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o, Hrh2y80 7 AFE T, % 2040 4F fiit i A
JEIZW ABOTRER RN 130 5 . I R B Bila 2k
R4 $5 4 Fh . FF40M09E  (hepatocellular carcinoma,

HCC). fFH:4ufiEdii (hepatoblastoma, HB).

148 %% (intrahepatic cholangiocarcinoma, ICC) . R 1 B PR  M
HCC-ICCIRARIHE, WA RINTE . Hrd,
HCC PR T B2RT |l 75%~85%, FE&/E Z

TORIRFR . N 6 07 AT 55 08 VR I 18 5
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1 BEERIL

A BT RR AL 2R M A rh e B 1 B RE RS
P I WA B LG 2 —, TEIHE 2L
TR RE AR AN A A EAE R
HEAEN, Al A IR A g s . (RS
LA % 00 ) 240 R 1 T S o R A Y e AR R R R Y
W LB, Wb AR S 2 o g 1) -3
B B LTS R TR S, A AR E
B S BN, Xt 159 7 HCC ¥ A Fe i 41
LIRS AU T 2 29T, e i
HFERy, X 22 R FRIR BT AL R T T8 B 2
HE I Igg BAB S Y, 153 3 i f AN [R] S e

M Jed A & B OWE 40 g (tumor-associated
macrophages, TAM) J& I f8OA 58 iz g iy —
RGN, TEARRIERAREAT, AT
[ 2 BLPOE RIE MR (M1 AY) sl £ s
EmEgup (M2A8)) #efk. 7EfHES, BErgdiiEE
TR M2 RS, ARSI T4 (regulatory T
cells, Treg) M4k, HHIRLCN T 20 i F1 A2 41 i
SRS R, AT R A Y g SO . TEE
Wit 40 B b, BRI A R AR 1 1 (follistatin-like
protein 1, FSTL1) i & ¥ 75 M2 54 7 il iR %
(M2 pyruvate kinase, PKM2) I A DhRE, 42
i PKM2 BEPRALFIAZ 2 6, FF75 5 M1 BRI AL A
hE R R HE AR AR dEfb py R Y . BEIR R o4
(ZFP64) FEPLFEFMEALT- 1 (programmed death-1,
PD-1) M2 HCC B4 B A rh Rab&w B,
T (19 ZFP64 3 b K WA Ak Ak 7% 31 M2 AU
AR A1 o A e R PR B R B B it PD-1 T 25 7
22 R/ ATRE VLG 4 (STK4) BN 02
W — G B . 7R HCC R & 7 B iy B
Aifrb, STKAZKKEZE M. Ak, ANER-6 (IL-6)
IR I HCC R LT STK4 KPR SEPERRAIG

FISR A (natural killer, NK) 4RI T8
WEWR AR T A0, O ARTEERE . SME I .
A R NG I o N b a5 WA R W
g3 Jo RSO IR 40 L R AT e =4 T 14 P
BRI RA ) ISR A 2RI A A T RE . ITHE
A PRI [R] 2SR NK 4 . —Fh 59 25 NK 28
ML (cNKCAHAE) AL, 1055 —Fh 2 A7 AE T2
21 (eNK i) . NK4HHE A T BE e it s 0
IR . BRIEEEILES 3 M (PI3K) /EEH

WMEEB (Akt) MHFLEY RN RLE (mTOR)
{550 7 HCC 14 A 2 Je A NK A X 9 1) £
RN B A EAEA], A PIBK/AKT/mTOR i#
BEXT IL-15 A5 19 NK 4 I3 4 28 G2, 520 NK
ALY & B AN AR RE S Y. Tan %5 1 KRB,
HCC H.3# i trNK 1 oNK 40 i &8 W 2/, T
I Hf SR BR AR ARG AR A5 EE 3 (Tim-3)
T Rg 2 (Y trNK A1 cNK 48 i rp 2 2% 3, JF
0 ) G 4 6 DR 4 s R A0 i R T T . Wi R AL
Tim-3¥8/> T PI3K p110 5 p85 &5 A WML, I3
T Ui AKT/mTOR &A% 36 P FEAR, DT i 1)
IENK 400 (045 cNK FIeNK) 35 PE, {23
AR . XudE R B, PRSP 98 RE S N 15
RIFAHMIAZIN 7 (NF) -«Bp65 ik B, #k—4&
18 i B-arrestinl 415 NF-kBp65-Ser536 {17 1 i iR k. ,
YRTTILTE T AKUmTOR (5538 1%, AR R AR 0 &
5Lk,

