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Targeting on the Tumor Stiffness: from Bench to Bed
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Abstract In recent years, the importance of biomechanics in tumor research has been increasingly recog-
nized. Studies have shown that tumor initiation and progression are not only influenced by genetic mutations and
molecular signaling pathways but are also closely related to mechanical changes. The physical properties of the

ECM (extracellular matrix): such as stiffness, can regulate tumor cell behavior through mechanosensitive molecules,
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thereby affecting tumor development, metastasis, and therapeutic outcomes. Research in biomechanics provides a

new perspective for understanding tumor complexity and opens new avenues for cancer treatment, particularly by

modulating the mechanical environment or targeting mechanosensitive molecules to inhibit tumor progression and

enhance treatment efficacy. This review explores the role of tumor biomechanical characteristics in tumor progres-

sion, metastasis, and treatment resistance, analyzing regulatory mechanisms of tissue stiffness, cellular stiffness, and

related signaling pathways, and discusses the potential applications of these factors in cancer therapy.
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JAINZEUCLSLIESE AP BRI A 9 A DU K3 (1) [N F3(solid stress) T s (2) BB i /K H 77 (fluid pressure) Tt r; (3) 41445 i) (microarchitec-
ture) XL (4) B FEE(stiffness) B4 M1 S AARLRFIEAL A0 o [ 448 7172 15 S Jif 88 D8] 38 S0 o ] 2 3 45 A T I PO AT L 0 1T T J 7 /K g DM
FARKE R G, T BUR) 5T b 8 T i (R K B AR AR BT IR 77 o 1882 FR 3 T = S S DR 3[R 40 g AP 2 57 (exctracellular matrix, ECM) 55
CRYER R SRR, LR DM 5 O IR AR A . AR R S G ECMALBR AR L £7 477 [ 1 S A 2T A5 M O 3R 222 1E

JAIN et al ¥ summarized the physical traits of cancer into four main categories: (1) elevated solid stress; (2) elevated interstitial hydrostatic pressure;
(3) altered microarchitecture; (4) increased stiffness and changes in material properties. Solid stress refers to the mechanical pressure exerted by solid
tumors on the surrounding tissue structure due to proliferation; whereas interstitial hydrostatic pressure arises from the compression of the tumor vas-
cular system, resulting in abnormally high hydrostatic pressure and fluid shear stress in the interstitium. The increase in stiffness is mainly attributed to
abnormal cross-linking of collagen fibers in the tumor extracellular matrix (ECM), the strength of which is usually measured by Young’s modulus of
elasticity. Alterations in tissue microstructure include topological changes in ECM porosity, fiber orientation, and other fiber properties.

El MEEMHFREGIHBEE3H4)

Fig.1 Physical traits of cancer (quoted from reference [4])
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Mechanical signals can be efficiently transmitted across scales, from macroscopic to microscopic (from molecular, subcellular structure, cellular, tissue,
organ, systemic to whole-body level): the human body is subjected to mechanical stimuli both internally (fluid shear, solid-state stress, ECM stiffness,
cytoskeleton, etc.) and externally (motion, exercise, weightlessness, physical forces, etc.), and this multiscale mechanically-coupled system senses me-
chanical stimuli and translates them into biochemical signals, enhancing the overall response. signals, enhancing the overall responsiveness.

E2 HHES: NERBIWREIBBEESECHEIS)

Fig.2 Mechanotransduction: macro to micro (quoted from reference [5])
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Schematic representation of the ECM (extracellular matrix) composition of normal tissue (left) and TME (tumor microenvironment, right) shows that

solid malignant tumors usually have higher stiffness compared to normal tissue. This increased stiffness is mainly due to the excessive accumulation of

collagen and HA (hyaluronic acid) in the TME, as well as to the structural properties of these molecules, which are abnormally cross-linked and aligned.

In this process, cancer cells and activated fibroblasts together participate in the remodeling of the ECM, enhancing its stiffness. Such changes funda-

mentally affect many key biological processes in cancer development.

E3 EEERSMEHIME PRI RIS B £ 3Rk [26])

Fig.3 Schematic illustration of ECM components in normal tissue and the TME (quoted from reference [26])
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Table 1 Mechanical moduli of distinct cells

i) e Rpit] [oRUIESZN B {8 /kPa(Zk 1)

Cell types Detection technology Modulus Modulus values /kPa (condition)
MSCs in differentiation Micropipette aspiration E 0.89 (osteogenic), 0.22 (adipose)
MSCs AFM indentation E 2.50 (spherical)’, 3.20 (extended)”
Smooth muscle cells AFM indentation E 5.90-7.70

Hepatocytes AFM indentation E 0.75-1.00

Hepatocellular carcinoma cells AFM indentation E 0.50-2.83

Thyroid cells AFM indentation E 1.20-2.60

Thyroid cancer cells AFM indentation E 1.30

Breast epithelial cells AFM indentation E 0.47-1.98

Breast cancer cells AFM indentation E 0.31-0.66

Kidney epithelial cells AFM indentation E 9.38

Kidney adenoma cells AFM indentation E 7.41

Kidney adenocarcinoma cells AFM indentation E 2.48

Bladder urothelial cells AFM indentation E 10.0

Bladder cancer cells AFM indentation E 1.40

Cervical epithelial cells AFM indentation E 1.20-1.32

Cervical squamous carcinoma cells AFM indentation E 0.35-0.47

Lens cells AFM indentation E 4.83 (nucleoli): 0.22 (cortical cells)

AFM: J5 7 77 S0 B SRR RIS RE; MSCs: BT T 4010, a: BROZANMLAIE IR (A AT RIUBEE IS . br fERRSRER R, gk % i

BIRERTE IS, JRAER I B R .

