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The Role of Extracellular Matrix Stiffness in Regulating Cellular Behavior

and Disease Progression
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Abstract The ECM (extracellular matrix) is a crucial structural component outside the cell, providing not
only physical support to tissues but also regulating cellular behavior through biochemical and mechanobiologi-
cal signals. Recent studies have shown that ECM stiffness, as a key biophysical property, significantly influences
fundamental biological processes such as cell morphology, proliferation, differentiation, migration, metabolism.
Cells sense ECM stiffness through mechanosensors including integrins, talin, and vinculin, followed by the actin
cytoskeleton-nuclear cytoskeleton mechanotransduction pathway, and regulate gene expression by activating key
signaling pathways like YAP (Yes-associated protein)/TAZ (transcriptional coactivator with PDZ-binding motif),
thereby determining cell fate. Changes in ECM stiffness play essential roles in both physiological and pathological

WoRR H : 2025-03-28 P22 H: 2025-05-13

Il 5% 19 SRR R e (A HE - 32270723) B B R

*EE1EH . Tel: 0571-81732387, E-mail: sxie@zju.edu.cn

Received: March 28, 2025 Accepted: May 13, 2025

This work was supported by the National Natural Science Foundation of China (Grant No.32270723)
*Corresponding author. Tel: +86-571-81732387, E-mail: sxie@zju.edu.cn


https://cstr.cn/32200.14.cjcb.2025.07.0023

Wi e 46 O ANk o A R AR AR AT D R S ot e b O A 1707

processes. For example, during embryonic development and tissue homeostasis, ECM stiffness dictates stem cell
differentiation and influences the mechanical coordination of cell populations. In pathological conditions such as
cancer, organ fibrosis, and cardiovascular diseases, abnormal ECM stiffening or degradation drives disease progres-
sion by promoting ECM remodeling, altering cell plasticity, and reprogramming the immune microenvironment.
Moreover, ECM stiffness can impact the efficacy of cancer immunotherapy by inhibiting T-cell infiltration and af-
fecting drug permeability. Consequently, ECM-targeted intervention strategies, such as ECM softening therapies
that are modulated by matrix metalloproteinases, are emerging as promising approaches in precision and personal-
ized medicine. In the future, integrating single-cell omics, spatial transcriptomics, and biomechanical analysis will
help unravel the dynamic changes in ECM mechanical signaling within the tissue microenvironment. This will fa-

cilitate the construction of a spatiotemporal atlas of ECM-cell interactions and provide innovative strategies for the

diagnosis and treatment of major diseases.
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Table 1 Elastic moduli of tissues under physiological or pathological states

EEEA A3 L SCHR
Tissue Physiological state Pathological state References
Brain 1.89+0.59 kPa (white matter) / [29]
1.3940.29 kPa (grey matter)
~0.4 kPa ~0.1 kPa [30]

Adipose ~1 kPa / [31-32]

Liver 0.3-0.6 kPa 1.6-20 kPa [33-35]
3.6-4.1 kPa 3.7-20 kPa (fibrosis) [36]

4.8-50 kPa (cirrhosis)
4.5-5.5 kPa 5.0-10.8 kPa (chronic heart failure) [37]
8.3-18.8 kPa (acute decompensated heart failure)

Lung ~10 kPa ~25-35 kPa [33,38]
1.4+0.4 kPa / [39]
1.96+0.13 kPa 16.52+2.25 kPa [40]
3.7£1.3 kPa 18.9£11.1 kPa [41]

Heart 12+4 kPa (embryonic) ~120 kPa [42-44]
39+7 kPa (neonatal)
2.2+0.7 kPa 4.6+1.2 kPa [45]

Kidney / 7.76+5.16 kPa (without fibrosis) [46]

12.83+9.80 kPa (with fibrosis)
15.55-29.70 kPa 32.22-44.54 kPa [47]

Breast 0.4-2 kPa 4-12 kPa [33]
~400 Pa >5 kPa [48]

Pancreas 1.06+0.25 kPa 2.15+0.41 kPa (pancreatitis) [49]