TYIMII KT . ARG fh 37 S50 1) 45 Flvie s
RIS RRL FEATE Y, X SRR L e e
T 4 amiz el & OCHER . filln, #EHCC
B, Thi 20 R () i 3 7K 28 % 2 230
1M Th2 ZA R85 FH i o IL-6 J& Th2 ARl F =
—, WSRAAF ST TN 2, Thl 40 7R 2%
A1 IL-6 /K F- X} HCC i J5 H. A & 219 e % “# AE
FH ST, Chan %8 " &8, TL-6 AT 38 13 #4036 Janus 3
Mg 1 (JAK1) W M2 1k 2 /¥ 28 17 32 4K i 1K 1
(programmed death-ligand 1, PD-L1), #Fifij f# {k
PD-L1 B FEALIF A HoAee 1, 4 o s f 73 6
W, (EENYIERI T IL-6 HUARSE [ IL-6 541 Tim-3
IS A S U R T Ui fE R . Th7
0 M5B T A0 — A R, S ad e AR
IL-17 7E G g2 225 v R G BEVE R 17 Treg/Th17
21 i 2 A5 ] BEAE R B € HCC Bk B AT il B 5 4R
bro Th17 418 0T G825 {2 i HCC MR 22 ik
SRR, HCC 34 /Y Th17 41 7K F T
1o, IS R AR R A O T

5 B WETR AL IR R 9 S, R
R I T FHAE IR IR 7 BB 0, an, Rk
Je (sorafenib) J& - IMAYT IR HCC B85 4L M 24
Y, HAERZEEEER (MKD, @it T % Ras
EH (Ras) /Raf 4§ (Raf) /A 225> 2R AL
FIV B RS (MEK) /405 ME 5053 (ERK)
O AV AR A AR . e AN A i AR
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K FZ KB (PGFR-B) . I N A KA+
%AR2 (VEGFR-2) . HFEMI 7524k (c-KIT) #i
At B 1 5T AR i A A Bl 2 HAEIR IR, K
2 HUA 30% 1 A RENVR PR e k4R, I HEE
BRPARRHK IS ZY, Kt 252761 H Nl
Mo B, TR HCCHHOCHIFE N K e,
& e (lenvatinib) . Z444EJE (donafenib) . i
X AEJE (regorafenib) “FAHAE b1, B MM HCCIR
SRR — . 22y, Hh, S erER Y —
MKI, 24k RHEJe 2 5 IR — 4L 1m 2
Yy, wefe 2 EmAMd N AE K (VEGF) |
A AE A K N (FGF) . PDGFR%55@ #%, [H]
B S e OA B, BB A AU R M . Kudo
&R, TERGIRYT MBI A i, (d
R e 1 BE AL AF W (median overall
survival, mOS) A 13.6 1 H , {5 i Jig it ]
(median time top rogression, mTTP) & 8.9 H ,
% W 2% fift % (objective response rate, ORR) A
24%, ¥ T RA AR R X IRA (12345,
3T AH%) .

T 4 MI7E 95 Z2 G0 FH I eE G I 285 Hh A A% O
YEH . —SE8 ) T AR, Bl & P2 R T
gH}fe (chimeric antigen receptor T cell, CAR-T) L)
o348 G e A A i A A A SR (immune
checkpoint inhibitor, ICT), &R GE Ay AUk it
FREZ— " HAET, IR WY ICT 2R XT
PD-1., PD-L1 AR A0 751 T itk 12 40 M AR G B I 4
(CTLA-4), itk Je FH Al MKI AT 358 HCC 4t
PD-1JRY7 BT RS F &%, HALIBR 1Pt i 8 Az il
Ab, i 5RO S 1A G P, BT MKIHY
BRI A E A G R R Z P8 H . Kim
Pl IR L 2t . SRR IS
(RENOBATE) %8, 2R yi+35m AR e )7
MU, RENE MG HCC 3 ok R A 173k
t, [ R ZE1R Y Y +MKLIR YT 77 42 8T i iE
i, MM, IMbravel 50 #F 5% Fl HIMALAYA W52 iiE
5, 5MKIHZ) (RfdEE) M, PD-L1#HH
FI+VEGF 8470 (Bl A 2k B+ LA R B ) A1
PD-L1 #ill ) B & CTLA-4 3441 51 ()3 & At o
PUFVEARBYT) AT DL A M HCC B R
fakis 20 Rk UL, MKIY K TIRYTY etk
PR IERE, (HATNRT 55 14 ma B It 7 43 I WAL
Hil. FIRE, HRTREEIRTT+MKLIA YT BT 5 i A B
B, JPREE A —, W 2 W E s ik — 20

N2

JESE
2 EEAL

B AR IEAL O — ol B S R A
[ PTM, FEL5r PRI . O-FEILAL Al N-BH L
fbo b, WS EA RN 22 E R R A R
B EEEFERRR R O-FE3EAk, RS KA
JHeHRHE T BER R N-FE AL 20 Sl AL N &
PRI A0 M ) A TR RN R, i HL AR S B U A A
REHk IR A