AFM: atomic force microscopy; E: uniaxial elastic Young’s modulus; MSCs: mesenchymal stem cells. a: spherical cells take on a rounded morphology

due to the short incubation time. b: in continuous incubation, the cells lose their initial spherical morphology and expand on the surface.
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2 IR AN B FT B AR LR R I R A VA R 1 B ORI . R b B A R A e A DR T B R P BT 2, 23 e A 2 A 22 b B -] e
FALEMT) I BEAT R RTINS H . W5, S ET#EN MRIEH IF SO IEH IR A I (CTCs) I, AT R, AT, B
IR A3 (NK)ZN L AT DL M8 PO BRCTCs, 18832 F) S 20 ff w7 DA BEL ok Ji@ 4 R K A% . b TR Js A 3 A5 1 3 3L A0 Bl AL P 40 Jfd 410 22 i
(BCM)FIHAL IR AT e . JEHURAS P NKATRA T 406 A TR v v R AN HAR . A TR 40 i W PEAT R G 2 R A (IS) TR B, I 48
R 0 A LA R 2 L 2 AR UK i 1) 20 I B e S o L PTI98 4 T A T e R A A ELAE FH () B AR B[R] 11, AT
e A AT I IR T SN

Left: tumor cells may adapt their mechanical properties during their metastatic process. After healthy epithelial cells transform and form primary tu-
mors, some cancer cells become softer as they undergo EMT (epithelial-mesenchymal transition) and undergo invasion and migration. Subsequently,
they harden again when they enter the circulation and becom CTCs (circulating tumor cells). During this process, NK (natural killer) cells can clear
CTCs within the blood vessels, and patrolling monocytes can prevent tumor cell extravasation. Top right: The tumor primary site is characterized by
a hardened ECM (extracellular matrix) and softened tumor cells. Their mechanical properties are not ideal for the anti-tumor activity of NK cells and
T cells. Bottom right: Stiffness of tumor cells facilitates the formation of IS (immune synapses) and enhances the cytotoxic activity of immune cells
dependent on perforin and granzyme. In summary, exploiting the optimal time window in which interactions between immune cells and stiffened tumor
cells are most likely to occur may be a promising therapeutic strategy.

E4 FhERARIE T BT MM R hEE R SR 2 G A 8BS 3CHK(90])

Fig.4 Tumor cells facilitate metastasis and invasion by modulating their mechanical properties (quoted from reference [90])

WM 7 EEERE, I E TS5 SIE
RS R A, T2 22 J2= UK AR AR AT S AL
SR, R DR R AR . J1 A
SRS ER AR FRAES ECMZHFES
A2 A, B O 96 240 L B 805 AT S SRR R AT I 18 A6 5110 7
A (R MR A S P (1 7 A R AR AT AT

SCHUYEE . TR (R FBAN 24555 £ U T 1S N A
Mo HA, Iy TR —E R RE R CEEW
YERI®Y, 0, -4 2 (integrins). FAK. YAP/TAZ
HIRhoZK ik GTPases s 72 MR /1745 5 % T (1) 5%
B TES).

13.1 #&6%  BARESPEERE I &R
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ik, FEEA MBI IR . CHANDRASHEKARZ: P
WAL T 24 B & A8 MR L 2R IE i A 2
IFRIE IR« 7E S SR Gtk 4 e (16/24) BE i
(13/24). Z BB BEAH IR (15/24) HE T (16/24)
B MR (14/24) R ¥ R0k 1 L 1M 55 1R 41 Ha e
(13/24)F0 ' e €24, 20 o Sl (14/24) A 0 3R AR SR
K. BERZHZ K _REBKEED, @ H
— AN o FE AT —AN BV FE AL i, HAEA I S1 22 AR
1t A1 J5 ol H 2 T HE A R Y R A A SR T R A 1)
(Kl6).

VEREEEZ AR T, ARG 5
SRR A, g R E R ECM S 2 4,
fEILA AN ECMIINIR f1 . RIS, G 3t 2 1 8
PN Z 88 . J125A5 5, W ECMITEE & A4 g /] 5k
71, BB E R -FEREGUMEISE NG, BUE
TUHETEE, HTRARAE THERE, K
1555 W0 75 ZAE S5 40 SR 2R 1, W SRCEK
I (Sre family kinases, SFKs). FAKFIHE G 2 IEH:
P4 (integrin-linked kinase, IFL). FAKYES & 410 Y

Integrin

T
% X

BERGBEHSPELERY 1Z R FAKK
T RE 8 B R AU (S 5%, W1 PI3K/PKB.
MEK/ERK FIYAP/TAZAZ 5B .

