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Abstract

Hepatocellular carcinoma (HCC) is the most common subtype of liver cancer which ranks fourth in
terms of global cancer mortality and second in terms of tumor-related mortality in our country.
While surgical resection is the current preferred treatment for liver cancer, it is only suitable for
early-stage liver tumors and has an extremely high recurrence rate. Diagnosis of liver cancer in
our country is mostly at a late stage, making it difficult to receive direct surgical treatment, re-
sulting in a very poor prognosis for HCC. In recent years, immunotherapy for liver cancer has ex-
tended the life of patients. Since new treatment methods are mostly based on the tumor microen-
vironment (TME) of hepatocellular carcinoma, it is necessary to clarify the TME of HCC. In this re-
view, we summarize and elaborate on the TME characteristics of HCC, the five subtypes of the tu-
mour immune microenvironment (TIME) of HCC and their relationship with prognosis, the im-
mune network of the HCC microenvironment, and the current treatments targeting the immune
microenvironment, as well as the commonly used HCC microenvironment indicators in clinical
practice.
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1. 5|8

JHH8 R R0 2 AE A BRI Bl A G n, AMUAERRINAISE [, 1 ELAE R E 2 itk o b o 22 BH g 1
Pl e R AESAERT N4, SETCEOERIESE D4, M ERESE T HEEE 1] [2]. HCC & il A W
(9 BRI, 75 )5 R M e b B i E I 90% [3]. B T2 Wil . X7 kP 15 . B R FIFERE AN,
HCC MITJEIE% 2, fERREFMIRE 5 FALFFRN 15%~38% [4] [5][6]-

YR 40 R 1 I IR IT T BAUR R FARYIBR, X AT IR 1) HCC AR H &3 R RRI6TT ik,
Ann-Lii Cheng 58N\, 4 226 44 SE B FEHL 7 Bie 3 230 H el 2 B H . AT RBARBIBITH HCC 1)
AL LRI 6.5 MR R T ZEFAR 42 MH . ZSLBIESE T AT M ZYMTAs) = FidE e,
A% 2 2 AE K TCVE I BRI e B3 I AR A A7), T L5 9 B2 2B K Rl (vascular endothelial growth factor,
VEGF) 4% 72 B T I RIGIT[8]. LK, 4 FREMAGYIMBER AP H LB BIEE 2, U
HIZEE X HCC (el sl # il I (ACIs) e YT, WS 7 RE P, KRR . T #H HCC, ICIs
M VEGF B tE R ARE A EAF I TUS[9]. B8 HCC MR GRIT DAL 1 H R, H
Wi HCC IBIT AT« A RGT IR AR L T IR A 855, R A 6 2213 B HCC 1) IR O 5%
DA B8 Sk 4 A VR 97 SRS, FERSRAEHR = HCC BB TS .

IR S (TME) = AR AIM, S M i JET4np . P9 R 4 AL DA S S i AH 5% 1 BG4 4% 4 g
(Cancer-Associated Fibroblasts, CAF). 40l a4 T 4. rhikigiie. B0, B 4% TME
5 LA il AEiE LR B IR IE[10].
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2. BrempadE e ErEsE
2.1. HCC BB EA 454

JHE R 2 5 N A B L) 928 S B 2 B2 2H B 4, FAAE 2006 A A BT S R IR S 2 B (11
JH-2H P8 TP S50 A 1) S A0 B 5 R aa o FLAE S TG T — Bl URR 1 R S e A 858, e R AR SR
1 I e 4 I D 52 4 AL R 200 L 470 8 200 el T 4 1 AR R A A B (ONK) R SRR 4 S (Deendritic
Cells, DC)FI M1 EREAHAILE S, S AT T A 244 ] fibfeg 1) AR R R R S AT i 8 (R AR AR R AT
VA AU (Tregs) B BEVRPEINHI 40 I(MDSC). CAF F1 M2 EWEZA, X PUANHR S (e fbRg 4, #Fnr LA
{3 iR 1) K AR R R D HCC g i R ZE I T s 4 ATA SR iE S e 20 M 257 . B 4Hfa[12].