HHBMN-C B A %0 (GleNAc) &4
e AETE T A0 R0 A0 R A B 1 I 22/
B2 By O-FE B Bl s At . BFSE R, S8 TheE
(1) O-GleNAc B FEAL KT 5 g i s g . 1
FEEREEIAE 27 Ik, BF5E O-GleNAc LAk AY
A= WF T RE T BE A I & AR AL AN S 2 iR Y7 SR s F
FEPRAEH T . BORTBEARIER, S IR I A
i 15 T O-GleNAc ¥ 5t b {2 #F 9 5 i & . Zhou
L Y I 28 R R AR Y LR AR
kR il (GLUL) i kb [m] S BUR T —#i-
LA A2 (UDP-GIeNAc) K FEFHes, ik
JF 9 T A9 O-GleNAc Hilf J Ak 16 1 A1 i g 1F i
O-GlcNAc AT LA 2 9101 PD-L1 5 (A R it £ 2 o
SR PENkIR . Zhu G ' WFE KL, O-GleNAc ]
fig AR (HGS) HEFLAL ) 7 =00s T 4 At
A SFRGPUMRE R, JF H 5 PD-L1 HuikBe A i i nT
PrEESEBTI R e R N . A, K Bs R,
O-GleNAc Wi 3L Ak B 2 5 IR MR ny 4 58 . I
1o, REFKS . BRI ESRE. kit
U, IR SRR A G0 T 2500 20 R Bl e vl g
20 16 1) R FOBESE Ak B8 nT B R S8 R T I A
iUy

FIREE A (AFP) E NI SL g i iR pr s
Yy, xR s LA IR . ISR, T
i Y AFP 5 1E H AFP A 4 5 A [R) () B kAL
FLF AR 1) AFP 9/ DA SR 20 B A 43 FL A T 41
WAk, LA R W AFP SR S5 . B2 e S
HAJF R PR B0 BLAR AFP J2 e R 00 AG
W )2 AR AR, (AORTE] AFP ZKF- )T
FE BB T VR %) A A e F AN R 5% 45 )y Tfl
Bifife S, JFHCHEZIIeH, AFPILILHM
B A I L HCC, % HCC 19 7 8 AL K 47%~
64%. AR, B ML BTV S & BT A il
TH2EAE PR S YN = A A PAn B R
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BRI IERAG T RE . BN, Kim % 5
Fa o A AL 2 A 10 B8 B VE S 9 A 76 NI T TP
N-BHEE A AFP (9 26 %) 22 1t 7 147 B T & B A6 ik
N LTS FIIL3RE o S A AR Wb, iREi2
WidEmf T . [T AFP A9AZ0 5 i 3E 1L (AFP-L3)
RERS X 43 HCC 5 HA I . HA 12 W AFP ]
PEHCC BITETERE 1 ' Cong %5 ¥ sl id & IF 1ML
BE 4 3 A JROBE 0%, EE N7 HL ] HCC i ) A Y
Glycomics-EHCC. f£ 247 fi] B # Kt A& |
Glycomics-EHCC #4475 IIfi FHE R -0.39 B, X 4
EHCC 5 IF4F e Ab/ i fb i) R 5% K 84.6%, it
A 85.0%, WAL, Glycomics-EHCC 45 AU GE % Tl
WA EHCC 2 W, R URE FIRE Sk 43 i) e ok
90% #185%., Kohansal-Nodehi 41 BA 5" 1 FH AV 25 4
SRR (R 2F T R BUMERE A (Hp), BN
— PSR E bR, R DA Ak i
A HCC, Hp BHEAY A s . 3%
I 1R 1 DL K e H 5 W SR 1) 3R 3K I 2 1
Ang %5 S0 X HCC H 2 VS 4 T e 19 Hp 1L 7
W B N OB AR AT T RS040 Hr . Hp X HCC 2
AIRURE R 79%, HESEME N 95%. Cao%s 7 L E,
B-2-WHEE 11 (APOH) . o-1-FRtEHEEE12 (ORM 2)
FAMA C3 (C3) 3 FPlE R 11 912 W UM 53 501
0.901, 0.945. 0.944, T AFP 92 Wi U A
0.633. 45FUFHH, APOH., ORM 2 f1C3 A f F X
43 HCC B MR R A= bRk o

PD-L1 A A N E B e s 0, FEJEE e
FERIT PR AR . PD-L1 AREL LBl LA
EHE R A, Shi 4F Y 3@ i # ) TMUBI
(transmembrane and ubiquitin like domain containing 1)
JH5 PD-L1 212 ZALFBE AR AR SEpT I fess IF
PR AR . SR, BT PD-L1 gk M AL,
PD-L1 f i AT fig 5 8 N A —3 . Lee
S5 D 3E AT PR N-FE LA T 0 PD-L1 HUiRSs &
FER R S R B, KGR PD-L1 A I I 750 00 Bt
PD-1/PD-L1 BAITRCHR . MO A AR G H 2
(KRTCAP2) %itHhZ 5 N-# 3L Ak 1) AH Ry 2. o
HCC g8 {3 55 v KRTCAP2 i 35 54 i1 H. 5 HCC
WG, w7k KRTCAP2 5 i DX 3k & S Rl
JE Y CD8+T 41 i Al CD68+ 1 15 441 i 114 =2 1) ik
/DAL, AN, HCC ¥ KRTCAP2 1) % 1k /K SF 5
PD-L1 (L2 MAHE . PD-1 & PD-L1 & %
()RR 2 5553, BT LA PD-1/PD-L1 1 il 4T
AR B S et SR 2 T2 T T 2 g 0 52

