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Abstract

Liver cancer is the third leading cause of cancer-related deaths globally, characterized by difficul-
ties in early diagnosis, limited treatment options, and high recurrence rates. Therefore, in-depth
research on the molecular mechanisms of liver cancer to discover new therapeutic targets and
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methods is crucial for improving liver cancer diagnosis and prognosis. Tribbles pseudokinases
(TRIB1, TRIB2, TRIB3) have become research hotspots due to their unique roles in regulating in-
flammation, metabolism, and cancer. They play a key role in liver cancer by regulating the cell cycle
and may also influence treatment resistance and immune evasion mechanisms. This paper summa-
rizes recent research progress on the mechanisms of the Tribbles pseudokinase family in liver can-
cer, aiming to provide new ideas and strategies for liver cancer diagnosis, treatment, and prognosis.
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1. 518

JHF e A2 A BR B 7S KR i DL eiiE RIS R SR A DG BE T () 88 = KR R [1] [2]. fEH [, 5k M
A7 JE SR B AR NBCRVUAL, R ZAL R 5 AL, FET AR 28 A, 2022 /AT NECh 31.65
Ji, PR R N R A fr i R[] [3]. R B A AE R R WG T 7 TS 1 W5, (Hil
TAZEIRE S, R LERREE, K BETEVZH CEE T, Hha X2 HEHE O EEHIE
FARYIG, WUEEZE4][5]. EFER, MREMIEFARGITIHPIRE, JCHE RGIRITICE JREG 7 751 4
JHF 9 6T TR BUAS 58 CARIE RO RCR, AR A AR TR SR 20 AN H, (BAFEA & ARG ik, HHEE M
TRy 24 RER A T 24 PRV R s (S A VR 7 R e 7 T IR T 247 1) R, DRI, R R S B )V o 7 ) D 3 L 25
I TN TP m BH TS, SGE I B E KA BE T EEMIEIRE L.

TEZ PSS BEEA 4 FHLE BRI (Pseudokinases) K HAE AU HAE 545 5w RO SRR F 52 BIECK ik
2 ISR o fBRIRRA F SR B = A G e ) (AL M, (D@ 5 H A B SR VR R T S A e
ALFE AN B PR T AR [6] . D4R, Tribbles fi i (Tribbles Pseudokinases, TRIB) %%, fi4fi TRIBL1.
TRIB2 1 TRIB3, [y CH(E S e i1 200 . AU RV IRE )4 20 FE[7]. Tribbles fB
TR AN B A N P SISO DA R AR T, 7R TR R R A AR Ry T SR A [8] . Trribbles
B AN AE JH- o 40 M %) A R AN T T R FE R, 3 W] BRI JHH i XD VR T AR A Gy 16 S AL )
[9]. PRIk, RN T f# Tribbles fE i 5 o e i v i BARAE FILEL, 0630 R8T 2 W AG T 7 SR 2L
HE R

KLRR BIE RS 4 Tribbles B F R Ittt e, Rl oo e s . W, i
B RZBLREFHEEER, NFERIZE. YT AT PR A SCREANIG PR SRR, I N AR R A4
P SR

2. Tribbles R BESAIZ54 S ThagsF1E

Tribbles fB I R B = A% Gl s 14 (1 O B G B R R 2L, oyl AT S B IR Ak S B2, H B AT T 4
MG S S mEEEEMAC: ERESHETRMCEED, S5HEH. W, RS2
Yl

Tribbles B 52 ik B Wik 35 1) 45 K4 e R 2 L O I8l 25 14 455 (Pseudokinase Domain), X —[X 3845 #L A4 1)
22 SR D5 B IR S5 A0 v BEAR AL, AR AL S OC B M BRI AL R A T AR SR, S BUL TGV
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AT IR AL [ N2 [10]. B, ARG RIBER A ATP 45417 s R SC Bt (AL 5 3 (1 D166 £ 4), Xt
£ Tribbles sl id H AR ER A AL R, R TR IE[1L]. RAEGRZ TN, DhIBgas th ik
SRAENGIE 5 AR AA AR, 7824 “o0 T4 G SR RE[12]. Bilhn, BF5T#H Tribbles %
@t 5 MAPK Gl 2% o e el Sk R A5 S, R 4E G B A AR [13]

Tribbles ¥l £ C Kimila — MESFH) TRB HEZE(Tribbles Box), X/ E3 vz Ri&EREM O/EN =
BRI [T]. IBIZ45H, Tribbles B v KR € FIFE S 2 5| 3 &2 E3 2 3y, (b X Se iR E
R R, X IRt T [ Tribbles RUMBEE AN & A AR S 4E H ) HEAEH