5.46+3.18 kPa (tumors)
/ 1.2440.13 kPa (fibrosis stage, F0) [50]
1.4240.12 kPa (fibrosis stage, F1)
1.65+0.08 kPa (fibrosis stage, F2)
1.9440.28 kPa (fibrosis stage, F3)

Colon 0.8+0.4 kPa 2.4+1.83 kPa [51]

Bone 1.3-7.8 GPa (cancellous bone) / [31,52]
12-20 GPa (cortical bone)
1.28-1.97 GPa (young-old) / [53]
2-14 GPa >689 MPa [33]

Thyroid 15.9+£7.6 kPa 36+30 kPa (benign nodules) [54]

150+95 kPa (malignant nodules)

Cornea 696+113 kPa / [55]
281+214 kPa (anterior stroma) / [56]
89.5+46.1 kPa (posterior stroma)
1.9-4.2 kPa (anterior stroma) / [57]
1.6-2.9 kPa (posterior stroma)
7.54+4.2 kPa (anterior basement membrane) / [58]
109.8+13.2 kPa (bowman’s layer)
33.1+6.1 kPa (anterior stroma)
50+17.8 kPa (descemet’s membrane)

Trabecular 4 kPa 80.8 kPa [59]

meshwork

Lens / 353.36+321.57 kPa (nondiabetic) [60-61]

221.92+161.18 kPa (diabetic)
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The mechanical role of the ECM can assist in protein unfolding, enhance the binding affinity between ligands and receptors, and trigger mechanotrans-

Extended closed
Low affinity

Bent closed
Low affinity

duction processes. ECM stiffness allows integrins to extend and separate the o and B subunit legs. Inside-out signals help remove integrin inhibitor, al-
lowing talin to bind to the integrin B subunit. The structures of talin and vinculin can be unfolded only when ECM stiffness exceeds a certain threshold.
Further, the exposed C-terminal domain of talin binds to the actin cytoskeleton, with vinculin further reinforcing this binding. Actin cytoskeleton con-
nects to the nuclear lamina through LINC complex, inducing alterations in the nuclear lamina that lead to chromatin structure and distribution changes,
ultimately affecting gene transcription. Meanwhile, tension generated by myosin II is exerted on the ECM through actin cytoskeleton and integrin adhe-
sion complexes, pulling and deforming the ECM. Contractility generated by myosin II from the cell center cooperates with protrusion forces produced
by actin polymerization at the leading edge, driving the actin retrograde flow.

E1 ZRABAIHARNG RS F2 (R -2 2& SCHR[80,88]1£2%)

Fig.1 Cellular mechanotransduction (modified from references [80,88])
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ECM stiffness can influence cell adhesion and regulate gene expression through actin cytoskeleton and nuclear cytoskeleton. Soft matrix promotes cell
apoptosis, whereas stiff matrix enhances cell proliferation. Matrix stiffness directs stem cell lineage specification, mesenchymal stem cells express adi-
pocyte and neuronal markers in soft matrix, while they upregulate myocyte and osteoblast markers in stiff matrix. Cells sense external stiffness gradients
and migrate toward stiffer regions, which is termed “durotaxis”, and is more pronounced during collective cell migration. Disease progression is often
accompanied by increased tissue stiffness in lesion areas. This altered mechanical microenvironment drives fibroblast-to-myofibroblast differentiation,
and subsequent excessive ECM secretion by myofibroblasts further elevates tissue stiffness, accelerating disease progression. Additionally, stiff lesion
promotes cancer progression by inducing EMT.

[E2 4BESMES AR B X 4RRRT T A AR (R HES 5 STk 180112 20)

Fig.2 Regulation of cellular behavior via extracellular matrix stiffness (modified from references [80])

BAE" . FAKFERFECM B RERR 1L, #E— 2% Rac-
GTPfE %5, {2itcyclin DI¥RIL, NIEEG/SHAR: e, M
T2 2k 40 A A o e Ab, 4H 58 W] BLid i Rho-
ROCK {5 538 4 1 17 35 o7 A8 55 1) 524, 3317 52 M 4
H45E . BCMISEFE AL P 42 40 i & 28 (WLsh Bk H )
G B3 o[ Rl 4 = Ve S O DA N e 4|
ARG T 5 PRSI 5K ) B ) B Rho-ROCK
SO IR, AT A0 G A R U, BCMIE IR
Rl AN Ca> {55, NI 20 5E . 72
TEECM_L, H&-& K B0E AT e #ECa2 B IE THTIL, $2 4l
W Ca? K&, i1 ERK (extracellular regulated protein
kinases) {5 518 B (12 32E 241 B R 1M A S 91081, ECM
B 2 Xof e 28 4 o 1 et B AT R . A, AE R

