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Fig.1 Immunotypes of the tumor
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Fig. 2 Hepatocellular carcinoma cells interact with immune cells to promote remodeling of the immune microenvironment
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Fig.3 Metabolic reprogramming in the microenvironment of hepatocellular carcinoma

B3 FHEREIMERHRIERE

(a) JFE AN B REATR KT

TR TG Z A8 e e IR AN T 4 . IR TN ATNK AN DI BE 5

(b) S AR Pyl e it

ROSHFIPGE2/E AL, M TAIMIES G L ; (o) FFEAMMAZr RIS Lid, (et anpuies; (d) BB mEeaTEa =i HSC Al iy
FRAVHILCAN BT B P Az K . HCC: M4 ; GLUT: #W#MEHE M ; HK2: COWHKAE2; ROS: IHMHEEZ; COX-2: HAA
fi}2; PGE2: WisIH#ZEE2; CPS1: ZFEH BEHR & AE1; CXCL16: HfbN K16, CXCLY: #iLIH THAR9; TL-17A: FAE-17A;

IL-6: [141r%-6; HSC: JFAURZNNE.

3.3 AR U E g e TR TIME

DA T ISR P 240 M SR 2 P R IR A
B B, X5 R R SR ORSC TT
FUMIE , AL H RS S W A2 fin e Jifgg i g
3B ] U R T RS B e S 0 TR ZH 2 ek
i g AL FE PR (pituitary tumor transforming gene,
PTTG1) FikSH T, Hilil 5 ASNSJE 31X
BREE G BYH ASNS BFRIBKF-, BE— 2D A2 EAZ 1R
B IR IR A Z R AR HE TGS mTOR {55+
B, SBUIE A0 M 5E SR R 0, TR <R R
LG PRATEHE CD8' T 41 IS SR IFN-y 730, 9%

CD8 A T 41 fd R A s Thiig, R AEDUINIE
TREDIRE B A Z A A I 2 5 At A Y O
HNEZ —, HAREIEEHAC A OCHEEE
TN AparD,  PRERE I Y B ok il 2 5 P Il 5
Ji i 1 (carbamoyl phosphate synthetase 1, CPS1)
FLDRR B DX Blm B AL, S 3 CPS1 3Rk i 3
WD BUE A AT HER, MK CPS1 Kk /K-F-1]
i R FAE AR A i A 1R A 2 17 L ok R
TR A, A R A G AT T fe g A B 9
5T G ] S P RV A DU s A A= 1, ThiBH
Wr A I e A3 T I8 35 1 i D8 T 40 it 114 4= 7 B



2024; 51 (10D

HAR, & WERMEERSREIRTRE

2593

AN R AR
3.2 BEREETEREYXIAFETIMER 0

i 3 5 JFF I A e ) o7 A AR BT B K AR
I IRIE TR KRR T AR ZE I, 31X
FAHEAE IR - . AR, TT#R
JDKCHE I IE G R R Re iR o b 2 s, T s g 1
PERE SO . B IR A5 b 1 K I e 7%
ZIFNE. SR, TENRIE S8 1 ST S RS T
FHIBE GBI, Wl TR R R S S AR ml
LR KA, (R

JEH RGP TE N 18 P A S 0 s
kIR T R FEOCEEVE R o Wl s R IR T R
VPRGN R, M-I FEPEPR AL
IR RIS R T 5 R A B s AR A, AT 52
M AR RROE A, Ak S IE R ™ A RN P L, 3L
DNA AR M AR ™ [, BRI fefE
PEIL-6. Gro-a Fll CXCL9 43, 5 5 R 40 i
(hepatic stellate cells, HSC) [n] 53 R R )
Y ER N I I N R I N SR S
CXCL16 ik, U HEXE LA 55 NK 20 553400
AL, DA bR fegE S B tkAh, A
JET R AT B 7= 40 T 3 2 JF AR v A 0 I R FE B
YER. BRI, BOIBRIFT A G A 3- 35 I AL AN iR
VR, (E0F 45 A A RS R A 1 B v 2 G B 1Y
A, M7 BT RE, RS SRR I
/N BRI AE DGR W 1 e R 78