B FAEZ R R 2 o R b R 9 E AR
H o FEMAE B A7, A N R AR K R F- (vascular
endothelial growth factor, VEGF)R] LA L avB3 %5
KRB IG5 5 Ak 1) 456 8 1 Y EGFL7i8 T
HavB3flasB1HE & AR AR, fe ik i A2 R, a9
HEA AT B-cateninAH I [ g L 3T A R $5E G
PEFUOT, FERME SR T, 53 a6p1Fl 6Pl
AR A 5%, T avP3 AT avB5 2 51 5 i 51 B A0 i 4% 7%
A SE0011020 bR K 5 1 2T 45 48 ffd (cancer-associated
fibroblasts, CAFs){/# & % o115 PDGFRB4: &, 1iE
HBEINKAE 5 5, ki 2k U 25 B3 C(Tenascin-C,
TNC)HIRIE , BRI R 22t 1), thah,
G FRIE 5 H A S S s 0 22 B, 4ERERR
Y M I TEAS S . TEFLIRIE S, A R 5 EGFRH
IGFRIG 5 R .U MfERT A I b, BERS
INK 1A TBK 5 5 58 H. 106107 G 3 4% 7 1

—> Known activation
---» Suggested activation

il i |
g o
i Dishevelled RAS ROCK «— Rho SRC PI3K < Ca*
o B ’ i
s GSK-3p Axin [ K :
KL 2FC RAF RACI CDC42 MST12 | . Ca¥ #---
| v o 48 s
B-Catenin p38-MAPK MEK ------------}-------- »CDKN1 LATS1/2 SRC *_ (JNK SMAD4 =i
ERK mTORC1 ! .
\ ol
HSP27 <= ={=========mmmmofmmmmomeeeeee “AYAP) TAZ
| L | g :
1 = i e e o
] —
p-Catenin p38-MAPK CREBI1 YAPT AZ JNK : SMAD2/3
2 ' : SMAD4
(5} H ! '
° ' i : :
; . l i i 1
v ' v ‘
Proliferation Cytoskeletal Cell migration | | Contractility Cell cycle Cell Proliferation | | Cytoskeletal Invasion ECM
and tumour remodelling and migration | | arrest and migration remodelling and matrix synthesis
progression and migration decreased and invasion and migration | | degredation

proliferation

DB T RIS 5 BB AR R AR TP o SR IR SR AT ELA T T, RE 23R SN R BR AR S ELAE P, (E I AR AE 52 I5. 206 I 0 R 4 B v At A

Role of force-sensitive molecules and signaling pathways in tumor development. Solid lines indicate known interactions and dashed lines indicate

known pathway interactions that have not been identified in cancer cells subjected to compressive stress.
&5 “RAaSMILIRRIEGS SR 2 4R 1S S @R (S | F B &3 STk [130])

Fig.5 Extracellular mechanical stimuli induced signaling pathways in cancer cells (quoted from reference [130])
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G FE A TGF-B{E 5 %20 IFN-y fIl IL-2 1 3%
i, I CD8” TN 5 , (€ 3E TregZi e+ Foxp3
B{]%%ii[]OS-IIO]D

1.3.2 YAP/TAZ YAP(Yes-associated protein) il
TAZ(transcriptional co-activator with PDZ-binding
motif) & SIS 7715 B, 32 B2 BN
(T . R4 YAP/TAZAR G AN H %456 DNA, A1
T Z DNAZ & B A s 5 Je i B i =045 oo
PRes S . — BNz b YAP/TAZFR 2L I 7 (A,
PEAR 75 5 1 22k (R IR F5 e A 2 184 5 e 200 1) A
PE, GORTEEYE . TN ZGPE. QUBRIS A AL R RE S, I
ELFE— LR GH M B ENLE, QR A RO . OE
W REERNAMEF S ET 2R
41 o (glioblastoma multiforme, GBM) 1] ¥.4H1 Jfd 73 47
KW, YAP/TAZAL T 4EFF GBME g n] BV F42 28 14
FEPRA R 4 (A% 0 YAP/TAZ NI 0] 68 5 it ysg
I A AN BE SR 4R 28 M A OGP,

TEARSL , YAP/TAZALE R 40 M 52 i % s 4%
A 225y 2N DNAKE G R 1, 450 40 i J& 19k
IR SUR R R T RIE M, YAP/TAZREW
S8 58 22 Tl Jir B3 S TR0 A L EE PR 25 (R AZ I Bl
e ) LA SOT FIEE FYE T (W1 RAF. MEK.
ER. CDK4/6F1 ERBB2HIil 751 ) i 24 14 11131, A5
B2, {45 B RITH, W7 497 I FAKIK

