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[ Abstract] Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related deaths in the world.
Due to the insidious onset and rapid progression and a lack of effective treatments, the prognosis of patients with HCC is
extremely poor, with the average 5-year survival rate being less than 10%. The tumor microenvironment (TME), the
internal environment in which HCC develops, can regulate the oncogenesis, development, invasion, and metastasis of
HCC. During the process of cancer progression, HCC cells can regulate the biological behaviors of tumor cells, cancer-
associated fibroblasts, cancer-associated immune cells, and other cells in the TME by releasing exosomes containing
specific signals, thereby promoting cancer progression. However, the exact molecular mechanisms and the roles of
exosomes in the specific cellular regulation of these processes are not fully understood. Herein, we summarized the TME
components of HCC, the sources and the biological traits of exosomes in the TME, and the impact of mechanical factors
on exosomes. In addition, special attention was given to the discussion of the effects of HCC-exosomes on different types
of cells in the microenvironment. There are still many difficulties to be overcome before exosomes can be applied as
carriers in clinical cancer treatment. First of all, the homogeneity of exosomes is difficult to ensure. Secondly, exosomes
are mainly administered through subcutaneous injection. Although this method is simple and easy to implement, the
absorption efficiency is not ideal. Thirdly, exosome extraction methods are limited in number and inefficient, making it
difficult to prepare exosomes in large quantities. It is important to ensure that exosomes are used in sufficient quantities to
trigger an effective tumor immune response, especially for exosome-mediated tumor immunotherapy. With the
improvement in identification, isolation, and purification technology, exosomes are expected to be successfully used in the
clinical diagnosis of early-stage HCC and the clinical treatment of liver cancer.

[Key words] Exosomes Tumor microenvironment Hepatocellular carcinoma Intercellular

communication Review

It e 1953 0 B 42 1) m O SR A A B ko, R R S EARA : T4 98 (hepatocellular carcinoma, HCC) .
PRI TR T A i b R B R Ja s =1 IR PR JF P RHAE 9 (intrahepatic cholangiocarcinoma, ICC) K iR
ERTF MM -HE % (combined hepatocellular-
* [ %K [ SRR H£42 (No. 11932014, No. 12372315, No. 31971239) Al cholangiocarcinoma, cHCC-CCA), H 1, HCC

JIAS BT (No. 2022NSFSC0765, No. 2022ZYD0079) %5 1l . o s -
A JE{EE#, E-mail: liuxiaohg@scu.edu.cn 75% ~ 85% Z'»‘j(/{#%’[‘XTHCCL—‘?Q@%ﬁ}Eﬁ l_’fTrj‘
4 H 399 2024-01-20 e KEHHCCHEHE K5I % 8 (HBV/HCV S ) &




ERE

S R SN P R AR S 0 RS R 1 7

YA %, Rt =z AP A PR 3R Qb DR s IR I 4%
G SR LW LHCC Y, g F A F AR
I7 THRNGY YA, (Hb A A RO i R — 2 R
WeI R, R LT ARG, Hab 7y TBOA R, #5221,
I, $2 P HCC S A A7 5] B i S EHCC YR 2 Wb i
YIRIESE B oy 17K FPHCC R A= & ML AR Z

W5 R B, R AR 2R K A R R B i i
SR B 1 AN T 5 T [ 52 2% %) 2H O B 0 A B
JH™, Stephen PagetE18894 i “F 1~ +- 17t Ry
232 iR i 3R 5% (tumor microenvironment, TME ) HE& 1) hY
BAPRHEIERE . b (e 40 ) B 138 (g TR 5% )
ARV, I HFEE A B AW, J5UA g R AL
PR R A ML 2 B AR 55 0, s v 1) L 2 B ZH 2 At P
WEIMF S 5 R A 5 U RenY %16, I J5 k8
ST 14) 57 A4 L 5 3 1 A R A T ) PR A, B
JIrSa 2 R 2 7% TR 5 (Metastatic niche)"s

PTARR, Bk B 22 1 2 F A 5T T ANMA R A= AT
5 iBE, XAMBARFITMEZ B9 C RiFAT TR .
ST IR, i A0 T AR A B B4R R N A A S
ASMIAAR R, 540 B TMEH?, X TMEH AN [R) 25 U 41 fd
T LRI o WA T i g 2 R, An2n A0 Jk
T E | 0 A 5 A B ) B T8 B 5 U0 g 46, BT )
AN A RIS A TR o R AR e 4 i
e A LA U5 A1 I A — T T LB AR 55 4 A r okt
W e 4 R A A 5 10 RS, 53— T, AT DA ek 40 A )
3 THSE M) TME H HC At =1 e 4, 4 T i 28 PR 5 1 HE
B S T e A K R RS OO EE o A SRR T I
21 SHe TR B S MR TR 2 TME H AN [R) 2 700 441 g g VR
Fi o, AN T iR i 2%

1 TME

1.1 TMEHIEREL S

TMEJE MR & 2E | Jre Rt 7% b 2 v il Ak 1 P 26
¥io MY R 2 S, TMEH 3 Z A R A 4l
L, S0 B AE B IR BT 5 R A i A B R AR i . R
RS, BB A0 A, TMEH EA NI A . s AH o
PEFAEANAEL . PN B AL . SRR . obdRd T, i/ ST
Y M . AL, TMEIE A AE 4 B s 43 1 44 s 4h 5 it
(extracellular matrix, ECM) 5" 1EJ& i T2 i e
e SR B rh B SR [RT B, e E 1 e 4 ) S A% 12 2%
558, I HARSE T 15 5 T 4 40 fa 5 Ak A9 40 5 14 R,
LFYEANN, R G IRk T RAE RS . Sl X TME AN
KRV HATIGE, A RETRA 4R g 2 Wy Rk, 1T

