) 51
A BT A DG I TE PR, AR S5 AT AT T s A L 1
WEE . T R AR B R R A AT N

H AT R 5 B HE R K 6392 RBEMI 25 M3k it
T EGHE N IR RSB B, 8 A 2 A5 S g A 1
A A B At 0 Hh s R K631 AL i
71. Bl Ubcl3 1)/ FINSC697923
WA KO3FEFT N S S S S I 12, EiBRIT 4
B IRI8 K Bk 8 . ph & BEAE RR R
JE AT 2 B U730, RIP240IH 7] GSK 55938 i #1141
RIP2 B4 5 1, BHIEH K632 A&, M)
U ) NF-xBIE B, 98045 28 i A it I 4 49 049 3X
BE R RN, BT R K63 LT R R, BiRE
B BRI AT — R BIET HLU) SE AT AT 1 SR

fEB RS, REIA WOV RIE T K632
FAHHEER, (BRI e s 8. &
XF K637 2 A I /N 73 1 #0157 e A4 25 M I i
IR RUREE R P T 251 e A R O B In) TG
A I AR AT B ¥R T 40 PD-1/PD-L LIl 771 AT
ReAKTTIA) .

4 HRE5RSE
ITAER, K63 Rz AT 78 TK631Z &
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WABHRAE e . JOAE L FUBEE . AT sy s
SR AR T, s B R I LR T
Rt — DR IT. A CHBIF R4S T HATK6e3Z AL
AR KR A= L e LA 1B i R 2B R R A 1 oK B
YRR, g 1 AR AE IR - B R L A AL
DNAFRGRIE 8 BB S G N S0 I
WEZAREZEY I — RIS ENEZ RiE
BB K2 A AR S KTk &, Hoohie
T A 1 s AR ) B 1 3l

K63i2 RAAEMAAE B Jie v A IR 2% 40 T AN
AR BT B, Vi 2 R (R 5 ) LTS A AR A 25
Blan, Ke3iz = LB K RIS VA e KB, Al
Al vl & R A U A BORET R Gk, AR
DU B KA R A I, K633 SR AL B i) T
AE A B S RO, , 1A HAE B AR
PR R AN R R A 85 mP (KR S AR, R AR OR Sk
BURS HET- T 22 2R FT 7 1A

K B AT 7T 8 BILH A D W PR IS A AR O ) 2%
M H AR BEXTRS E IE3 1 B B 252 R AL BT R/
o TSR, A3 B O AT SR T RN . XL
K> T HIARIE AT R DL AR N B2 W, Bl
F W KT T A bR ST E R 7. 45 BT,
Xt K63 Rz AL B i Pt S R e S
SCBCESC, ABOMIRN BT B 10 2w ML 59 15
BRI 7B A, o8BS, Tis K
SEVRTT AR Bt T 15K 5 A0E T

BE K (References)

[1] CAO L, LIU X, ZHENG B, et al. Role of K63-linked ubiquitina-
tion in cancer [J]. Cell Death Dis, 2022, 8(1): 410.

[21 LEEJS,KIM HY, KWON Y T, et al. The ubiquitin code in
disease pathogenesis and progression: composition, characteris-
tics and its potential as a therapeutic target [J]. Dis Med, 2025,
37(193): 203-21.

[3]  KWON Y T, CIECHANOVER A. The ubiquitin code in the
ubiquitin-proteasome system and autophagy [J]. Trends Biochem
Sci, 2017, 42(11): 873-86.

[4] HAN S, WANG R, ZHANG Y, et al. The role of ubiquitination
and deubiquitination in tumor invasion and metastasis [J]. Int J
Bio Sci, 2022, 18(6): 2292-303.

[5S] BUNEEVA O A, MEDVEDEV A E. Atypical ubiquitination of
proteins [J]. Biomeditsinskaya Khimiya, 2016, 62(5): 496-509.

[6] SWATEK K N, KOMANDER D. Ubiquitin modifications [J].
Cell Res, 2016, 26(4): 399-422.