11 rear Cell front

Q Linker proteins

I

| Cell membrane

Immobile
integrins

Integrin - -
g Stiff matrix

WIS T (A): RIS B RE RS A RARPUB & SRR R, (545 &

WVEYAP/TAZ SR AR BEIR R, 1238 K4 E-ECM
FEMMER, HrT e A M S 2E R E A . 7R
W, YAP/TAZRETIT &4 AR e 5 T 1 SE T, I 3
Fooh g R AR B i 2 PR

YAP/TAZTE Rzt 4k (1) 22 AN 35 B8 v (g 3 i e
FEH. B2, e G R g T AR 22 MR
PR 4 H O, Lk, ST BT I e 4 A A R
G A7 MR, S A B A AT A U BRI
iR 240 MG o L1 CAMA Y 3 (0 L A B R B, 3
SACL I e AL AT D, DA T i P RGO 85 ) e % 2
Fas,

BEAN , YAP/TAZAE 68t 45 o 1) 22 o 240 e [4n
CAFs. W JZ41H (endothelial cells, ECs)AHJE 17 41 Ay
(pericytes)|H R FE B ZLAE R 1O, B A2 g I
HIER SN AT, B A0 i YAP/TAZR S 1 1 5
VEGF/5 5l i & i A=02121, 7Efilides H, YAP/TAZ
(1 1o 2 95 D) R 38 S Rl ECsHH 1Y) YAP/TAZ, i i Ifi.
BRI,

YAP/TAZ ¥ 005 38 2 7 WO it 8 Tl A 58 o
() G 5 455 , A8 ek e 4 i 206 3 S 28 MR AL o A R R
AT F Rdes H , YAP/TAZIE I 5| 6 2 S 5 1 1) 20
Jfd(myeloid-derived suppressor cells, MDSCs) 1 % 4E,
IR TN B Sy 202, RS BT, YAP
T B R AR 2 19 I MDSCA % B, 1k 5 808 R 1)

F-actin flow

Integrin
motion

Deformed matrix Compliant matrix

{BEE RPN LS . X ) R AR B YERE T N84 (loading

rate): AT filt A S A A RR B ALY, o S PERE I (B): FEPERE IR TE 52 3 i) 2B TR (W 48 ECMPR): figs & 1SR E#3). XMER
BB AR T FTA 52 1 oe AR e in e, i c24s 7 4 ik jid X . F-actin: FIVLBHZER [1; myosin 11: LERER (A11; intergrin: 4535,

Stiff matrix (A): the stiff matrix effectively resists the tensile forces exerted by the integrins, allowing the bound integrins to remain relatively stationary.

This stable transmission of force maintains a high loading rate: thus triggering a specific cellular response. Compliant matrix (B): the compliant matrix

deforms when subjected to force (as shown by the compressed ECM in the figure): this causes the bound integrins to move backwards. This backward

movement reduces the net loading rate of all stressed elements, thus altering the cellular response pattern.
El6 NNSMEAZFHMGIABESETEN])

Fig.6 Force-mediated regulation of integrin adhesions (quoted from reference [1])
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28 {1 50 e 10 L gt 0 L e P S 2 G 5RO, (B AR
TR, EBONRIVER BT, 40 i-ECM & EE
i P fa) $e feh BF O B3, Rho AT ME R & . X
IEB] RhoA LM 3 %0 7, JFild FAK S
H 5% B ECM & 45 DEAS 5 e AR ¢, 3k T 4 1 i Jed
o,

UEAN, AT 4EA MBS IS TR R 43 0k
FIAZ BRI MR T Rho A i (Rho-associated coiled he-
lix kinase, ROCK) M35 1. il AH O LT 2k 41
H1 RhoA/ROCK )R 1 2 3 U5t H (1) ECMUTAR AT
Fa, AT 725 e g 2L ZFURH 200 B 1) A= 0 70 2 e, 3k —
S bR R A AN

2 =Y hEEMERTRIER
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J7 BT RBEITIE KR IEE 2 AT, HA
AN M) e 4 B ) AR D S R M 38 LRSS R % MR
J7 M IR
2.1 JIFFHEN T TR A S Ma
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B, FINHEE T A 23 AR e, 20
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ECM i 52 38 iy %58 b 98 A0 7 T 245 19 52 1) & — A
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20T 1A %L 5T 42 & 55 I (matrix metalloproteinases,
MMPs) ()% X 85 5 ME i () B FRAIS, HopLil S
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ible factor-1a, HIF-10)%5i 254 ¢ JE K K18 B A
U AN B AT, 5T R R B v 4 RAP2-
MAPAKAE Tl %, bz =0 iR AL, kg
FERRALHZ 25 T H0E RNF8IE S Z W E T,
A5 TN DNABE 501, S5 b Js 40 L 1) DNAE
RN AL B 25U A U, AR A e
STEAP3A1 PD-L2#fi € T 5 Jit Wil B 45 35 BRAE T A 478
Ji e e, B FRAE B R SRS 1) iy 4 B AE D £
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A: IR AN . B: YAP/TAZSEGE NS S AN B 2 0F, ) n An e 7 22 ik 5 Sam o HUBORI B0 OB e i . C: A oh i f
F LA YAP/TAZ, 51 G020 AN A58 1A SR S B0 FR A FZ A 7 ARG o S P AL ] (K0P A W R0 FH, AT REVE S 4 YAP/TAZI AR 2R,

TS B A0 (1 25 37 o

A: drug-sensitized cancer cells. B: the mechanism of YAP/TAZ activation involves cell-autonomous events, such as cytoskeletal rearrangement leading

to increased cellular sensitivity to mechanical stimuli. C: extracellular events can also activate YAP/TAZ, such as remodeling of the extracellular micro-

environment leading to increased local stiffness and pressure. The potential synergistic effect of these two mechanisms may induce nuclear accumula-

tion of YAP/TAZ in cancer cells, leading to drug resistance in cancer cells.