FHA R BAE A

o JEEAH O 4T 4E M B (cancer-associated
fibroblasts, CAFs) &% 1 Mg 4 il LASh, 78 oA s
Fie Ry B —Fh 20, R AR T g 0 A R OB
FHUR WP R B, CAFs T LAE 1 ECMIY & 15 98 LA
Ko A PR 1B SRR A T SRR RE L B, I T 2 e g i 4
ARG IR A L 2 AR YT R N4 5 TN, CAFs
FEAE T g ) BT, v LIORIE T 2R 40, B RTS8
PN BRIR T 1E 5 AT 4E 41 B (normal fibroblasts,
NFs) . TEMFAEFBENR T, #5850 E AR A0 =2 CAFsiY e £
FERRYET, HF RN (hepatic stellate cells, HSCs) 7E
TER A RSO T i R, FEEIREIEME T4 2 AR
=BEH AR, MITER S AL T, QIR | R & A
I, 28 AN [ e U5 4 SR PR 3~ PT35S HC S A CAFs,
FEan AR AE | 5 AILBORN . AR K755 . Y HCSsm)
CAFsHAb G £ ik a-F- 1 JUIL3IHE H (a-smooth muscle
actin, a-SMA ), W4T 4E 2 ig 1% 1k & H (fibroblast activation
protein, FAP) &5, CAFsHIE & LZF 2k 41 g 3¢ 9 5 Oy 1
BR, ZEHCCH?, CAFsit o 0 & Rk 12155 T 4 i K 1%
Ik THRIEH AR (R A= AR, 52 M JH-9i 4 AL P
A WEAT R, SR R IR A AR R0 G R TR A TR
1.2 BB N FREME

I 96 4 L A ) P 5 X R ) e A R S i
s, o IR O T B R A AL A
BE . ARG FE AR RN RIS 5 U 0 4, B R Bk
B RSN, UEAER, MRARIRGE T )2 R AR TR
JEAEIGTE . IR ZE . e, PUABURE I A G
TSI S5 D7 AR B AR RE TR, i
e 21 L) T PRV AR S 0 T 7 A R BT U0 7, 25 e R
A R T B R DK 2R, A VR s 20 A RO A AR i
T HE I 5% 7% 0 T AcH8 1 E 2R iRg 2H 2R RV O
HATIK3 ~ 10 pm/s, IR TIEH ZH21(0.1 ~ 1.0 pm/s)®",
FAE19504F A BT HE 1 g v v 19 T B v R,
SR T A S RN SR B TR AT S K B, S TR
PN LA 5 R AN FL U R 3 P T v L I 25 AL [R) BT 3 BT
EAL AN T A8 | i D R A7 400 S 350>, i v ) o v . 5
ST J8 TS A AR B UIAH DG, FSSH] L ot 22
5 2 e AT S5 A B ) 2 0 24 R A5 AR
DR BT A A0 R A 1715 10487 PN B A R 2, S e A8 AR
SRR A8 A2 il 514 J 2 1 (matrix metalloproteinase,
MMP ) {11 FIAH LTS 77 075 S -0 e Jeg 400 M 10 % A2
E N £ ST a1 )i L 2 Y (IR
NS (£90.1 dyne/em *) 23 UL i e F1HE 5 240 g 2 E



8 PR AE2A A (B 2R

5 554

YANKASKASZEPHERFFE H & B ET 44 I 7E0.5 dyne/cm’
TARBTY) ) B R AT HOE A% Oy 1o oAb, WA Y
DI 3 36 WA T 3 3k TNKAR 5 75 S 0 e e 4 B A
A4S pé(epithelial—mesenchymal transition, EMT),
e S AR AT HE A R TP AT R, I L, Rk
PRI BT VI 738 175 16 Y AP, #F ROCK-LIMK-cofilin
{54l DAL HE e i i i F ™

2 S

JERE . BB LT BT AT 440 M AR 2 R T 40 i b 4 76
(extracellular vesicles, EVs)PY,  EVs KB AT L4 L.
AP A (exosomes ) 5% SNSRI 14 (ectosomes) o HoH14MI
TR EARTLEI 2N 40 ~ 160 nm (29100 nm), K IHE T
< (endosomes) . FMUAMA ) K A= 2 h 20 A 0 A 1) i 252
WA I F BRI B, & T A H At 40 it Py 92 30 sk 4
25 AH 2E i, BN RS B 2R S S B
R AR SFe A0 B A AN [), SIS T LA 5 Al A 1 22 15
FEAIFEDNA, RNA, JE5T . A . B Fn 2 i 5 1 2
FIBG . A i AR 32 H A FEAR R AR B b AT 28, A1)
TRARIIE . SRR —J7 T 7] LA 25 BR 2 AR
B LY, AR N RS . 3 — 7T, SRR T
3 FL R TR) f 5 40 0 0 5 5 RS 5, AR e T e R T
TME HH 21 it 5 200 it 22 [0 F 3 T Al 4 A

BN 4 A= 1852 A B PN T T S A A DG Y
PATE) e URas A & I GTPifiRab ., Syteninl ., ¥ &
IR 101(TSG101) | Alix (JA T-AH G FE K 2- 0 BLAE FH 2R
F1X) . ESCRT (¥%32 ir 5 (I MR/ 3 2 61 553 2 550
WA BRI RS A2 1 R . UTAER, SER MR i 2 A
UMM AN FE T N L 20 L B 7 A 4 g ) % TS5 B
Y1055, EVRTE MR B N B s % . B S Jr T
A . PATWARDHANDAE % BRI 41 it &b 32 J i
Y AP/TAZIEARMKH ) 7 AR MR 530, HLAM A

B o THBS1ER S LR AR 12 h F iR 28 . WU
WFFE T AEAS [ 058 2 10 4l A1 35 5 1 2B K A HCCAR M, &
PR A B 200 it &0 5 BRI 1 HCC AN L A AR i B ik . i
A, FEREALAN ARSI B b A K A HCCAN A oMb 1 MR A
230 4 ML Y Noteh 5538 s, T2 i g 2B K, X 5
X JHFARR SR 1 B R 2GR 43 T — 3. FENGAE R 5E & 1L
1.4 dyn/cm’ W i AR B 1 7 AT LUGE #F HCCYH M RE i B
IGF20 4 MIAMAR, LAGR 1 e A OC BT 4 A M Y 75 1L

JHF I v = A T B 20 A OFF 4 R IR AS 20 ) | o
PEANARL (TANM . BANAE . A4 S IR 20 M ATNK A ) AR 52 5
JF A0 A (SRR A0 L) A2 AR, BT mT 43 bt AT HOR SRR AR

HIAMIAR . UEHE B, Sk B AN TR] AT 20 B i S A A7 2
Ma A5 515 ol FE AR A, T U008 40 M 1% 1 % T
RE. ltn, W5 K AR AS 4 IR SR IAA A H19AMY
AT AR S DR 200 B 3% A, 3 AT o AR A ke U
I e L rh A AR AL R R A FR AR, TR i T 47 4
PRI J2 10, T 40 RN B AR R VR 1 S I A 2 5 G g 1A
T, DRI RS T BB & A miR- 155 SN T AT
BOMHIHCVAS BEAE T AN P A i . 76 PR 22 P 3
P4 B 4 A V5 1) 47 0 A Ak BB %) A2 1 4 o, HCV &2
T A SR, ZEHCC K A KR AR, iR 40
I A 58 14 &1 0 A G ] ek TMLE P 9 S [) 24 75 448 i s i 5
M, S 71T 52 M RN A HCCRUPREE, AT 2 e (1) 2 Jre 5
VEJE, ARSI T S HE