3 B Tribbles fEERAEIY N S fELE M EAFAE 22 5, EATE R0 N K 7 51 5 AN R i 8 15U A
R, FEAEM I R EA R DIRE . TRIBL () N o FAIAN B, & p-hd, AT HERIEER
454, 5 COPL R 44, M SN CIEBPa 55 % 3 [ I FEA#[14]. TRIB2 ) N 35 /7 5 FH K T TRIBL,
bR T p-rBaitash, O g hE X, XU S B E A TUHEAE R IR )T, REAE
FEIH$E Akt Il FOXO g FLA B EAEH[15]. TRIB3 () N S AMUE S p-i SRR e sify, AT AN
FAEHTCR X3 IR0 7 X IR T TRIB3 E RS B A I sha AT /e 7y, A AEAE 5 22 Fh NI G &
H (a1 CHOP)IAT H & A, 1 TRIB3 1 SR N R AR 5T 47 A 43 v5i B B B2 (1) £ €4 16] o

Wi L Fri&, Tribbles UG H) 3 AN SRR R E LI T RE F AT FE R AR S 4, HR R
Ry 4ERZESE, TRIBL 5 TRIB2 Y[R VR 1(2) 71%), 155 TRIB3 [ RV M HAK(Z) 53%) [17], Kk,
CAERE D) RE BRI 27, A BB 7 mEgA AR . TRIBL il TRIB2 B3 2D Re 5 HIE#E R K
H 40 I AR RE AR DS  TRIB2 I8 -5 40 B T2 42 « U AL DA K 5 e p 2o A S 7 F AR 2 [18]
TRIB3 JUIZEZH A IR L3S N b A 4 22 T T A E R, G HGRAEARI R P 5T I 2SO 8 A R 5 B4
B, BB A T DA B R AR A R B [16] [19].

3. Tribbles R ER £ T & AR R
3.1. TRIBl fEFF B RIHER

TRIBL i 2 iR HE e 40 A B AT RS . Ye 25 A [20)4% 4 1 TRIBL 72 JH-4H i J (Hepatocel lular
Carcinoma, HCC)FR I ZENL . HFAR R I, TRIBL #£ HCC ZLAURIZN I 25 HH (1) e 38 BE S0 ) firl 8 4170t LA
- p53 HIFRIE, I A HANHI K+ miR-23a (IFRIE, {8 H CORFFESACFIRAS, {21 HCC 4uiaffsg 5
Miz28. [FEEF, TRIBL LiAEGE p-catenin J&ILNY, F HARZE R - [A] % 4k (Epithelial-Mesenchymal
Transition, EMT) [21], 458 [ 402 2 AEFERE /1. Ak, TRIBL &80T DLS 40 & 22 AH ¢ 8 A (n
Vimentin)tH BAEH, (2ir4ni g 282, sl s 40 i IS A AR 28 68 71 [22] -

$T TRIBL ££ HCC H o AER, Hnl MR ITHE A [23]. @i TRIBL 221k B FH M
HEHMES S FRMEEIER, BRFRBHIPUEITIE, X0 THm HCC a7 AR BA E 2R L.
SR H AT TRIBL ZE s T /R FMLHI A 780 A IR, H S8 2 I ELRI AN S 2 AR 22 D ReAh /7
R R . B, 52 rEgEME: (A 1% (Acute Myelogenous Leukemia, AML), TRIB1 Eiff BCL2 %[
1K, SEINT A0 TR 52 1 [24],  HAE I AT Re B A AR LRI AR .

3.2. TRIB2 fEFHE P PIRHRE

TRIB2 7E @AM 858 508 i R SCHEE R . 90K 8L, TRIB2 e COPL A1 Smurfl % E3
MGG I EAE R, TR 2 A AE SIS OGRS E M, AT 2 20 Py 334 B AR
17[15] [25]. TRIB2 AJLLY ATrCP MIEAER, FasE Yes MK F(YAP), i YAP & Hippo {5 5@ 1 —
ANFHBRRLGrT YAP RIS E AT A RS (2 14 40 M0 6 0 71 4 6 0 2 38 5 b g 11004 22 1% [26] . Wint/B-
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catenin 5“5 ¥ 7 0 0SS5 TP 3G 5 1228 B AR TT U V1A G . W 9L R B, Wnt/g-catenin 15
SIEEEBOEEET I TRIB2 [F3Rak, AR S e 4 Mo 1) 38 5 AR 28 [27] . 4R1, TRIB2 X ARfHHAH
KWz & E3 (W FTrCP. COPL A1 Smurfl)#lid] Wnt/g-catenin {5 5@, ¥l TRIB2-Wnt {77 it
ST, Horh TRIB2 78k 8 A A% o BB e R 7 SO 30 R [26]. 739k, TERF40 s
TRIB2 J#id#i% PISK/IAKT/mTOR {55 i@, i BCL2 ik, #MHI40MMET, X—HLH# A& HCC
S 0T AT 25T 52 1) B R PR 2 —[28]