IR G RYIAYT , (H A m P ROR S T R A
PRI R XA

IL-12 F p40 Fl p35 WL A%, 7] 774 p70 5% —
RARFNUE 25 p40, S5 AN G i) R EL A A 7
Z—. EMRMIAEE T, IL-12 35S L5 T 41
FITNK 4 R o A% 1 1) il 2AS B8 53 PRy 240 e P+
Wy THPEE (IFN-y), KL 73X T I 197
Fre CHE IL-12 7E R R B 5 — R AKTE 4h
WAIHAELE, B JE M A2 R 9T TL-12 40 W 1 K
AL IR 2 Ha % 9l FAEYE R R,
N-BERLALA 5 (VR p40 A9 N220 FILA p40 11 N222)
(1) 5 A5 3l /> T pd0 19 43 W, BRI, 3X BE 5 AR X
IL-12 53 52 AN, EATTRERS 51 I CD8+T 24
MR 25, FF AL IR IR A R

3 BHEHL

B A A R TR, TR TR AR
YRR e R IE , 2 —Fh EE B B B 1 AN A 2 B1
%, S 5F5EEIRE .. F LR I B A
DNA HIJEfb . RNA FILfL Al H 3fk, o,
R H HAL (histone methylation) 1Fh—fpEE
(IR AL AV PERLE, X T M e 0 & A= AL LA
KT AR 1) $50 B R S e 167 HAT B B RN S
B .

ZH R 1 A SR & A 7E H3 R HA 2138 11N S
AIRERG EIRyE I LR P SE, Had B E 2 s
M L% 3 1 (histone methyltransferase, HMT)
ek, JF w4 & & W JE fk B (histone
demethylase, HDM) %Bx. HMT 5 HDM ik iy
SE AT R RS 2 R e, A

AR S e B B R S PN = - e L
o &M . HMT it L {4 S- i 1 B At 2 1R
(SAM) 4 HH 3L 56 7% A Bl S- M A [ 0 2 Jie 2 iR
(SAH) FIHEAIEY) . Sk btss R, JFERT
DLW 2 AR SAM T, 3T 85% 19 H1 B4k 2
MR ATEFIE, X R 55 1) SAM /K P50 57 5 1Y
20 R AR AT BRAE SR RE 1 R A TR AR
Gou % " f@ it T 10 PCK 1 A AR E 5 gl
W A B 2 [0 58 BR S, 7R S100A11 2
M3 5 AKT1 8 A B4R FH 0 PI3K/AKT 3 i
153 FHL, JIF &AM 7 SAM 5 11T S100A11 7£
/N B A b B VA LI RN . S )
17 B4 R AR 5, 4LEE 1 H3 R 4 B R
(H3K4) . 4#E A H3 S 36 i d iR (H3K36) Al
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HEFHIE 19 f =R (H3K79), #H 5%
WO AT G, T2 1 HB A5 9 i 4 R W Sk
(H3K9me2) . 4H%& FH H3 55 9 o #ifi & iR = 1 34k
(H3K9me3) FILHEEFIH3ES 27 S iR —H 5k
(H3K27me3) i #EAMEIRIC, HRiE, HE
1 AT T s b S A TR R B AR O SE R
EMFRIk . AR U R F L FE RS g EZH2 nT ik
X H3K27me3 #F 47 H 3 Ab R i 48 1 I 8 35k [8] 11 26
ik, [FEFEZH2 7 ek, 5 B IRAA7
A, MR H P AL R I SETD2 2 H i A
Ry I ——Fh RE S A Ak H3IK36me3 (M, Li%5 5 §IF
H1'T SETD2 itk 2 R i Ik 8 [N &R Z — . SETD2
i 3 A3 H3K36me3 1117 B H 8 4 I [ B4 Mk iz
% 1 ABCA1, ABCGS5. ABCGS )3 ik i 45 fiH [#]
FEfads, drmisgm e kA L, Wik, #EHIg
AR A A 7T BB AR TT SETD2 28 4% i i
B —FAINE . SRR HE R L2 L
KMT7 (#x 4 SETD7) 7 HCC R 4141 g 5%
ik, IF H 5 MR RN R R A A R B DE AR
oK 1) H3K9me3 55 s A ¢, JFZdEN
R L FE RSB (4 SUV39HI1 F1 ESET) 1475 .
SUV39H1 % i T} &5 il H3K9me3 /K V- | & 75 HCC
RAEME R RERSER, Wik, HESESA
PRAFPNE] SUVIOHT H4 T HCC MLy 98 1=, W HE
FEHCC Al 2] RAFRITRCR
TR 2 LML TA (KDMIA) £ ZFEaE
FAIrpt SR, SRR I 4L AR R A
AR HALEE . Lu s ) & ¥ KDMIA A] L o
FKBPS8-BCL2 fill {2 A il A K, W KDM1A
FIBCL2 & /K F3 0, i H KDM1A 7] DLt
KPR JE M 25 1% o 124 W e Stk 2 B &L il 5B