JHH9E8 TIME 538 18 72 h s 65 A 1D Rt & 4% 1
BAER . W RN, /MBS v i o A 2
[CFLAF R E BRI, JAENR DT R LR K&
B, TR OAEE h 2 R i = 1 IL-17A 53
WHETN, &AW H ILCI BrE TRe, AR AR/
SRS B 8 D CFLAF IR T e K (2
JH9i TIME 5298, #1709 52 ILC3 48l 1) Bt Jif g 2
A, Mk R

4 HEETIMESST IS

JHPAEE Sy B SR R Al A 2 L AL ) 28 3 1 s
FRRIBEIAST, SRR RIEANIEN T diiash
ST S AT R, 1 R R L A
S, GBI AR, T 40 R I R e
INREREAR, U SR P R, i S e kit
FMRE LR . T S BEih )T IE 2 TR TIME
AORFIE, X T S A A T e, BB
AT S SR, RSB e A o T BEE RS

SR S S AN U ARITER A, Bt — 20 R e Y
Il PR 36 97 B2 16 37 19 5 Bh 7 vk DL BR IR T AL
R (K4).
4.1 RERETSHPHIF

IR AT sSRTE T T A A2 AT R B i EE 2
G5, TE4ERFHLIR M T fa s b ke 21 G A E
o H UL f 2 K A 80 4 CTLA-4. PD-1,
TIM3 il LAG3 %%, H:f CTLA-4 F1 PD-1/PD-L1 J&
W e TRy 7 b iR GRS, X DL S &
1) e 9 K A sl 0 ) (immune checkpoint
inhibitor, ICI) FIEEFEPEE T AR HEDIRE, 8
1 BELWT LI 645 5 F 8 TIME, R E T 401
REC DiRe, SRR R IR BUS, B
HITE A iRy sk Bl 2597 .

CTLA-4 J&— i £ B3R IAAETS ALY T 20 i 3% i
() B e A Ve Z 4, 5 L4 B7-1(CD80)/B7-2
(CD86) Z5A = AEMHITEES, BRI T MRSk
FEREAR e N A e 1, BT CTLA-4 R[5 T 41 g
C 1 L A< S = 1 N i1 <37 NI =N 1
(Tremelimumab) FI{FVE AR ¥4 (Ipilimumab) X
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YE R A BT B9 CTLA-4 M350, B v 3 1 BHL Wt
CTLA-4 f Bl T 4 M IS A (555, SRS T
fLs Ak . HEFEO SOV AIAL, JFH TR T IFN-y, IL-2
NI R 110 433, 8 ATl o 0] Tregs ei0% G el
il bR SR B, MR TR faE Y, — T4 20
B AF BB 0 R B 5 o, TE 3%
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BELEIEIT )G 6 H A1 AERY BAAF 350 51 R 64%
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7N 19 BB v S ] R AR AR T g Y, DL RIGIR
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I RTRTT SR LB (19 SR

PEAER, DL PD-1/PD-L1 1 A8 5 0 s 4 4
SUMERIE PRI R 28 iG T AR 8 iz A, &
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%, PD-1/PD-L1 o470 A 3@ &k BH W7 PD-1 5 PD-L1
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14 T 240 B30 Ao R 4 i PRI~ T 200 P s o2 P e
JeR S OB B SR i M, BB S R AL
Ty BE 2] 1 BRI 98 40 ff A9 /E A o Nivolumab Fl
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JHF9EE B TR B R TR A e A Y SRS
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ZZ AT AR T RAFmIm R g, (HHK
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L — ICTAEME I e vy 7 T RCR IR AR, BRG e
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42 EXGRTT
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Fig. 4 Immune checkpoint inhibitors, oncolytic viruses, and CAR-T therapy in treating hepatocellular carcinoma
E4 GEREESMEIF. BERE. CAR-TITERTITHmE
Yo K A A i FHIBTPD-1/PD-L1, CTLA-4/B72E(F SAEFSTANMITG ;s R ER R S MR AR 0 | It D9 1 40 3805 e
BN R AFGUREE R s CAR-TARMIAS SR AR, IR e e BE R AR 7 . AN T 1o R G RE 1. CTLA-4: ZHJEREIETIH T
HMLARSCHTE4; PD-1: BRFHESETIZAK1; PD-L1: FRFMEFLTZARELIAL; PAMP: Ji iR A C > TR CAR: G US4
CAR-T: S PURSZIRTAINE; 1L-17: HAZE-17; CCL19: BELFE T B9,



2596+ EMUEEEYIEER

Prog. Biochem. Biophys.