[77 DEWSON G, EICHHORN P J A, KOMANDER D. Deubiquitin-
ases in cancer [J]. Nature Rev Cancer, 2023, 23(12): 842-62.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

HODGE C D, SPYRACOPOULOS L, GLOVE J N M. Ubc13:
the Lys63 ubiquitin chain building machine [J]. Oncotarget,
2016, 7(39): 64471-504.

A, SR, %7, 5. UHRF25UBE2VITE &M% T 5/
B b e A b e 1) 78 5T A A AR B A R ALARILT]. Bk P D
KR (EREHFI)(HOU G S, DANG L L, YUAN L, et al.
The role of UHRF2 and UBE2V1 in the epithelial-mesenchymal
transition of renal tubular epithelial cells induced by high glucose
[J]. Journal of Shaanxi Normal University, Natural Science Edi-
tion), 2024, 52(5): 12-20.

SAMPSON C, WANG Q, OTKUR W, et al. The roles of E3
ubiquitin ligases in cancer progression and targeted therapy [J].
Clin Translational Med, 2023, 13(3): ¢1204.

JIANG X, CHEN Z J. The role of ubiquitylation in immune de-
fence and pathogen evasion [J]. Nat Rev Immunol, 2011, 12(1):
35-48.

LIM K L, LIM G G Y. K63-linked ubiquitination and neurode-
generation [J]. Neurobiol Dis, 2011, 43(1): 9-16.

YAMAMOTO M, GOHDA J, AKIYAMA T, et al. TNF receptor-
associated factor 6 (TRAF6) plays crucial roles in multiple
biological systems through polyubiquitination-mediated NF-kB
activation [J]. Phys Biolog Sci, 2021, 97(4): 145-60.

MM, A5, THETT, 55 RNF1264 SIKKYMK63 6732 |
ALHEEV T UG JEAE S5 B2 AL FE[T]. 993 55 274 (LIN X M,
PAN QY, HE Y Q, et al. Study on the mechanism of RNF126-
mediated K63-linked ubiquitination of IKKy in promoting in-
flammatory response during EV71 infection [J]. Chinese Journal
of Virology), 2025, 41(1): 71-8.

AFONINAT S, ZHONG Z, KARIN M, et al. Limiting inflamma-
tion: the negative regulation of NF-«kB and the NLRP3 inflamma-
some [J]. Nat Immunol 2017, 18(8): 861-9.

HAYDEN M S, GHOSH S. Regulation of NF-kB by TNF family
cytokines [J]. Seminars Immunol, 2014, 26(3): 253-66.

ZHU G, HERLYN M, YANG X. TRIM15 and CYLD regulate
ERK activation via lysine-63-linked polyubiquitination [J]. Nat
Cell Biol, 2021, 23(9): 978-91.

ROY M, SINGH K, SHINDE A, et al. TNF-o-induced E3 ligase,
TRIMI1S inhibits TNF-a-regulated NF-kB pathway by promoting
turnover of K63 linked ubiquitination of TAK1 [J]. Cell Signal,
2022, 91: 110210.

ZHONG Q, XIAO X, QIU Y, et al. Protein posttranslational
modifications in health and diseases: functions, regulatory mech-
anisms, and therapeutic implications [J]. MedComm, 2023, 4(3):
e261.

JIY X, HUANG Z, YANG X, et al. The deubiquitinating enzyme
cylindromatosis mitigates nonalcoholic steatohepatitis [J]. Nat
Med, 2018, 24(2): 213-23.

BECK D B, BASAR M A, ASMAR A J, et al. Linkage-specific
deubiquitylation by OTUDS defines an embryonic pathway intol-
erant to genomic variation [J]. Sci Adv, 2021, 7(4): eabe2116.
ZHAOY, FAN S, ZHU H, et al. Podocyte OTUDS alleviates dia-
betic kidney disease through deubiquitinating TAK1 and reduc-
ing podocyte inflammation and injury [J]. Nat Commun, 2024,
15(1): 5441.

MULAS F, WANG X, SONG 8, et al. The deubiquitinase
OTUBI augments NF-kB-dependent immune responses in den-
dritic cells in infection and inflammation by stabilizing UBC13



MR AR Ke3Z R IBHfE B i b I Ju it e

3329

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[J]. Cell Mol Immunol, 2021, 18(6): 1512-27.