3 FHESMREXTTMER AR R B A Rar i

R 8 22 P AR 2R I, A R TT DA E A [ B L
YA IR, UARHSE PRk 2 1 sl INES B I N i Ae L IR AR
N FHNF IR HEBRG =0, AL S
PRI RO N 2 S 0 5 v, DT 9 400 i 1) 2B 2
T1 0o IR AN 5306 1) A0 IAAR T LA o #8524 S P 7 P
B T IR B S5 R R ) 2K 2R (4 4 A TR 4, T AR
PRI R
3.1 FRESNBMENT FFE R A /6 F

JFFHER M IR ol PR 0 I AR AS R RS BE F7 o AN
Z: 58 T HAYEMT . EMTIE 200 f A e 1 | e 72780
] AN 1 ) 70 0 R AU EA TG A I A 2l AR S A0
PAFF RS RE S —F AL, CHEN'™SE & 3, T
5 B M R 20 EEMEH CCO7H ) S I AT LA A6 5 1k
JiF 9 40 R HLE F1Hep 3 B4 I A £ B, FF 5| 2 HMAPK/
ERKA 5l 80 , v M SEEMT Y % A, TR 475
PEYN AR T B AL RE 1 o i i A IKMHCCO7HZH
ffiRab27alfy# ik, 7T LAg /> HAMBAR I 5300, DT 2% fift
EMT & H: . RAHMANSE 350K K B ML |«
el e T i 200 L 2 AR A R e I i 40 L 3R P9 S 5 1E
WA A0 (HBEC) h 85 55, & IR IE T i 5%
AP il 9 240 B 1N 400 A 10037 114 SN IMA T 15 e HBECH
W R A RIBMEMT &L, S E 2 R4 TR | 12
ZE . HNBEA SR miRN A RS RS I8 17 P 2 A A W2
VE, TERE R 45 B (colorectal cancer, CRC) B35 1) IfiL
W R T 120K A CRCHEF B SMNBA, & FlmiR-
106b-3piEi ik, - H SRR BUGHISE ., F—L M
B, SN AR miR-106b-3p AT LA o # M DLC- 15 H i %
EMT I % A 3 1 384 i CRC 40 Jfa i Jiti i #1450, b 4b,



ERE

S R SN P R AR S 0 RS R 1 9

HUANGH W5 K B, w55 R tEHCCA I 25 73 WA & &
circRNA-1003384MIMA, Transwell{2 72525 B, SNk
1A circRNA-100338 142 ik /i 1K i 35 1 it/ FRAIR T AIKEE
oM HCCAIMI Y R 22RE 1 o - FLI 5 38 i X i £ 247 1l
T AMBR BRI, % Bl circRNA-1003387F Hiif i 3k,
IS HCCR A BUNHAL A A7 3R FEARAR G
3.2 BFREESMBEIT R T 4MRmER

i e 210 SR VR 1 AR I AR T LA ECAFsTfh . 51E
WA YEAMIAR L, CAFsim &K ik a-SMA | FAPHIY:ZL A BE
SRR, fE R R R B EZAEA, Jf T L £
Fofv i A28 1 S e g ) 2 JREVY S e A L A I A b S R Y
miRNATE 1E 7 B ZF 25 20 i [ CAF s Ak o 72 o i 1 224
FH o 5 i 9 210 Sk T8 1% S B 5 1 R B 2T 24 A4 4 15
Fi, AT LA CAFsHE AL, if— A58 R B L &
FikWexo-miR-1290 K IEAME ™, XTAE R I e &
SMOBTHCCHH M 3 5 i) Exosomes HE #% JTF 52 DR 41 AL % 1A,
I8 Glil-MIRLET7BHGIF 53 3§ CAFs, MM
RIS . FANGRE L I, o e R MEH CCAN M LU AR
FEPEHCCHN i B T KW ¥ NFsh% 1k CAFsIfig
I HX R FH Al 2 = e B M HCCAN L 433 15 22 A miR-
1247-3p SR IAMA, ffi 52 /R 4 I BAGALT3 4 13K 35 T M,
HETT5 3 NFs B 1-integrin-NF-kBf5 5 18 B I#0E , {2
fliCARSHIIE AL . T AL 9 CAFsiE i 43 I 48 20 i[5 7
((345 IL-6 Fl IL-8) #F— D AR HHAESE i . FMIMAIER 6 (1Y
F R AT LS S NE-CAFFE . ZHOUZE R #E &
miR-761 1 HCCHI A IR 14 M IS A RE 4 SR 40 i T i
W, It ik SOCS 241 il I+ FIJAK2/STA T35 53 B I
CAFs, M2 g it . 5 A hoe &R 31, HCC 4
JHL 4306 T 0 [ PTEN B B 4 miRNA-2 1A SM A, 412 3k
JFF SRR 40 1) CAFsi% 4k, Jf HLiE i 387G HiPDK 1/ 2K 1134
BB (AKT ) {5 3 %, {1 15 C ATl o 232 M55 A= ol 20 g
({245 VEGF, MMP2, MMP9, bFGFHITGF-p% ) i
— AR
3.3 BFEshMERs E MR 4RI 1E R

I A R R R R BRI IR | AR A AE K
PR A5 T8, 10098 PN B2 40 A (ECs ) AR ok JHF i 8 2 44
o ZETMEH, & A YIREE H A miRNA R i 240 K 5
B A1 W6 A T LS W) P R 4 1 AR 2 AR Ak i
FANGHEZ S £ HCCAH M 514 71 i 14 HmiR- 1031 i
4, I BT LA &% 2 ECs, T8N B e B MERER K i &
WA ER, RZAREHCCH 5 H2 . %ML P e miR-
1033 14 #117| VE-Cadherin(VE-Cad) . p120-catenin(p120)
Fizonula occludens 1(ZO-1) %5 5 JEAH AU BE It F A0 R