&7 YAP/TAZBUEGER{RFHMERI25(5| B B 5% CHk[56])

Fig.7 YAP/TAZ activation facilitates drug resistance in tumors (quoted from reference [56])
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5 1 EATM AR ST . 7RI A T R IX 3,
20 M S T HF- 1 o8 S 5 I R R 1 TBUH T
SNk BeAh, SN A AR 5K 3 I o A A Y
PUAACRE ST, ] 70T SR R IE T 0T



524 L] RS HES T IE TU R -

iR, RhoAJE it BE ROCK L, (e HEULEh & A B X, TUIT Ji rsg 423 Y AP/ TAZIE 1 3 35 19 0
JIEFHERIE R, SEIMAH PR SNSRI E R RE T, 2.3 JIR4F RS X G & A T U2 N
TR TP . R, g f A AR S R G BESTVE I A R B I IR IR I R BT M4 A
BRSO EMEAETROT ROR TR B G EHEEMEM . BT F B WS WA 0% R GORTE R IR A . SR,
N SR EAESR Z 0 i 8 ) 40 1 SR B A, Bl e 15 A 8 28 17 1l 2T 4 20 i 5 4k i CAF . ECM
(1 DR S SR T AR . i, A iR A HIP, REED. ZE0EE S ME D RRETTRE K
B ) AR BB ) L I A g ) 57 45 Y T B e I B2 A A PR 858 S S B PR 5 0 B S5 AR A
oSO R PR AR, AT B 8 0T AR iR TP A5 IR AR AN 355 1 g S R T 2 4 i 1)
FAh, FEEMIEE SRS S EE S BEMIRERIE T AHER . L ECMA & A
TRHEIT I 251 . YAP/TAZAE X — i f2 i 3 3 A s PR A G 25 4 B AT T ST ), B
FHEEAEM . NN ) 1% B4, YAP/TAZ g T AT R 25475 40 2 (natural killer cell, NKZH i)
5 BRI ECMIBI , 7240 B A% P % 5 A2 iE i g AR, ECMBAT R 16 5 B0 S 5
BT A 5% R JE R 0k Y. LAMARZSE MR 7 £ 9 XN, AT AN R R R, ELHE Twist
YAP/TAZ 135 14 5 28 240 Hu (0 7580 T 24 14 %5 11+ FHOCHEE A 1(Twistl). £F48 & H (Snail). B-catenin.
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= 4 cell activation Collgen
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JHOBE AL (TME) Hh (240 3 412 i (ECM) e 2 FL A R i S A A8, M2t S e dlbaie . v 5, ECMZH 7y )85 BE R In S HLAE MM 2 35 i v
T IETUANE, 38 1R B DA G A 2R I e SR S N TS, Bl R G AR I 2 T 2 AR (N DDR s AL ATR - 1) AR BLAT ] B B G e T g
(A, ECM " ¥ Tenascin-Co4 G205 4H Hi [ 52 £E 5 57 v, 55 G5 #4200 g sl 1) i 4 o AR ELAE Y, BRAIJGE RS R 0. LR, B M &R 1 (osteopotin)ids
75 G M R T PD- 1/PD-L 1 23, E— I g S it/ H o i DA_EALH], ECMAIEEBEIE . 48R e 25 54 %, 20 hiHlss 1
%&QEH’QE‘JHHW‘E T
The ECM (extracellular matrix) in the TME (tumor microenvironment) facilitates immune escape by constructing an immunosuppressive environment
through multiple mechanisms. First, the increased density of ECM components and their modifications significantly increased matrix stiffness, which
hindered the migration of immune cells into tumor nests by forming a physical barrier, or directly suppressed immune function through interactions with
immune cell surface receptors (e.g., DDRs and LAIR-1). Second, Tenascin-C in the ECM anchors immune cells in the stroma, interacts with immuno-
suppressive or mesenchymal cells, and restricts their migratory ability. In addition, Osteopotin induces the expression of PD-1/PD-L1 on the surface of
immune cells, which further enhances the immunosuppressive effect. Through the above mechanisms, ECM impairs the anti-tumor function of immune
cells from physical barriers, cell immobilization to signal transduction.