2.2. HCC ®E M E T &

Ji9eE S PR S I R S UM e R . BRI 25 MR R R [13], EAE ) TIME 7285 - 11
PRAHRIE AT ANTE 2 o Xue R 558 A OGRS e A B Wt 78, XF 189 MFEAREAT 1 544 /il RNA 7
(scRNA-seq) /3 #T. SLAEARUH 124 4 HCC HE 1 8 R i, mZ&mid 4 100 £ 5440k HCC
E TIME RT3 T NANF S B0 0 HF eI GE 87 o 3X 2828 51 W] g2 S e 2 1) A i A 30
FHFTRE XA YT = A B

XY AR JUANTT 1T 408 . DhRedric LRI RIE . 5 TIME MO ZERIRHIE . 05 BAH S
FA R AL 5 TR R R WTR [14]:

G PEBE A (immune activation, TIME-TA): & A G LI BEREANIEAT T 400E/%, HCC &R H 7%
BOEIRAS .

G A 1 BE RE 40 0 % (immune suppressive myeloid, TIME-ISM): & & “BEFEAH M T 24067 Al “4
J IR H M ER 77 BARFE, IR I L ) S e A R R . S ECZE I TS AR R

G PR (immune suppressive stromal, TIME-ISS): & & “FE 7 Al I fE A o0 s 4R 44 il ”
RFAE, 5822 TS ORI o

F)EHEF A (immune exclusion, TIME-IE): G5 K250 B 20 B ) S A0 R, (H Bk = S 40
5 AR T R AN I P DA T 40 A Db o8 20 i FIEBR 151

%% 5E A (immune residence, TIME-IR): L7 I LE B4 RE, A46 531 NK 408, Kupffer 41
MR 52 N R A . 5 ST (R FlE A K.

2.3. HCC BB {3REE o i P 4%

HCC MR A S A R B A%, EAE IR R AR R R fE b R 5 2 X E B RIEH, MREYT
M OCERR R [16]. M A4 P R4 E AR BAPE, W) HCC e - RBEiEn 0. 1) &
S 3 A R FE BRI AR TR E . 2) DCs A AR NI AR A, IR BT B 4. 3) DCs
AT LAV AL R 40 B BT IR, X e BAL 45 CDS+ANBEEYE T W4 (CTLs).(d) T ZifiL# %) HCC
HA.4) T AR R AN . 5) T 4@t {15 HCC 40 i 1 ) T 41 i 32 /& (TCR)SR J5 5 H 45 4 .6) HCC
AHMRE T 40 RFE[17].

M1 E VRIS S0 s R ZE R 7 (TNF)-p FEAg0E A 2= A0)-12, HARMINK M= ER
(IFN)-y, CTL 43¢y IL-2 #B AT LLHE— U0 T 4. ABEa3R B S S b 24t FE s, 783F 4
B 5 R G2 SN [ FROR T 42 1 FAPE 1995 4E A Wi 78 vs 24 /N B CTLA-4 SRF I, BT T 4 2B ik
TENUORE T 4G 5H[18]. Daniel L Barber 55 ANAE/) B AR REIE I FHIET G Th e CD8+ T 4Hfii i) PD-1/PD-L1
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BT

kIPEIR AR, W T CDS+ T 40 (K38 G AN G E T RE[19] . EIR AN SZEGIER] T CTL #1258 19-4 (CTLA-4).
PD-1 #F AT LAFNH] T 403G PE, AT Aa 80t B 1 B 28 e 7 it 8 2

3. HATEHx AT 4npa A PR ERERIATT
3.1. FFHEH

IEAESR, RAARRAE RN —F s THUAEITHOR, TEMEH] HCC B iy RS TR B3 . B RA
SO RIB IR v v, R LA P R A A R R LN AR P AR A TR T Rk R R FEPUR A E I s,
Rt HCC B B A A S IR R AEAE . A% JE (Lenvatinib) B A 5 3 (IHT R VB, B REW
A BAKT VEGFR1-=. FGFR. PDGFRa VLK g2 B2 52 1A (218, 32 17 FELWT 3 A2 1 38 (1 7] 5 R
g, I HBERCIR IZIE A TMEs [20]. ARSI ARSER, FMEBMRAIERHMAR RIF
MU fE . SRAE B RS AR E(OS) SR B AR e AL, FoA Rk BepifEhilae s LA R ot etk
TP [EI(PFS) [21130 TR BAEE . B TCVENN 52 R h 3F e BURK B e 1 LK TG T F AR VIR K HCC
() — 23097 B35 5 K JE JE (Regorafenib) . R & e\ &7 Je & e . FIJBHRJE AL Je 1 Al /5 & JE (Tivantinib),
LR v P S IR S FCAH DG I K [22]