Ko WEA, FE FHHCCHHML S A AN AR R T , A5 3] 25 7K
SFRIANGPT2, I H B I LA = ECs, 15T FIAKT/N
J— A AT (eNOs) L S AKT/B-34 MR (5 53 1%
PRAFECSAY I 45 A5 B,
3.4 FHEIMBERTBEE X 2R AR ER

i e AR PN 114 20 L R - A A PR 5 B2 40 B )
FHEAEF, AR HCCHH b ikt G yie Wi, R HCCiE g . Sh
WMAH THEE WA SYET S 5RE TR, R
o SZE A R 32 P . WANGZE® % Ml circ-0074854
A LA 3 A A N HCCHH L % 356 25 5 I 4 L, 3f % 15 e
20 A M2 AR £, M2 AR I 4 A B 7 A g 0 ol
i TIOR8, JTAE i f e k3% . ZHANGEE 52 5],
FEHCCHEH LI, HCCHYI AT LL4r W & A & 7K
circUHRF1 A9 4hiMA, 3 H Exosomal-circUHRF 1411 i
NKA L EPETEN -y FITNE-aff 50305, [l 5 N K41 EE 1)
/D FNNTKZH A A 1= 1 8 /D AH 9& . b4, Exosomes-
circUHRF LA AJ 3 2 Ff# miR-449¢-5p FiATIM-39 1k
HAMHINKAN I fE . EHUANGE " fifF5¢ H, HCCHH
JIL 43 6 11 SR A PN 5 ) cir cGSE 1 AT 38 1 4 35 miR-324-
5p/TGFBR1/Smad3 {5 5 illi5s G Tregs i H4 5i, M i fie it
HCCHH#FJEE .
3.5 SMNMEAE A BTRERG A M EE AR

TR 8 22 O TE B 22 BH , HMIMA AT AR A 8 R HCCR
I RIRYT TH, BT AHA YRR E M | W52 P81
AVEE LT I 5% B, SN BT LA R i 16 97 B A RS
LYY RE ) o3 F 3 1R FRAR 0  2 TORE R (1 A A
HEAT RBIS 15 c-MetZh & U K BT b B 1] - Metidh A 9 =
ISP L BT A A, T AR 328 v 200 L Xof 245 0 F) B, 2T
PR TEPIE AP T RO SMMA R 5] — bk PR R
Z&PiA (antibody mimetics), Alaffibodies. Affibodies3t T
AR SEEBRE 45 & 455, W] DLS R e 45 A 40
PR . R H B TR A HEK 293 THE A 240 i it 2 1
Her2-affibody 71k B SMIAA By Mk 5842 BE FmiR-211%
1 5 Her2 21K BHM: 9 45 iz 4 i, /N BRSE 58 v i
HHPUIR AR,

4 N

SRS 5 IR e e R SR R A5 D T, ) AP A A
A RUR B R HCCHR AR A BB . il tn, W] LU i B e o
WAARE R TR LR, T AN AR A ORIV G A, TR
DANIMARTHCC R AR EVE T . AT LUFI A s A
AL 1 MR 25 ) e Y, S BT HCCRYR HETR
7o DRI, PR BT e A0 A 4 40 L 18] 368 TR 20 e



10 PR AR (B 2D

5 554

B ARLERE SR T HCCHAR A ZH R e T 455
AN A RIS AE LA T 2 IR RSN A 2] . .
W, ARLERTE SIS T HCC-AMBMAXT RS TR [F) 26 5
AN EVE I o FEALEE TR T A Y I PR RAE 17 AT
WA R BAAATIRA VF 2 e AR R XE . 8 5, Sh i
PRI TR BT PEARMER B ORUE . S IMAE: i 4 7 A= 1 — 2
MpIMBEIREY . DA DBULFIERHATG M
VR, T HAR 2R B SN R S B 2T T fE
BAIRIP AR, B ] fefe R 2E i . L, ANIAR =
B TR RS . BARIX RN IA TR S 5 AT, (HIRIL
BORIFABIAE . 2 =, SNBSS 0T 54 PR BRI,
SEXE LR 2 SN A . 5 RTINS 10 i
SHEIRTT , R A S b AR S LA | AT A4 e e
PPERNARR B R, BEESEE | 7B AL BOR A,
SRR BNz F TR HCCRY I PRAZ I AU (4
RGBT

* * *

Ve TR SRS SO AT WIRR SRR S
G, MR T ST AR TN 2 S AR S A, RN ST AT
TS S HAEE R, X H H A STE SO S BRI R A B
GRS, IrafEd O R R SCRSC AT, BT 2R R ARA
BT RS R, I RIS AR A 5 il 157 o

Author Contribution FENG Tang is responsible for conceptualization,
investigation, writing--original draft, and writing--review and editing.
YANG Xinrui is responsible for investigation and writing--review and
editing. WANG Qiwei is responsible for investigation and writing--review
and editing. LIU Xiaoheng is responsible for conceptualization, funding
acquisition, supervision, and writing--review and editing. All authors
consented to the submission of the article to the Journal. All authors
approved the final version to be published and agreed to take responsibility

for all aspects of the work.
e R I R (Ol R N e i E Rl PN

Declaration of Conflicting Interests All authors declare no competing

interests.

[1] QIJ, LIM, WANG L, et al. National and subnational trends in cancer
burden in China, 2005-20: an analysis of national mortality surveillance
data. Lancet Public Health, 2023, 8(12): €943-€955. doi: 10.1016/S2468-
2667(23)00211-6.

[2] CHENX, KOUL, XIEX, etal. Prognostic biomarkers associated with
immune checkpoint inhibitors in hepatocellular carcinoma.
Immunology, 2024. doi: 10.1111/imm.13751.

[3] MINAMIY, NISHIDA N, KUDO M. Imaging diagnosis of various
hepatocellular carcinoma subtypes and its hypervascular mimics:
differential diagnosis based on conventional interpretation and artificial

intelligence. Liver Cancer, 2023, 12(2): 103-115. doi: 10.1159/000528538.

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

GALLAGE S, GARCIA-BECCARIA M, SZYDLOWSKA M, et al. The
therapeutic landscape of hepatocellular carcinoma. Med, 2021, 2(5):
505-552. doi: 10.1016/j.med;j.2021.03.002.

WEI Q, TAN N, XIONG S, et al. Deep learning methods in medical
image-based hepatocellular carcinoma diagnosis: a systematic review and
meta-analysis. Cancers (Basel), 2023, 15(23): 5701. doi: 10.3390/
cancers15235701.

LI Z, ZHANG Z, FANG L, et al. Tumor microenvironment
composition and related therapy in hepatocellular carcinoma. J
Hepatocell Carcinoma, 2023, 10: 2083-2099. doi: 10.2147/JHC.S436962.
MIELGO A, SCHMID M C. Liver tropism in cancer: the hepatic
metastatic niche. Cold Spring Harb Perspect Med, 2020, 10(3): a037259.
doi: 10.1101/cshperspect.a037259.