ZHOUY, LI H, ZHANGYY, et al. Deubiquitinase USP4 suppress-
es antitumor immunity by inhibiting IRF3 activation and tumor
cell-intrinsic interferon response in colorectal cancer [J]. Cancer
Lett, 2024, 589: 216836.

Rainbow trout USP4 downregulates LPS-induced inflammation
by removing the K63-linked ubiquitin chain on TAK1 [J]. Fish
Shellfish Immunol, 2022, 131: 1019-26.

BOSANAC I, WERTZ 1 E, PAN B, et al. Ubiquitin binding to
A20 ZnF4 is required for modulation of NF-«B signaling [J].
Mol Cell, 2010, 40(4): 548-57.

QIU M, ZHANG W, DAI J, et al. A20 negatively regulates
necroptosis-induced microglia/macrophages polarization and
mediates cerebral ischemic tolerance via inhibiting the ubiquiti-
nation of RIP3 [J]. Cell Death Dis, 2024, 15(12): 904.

OHTAKE F, SAEKI Y, ISHIDO S, et al. The K48-K63 branched
ubiquitin chain regulates NF-«kB signaling [J]. Mol Cell, 2016,
64(2): 251-66.

WANG Z, XIA'Y, WANG Y, et al. The E3 ligase TRIM26 sup-
presses ferroptosis through catalyzing K63-linked ubiquitination
of GPX4 in glioma [J]. Cell Death Dis, 2023, 14(10): 695.
ZHANG W, LI G, ZHOU X, et al. Disassembly of the TRIM56-
ATR complex promotes cytoDNA/cGAS/STING axis-dependent
intervertebral disc inflammatory degeneration [J]. J Clin Invest,
2024, 134(6): 157.

ZEIN L, DIETRICH M, BALTA D, et al. Linear ubiquitination at
damaged lysosomes induces local NFkB activation and controls
cell survival [J]. Autophagy, 2025, 21(5): 1075-95.

ZHOU J, CHUANG Y, REDDING-OCHOA J, et al. The autoph-
agy adaptor TRIAD3A promotes tau fibrillation by nested phase
separation [J]. Nat Cell Biol, 2024, 26(8): 1274-86.

RHO H, KIM S, KIM S U, et al. CHIP ameliorates nonalcoholic
fatty liver disease via promoting K63- and K27-linked STX17
ubiquitination to facilitate autophagosome-lysosome fusion [J].
Nat Commun, 2024, 15: 8519.

WANG G, LONG J, GAOYY, et al. SETDBI-mediated methyla-
tion of Akt promotes its K63-linked ubiquitination and activation
leading to tumorigenesis [J]. Nat Cell Biol 2019, 21(2): 214-25.
WU Y, WANG Q, LI M, et al. SLAMF7 regulates the inflamma-
tory response in macrophages during polymicrobial sepsis [J]. J
Clin Invest, 2023, 133(6): €150224.

MAUBACH G, SCHMADICKE A C, NAUMANN M. NEMO
links nuclear factor-kB to human diseases [J]. Trends Mol Med,
2017,23(12): 1138-55.

BRAY F, LAVERSANNE M, SUNG H, et al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries [J]. Cancer J Clin,
2024, 74(3): 229-63.

ZHENG R S, CHEN R, HAN B F, et al. Cancer incidence and
mortality in China, 2022 [J]. Chin J Oncol, 2024, 46(3): 221-31.
AKUTSU M, DIKIC I, BREMM A. Ubiquitin chain diversity at
a glance [J]. J Cell Sci, 2016, 129(5): 875-80.

JIANG S, L1 H, ZHANG L, et al. Generic Diagramming Plat-
form (GDP): a comprehensive database of high-quality biomedi-
cal graphics [J]. Nucleic Acids Res, 2025, 53(D1): D1670-6.
CAO H, LIY, CHEN L, et al. Tripartite motif-containing 54
promotes gastric cancer progression by upregulating K63-linked

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

ubiquitination of filamin C [J]. J Clin Oncol, 2022, 18(6): 669-
77.