El8 ECMMES % & MEREEEFITRR G B B2 3TH[159])

Fig.8 ECMs attenuate activation and migration of immune cells (quoted from reference [159])
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F B IR [NCT05109052] . XF F#E47 7 NF258
7 (1 fii JR HR 3, FAKHIRIFR BER B e (CT-707) 5
PD- 1417 ] 751 45 i 3 R B 0 R A0 9T 24 3 P A B A
i, HArEAT I/ IR ES . 50 A& i FAKHT
il 77 ik B B (VS-6063)-5 PD-1H W4t 44 i 18 1) 2k
FPL AR T WIS B AR 4T (NCT02758587
NCT03727880). X470 41 4k Ak e A R AP HAE N
I ik 3R I AR A5 PUA, nr i) R R 2 i)
FEAE TR T R 0 e A R e A T TR
ARBE VD AT DUE i $1 il Rho A-YAPH 1] T8 i Ji
TECAFsH IFRIA , 1T LATE AR PR s <4 H V4 g 1)
& BUAY) SIS0 e SRy R, A8 R %o B A A e o
FUVEIT 1 S B B8 7y 141, HOUZE: MO0 i) JE A7 4K 2
B KB R G LOS&FeOX@Gel, KR 7T 25401 %5fn
R e M b i 2k 3 bR o, P D IE ) S R I Rk
/> ECMYTTAR B e B AR AR 5G (1) [8] 4 B 7 KA 2 5 28
Ji SR ATLAR SR 15, DT 398 5 BEL YD R 1 119 T 2 S 4

PEAEH, X PR EERR 22 Ge Al K H A8 Ak T 5 ik 88 o A
7 FE BT VR B, R R A+ I W [R)VR T
R
2.4 FEFHENT T EEEETT B EZ M

B 1) Y6 97 30 A R S R 1 PR 4 T PR A S )
- B B R SR RAOR . AR, AE ORI TR B
() 772 B R, A5 o R e 4 B
fE5 @8, LM PRI AR . EELT
ECMH, i 24t i J i 3 7 8% 5 36 -FAK-RhoA (5 5
16 B SR R 4 A v SR EE R, AT S e 4 i 2 [
RO TR, RAT 0 B m) 25 i 24 0470

B IE TR, 2 B &R I A i AN Bt L
AR FIRTTIRE A SRR, EMRAK. 7
LR B AE o FE TR I AR T
R AT L8 A2 iR T C B R Rl yR T I BT
Bz — 81 SR, PR s A sa T P 2o
SR N AE A B B R . o, ARk o il
CUH I S o B g if A A s 7 Pt R 3K
W58 R AL 45 B I e R g kb, 3 7% A DG i 4F
S 2 g S 10 v R S S R A B 3 e 7 e e UL
B EFE AR RIR, S0 E A B2 I IE
[F] B, SHENSE MO 58 Jk I 22 Jo A 2 il i YAP/TAZ
N AZBOE 5 5 9 B 40 B B, X e I AR i 25 1
SRS AN, LIAOZESORT 5t % L LA DA% 2R
BHONRER AP E A SR TT 7 BB SR
DR 20 P 3 e i R 25 2k U7 SO0, kT B R A AL
S ORGP MG [ B R R RR 4 5 il R 4 e ] A=
JE AR ER PS5 S e R A i i O R SR AL FE G AR, M
T AP 320 8 4 384 77

BRpe R 1M A A R yA T A, A IR B
DA At 73 TSR3 97 I 5 R ) v 7 HE B 5 Ah 2 o R
FERYIMI . B, SUSE IR TR B i 2 2k Fr
Al 5 CD16" Ber 4E4m Al BAEH , 183t SYK-VAV2-
RhoA-ROCK-MLC2-MRTFAE 5l B it #E CD 167k
21 o 20 0 o AR N SRR S Wi 4 v i, AT IS
AR, T S B R 4E, 55 M2 2R b )
BITIER

Z W IR K 58 2% 3K i A A B i A T A
K SAYMER MBI /RS MEH (W
NCT04676529: LOXHil 775 JAK 1/2 40 ] 71 B
Fi; NCT02627274: FAPHIHI75) 5 il 2 Bk #5758 75
ZE B ; NCT03900793: &IV 547 E# e



526
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R 5 NCT05512208/NCT04720417/NCT05787561/
NCT04620330/NCT04625270/NCT05669482: FAKA]
#1775 RAF/MEKAIHIFHIEC A ), A 8 e m A E A7
JR

TERAE V45 B e LI A8 i T R, REAL
ECMAENEE T YAP/TAZ S S T VEGFS T e i
BrAE, eI A IR TT YT ARCY . BRI, B
ik ECMITRE 5 B % 1 5 70 0L 55 A2 VAT B R, B3
PR S B e B AR . SR A
TERR SR R YR T R VE ] B 00 B B, R fiX e )
SRHE, T BE RN b IR T BT R =T R A
HMEZ—.