LIUM, LAIZ, YUAN X, et al. Role of exosomes in the development,
diagnosis, prognosis and treatment of hepatocellular carcinoma. Mol
Med, 2023, 29(1): 136. doi: 10.1186/s10020-023-00731-5.

ZHOU X, JIAY, MAO C, et al. Small extracellular vesicles: non-
negligible vesicles in tumor progression, diagnosis, and therapy. Cancer
Lett, 2024, 580: 216481. doi: 10.1016/j.canlet.2023.216481.

LIY, JIN G, LIUN, et al. The post-chemotherapy changes of tumor
physical microenvironment: targeting extracellular matrix to address
chemoresistance. Cancer Lett, 2024, 582: 216583. doi: 10.1016/j.canlet.
2023.216583.

MONTERAN L, ZAITY, EREZ N. It's all about the base: stromal cells
are central orchestrators of metastasis. Trends Cancer, 2023: $2405-
8033(23)00235-2. doi: 10.1016/j.trecan.2023.11.004.

GUO X, CHEN M, CAO L, et al. Cancer-associated fibroblasts promote
migration and invasion of non-small cell lung cancer cells via mir-101-3p
mediated VEGFA secretion and AKT/eNOS pathway. Front Cell Dev
Biol, 2021, 9: 764151. doi: 10.3389/fcell.2021.764151.

PENG L, WANG D, HAN'Y, et al. Emerging role of cancer-associated
fibroblasts-derived exosomes in tumorigenesis. Front Immunol, 2021, 12:
795372. doi: 10.3389/fimmu.2021.795372.

JIA W, LIANG S, CHENG B, et al. The role of cancer-associated
fibroblasts in hepatocellular carcinoma and the value of traditional
chinese medicine treatment. Front Oncol, 2021, 11: 763519. doi: 10.3389/
fonc.2021.763519.

KOYAMA Y, BRENNER D A. Liver inflammation and fibrosis. ] Clin
Invest, 2017, 127(1): 55-64. doi: 10.1172/JCI88881.

BAGLIERI J, BRENNER D A, KISSELEVA T. The role of fibrosis and
liver-associated fibroblasts in the pathogenesis of hepatocellular
carcinoma. Int ] Mol Sci, 2019, 20(7): 1723. doi: 10.3390/ijms20071723.
NIA HT, MUNN L L, JAIN R K. Physical traits of cancer. Science,
2020, 370(6516): eaaz0868. doi: 10.1126/science.aaz0868.

Tt TRERE, I, A MR SRR ) 2 AL Ty,
2018, 48: 360-409. doi: 10.6052/1000-0992-16-039.

SHIX H, ZHANG LY, LIB, etal. The mechanical problems in tumor
and tumor microenvironment. Adv Mech, 2018, 48: 360-409. doi: 10.
6052/1000-0992-16-039.

XINY, LI K, HUANG M, et al. Biophysics in tumor growth and
progression: from single mechano-sensitive molecules to
mechanomedicine. Oncogene, 2023, 42(47): 3457-3490. doi: 10.1038/
541388-023-02844-x.


http://dx.doi.org/10.1016/S2468-2667(23)00211-6
https://doi.org/10.1016/S2468-2667(23)00211-6
https://doi.org/10.1016/S2468-2667(23)00211-6
http://dx.doi.org/10.1111/imm.13751
https://doi.org/10.1111/imm.13751
http://dx.doi.org/10.1159/000528538
https://doi.org/10.1159/000528538
http://dx.doi.org/10.1016/j.medj.2021.03.002
https://doi.org/10.1016/j.medj.2021.03.002
http://dx.doi.org/10.3390/cancers15235701
https://doi.org/10.3390/cancers15235701
https://doi.org/10.3390/cancers15235701
http://dx.doi.org/10.2147/JHC.S436962
http://dx.doi.org/10.2147/JHC.S436962
https://doi.org/10.2147/JHC.S436962
http://dx.doi.org/10.1101/cshperspect.a037259
https://doi.org/10.1101/cshperspect.a037259
http://dx.doi.org/10.1186/s10020-023-00731-5
http://dx.doi.org/10.1186/s10020-023-00731-5
https://doi.org/10.1186/s10020-023-00731-5
http://dx.doi.org/10.1016/j.canlet.2023.216481
http://dx.doi.org/10.1016/j.canlet.2023.216481
https://doi.org/10.1016/j.canlet.2023.216481
http://dx.doi.org/10.1016/j.canlet.2023.216583
https://doi.org/10.1016/j.canlet.2023.216583
https://doi.org/10.1016/j.canlet.2023.216583
http://dx.doi.org/10.1016/j.trecan.2023.11.004
https://doi.org/10.1016/j.trecan.2023.11.004
http://dx.doi.org/10.3389/fcell.2021.764151
http://dx.doi.org/10.3389/fcell.2021.764151
https://doi.org/10.3389/fcell.2021.764151
http://dx.doi.org/10.3389/fimmu.2021.795372
https://doi.org/10.3389/fimmu.2021.795372
http://dx.doi.org/10.3389/fonc.2021.763519
https://doi.org/10.3389/fonc.2021.763519
https://doi.org/10.3389/fonc.2021.763519
http://dx.doi.org/10.1172/JCI88881
http://dx.doi.org/10.1172/JCI88881
https://doi.org/10.1172/JCI88881
http://dx.doi.org/10.3390/ijms20071723
https://doi.org/10.3390/ijms20071723
http://dx.doi.org/10.1126/science.aaz0868
https://doi.org/10.1126/science.aaz0868
http://dx.doi.org/10.6052/1000-0992-16-039
https://doi.org/10.6052/1000-0992-16-039
http://dx.doi.org/10.6052/1000-0992-16-039
https://doi.org/10.6052/1000-0992-16-039
https://doi.org/10.6052/1000-0992-16-039
http://dx.doi.org/10.1038/s41388-023-02844-x
https://doi.org/10.1038/s41388-023-02844-x
https://doi.org/10.1038/s41388-023-02844-x

ERE

S R SN A R R S 40 RS R 1 11

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

ZHOU H, WANG M, ZHANG Y, et al. Functions and clinical
significance of mechanical tumor microenvironment: cancer cell sensing,
mechanobiology and metastasis. Cancer Commun (Lond), 2022, 42(5):
374-400. doi: 10.1002/cac2.12294.