3.2. BEKE S HNEH (Immune Checkpoint Inhibitors, ICIs)

ICIs 7V 7 HCC SR I7 US4 FRE M 2 Ry X, o T HCC W 9 58 50 T4t
R EENNRITER . —IUA XS TR R AP AR R B HCC S B v A i
(Tremelimumab)¥& 97 & 873 )N 2N 17.6%, B I HI 28 0 76.4% o itk @ i i 2074 6.5 4~ H[23].
T (nivolumab) 2 A BRE IET X PD-1 B H. 58 FE P14 2% . Dr Anthony B El-Khoueiry, %5 AJET 262
Il HCC & BT IL, Bon A N al i yiin I 10 BB I3 WL ff 5 1525 1K 20% [24]. ICIs /MR RCR
B2, BT ICIs MRERAEREAT

4. FFEARERRREAERIG K S R iR
4.1. Ki-67

Ki-67 2 —FiEEE, Hul & e 5 Ma e i B KA. Ki-67 5 HCC R EKFELEIIE
FHIE, 2021 4E—T1 Ki-67 5 HCC ARG R FMH A HEER: £ HCC BIRH 37 4 BFH X
23 LEEMIAR G HCC FEAF, Ki67 MIBHMERIE 5 514 67.5%8 39.1% [25],

Ki-67 5 HCC [ AE7 14 5% . £ 2023 4F Xihua Yang 25 AWFEIER Ki-67 £ HCC Fif ik 5k
I A B S 40w BE A S5 31: - AFP > 400 ng/ mL (P =0.015). R K/ >5cm (P =0.012). MR EAR S P
<0.001)s MVI (P =0.001). PVTT (P =0.003). BCLC H}i(P = 0.01). VCE. %W 70 &R 20 ™NHAAFR
Ki-67 HRIEH(>50%) 4 12.8%  KFRIEH N 31.8% [26]. £ HCC 1 Ki67 &k 5 B E K S AR 27
FPE . Ki-67 & BUASIJ 2 2 T Al e Jeta L it ez Ak, 24 an i CT KA A% 0772 Bl Ki-67 1
WIRAE 7.

4.2. fYINER B (Microvessel Density, MVD)

HCC & SR o v i A AL FE B e i B IR 2 — 32 B2 M DA 3R B A T 555 B 4 5 AL RN Bl ik A
MVD & 5256 & A PR VP A S8 A4 i ds it ik, 5 HCC BTG H2E. 2006 4 Qing Zhang, 5 A%}
HCC M# A G &5 MVD forilife g 223 s MVD 508 KA A7 238 B AU R [27] . T SR T R
RN MVD 5 S AL SR B R AR5 B R R ([28]. Ml & MVD Sk A7 Fil 5 i) il 475 47
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FE4r. MVD BT BRI 2R A AR Je AN AR A 8 55 BAT SR B i 8 A s BE 71 25 R 97 BCR I PPAT[29]. T
UL AT A fie 2L 2R 0L 2 S 0 2 T X s 1 s AR T By 2R

5. GRS RE

A AR 2 o IR K AR, DL, R > AR HOR . ICTs SR DUR At S 8ey ik, wlBLK
REGEMIAE, MR m S AR, IF BAERK EBUS RIFRIRCR, Boy— M E ST a7
T, FEONEAESIIALST . BUT AT ARG T JERE P s HCC BUE R TT - (H H Al Speia i & AL 4t
TR T I I, LI RN AT R AR R A A B EEE o Ki-67 BR 1R 4 9 A2 R AE FE AR SGIEAR
REBGSMARG S RFE 5B ALY MVD X T HCC Tl BT A 4350 REll 36 iR 2% K 3R 52
Wi, JEAT PRI TE A A B . HCC AR N5 B2 R 22—, R (R 5 ) 4 0 B Al 4 e £
B FUL Iz AN 7 B BRA T AR SR TR ZOR T 4k 5 2 B b e AL Stia T i i
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