F4h, TRIB2 I 2 3% - B EREAR RS ST, 52008 0 R B AR AT 40 i A SRS AR e, AT
fE— R BRI A Ak T IR BIME[15]. Guo %5 A[29] [30]HIWF 7 Eon, TRIB2 5 PSMB5 Al
PCBP2 [AHHEAEH, M9 7SR E g TE, FRC T2 2K, MM AR5 e 40 i o0 52 A RO RIS,
TRIB2 i#ijd ATrCP /1 T RISk 8 I 2 AR(TFRC)Z AL, kS TERAET IR, B lb 7S RO -
SHML A, T ORGP FH-Jas 4

BT X st 5t , K TRIB2 fEHE 2 —4EX I8 — 5, et 205 5 e e i e 40 i 1)
WH. ERMALE, FRESETZER - EAEA R E SR T S A AT N 2. S —
T, TRIB2 R 2050 F thisad 6 S s H 3] Wit/g-catenin {5585, Bon HBERIEER . £k
IR FU LAk B2 40 TRIB2 HIEAAEANUE], P R EusAHmDI6e, AT S ahe i BB F B .

3.3. TRIB3 FEFHE P TIRHRE

TRIB3 =R 1A & (Rt HCC 4 r s AT R 58 /7. Wang & A [31]WF5E 3R, TRIB3 7 HCC 41
Ui B, IF 5 MR BT A R IEADG. RR2ERIA TRIB3 W3 Eit 7 HCC 4iium 4K,
1M R 1 TRIB3 ] 7 iR A=+ o [FE, TRIB3 () L GE S M 40 A8 1. Li 25 A [32] /8 5T i, TRIB3
£ HCC AR )ik 8.3 H i, #| TRIB3 1A 2 HCC 4 i T L34 m, 17 =ik TRIB3 M
RERE AN AR T, (MR ARG, X — ALK T REVS & TRIB3 SR T AHCE AMIAH EVE T, Jd s 4 i)
TS, (RIS . RBCKL & —FE B E3 2 &M, 7F HCC WhimaRik, It i mif i B
T TR FE TR HCC fuitfE . Yu S A [33] 8L TRIB3 /&5 RBCKL M EAEH MR E A2 —,
TRIB3 ] il 5 RBCKY [AH BLAE FH >k HCC 4Hferysisa . MT- AT .

24 23 5 % AL R 08 (Mitogen-Activated Protein Kinase, MAPK)If# 4 & — 25 i B {1 57 (045 5 4 S8 4%,
VRAIGTE  oAk AAE A T 2 PR AR, 5 2 R OLME 5@ B (W PIBK/AKL. Wnt/A-catenin) /7
FERHAER, FLIE 4 bR i) A= KAk g . Wang 55 A [34]/8F 5 £ B, TRIB3 7] LAGE MAPK 15 5l #%
ISR E 5 70T MEK R ERK, M T iTss HCC 20 i fty 386 5 A AR K o 1 0F 90346 B TRIB3 5 SMARCD3(—
Bl SWISNF & &P R FM AR, RV B R RIEFRIEMER, RUEATATRe L F 5 R
B 54, PR, SRS (EFE AL R AT LS B TRIB3 Rk I, TRIB3 21 s
MARK 15 5l B2 E 40 B, 3X {8 TRIB3 B LR BLR 5 O Hr (1 0B M €, 1X 5 Zhou 55 A\ [35]
FRRIE T 45 9 — 0, ) TRIB3 AJ LA R MAPK S H f3  SR 6 50 2% iz A 2 e R .