WEIF, FLOWERDEW K, KINZEL M, et al. Changes in interstitial fluid
flow, mass transport and the bone cell response in microgravity and
normogravity. Bone Res, 2022, 10(1): 65. doi: 10.1038/s41413-022-00234-9.
YOUNG ] S, LUMSDEN CE, STALKER A L. The significance of the
tissue pressure of normal testicular and of neoplastic (Brown-Pearce
carcinoma) tissue in the rabbit. ] Pathol Bacteriol, 1950, 62(3): 313-333.
doi: 10.1002/path.1700620303.

HANSEM L M K, HUANG R, WEGNER C S, et al. Intratumor
heterogeneity in interstitial fluid pressure in cervical and pancreatic
carcinoma xenografts. Transl Oncol, 2019, 12(8): 1079-1085. doi: 10.
1016/j.tranon.2019.05.012.

JAIN R K, MARTIN J D, STYLIANOPOULOS T. The role of
mechanical forces in tumor growth and therapy. Annu Rev Biomed Eng,
2014, 16: 321-346. doi: 10.1146/annurev-bioeng-071813-105259.
KIMHG, YUAR, LEE]], et al. Measurement of tumor pressure and
strategies of imaging tumor pressure for radioimmunotherapy. Nucl Med
Mol Imaging, 2019, 53(4): 235-241. doi: 10.1007/s13139-019-00598-7.
DASH S K, PATRA B, SHARMA V, et al. Fluid shear stress in a
logarithmic microfluidic device enhances cancer cell stemness marker
expression. Lab Chip, 2022, 22(11): 2200-2211. doi: 10.1039/d11c01139%a.
ILDIZE S, GVOZDENOVIC A, KOVACS W], et al. Travelling under
pressure-hypoxia and shear stress in the metastatic journey. Clin Exp
Metastasis, 2023, 40(5): 375-394. doi: 10.1007/s10585-023-10224-8.
YANKASKAS C L, BERA K, STOLETOV K, et al. The fluid shear stress
sensor TRPM7 regulates tumor cell intravasation. Sci Adv, 2021, 7(28):
eabh3457. doi: 10.1126/sciadv.abh3457.

XIN Y, LI K, YANG M, et al. Fluid Shear stress induces emt of
circulating tumor cells via JNK signaling in favor of their survival during
hematogenous dissemination. Int ] Mol Sci, 2020, 21(21): 8115. doi: 10.
3390/ijms21218115.

LEEH], DIAZMF, PRICE KM, et al. Fluid shear stress activates YAP1
to promote cancer cell motility. Nat Commun, 2017, 8: 14122. doi: 10.
1038/ncomms14122.

Van NIEL G, D'ANGELO G, RAPOSO G. Shedding light on the cell
biology of extracellular vesicles. Nat Rev Mol Cell Biol, 2018, 19(4):
213-228. doi: 10.1038/nrm.2017.125.

KALLURI R, LEBLEU V S. The biology, function, and biomedical
applications of exosomes. Science, 2020, 367(6478): eaau6977. doi: 10.
1126/science.aau6977.

WU Q, ZHOU L, LV D, et al. Exosome-mediated communication in the
tumor microenvironment contributes to hepatocellular carcinoma
development and progression. ] Hematol Oncol, 2019, 12(1): 53. doi: 10.
1186/513045-019-0739-0.

GURUNG S, PEROCHEAU D, TOURAMANIDOU L, et al. The
exosome journey: from biogenesis to uptake and intracellular signalling.
Cell Commun Signal, 2021, 19(1): 47. doi: 10.1186/s12964-021-00730-1.
HORBAY R, HAMRAGHANI A, ERMINI L, et al. Role of ceramides
and lysosomes in extracellular vesicle biogenesis, cargo sorting and

release. Int J Mol Sci, 2022, 23(23): 15317. doi: 10.3390/ijms232315317.

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

(45]

[46]

(47]

[48]

[49]

[50]

PATWARDHAN S, MAHADIK P, SHETTY O, et al. ECM stiffness-
tuned exosomes drive breast cancer motility through thrombospondin-1.
Biomaterials, 2021, 279: 121185. doi: 10.1016/j.biomaterials.2021.121185.
WU B, LIUD A, GUAN L, et al. Stiff matrix induces exosome secretion
to promote tumour growth. Nat Cell Biol, 2023, 25(3): 415-424. doi: 10.
1038/541556-023-01092-1.

FENG T, FANG F, ZHANG C, et al. Fluid shear stress-induced
exosomes from liver cancer cells promote activation of cancer-associated
fibroblasts via IGF2-PI3K axis. Front Biosci (Landmark Ed), 2022, 27(3):
104. doi: 10.31083/j.fb12703104.

SUNG S, KIM J, JUNG Y. Liver-derived exosomes and their
implications in liver pathobiology. Int ] Mol Sci, 2018, 19(12): 3715. doi:
10.3390/ijms19123715.

LIUR, LIX, ZHU W, et al. Cholangiocyte-derived exosomal long
noncoding RNA H19 promotes hepatic stellate cell activation and
cholestatic liver fibrosis. Hepatology, 2019, 70(4): 1317-1335. doi: 10.
1002/hep.30662.

LIAOTL, HSIEH SL, CHEN Y M, et al. Rituximab may cause
increased hepatitis C virus viremia in rheumatoid arthritis patients
through declining exosomal microRNA-155. Arthritis Rheumatol, 2018,
70(8): 1209-1219. doi: 10.1002/art.40495.

TANGSIRI M, HHEIDARI A, LIAGHAT M, et al. Promising
applications of nanotechnology in inhibiting chemo-resistance in solid
tumors by targeting epithelial-mesenchymal transition (EMT). Biomed
Pharmacother, 2023, 170: 115973. doi: 10.1016/j.biopha.2023.115973.
CHEN L, GUO P, HE Y, et al. HCC-derived exosomes elicit HCC
progression and recurrence by epithelial-mesenchymal transition through
MAPK/ERK signalling pathway. Cell Death Dis, 2018, 9(5): 513. doi: 10.
1038/541419-018-0534-9.

RAHMAN M A, BARGER ] F, LOVATF, etal. Lung cancer exosomes
as drivers of epithelial mesenchymal transition. Oncotarget, 2016, 7(34):
54852-54866. doi: 10.18632/oncotarget.10243.

LIUH, LIUY, SUN P, et al. Colorectal cancer-derived exosomal miR-
106b-3p promotes metastasis by down-regulating DLC-1 expression. Clin
Sci (Lond), 2020, 134(4): 419-434. doi: 10.1042/CS20191087.