2024; 51 (10)

FREER IR, 13 1] GPC-3 2 1k BH - A e 359 A9z i
HHAZ AR CAR-T At ids i, Hovh 2 il 5 445
W EM, 6 H . 1A 3FEAGEERSH N
50.3%. 42% F110.5% "7, XTI RS A CAR-T
FENF I BB TP IR TR AL T A

5 BESRE

H A& G R IR YT T BORSCR R A e i 2
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Abstract Hepatocellular carcinoma (HCC) is one of the most common malignant tumors in the digestive tract

system, which is induced by multiple factors, involving multiple genes and complicated mechanism. Its incidence

and mortality rank fourth and second respectively in China, and accounting for more than 85% of primary liver

cancers. Tumor immune microenvironment (TIME), plays a critical role in determining the tumor progression and

treatment outcomes, making it become a hotspot in current studies. Summarising the previous studies, it is found

that the progression of HCC is significantly influenced by the TIME and its complex interactions. TIME consists
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of various cellular and non-cellular components, such as myeloid-derived suppressor cells (MDSCs), tumor-
associated macrophages (TAMs), tumor-associated neutrophils (TANs), regulatory T cells (Tregs), innate
lymphoid cells (ILCs), as well as growth factors, proteolytic enzymes, and extracellular matrix proteins. Due to
long-term exposure to bacterial components carried by the portal vein, food-derived antigens, and a large amount
of foreign antigenic substances, the microenvironment of liver exhibits a certain degree of immune suppression to
resist excessive inflammation caused by the non-pathogenic intestinal environment. Besides, the inhibitory
immune microenvironment shaped by tumor cells which induces changes in the phenotype and function of
immune cells, and attenuates the cytotoxic capabilities of immune system. Meanwhile, the regulation of immune
cell metabolism 1is crucial for anti-tumor immune response. Abnormal metabolites of liver cancer
microenvironment and intestinal flora metabolites regulate the remodeling of immune microenvironment and the
progression in liver cancer. Normally, the cancer immune cycle functions effectively to remove tumor cells, while
the immunosuppressive, exhausted T cells and metabolic disorders of the TIME leads to defects in the cancer
immunity cycle and promotes to tumor progression. Furthermore, during the processes of rapid proliferation and
differentiation, tumor cells alter their metabolic status through “metabolic reprogramming”, allowing them to
compete with anti-tumor immune cells for vital nutrients including glucose, lipids, and nucleotides. At the same
time, the abnormal consumption of metabolites leads to local hypoxia, lower pH levels, and the accumulation of
metabolic products, which in turn suppress the proliferation and effector functions of immune cells, ultimately
facilitating immune evasion and tumor progression. According to the above, local immune imbalance and
metabolic disorders in the liver collectively shape the unique microenvironment of HCC, resulting in the
accumulation of immunosuppressive cytokines, extracellular matrix and abnormal metabolites. These factors
induce abnormal tumor angiogenesis, recruitment of immunosuppressive cells, reduce T-cell infiltration, and
diminish anti-tumor function, which accelerates the progression of HCC and immune escape. Currently, there are
still remarkable limitations in the clinical treatment methods and outcomes for HCC, while immunotherapy offers
a new strategy. The advantages of immunotherapy demonstrate relatively higher specificity and fewer side effects
compared to traditional treatment methods such as surgery, radiotherapy, and chemotherapy. Up to now, more and
more evidence has been uncovered that liver cancer immunotherapy is closely related to TIME. Targeting the
TIME of HCC provides a new perspective into a deeper understanding of the mechanisms of immunotherapy
resistance and the development of new immunotherapy approaches. However, single immunotherapy has not
shown satisfactory results in improving the prognosis of HCC patients. At present, dual immune checkpoint
inhibitors or their combination with existing therapies are being widely explored in clinical studies, hoping to
overcome the limitations of HCC therapy. Therefore, this review summarizes the composition of
immunosuppressive microenvironment in liver cancer and metabolic regulation, and further discusses clinical
therapeutic strategies by targeting microenvironment remodeling for the treatment of liver cancer, which provides

new avenues for tumor immunotherapy.
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