HU J, HUANG R, LIANG C, et al. TRIMS50 inhibits gastric
cancer progression by regulating the ubiquitination and nuclear
translocation of JUP [J]. Mol Cancer Res, 2023, 21(10): 1107-19.
LI X, HE S, MA B. Autophagy and autophagy-related proteins in
cancer [J]. Mol Cancer, 2020, 19: 12.

ZHAO R, HE B, BIE Q, et al. AQP5 complements LGRS to de-
termine the fates of gastric cancer stem cells through regulating
ULKI ubiquitination [J]. J Exp Clin Cancer Res, 2022, 41(1):
322.

NAZIO F, STRAPPAZZON F, ANTONIOLI M, et al. mnTOR
inhibits autophagy by controlling ULK1 ubiquitylation, self-
association and function through AMBRA1 and TRAF6 [J]. Nat
Cell Biol, 2013, 15(4): 406-16.

YU J, QU L, XIAY, et al. TMEM189 negatively regulates the
stability of ULK protein and cell autophagy [J]. Cell Death Dis,
2022, 13(4): 316.

LI X, WU X Q, DENG R, et al. CaMKII-mediated Beclin 1
phosphorylation regulates autophagy that promotes degradation
of Id and neuroblastoma cell differentiation [J]. Nat Commun,
2017, 8: 1159.

CHU B, CHEN S, ZHENG X, et al. Nepetin inhibits osteoclasto-
genesis by inhibiting RANKL-induced activation of NF-kB and
MAPK signalling pathway, and autophagy [J]. Journal of Cell
Mol Med, 2020, 24(24): 14366-80.

SHI C S, KEHRL J H. Traf6 and A20 regulate lysine 63-linked
ubiquitination of Beclin 1 controlling TLR4-induced autophagy
[J]. Sci Signal, 2010, 3(123): ra42.

BIE Q, SONG H, CHEN X, et al. IL-17B/IL-17RB signaling
cascade contributes to self-renewal and tumorigenesis of cancer
stem cells by regulating Beclin-1 ubiquitination [J]. Oncogene,
2021, 40(12): 2200-16.

ZHOU L, WANG Z, HUANG Y, et al. NLRP12 decreases
TRIM25-mediated HK2 degradation to promote glycolysis and
H3K18la in gastric cancer [J]. Cell Death Dis, 2025, 16(1): 615.
LI X, ZHANG C, ZHAO T, et al. Lysine-222 succinylation
reduces lysosomal degradation of lactate dehydrogenase a and
is increased in gastric cancer [J]. J Exp Clin Cancer Res, 2020,
39(1): 172.

WU L, YAN X, SUN R, et al. Sirt3 restricts tumor initiation via
promoting LONP1 deacetylation and K63 ubiquitination [J]. J
Trans Med, 2023, 21(1): 81.

LEE B L, SINGH A, MARK GLOVER J N, et al. Molecular
basis for K63-linked ubiquitination processes in double-strand
DNA break repair: a focus on kinetics and dynamics [J]. J Mol
Biol, 2017, 429(22): 3409-29.

X, FE AR, 5, . RNFSHIL AN fin 2 HAE B i b KR
&SP TR [J]. MR B VA B FS(LIU T, LEI Z, YUAN W, et
al. Subcellular localization of RNF8 and its expression and role
in apoptosis of gastric cancer [J]. Cancer Research on Prevention
and Treatment), 2017, 44(9): 575-9.

XUY, FENG Y, SUN Z, et al. RNF168 promotes RHOC degra-
dation by ubiquitination to restrain gastric cancer progression via
decreasing HDAC] expression [J]. Biochem Biophys Res Com-
mun, 2021, 557: 135-42.

CANCER GENOME ATLAS RESEARCH NETWORK. Com-



3330

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

prehensive molecular characterization of gastric adenocarcinoma
[J]. Nature, 2014, 513(7517): 202-9.

NEUMEYER V, GRANDL M, DIETL A, et al. Loss of endog-
enous RNF43 function enhances proliferation and tumour growth
of intestinal and gastric cells [J]. Carcinogenesis, 2019, 40(4):
551-9.