TRIB3 7E4H I ¥ P4 )53 I S35 (ER Stress) 4y 76 T 28 2L (1) 1 €00 P4 J5i IO S350 40 7 ) 85 11 o 48R 3T
B AAR RO —FPORPFAILE, 20 i I s AR 3 B B 1 e B (Unfolded Protein Response, UPR)SR Pk & P Jii 19
Fads. SRIMEFELM ER RIe S840 MM T A i 2 [36]. TRIB3 nfLLS ER R B8 TAEH,
W TR UPR (558 EE, X0 TIKE ER FaAS AR 41 G 52 RS B 42 O B 2E[37]. Ord %5 A [38]1)
WHCUE, (EAHEAN A, TRIB3 i ] ATF4 B SRENE, > UPR J5 S 4NAET:, M3 5 T
FE A% Bortezomib R 2414, (5545 I 40 B AE P9 0T ) SO AF T BB S m I AEAE R . Rk, B IA)
TRIB3 AJ fie /2 v A fH e i 24 14 1D 7 S S
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TRIB3 34 1] e 50 i 4 H 6 7 AR AT Sz ik i ML) . Shen S8 A [391HIBF SR B, =ik )
TRIB3 2 E (K 1 CD8* T AMuFIyEIR 4B T 40 IRiE/K >, FFH TRIB3 Bj3kik 5 M2 B EIg4H i 2
IEARDG, TS B 4. CD4* T M1 A B A 2 ARG . [FII, TRIB3 B mi#ik 5 2 ANy ka 2 (i
CTLA4. LAG3 M TIGIT)Z koK, K TRIB3 AT GEd i $1Hi] 502 40 M IR I A0 8 i 25 s iy i, {2
HERE ) e ki® . bR, TRIB3 B 3RiA 5 JUM 259 (1 FMK. Veliparib. Methotrexate &) (11 245 1E
A, M5 HoAth— L2 25 95(1 AZD8931. Trametinib %) [BSUE M IEAH ¢, [RItk, TRIB3 nf LAE A RHE 1)
TELEIR YT 4 A LS FI0 E A8 1) kS BEAR ) (AUC = 0.876).

TRIB3 i& 7 DU £ 8 R AC U, [R]85 00 HCC 4 i (8 AN A= 17 . BT, TRIB3 @i i g
AR R A, et HCC 40 R 3E AN E g « AT 5, TRIB3 REM a0 N 1D R & i (FASN)
FC A T S5 AT ST, S T 240 e A %) I O 1 T A fie 8 200 L 2 Ak o0 2 ) e B AT VD o SRR [40] - 4T,
TRIB3 7E AR AR 9 G G A 3 AR [ AR, ik — 2 (i 2 oy 40 M 1 2B KRG [41] [42]

FRBAERY, TRIB3 fEfHEAIRAE KB RIH 2 BIEH, BEARE (L gu Mg 0 40 H
TS G R R HE SN e (1) 2E Fg, SR I I 1A 1 e o A U AR I e S 3 S R VR T AR . X
RIFEZR TRIB3 A ATAE A e A R DG IK B R 1, o= e va T i 2 e B 2 1 . BRIk, )
TRIB3 A e CATATT IR AT s, TR 4ERT TRIB3 Wik f HouHE G a7 77 AL i 25 1 1 H o
ARV TG SR AR R TRIB3 fEHE B AAER, DU R B INAG J a7 ik, I m i m)
HAFE

4. B

2% Pk, Tribbles R 5 %, M35 TRIB1. TRIB2 F1 TRIB3, M 0K A MK e b k1535 2 5
HEMIFEEER, e85 AR A A EAEH, W2 ME @, g, Mo, R
TR, 1278, iRt fE, Imsem e fAE KA . % T IX S o i e, Tribbles B ]
DAVE N I RV TE VR T T4E o [RIEE, Tribbles (EMEGE AT H 2R R B EF sk, HE5MREIIRZE
PERLR S 2 VIAE G, Rk, Tribbles fE ) &2k AN AT LAE A R I F 2 b &4, 38 7] LUH
TR A BT .

R TN T 3 — DR R I BN NG IR 7. — Rk — B 3 AN AR 7L 7E IR 1A
BErb i RO S HARAS Sl ek A BAE R, dE s FLAE e R AR AR R i B AR RS LR . R AT
Tribbles BB IS5 FIRNThRE, FFAR MR R M AmHI), PP AR AR N AME R th BT R =
S 5T Tribbles BB -5 BUA 16T T BLntby 7 SERATT MR by ) M FFE A, T3k r
HIRIT N, DR ARV BOR DU T3R5 Tribbles S HAF ()58 & (A1 RNA 401, HEsE
BRI LS, I R RS RN IG T 4 AT R A R R SRR

B O

A I p bR B ) U 2R 2N R S B S B B AR B IR . Tk BERE . BHIRL S5 BLK HF R
W LR B S SRR, AR O SO R BRSO 51 T R SCRR BRI A 3 R B
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