HUANG X Y, HUANG Z L, HUANG J, et al. Exosomal circRNA-
100338 promotes hepatocellular carcinoma metastasis via enhancing
invasiveness and angiogenesis. ] Exp Clin Cancer Res, 2020, 39(1): 20. doi:
10.1186/s13046-020-1529-9.

GU Y, CHEN Q, YIN H, et al. Cancer-associated fibroblasts in
neoadjuvant setting for solid cancers. Crit Rev Oncol Hematol, 2023, 193:
104226. doi: 10.1016/j.critrevonc.2023.104226.

BAI X, SHAO]J, DUANT, et al. Exo-miR-1290-induced by COX-2
overexpression promotes cancer-associated fibroblasts activation and
tumor progression by CUL3-Nrf2 pathway in lung adenocarcinoma. Cell
Commun Signal, 2023, 21(1): 242. doi: 10.1186/512964-023-01268-0.
XIAY, ZHEN L, LI H, et al. MIRLET7BHG promotes hepatocellular
carcinoma progression by activating hepatic stellate cells through
exosomal SMO to trigger Hedgehog pathway. Cell Death Dis, 2021, 12(4):
326. doi: 10.1038/s41419-021-03494-1.

FANGT, LV H, LV G, et al. Tumor-derived exosomal miR-1247-3p
induces cancer-associated fibroblast activation to foster lung metastasis of

liver cancer. Nat Commun, 2018, 9(1): 191. doi: 10.1038/s41467-017-


http://dx.doi.org/10.1002/cac2.12294
https://doi.org/10.1002/cac2.12294
http://dx.doi.org/10.1038/s41413-022-00234-9%3Clinebreak/%3E
https://doi.org/10.1038/s41413-022-00234-9%3Clinebreak/%3E
http://dx.doi.org/10.1002/path.1700620303
https://doi.org/10.1002/path.1700620303
http://dx.doi.org/10.1016/j.tranon.2019.05.012
https://doi.org/10.1016/j.tranon.2019.05.012
https://doi.org/10.1016/j.tranon.2019.05.012
http://dx.doi.org/10.1146/annurev-bioeng-071813-105259
https://doi.org/10.1146/annurev-bioeng-071813-105259
http://dx.doi.org/10.1007/s13139-019-00598-7
http://dx.doi.org/10.1007/s13139-019-00598-7
https://doi.org/10.1007/s13139-019-00598-7
http://dx.doi.org/10.1039/d1lc01139a
https://doi.org/10.1039/d1lc01139a
http://dx.doi.org/10.1007/s10585-023-10224-8
http://dx.doi.org/10.1007/s10585-023-10224-8
https://doi.org/10.1007/s10585-023-10224-8
http://dx.doi.org/10.1126/sciadv.abh3457
https://doi.org/10.1126/sciadv.abh3457
http://dx.doi.org/10.3390/ijms21218115
https://doi.org/10.3390/ijms21218115
https://doi.org/10.3390/ijms21218115
http://dx.doi.org/10.1038/ncomms14122
https://doi.org/10.1038/ncomms14122
https://doi.org/10.1038/ncomms14122
http://dx.doi.org/10.1038/nrm.2017.125
https://doi.org/10.1038/nrm.2017.125
http://dx.doi.org/10.1126/science.aau6977
https://doi.org/10.1126/science.aau6977
https://doi.org/10.1126/science.aau6977
http://dx.doi.org/10.1186/s13045-019-0739-0
https://doi.org/10.1186/s13045-019-0739-0
https://doi.org/10.1186/s13045-019-0739-0
http://dx.doi.org/10.1186/s12964-021-00730-1
https://doi.org/10.1186/s12964-021-00730-1
http://dx.doi.org/10.3390/ijms232315317
https://doi.org/10.3390/ijms232315317
http://dx.doi.org/10.1016/j.biomaterials.2021.121185
https://doi.org/10.1016/j.biomaterials.2021.121185
http://dx.doi.org/10.1038/s41556-023-01092-1
https://doi.org/10.1038/s41556-023-01092-1
https://doi.org/10.1038/s41556-023-01092-1
http://dx.doi.org/10.31083/j.fbl2703104
https://doi.org/10.31083/j.fbl2703104
http://dx.doi.org/10.3390/ijms19123715
https://doi.org/10.3390/ijms19123715
http://dx.doi.org/10.1002/hep.30662
https://doi.org/10.1002/hep.30662
https://doi.org/10.1002/hep.30662
http://dx.doi.org/10.1002/art.40495
https://doi.org/10.1002/art.40495
http://dx.doi.org/10.1016/j.biopha.2023.115973
http://dx.doi.org/10.1016/j.biopha.2023.115973
https://doi.org/10.1016/j.biopha.2023.115973
http://dx.doi.org/10.1038/s41419-018-0534-9
https://doi.org/10.1038/s41419-018-0534-9
https://doi.org/10.1038/s41419-018-0534-9
http://dx.doi.org/10.18632/oncotarget.10243
https://doi.org/10.18632/oncotarget.10243
http://dx.doi.org/10.1042/CS20191087
http://dx.doi.org/10.1042/CS20191087
https://doi.org/10.1042/CS20191087
http://dx.doi.org/10.1186/s13046-020-1529-9
https://doi.org/10.1186/s13046-020-1529-9
http://dx.doi.org/10.1016/j.critrevonc.2023.104226
https://doi.org/10.1016/j.critrevonc.2023.104226
http://dx.doi.org/10.1186/s12964-023-01268-0
http://dx.doi.org/10.1186/s12964-023-01268-0
https://doi.org/10.1186/s12964-023-01268-0
http://dx.doi.org/10.1038/s41419-021-03494-1
https://doi.org/10.1038/s41419-021-03494-1
http://dx.doi.org/10.1038/s41467-017-02583-0
https://doi.org/10.1038/s41467-017-02583-0

12 PUNT S22 (B2 ) 5 5545

02583-0. 2020, 19(1): 110. doi: 10.1186/s12943-020-01222-5.

[51] ZHOU X H, XU H, XU C, et al. Hepatocellular carcinoma-derived [57] HUANG M, HUANG X, HUANG N. Exosomal circGSE1 promotes
exosomal miRNA-761 regulates the tumor microenvironment by immune escape of hepatocellular carcinoma by inducing the expansion of
targeting the SOCS2/JAK2/STAT3 pathway. World ] Emerg Med, 2022, regulatory T cells. Cancer Sci, 2022, 113(6): 1968-1983. doi: 10.1111/cas.
13(5): 379-385. doi: 10.5847/wjem.j.1920-8642.2022.089. 15365.