NEUMEYER V, BRUTAU-ABIA A, ALLGAUER M, et al. Loss
of RNF43 function contributes to gastric carcinogenesis by im-
pairing DNA damage response [J]. Cell Mol Gastroenterol Hepa-
tol, 2021, 11(4): 1071-94.

SOWA M E, BENNETT E J, GYGI S P, et al. Defining the hu-
man deubiquitinating enzyme interaction landscape [J]. Cell,
2009, 138(2): 389-403.

OUYANG S, ZENG Z, LIU Z, et al. OTUB2 regulates KRT80
stability via deubiquitination and promotes tumour proliferation
in gastric cancer [J]. Cell Death Dis, 2022, 8(1): 45.

HUANG Z, DONG J, GUO T, et al. TRIM28 regulates prolifera-
tion of gastric cancer cells partly through SRF/IDO1 axis [J]. J
Cancer, 2024, 15(13): 4417-29.

MA X, JIA S, WANG G, et al. TRIM28 promotes the escape of
gastric cancer cells from immune surveillance by increasing PD-
L1 abundance [J]. Signal Transduct Target Therapy, 2023, 8(1):
246.

YANG J, WEI M, LIU X, et al. PD-L1 expression downregula-
tion by RNF43 in gastric carcinoma enhances antitumour activity
of T cells [J]. Scand J Immunol, 2023, 97(6): e13268.

QIAN B Z, LI J, ZHANG H, et al. CCL2 recruits inflammatory
monocytes to facilitate breast-tumour metastasis [J]. Nature,
2011, 475(7355): 222-5.

SUN W, WANG X, WANG D, et al. CD40xHER2 bispecific
antibody overcomes the CCL2-induced trastuzumab resistance
in HER2-positive gastric cancer [J]. J] Immunoth Cancer, 2022,
10(7): r123-r35.

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

LIY, SHAH R B, SARTI S, et al. A noncanonical IRAK4-IRAK 1
pathway counters DNA damage-induced apoptosis independently
of TLR/IL-IR signaling [J]. Sci Signal, 2023, 16(816): eadh3449.
TRAN S C, BRYANT K N, COVER T L. The Helicobacter py-
lori cag pathogenicity island as a determinant of gastric cancer
risk [J]. Gut Microbes, 2024, 16(1): 2314201.

HE H, LIU J, LI L, et al. Helicobacter pylori CagA interacts with
SHP-1 to suppress the immune response by targeting TRAF6 for
K63-linked ubiquitination [J]. J Immunol, 2021, 206(6): 1161-
70.

PEI S, HUANG M, HUANG J, et al. BFAR coordinates TGFf
signaling to modulate Th9-mediated cancer immunotherapy [J]. J
Exp Med, 2021, 218(7): 1235.

GOMBODORIJ N, YOKOBORI T, YOSHIYAMA S, et al. In-
hibition of ubiquitin-conjugating enzyme E2 may activate the
degradation of hypoxia-inducible factors and, thus, overcome
cellular resistance to radiation in colorectal cancer [J]. Anticancer
Res, 2017, 37(5): 2425-36.

GAO Y, KWAN J, OROFINO J, et al. Inhibition of K63 ubig-
uitination by G-protein pathway suppressor 2 (GPS2) regulates
mitochondria-associated translation [J]. Pharmacol Res, 2024,
207: 107336.

CHENG J, FAN Y H, XU X, et al. A small-molecule inhibitor
of UBE2N induces neuroblastoma cell death via activation of
p53 and JNK pathways [J]. Cell Death Dis, 2014, 5(2): ¢1079.
ZHENG S, LI'Y, SONG X, et al. OTUDI ameliorates cerebral
ischemic injury through inhibiting inflammation by disrupting
K63-linked deubiquitination of RIP2 [J]. J Neuroinflamm, 2023,
20(1): 281.

MADIRAJU C, NOVACK J P, REED J C, et al. K63 ubiquitina-
tion in immune signaling [J]. Trends Immunol, 2022, 43(2): 148-
62.