(KDM5B) 7EFHmalgih ik il i B, JfH
HFRRGARMAGRIEASE . KDMSB i i# 1y
PTEN/PI3K/Akt i #52 Ii HCC 41 it CSC kAl
FPrAESe 21, KDMSB aJ & Rl PRIAYTF HCC (19
TR S B QudE B i B PR U8 & AL B
i =R 2= AL (KDMs) 1YZheE £ 8 5415
P25 B AR At 6 M A S I . pS3 15Tl i . i
JE I | IR SR | R EE BV AN FoxO 5518
B A ¢ . It A, KDMIA/IB/3A/AA/SB/SC Fi
KDM6A ]335 5 HCC fu & 12 11 18 E AH 5 . Shen
55 908 ARID3A B 2 o0 19 v B i 2 00 T4 A
Kol T2 —, &M ARID3A F1 CEP131 id 3 ik
I KDM3A {2 iF ES 4l i 5L R RR A, IF S BUHRE &
FHHA RS, ARID3A/CEP131-KDM3A 45 H
% 0T 18 N JF 98 09 ) 8 A R TR R 9T 0 S .
Nakatsuka 2% B4 23, KDM3A il PI3K il B L
JHF I BT 1, BiF9E 26 B KDM3A 7F PI3K/AP-1 £
SRS SCHE R, IR T A PI3K G B
I KDM3A XTI e 2 e 00 8 SR

4 ZzEK

ZF I 76 M EILRA L = RSP 2K,
AT RGN . Mz BRI R E A
FAE—FRIVFFRERERTT , X4 rh 0 AT
HATRE SRR R . R AE R A A E L
R Thae . PE ARt B b R A SR,
S54RI e, HT . s, HRir
FKRM, ZRMTEARKZEZ RiG0E (1)
CEREGH (E2), ZREREMN (E3) M—FRIE
12 Z 1Ll (deubiquitinating enzyme, DUB) 1##%,
I H X SEiig 5 8 ety T DA G (1),

Table 1 Ubiquitination modifications, enzymes and their biological functions associated with hepatocellular carcinoma

®1 SHEEXMZELEN. BREEMFIIHE

ity AW TR SR
E3 CBL-b  HIRITAN b, (i S e 2 [56]
SKP2  #E[HSKP2{O-GINACH i W% 10 il T2 40 A 184 5 [57]
SYVNI  {RHFHCCH:F A Fu s ik itk [58]
TRIM 7 B4 4% Src MR 45 Sre-mTORC 1-S6 K 1R HCC ik Jig [59]
TRIM21 S5HCCEIEH % [60]
TRIM26 %I ZEB 1458 Pk M 3E EM TS A3 1A /% FE AT e 240 L 1) S S A % [61]
DTL  {R#tHCCAifuff LK, TR AR [62]
ZFP91  HIHIHCCHIZ MR Ewfs . J0Mubg s A H% [63]
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ity /vl SR
DUB USP1  Jlid 72 RARIFR @ R 2 SHCCIMRI A, TEHCCH ik 3 H.5 R i) 5o 2R e 52 IEAH % [64]
USP7  RZ H A ILHIE N T YAP, {RikdnpuibyE. Sl 4nfu s [65]
USP8 i OGTE [ E [66]
USP10 il 72 AW T YAP/ TAZE 2 A A i 38 5 . 2@ HCCAM H I AMPKoMIPTENSK £ #mTORC1  [67-68]
PG AKTHERR
USP14  HSRHIF-1aff #5505 1, JHRM 202 RAYIRHIF- Lo R e M, 30 (R EHCCAn M i B Az 28 [69]
USP22  338PD-L1E ] s 167 BUR I e m s s /) [70]
USP27  USP27(¥ i ‘2 SUSETD3REF v, HEIfi (L kA a. (=38, TR KL [71]
USP39  NIHE3Z REAEMTRIM26HI31%, [MFZI#(K T B-cateninf1iZ AL KF, fL#EHCCH2EfE [72]