[52] ZHOU Y, REN H, DAI B, et al. Hepatocellular carcinoma-derived [58] JANGY, PARKJ, KIM P, et al. Development of exosome membrane

exosomal miRNA-21 contributes to tumor progression by converting materials-fused microbubbles for enhanced stability and efficient drug

hepatocyte stellate cells to cancer-associated fibroblasts. ] Exp Clin Cancer delivery of ultrasound contrast agent. Acta Pharm Sin B, 2023, 13(12):

Res, 2018, 37(1): 324. doi: 10.1186/513046-018-0965-2. 4983-4998. doi: 10.1016/j.apsb.2023.08.022.

[53] FANG]H, ZHANG ZJ, SHANG LR, ef al. Hepatoma cell-secreted [59] YUEM, HUS, SUN H, et al. Extracellular vesicles remodel tumor

X i . environment for cancer immunotherapy. Mol Cancer, 2023, 22(1): 203.
exosomal microRNA-103 increases vascular permeability and promotes

doi: 10.1186/512943-023-01898-5.

metastasis by targeting junction proteins. Hepatology, 2018, 68(4):

[60] LIS, WUY, DINGF, et al. Engineering macrophage-derived exosomes
1459-1475. doi: 10.1002/hep.29920.

for targeted chemotherapy of triple-negative breast cancer. Nanoscale,
[54] XIEJY, WEIJX, LV L H, et al. Angiopoietin-2 induces angiogenesis
2020, 12(19): 10854-10862. doi: 10.1039/d0nr00523a.
via exosomes in human hepatocellular carcinoma. Cell Commun Signal,
[61] LIANGG, ZHU Y, ALID]J, et al. Engineered exosomes for targeted co-

2020, 18(1): 46. doi: 10.1186/s12964-020-00535-8. i i o i
delivery of miR-21 inhibitor and chemotherapeutics to reverse drug

[55] WANGY, GAOR, LI]J, et al. Downregulation of hsa_circ_0074854 ) ) ) )
resistance in colon cancer. ] Nanobiotechnol, 2020, 18(1): 10. doi: 10.

suppresses the migration and invasion in hepatocellular carcinoma via 1186/512951-019-0563-2.

Interacting with HuR and via suppressing exosomes-mediated (2023 — 12— 141k, 2024 — 01 — 04f£ 1)

macrophage M2 polarization. Int ] Nanomedicine, 2021, 16: 2803-2818. G B m
Hoas

doi: 10.2147/IJN.S284560.

olcH [kiow
[56] ZHANGPF, GAO C, HUANG X Y, et al. Cancer cell-derived exosomal @ T Open Access

circUHRFI induces natural killer cell exhaustion and may cause © 2024 (VU1 K222 (2200 YREE AT

resistance to anti-PD1 therapy in hepatocellular carcinoma. Mol Cancer, Editorial Office of Journal of Sichuan University (Medical Science)

M RFEREMEFSEEFREVEFTIEMREZRN

VU R 2 A P SE il B2 22 Sk R4 B AW B TR = T
198 147 A= FRALME ST, 19964F Fh L& b i e S A= Y B 2 T2
S (A R R S, 2R PR I L R IR AR 2
AV RGN Z —, A LI UHER LU, AR = DL
BRIMVAEZ . X S0 R Bba S N, FELS80 HG 1AE° A ) 0 27 1l
o DU ESF O RIS AR, ARAE TN RS R A Sy —
TARHIFTT- &, 7EE S A SRRl 3 4 J 5 00 H A -3 H i 22
GEUDT, BIFSE 2 SR AR TN ML AE 22 AR AL A NTBYT . AR
JRERRA R RHLIR S B V6 |« R e A% 1228 03 TP S 80 1R YT SR 4,

Bg 17— RIS

AT S H G EPRAEY S RSO S A SR IR TR A=) )24 2 A0 Yuan-Cheng Fung (i) Jetk | 5&
[l =B bt 1-Chien Shu(EkM) e L SF AR A5 H, 506 | S dAE . HASEESMAARY U FIRHITBE BT i Sr 19
EAERAR . AT E U AES FEREBHIT R ) SEBR I B . FAT, RO MU BORTR T T 25 AT K | LR G p
SYPBIRAE A S5 ] A N 2 A AL A R


https://doi.org/10.1038/s41467-017-02583-0
http://dx.doi.org/10.5847/wjem.j.1920-8642.2022.089
https://doi.org/10.5847/wjem.j.1920-8642.2022.089
http://dx.doi.org/10.1186/s13046-018-0965-2
http://dx.doi.org/10.1186/s13046-018-0965-2
https://doi.org/10.1186/s13046-018-0965-2
http://dx.doi.org/10.1002/hep.29920
https://doi.org/10.1002/hep.29920
http://dx.doi.org/10.1186/s12964-020-00535-8
https://doi.org/10.1186/s12964-020-00535-8
http://dx.doi.org/10.2147/IJN.S284560
https://doi.org/10.2147/IJN.S284560
http://dx.doi.org/10.1186/s12943-020-01222-5
https://doi.org/10.1186/s12943-020-01222-5
http://dx.doi.org/10.1111/cas.15365
https://doi.org/10.1111/cas.15365
https://doi.org/10.1111/cas.15365
http://dx.doi.org/10.1016/j.apsb.2023.08.022
https://doi.org/10.1016/j.apsb.2023.08.022
http://dx.doi.org/10.1186/s12943-023-01898-5
https://doi.org/10.1186/s12943-023-01898-5
http://dx.doi.org/10.1039/d0nr00523a
https://doi.org/10.1039/d0nr00523a
http://dx.doi.org/10.1186/s12951-019-0563-2
https://doi.org/10.1186/s12951-019-0563-2
https://doi.org/10.1186/s12951-019-0563-2

	1 TME
	1.1 TME的组成成分
	1.2 肿瘤力学微环境

	2 外泌体
	3 肝癌外泌体对TME中不同类型细胞的调控
	3.1 肝癌外泌体对肝癌细胞的作用
	3.2 肝癌外泌体对成纤维细胞的作用
	3.3 肝癌外泌体对血管内皮细胞的作用
	3.4 肝癌外泌体对肿瘤相关免疫细胞的作用
	3.5 外泌体作为肝癌防治的重要靶标

	4 小结
	参考文献