3 NEMERTSHES

J1F R IANE T & L 1T R K T B H 41
I B IR B3 (R R R VR TT T B, WA RR LT %
K ZH A B R AR VR TT , WAk« SRR T A 4
PEYRYTT , I R 2 Y B T R FE R 2% A S MR T
77, FARUIGE et mT DLSE B [ A4 N ) 2. 5tk
FARA RO J1 5897 TR 2 R 2 R, 1555
VM4 — M JSE — B P 22407 i 22 JE A 08, OQBEAE Tl
EA-FECM G S B 3% ECMBE | B ) /) 22 4%
JRER S i AR .
3.1 NS FHREATAIR
3.1.1 #4%. FAK. YAP/TAZZE 54z 554
3 ) 71 WA SR I 723 e 3R R T M )12
5T M R VR R, G R S N 5y
T(IPiezo. A HR . YAP/TAZ)FIE 55 Sk
TGF-B/Smad. JAK/STAT. RhoA/ROCK)7E fify& Hl
il B . XL NI 5 1R S AR
BURI ARG TT #E S it T8 IR SCHr, Rl 2 e A
#. FAK. YAP/TAZZENUAE 5 B 7E oAk i3k e 7
R RIER .

A RN E RS BT O R 404E )7
S, RIS, B TS = BT R B
T YUk, SRR, Pk 2RI (anti-
body-drug conjugate, ADC). %A i) 5244 (chimeric
antigen receptor, CAR) T4H Y725 ™), HIT iR
R (WINCT04389632H1 CTR20221496) T4 5 ik
BV 5] AT avP3 [ ADCHI PDC, LUK ) SEAAIR .
5T isoDGRE RGDAK AN KIGIT ik B S &K
S, HREIES A G 5BINNE, BrahES

FAETRE TR YT A B N A M H I, B
B7 CAR TZHIIATT [IOPC-415 CLk NILIH 7T, A%
avB3-Fl avp6-CAR TAHHRAE A3 . —FIVEFL IR
AR S5 SR VR T TIE  s tHA ER U,
KT YAP/TAZINH 254, W5t 50 =2 ERAITER
T YAP/TAZE 14 B it _E 07815 K7 IR E
e H T YAP/TAZELTEAD, R e THIAH BLAE R ; 111
FZGYEE [ YAP/TAZ B0 NS BE R0, H AT,
JUFE [7a) FAKCHE TS P sl L AR A 1 S 2R Th B 1R 43
FIEAEIRPRATRIRPY B, s Fa (gt 25 G /s
53T ATP &4 P8,
312 AFEFTRIEHY HAEGACTT G BEIE TR
% MRS S TS5 E AT A TR TT R
W& 4R R RE VR T RO R T — M A I T
W R R E )RS o FIRE S AR BT 2
W, WEFEN D1 B E B RRE IR TT I RCR, IR B E i
BERE A RN TT IR B .

Wi RN, B4 Rl 5 PI3K/AKT. MAPK
A WntfE 5l g fAH BAEH , fR2E4 (Cisplatin,
CDDP)ifi 25, 31175 CDDPA S () b i 4 i 7=
X 3R U A FAE N oS R 4 i X CDDP B (1) 76
7R S BT ST U0, AN, B IR PR BT 7T 2R
B, FAKY Bus i 97 i 265 1 %5 V) AE 5% . FAK/Sredi
B i) 70 H BT IR AR IR PR RS HR e AT, I 5 4
YEIT BARST (51 NCT038758201 NCT02389309)k
Hf I BoR B A SR . FARINHIF S HA
YBRE T, CAEIm PR TR 3k B e RS Ak 7
BUAE ) YR T I 2RI, IR v i T S g% 1) SRR VR T
R 100Ny A7) GNE-78833f it 5 s 1 o
AH IR 45 A48 (transcription enhanced associate domain,
TEAD)JE R 42454, A8 1t LI YAP/TAZ S fir
A N TEADS R ARV AR ELAE A, AT A 2%
Y57 1P LM (R & TEAD JE 7 4b), 32 1 i)
% Fh 2 i R AR P I 40 B G, AR AR N R I 5
KEIPUIE RN . HeAh, GNE-788310 GEA 2 v Ik Xt
KRAS GI12CHIHI 7 0 N FEMERIFVEM 25, o HiAE
2RI PR ETRLAL A S R e
3.2 ERIEESRHEMIMNEN HZIAT
3.2.1 ECMAZERIEe4HBh 457 5%  BECMIET &
I8 Tt R ey 3 Ji R 92 106 3 HH kT A DG B FH 1O,
VAT ECME I8 A1 ¢ B 4T Bl (tumor associated
macrophages, TAM)IFAAL 7 [ # IA A2 —Fhig e 1
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JIRE e 28 16 3 MR S g 16, I i) ECMITRE JEE A i
HEREVRTT SR, AN — R i 7 =2 1,
TR, B8 ECMEEFE A B ol AL AR R o 7
JE AT RUR IS, HeAh, CHAUHANZE USI5 1 3
I BT ECMBE BE AT REME , BIF AN SR I
108 3 R S R R BRI T MR TR B () ECMUBRFE
BEEW SR T ST A RBE AR T MR . R,
BUBR A= 2 S, e 1) A2 ) ECMUBEE B, Dl o 3
REVRIT 45 Rt 7 — A AT s B AR,