12 R B3 S22 RACK i kg, ok
EZF-EAMAREE AWK E AR R A
T RS 5 MR AENZ AU, EBBZER
B P RE SRR R S VR T T AR TR YT AN
B ) B3 {2 R G SR AE IR e e 167 R R B B R
B 1 7, B3 92 K % % i Casitas B & bk (2 JR
(CBL-b) REf HARIEH E3 12 X, 2—fh5
T 406 T B AR S Y S it 52 R 7, HoA 244
A S VE AR N B B g mi e, SR AR )
FEIE S PEIR T 2 A SR 1 B T S B AH
* #E 1 2 (S-phase kinase-associated protein 2,
SKP2) B AN Rk —, Bt
FERFL, E37Z % s SKP2 77-7F O-GleNAc &1 ,
HABMACHAE R b B B 7, Xie 5§ Y &8,
E3 7z RiEH:F SYVN1 RENSJH 1 FoxO1/PD-L1 4l i
PEHCC B M G pE kil o R £ 9 E 5 e 1
TE 60% Lh_F 1 HCC S 25 v e 0 28] Jir s 56 DX i 2 R
AT Sre F IR MGG N . Zhu 55 ) KL E3{Z E
42t TRIM 7 388 12 2280 1) Sre 88 90 ) JH- 4 A
MIPEE . Wang 55 1 WF5E &3, TRIM21 3Rk 5
HCC S IEAHIE, TRIM21 By R @l ] ek /b Ak v
JF 45 455 F1 R 9 %&% 4 . DTL (denticles E3 ubiquitin
protein ligase) J& —Ff E3 yZ K i 206, 78 1Y
DNA & il A0 R b & 45 2T Re . WFoE R,
DTL 75/ 24 0 2 = 63k, Jf H DTL A gef i
HCC LA, iR MRS ' ChendF ™ &
B, B3EHEMEEHSE A 91 (ZFPI1) W] LLgk i
Sk 98 2 A N HCC AR 18 i 4 A2 1 ek g 40 il 51
REfEAN G HCC A M g e . 4 Mubg 5 Fn i
. iz Z454 8 E20 (UBE20) 7 HCC 44!
Ik, UBE20 B F PN T HCC 40 ffd i) 3
B . TR HIRZE, Ei UBE20 ] R4 HCC il 5 2B

*ZT_“I:EI?; (4] o

DUBs ) EZ IR E LRIy Lz 248,
AR Y B At . USP1 &2 RS A
fitt (USP) DUBs %% 1) — a5t , USP1 #E HCC
s FRIA T H5 MR A S i S E AR DG, AT RE T
INEBRAMBG AR, SufdsE ™ B LB, B
R SEN USP27X-AS1 1 m 223k Tin & HCC A 1)
ANRETFS, USP27X-AS1# i fff USP7 5 AKT AH H.
YERRAEZE HCC 385 FIFE RS . USPS 25z E1kig
T O-GIcNAc % Fe i (OGT) #H 1, #EHEAR
A M, 5 R A R P e T O R EE
SLCTA1L. At FH /N3 —F 41 fil 51 2 ) USP8 AT B AR
OGT e MR I il i i b SR 5 a1
1M %5 —Fl DUBs 5 i 2 USP10 J&— Rl i FE AR ST Y
KR, 2S5 2MEREN R AR R, HE
USP10 7 g & A& rh iV F R HAR B T B I i
5o Yuan %5 Y HEH, MHHCC BRI RE Sk
KINTB (TGF-B) Fl SAMD 4 (457 22 3 1% % V1 A1
XK. USP10ffi SAMD 4 37 Z1b, “erpHE A R#E
KA, RS TGF-B 55565, Mmifie i HCC
R, KEEAESS RNA (IncRNA) GASALL #% %
AL HCC il BUE/E ] o GASALL A] LU i 5
miR-193b-5p 5a §+PE 45 & 114 USP10. USP10 A] LA
S AN R (PCNA) 212 LR HE58
40 B B4 B A IE B2 BE /1 o YAP  (Yes-associated
protein) F1TAZ ¥k Hippo {5 51 i 19 % 5 H 305
T, 78 ZEE 4 ) 2 HCC il 25 5 2 A0 B0
YEFH . YAP J2 USP7 1 USP10 74 5 JT 98 it =1 2 40
&5, USP7 Ml USP10 £z 2 fb % s HL 3 i I+
YAP, fRFAMIyEEE . Pk anpe s T o o AR
F) S, Luds ' &8, USP10 a] LIAE —Fh e
AN 7, i Fa G HCC 41 i (1) AMPKa Al
PTEN 2§ 1 8% mTORC1 # 15 1 AKT Bz 1k . LA
AE P G A5 SRR, USP10 il fEfit ¥ HCC 14
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B, [FE el T RER MR E, W2
() WF 52 K ) W1 USP10 7£ HCC A4 o 11 7 I -
USP14 1] 12 5797 5 AP A OC A 45 Fh {5 538
B, WNEEAE . A ME L SRE SN R BRI A
USP14 7€ HCC HEAR = 3Rk, I H USP14 19
KEHARMGZIEMKE., #F—HFREH,
USP14 38 i H 277 AT e R 405 5 1 la
(hypoxia inducible factor-la, HIF-1a) )& %€ 1,
i HCC (1 R B2 W FiG 7 $ 4t T IRAE M A W br ik
Pyt USP22 FEAS[m] i3 SR 855 vh RE A5 2 #7019
VR A NUCEAE I, EFE s EE A A
USP22 24 PD-L1 A9 #7 1 K97 2= AL, #8 ) USP22
A ARG PD-L 1R [m] S vy P AICR I i s
1. USP22 YFER B DL e 2 Ge it Jy =X il
JHgER ARG, 1 e Je A2 S A e g 92 9 7 L 4
g ™, HCC ¥ PR &5 3k4% 45 1 (PRDM1) J&PD-
L1 EZ A F, [FEf PRDMI A g o b1
PD-L1 MR IA (R I so el itk , il HoAC &
PITIIREVE T 7, 2z 2R ARG USP27 3l i e e 4
B 1 H LG RS it SETD3 e a4 291 i 348 42 R 40 At Jea
HERE Y R R, 12 F R R A A USP39 A
E3 {7 % % 42 i TRIM26 18 i 5 P48 FH i B 5 456
R, EEHPEEGEAGFIEEN 1 (zine finger
E-box-binding homeobox protein 1, ZEB1) &t
M E B - 18] B 4% 4k (epithelial-mesenchymal
transition, EMT) i&4%, FH0eVEH-a 40 A i3 s A
TR, I b, BN EE—2 & BT USP39
Tt B 217 Ak B-catenin {23 HCC (32 7,

CAR-T SBARFE M vh By i AT Ak T HA I B Be
(NS Y 8= NiIB LR L e D 5 N e
K, CAR-T 4 M7 ¥ 78 I & M IR VR 97 I R i
PO HUS TIRKIERE, B34 X CAR-T
Wi H O A TG R BB Y, 1 CAR-TIRYT R
G By D DR A £ 2 T CAR-T 40 i Sh e s b5 5 | A
e 2 A 7 vk S IR B e bR 280 A A =
AR ITsR R, g A 25 CARIZFE L
R TR B R e 5278, AT LA 3 48 5 CAR-T
4 i B R e s 7Y 1T Lane B BA 7 fif H
SARA 7E 1 (9 45 ¥4 4 48 [5] SMAD2 11 SMAD3 3 FH
Wr SMAD #ifi ' TGF-B 1551, HHi4mfE E3 &
FEREEAREE e, s 1] 2 AL AR 5 A
A CAR-T 40 Y7 IL R ) . CAR-T 41T
BARYT A IR AL T R AT BT B, —
o im RIS W IETE AT, (HHA 2 VERE RS

AN AERARMITE 236 T R A el g — 2 1 i
CAR-T 41 Jfd 52 AR g WA B B BE 1, nfer S48
RIS AIUE /W 10 0 LB S R e A s

5 SETRE

JH g — A DL, X NS fa B D
AR BT R A U o A R 8 e ke Y5 R
S FRMERARIS T E RS, (HRE6S W
S A AT R RIS BB AR T YR YT T R/ AR
o BRI KB, TERIE AR, EHRAT—
ZINAL B, X SO RIS B Vi BE A A Bl Y 3T
500% . B ERE R . AKX PTMs HEAEH
S RRe. e b, R 2 Y
WEHH, PTMs FIREEin T e R AE R g, Ti%E
JHEER e Wl . IRYT SRS s AR

H AT ELH PTMs o 400 Fh, B HE I T 8 H
AW ) Z RN . MAEAE S 25 PTMs 1, PD-
L1 58 ft . B3tk . R FZRPTMs £ ¢,
RAWFIE IR A0 PD-L1 Fk i LE], A 2Eim
PD-1/PD-L1J7%%, - H#m PD-L1 [ PTMs 5875
PD-1/PD-L1 [ ik K 40 B R AR R I
BUPETRIT T A . [A] B 4 R 4% Rl 20 PTMs 5
PD-L1 B¢ 24 F T i — 2458 PD-L1 A )24 )
fE. WS EL, PD-L1BR-5 bR 4 i 25 V1A 5 4%
2 FKT CDS+T 4l . CD68+E I 4 Al 45 Fe 28
M, SR ZR PD-1/PD-L1 7E3E Igs 48 i b Y PTM
T3 B A W2 3 S SRR i e TR 7 AR o

B TSR PTMs, H R & FMRF5E TAE
W2 S A 8 PTMs, o R 4Rt & R
T . BEmE . BB R AL B
Wi, EISES BB Ras R . B T
DL SRR AR R 25 57, AR AR
FEHGT, B IRAMFFE PTMs X 5 6505 I AR bR
AL e s E A LA i H
I S, X TR PTMs 5 9 19 56 22 Rt Hofth
KB R PTMs B IR R AN AE A7, IR HXT
FANFEAE S PTMs 22 [A] (0 e | 3[R 4 A
2 LA B AN [R] PTMs A F B 5 04 01 428 1) 265475 2 2
M ROk SR 4R b 4 M oA TR ORT L i
PTMs, DLRIRZHTH) PTMs FEAIFIHLHI

e A Z . 280, 208 BRI R
AL B, R 2 RO S iR
i, HETE A P2y ol PTMAE T BARfE %
B R A OGS 11 SUMO B 1 ik
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YRR MOMDCHGE . Bl AR RIS EEE
i 1 G SUMO i ¥R 38 Bk 42, 48 & oo
SUMO2/3 33k, 755 SUMO2/3 H 41 it J5i 7] 41 i
RN, KRR E TR ER . Hit
Z et 38 o~ % SENP1 F1 SENP2, |4 SENP3,
i B0 HIF-1a /Y SUMO 1R B 5B 7 4 28 50 0 32 i
Y. ST AL Rel i FOE HIF-1o AT SUMO1~3
m%&%ﬁ%ﬁ@m%mﬁﬁhh%%wwm“o
AR B X e ) o e 2 R AT A A B B
HufirR 24 Trighiip— ﬁim%ﬁmﬁﬂ
G, 2T TP 25iE H R ARG RS i L 2y
X NREAT AR VER . b 25 B fdk K2y
82 )5 BARRAR BT IR AL LA R G167 o
Tz . PET ARG b — E R
YER, AEH AR 15 2 o3 S AR AL o 15 1E
éiffoiﬁm S E A s 2 % R LA ) S At
s R 25T i, AWHRER Z R Al