e 20 PR FE 32 0 F 0 CAF, i ik R 2K 1 AN &1 3%

B AR DT, S ECMAE FE # InATECM
B AR A, TP HEA 20 T SR AR AT A A T 1
[ A4 B 77, HAR SV IHEE S CAFE M IEH 4L, @it
I8/ Ji S 1 DRHZE B B IR, 503 e g R R 2 4 ks
1%, 1R 5 H AP IR T AR A R0 R R I H AT
M7 208, 5 an & 70 HH 5 FOLFIRINOX A19-ING-
41(GSK-3 BT BELIT 7)) I TS (NCT05077800):
— TGUE Sk 2900 i D% 240 o e v RS SV I L 0T R
PLPD-1HHL A Ib IR K (NCT06211335) . HAhHt
iyl e m R AL AR B I, AR A 5
YA TMEE B 25 4, H 10 75 31 A T 5 i 3
[ TTHR 6 (NCT05626829) LA Kz Sk 3 356 4 IR 41 A
e AT /DN 8 e it e A 1T 56 (NCT06211335
NCT03177291).
322 AR RRBEANT GG ST F 6 5 JE T %
fife B AE B 98 ¥ T HR OB L R T ECM, R 3G S i
JEIT AN E AR . FES 5 5 E N B S
MMPs. PV B EGE A ARA R (. R
375 FH o IR il R 9 55 A 1 g U070 X R i I e 1
ECMZE [ 5ME, sz fipg gk e U7, R IR AT 0 52
T A A T AR B A B, a0 25 T AR YE MMPs
IR S5, {H X SE Tt 5 (P R I A — B, mTRE A2
I il % LI S5 RS A S 4T A2 2 R e g ) o
[P E 2 5T,

TE 98 0E S 7 vk, 8 ECMBE i Bl (1
PEGPH20)3E A7 /i e Tiiab 3, mT LAME 5% CAR T4H A
(97 R 174 H 2H % W 5T R I (0 PEGPH20) UL 7E 22
i s fAcgeg 8 B h BRIV ), RESIZ 7E PDACH .
THORNEZ: "I it 58 & B, PEGPH20/E % Wil 2% %
M H R WE SR T, H 5 @7 24 msiE
PEFIYT R, HoAh k36 EAE AT, 635 PEGPH 20
AFALFLIE (NCT02921022) 8 PEGPH20 /14 PD-

LI(NCT03193190)J4LI7 414 . Rk, ¥E [ ECM%:
FEL0 M R 53 R T RE YR R AN RS T 1
33 NEZRREKGE

IS FC R, I 23 TR K R R oA 5
(R AL AR M SR s Y8 9T 7 58, T A e BT v
JT RO o X SRR FT R W T AL SR T
BT, K orEk & 4 (diffusion tensor imag-
ing, DTI)%5 K5 5 PRI PR AU 5 & 1) 3% SR LS
RUeh T AR s £ 0 GBMR & A R R S
YETT RN (R TR R P 7, kA, R B A S
MR U6 Ak 10 £ 49 3 2 A B ] S0 7L Ao BB 3
X AR BhR T B RS, LRI T AR G i T
PR AU

o R AR B8 AT LA 1, A ECMRITE RN 45 44
T iR 3k P AN 24 1 b R OCE MR . BEX
XU PE B AL IR YT SRS, AT RS NIEE TR YT Y
KBTI ZERE 70, il S Y AT S ML
T EIR T, S HARIR T 7k A U E
RN, A, YR E R TR A AR, a0 R AR
SHAVRVAE T B g s A, AT DA o) A e
MIgER . BRI Y R | X e B AT ] T
iy B AT T AN LA YA I TR R S e S R840

T4, 38 BRI LR B R IR T R 9 0
BN T o0VE . 7 I LR R B Il B RS JB A,
ST BT (38 B AT U, B R
e A KRR B B PR AE T A7 U89, Rk, T AR
 TRVRE B HUMURRAAE 22 R V6 9T 7 AV ATAT , T
HAEHEBESERT R

FIESAE N — T TR PR va 9T U, R T
TR R AT AR ) 7 & B AU = PR -4
EPAL: & A%y SISO R E kN L B T e i PA R
Rk, S5 A i T SR ATV, B P IRE R i
JTRUR . M EIR T R AR R T 2R I 2
JiTAle I 4 B IR 7 RRAE, 0 5 o A
M BEMES, HEAMEL RPN 223697 5 %R, fe
i S B PR AT RS HEME R RCR . X — B S U
B M AMYIA , BN AR G IT 1% 0
H

4 HFS5RE
EMIFEMRIR . RIRS R SR TR
PO O A . RSB RO 5
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R SRR S 00 T R AL, AL RERS 3
DB AT S Gy st B A R 1) B2 A, O RORT IR iR
7RIS SR A T RS BRI . HUBO AR RS T
AN TG ZAAE B % W R VR 7 Uk, I T X
TR 0 2Rk iR T SRS AR 3R T RO T B
R F1. KK, BEENMIIAI6IT 5 RBERIT K
RTINS, B2 B O I 6 T i
B RER 7>, 9 B SR AL IS A = R R T
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