?6 R R EIME R, B9 24 5 R S i ¢
P FHALA .
T RS A ot ARG, RARRIR SR

WAL A 5 12 8 0 T IR 7 T A T A
A, (A H AT PTMs A AH S 98 25030 R 28 751
K, MRS BESS & AR5 B T AR
K PTMs IIBFEA SR /D, JUHORE T PTMs 5 3
I%LzmiﬁmﬁﬁMHim HHRZHW5E
Bz RARE, 5 FARNSMIETR B, IGIRIRTT
W AR AR B T IESE . R R, MR 1 AFPAE
Sk I PR FH e ) fe i i Wibn s, TEIl IR
SR A — 2 R R, 1R 2 I i oh AFP [ %
PR R A ] SRR 75 HA B RE R ) PTMs 1
HFREAR G . BRI, PTMs J2 g S e il iy
I, R TANAETEfE . AP A L R ROR R
R F R, YE—B ST PTMs 76 M8 s v
PIVERA B F 2 BB AR bR &Y, JF R AR
AR BVRERE S e YA AR ) 7, B AR A
2210 T o
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Abstract Hepatocellular carcinoma is one of the most common malignant tumors worldwide, posing a great
threat to human health and life. Despite the tremendous progress in understanding the origin and molecular
characterization of hepatocellular carcinoma, there are still few therapeutic options that can significantly increase
the survival rate and improve the quality of life of patients. Protein post-translational modifications (PTMs) are
regulatory mechanisms for protein activity, localization, expression, and interactions with other cellular molecules
that induce changes in protein properties and functions. More and more studies have demonstrated that PTMs and
immunotherapy play an important role in the development of hepatocellular carcinoma, even in the

immunosurveillance of hepatocellular carcinoma and the treatment and prognosis of hepatocellular carcinoma
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patients. Traditional types of PTMs include phosphorylation, glycosylation, methylation, and ubiquitination.
Phosphorylation affects cancer development and progression by regulating tumor cell proliferation, invasion and
metastasis, and inhibiting apoptosis. There are two main types of glycosylation: O-glycosylation and
N-glycosylation. Abnormal glycosylation not only promotes the proliferation and metastasis of hepatocellular
carcinoma cells, but also plays an important role in immune recognition and immune escape. Common
methylation modifications include DNA methylation, RNA methylation and histone methylation. Among them,
histone methylation, as an important epigenetic regulatory mechanism, is of great theoretical and practical
significance for understanding the mechanism of hepatocellular carcinoma as well as carrying out the
corresponding prevention and immunotherapy. Ubiquitination plays an important role in the localization,
metabolism, function, regulation and degradation of proteins, and it is regulated at different levels by ubiquitin-
activating enzyme (E1), ubiquitin-conjugating enzyme (E2), ubiquitin-conjugating enzyme (E3), and a series of
deubiquitinating enzymes (DUBs) and is closely related to hepatocellular carcinoma immunotherapy. This paper
begins with a brief overview of the importance of PTMs of proteins, discusses the importance of these traditional
types of PTMs in hepatocellular carcinoma immunotherapy, and summarizes the most recent applications of these
approaches in hepatocellular carcinoma in order to explore the mechanism of action of PTMs in hepatocellular
carcinoma immunotherapy. Then, we summarize the finding that programmed death-ligand 1 (PD-L1) is
associated with a variety of conventional types of PTMs, that in-depth study of the mechanisms regulating PD-L1
expression in tumor cells is expected to improve therapeutic efficacy, and that targeting PD-L1 in PTMs is
expected to be a new field for exploring hepatocellular carcinoma immunotherapy in the future. Finally, we
discuss the current status of research on PTMs for hepatocellular carcinoma immunotherapy and provide new
insights and future research directions. In addition to the traditional types of PTMs, multiple novel PTMs have
also been identified in published research reports, while the relationship between novel PTMs and hepatocellular
carcinoma and the types of PTMs to other undiscovered proteins are still poorly understood, and future research
will be focused on a more comprehensive knowledge and understanding of PTMs as well as on exploring new
types and mechanisms of PTMs. Overall, further investigation of the role of PTMs in tumor immunity could help
to discover new biomarkers and to develop more effective and personalized cancer immunotherapies and targeted

therapies, expanding our understanding of cancer biology.
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