GRS TR YT (chimeric antigen receptor T-cell
therapy, CAR-T)™1 , 7K & A B2 AL 2 nl L3250
i CAR-T4HML 13458 % CARZRIE /Ko flfk ECMA#
JE A HESRCAR-TA I I BE /), $& = e p R s 14,
NCAR-THIZEIRIT AR AL S L g7,
3.3 4pasrik

T4 ) o3 T A 52 FL R A B (B -2
AESAL )RS IR 5 T ECMUAE FE AR 5 B8 1 A=)
YIRS S, B TR dris . B iR, ECM
PIALIE 5 B A RN SHE SEK% . HRE
TR 5K A7 72 AR WU S 5 (A0 YAP/TAZ) Ik
T R R T A M 1 2R O Ao 108,

A ZH 2R B Ry 2 1 ECMEE & | 1T T4 /EAS
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[ 58 P2 A5 1) 2 A ) 5 G b 2L 20 15 2 AR DL
Beo it MSCsTEHBUK I ECM L5 5 734k g i
MR ERZ T, TAEBUE A ECM L S8 45171 731k
FSULAH Ao B R 4 g 13190, B ECM LA integrin o5+
Akt(AKT serine/threonine kinase)f1 GSK3B(glycogen
synthase kinase 3 beta) & i [1] /5 2/ F MSCs7EfE 3
J53 L 17 BG4 3 A A0 . NASEDOSTR] H JA Hi-
C(high-throughput chromosome conformation capture)
PR L A [F] B B A8 T f) MSCs Rl 41 = 4k 55 4
i o FILAEE J5 AfE HE MSCs i A/BIX % (active com-
partment ARl inactive compartment B) A #1 S Ek 25
FJ13k (topologically associating domains, TADs) ] 5
B8, TGS s AR SGIE N (ISP ETSDFF i G
W AR R FE R A, e 4 IR B MSCs A B 77 1) 53
o XHEIRECMAE B AT LA R 40 o (5 51 g DA K 4
005 e R S R R B R R R T A Ak

YAPHI TAZ & 52 B U N 8 1, 72T a0 7>
R R FE SR IO, BRI, YAP/TAZI)
% ECMIE i %, /E48 ECM_E, Rho-ROCK A&
TIEER A S E SR A I 1G5, (2 4E YAP/TAZ
BENA AR, ATt s 0 A I F 4 s s 734k Y
YAP/TAZAE H Al 20 i 82 v ) I B 32 2] ECM
BERE T a0, ARG BB R, i
ECM ] & = 1% T 41 i (intestinal stem cells, ISCs)7E 7,
VT B R H A 2, X — R R T- YAP
Gz, TAERUERFIECM_E I (2 EISCs ] 28 A 73461
BeAb, FEB BB )5, B B LA B A AR A AR
. (EHEYAP/TAZIE AL, LA T4l (satellite cells,
SCs)FEALHE, MM SCHFHILIAL A1,

ECM# J& AN 1o 40 1 48R0 g PR 7~ 42
T b, il ge EAARHIE RN FZEE. B
FURIN, 3L 0T RE W (L JE HE I AR (glycolysis) ST
R 1K (oxidative phosphorylation) &% i 48 AL 1, MM
ek MSCs [ B A0 01k o FAAHL ) 2 A 2 o i
i F A ekl B A 2 1 1/2(mitofusin 1/mitofusin 2,
MFN1/2) 335 H-40 i 50 /) 8 A ARS8 H (dynamin-
related protein 1, DRP1)FI7E M, fi2 {5 26 ki AR AH H.fh
B, BRAAERE R R A AL . A, A B P
TENUBUR SR B YAP, [0 Uh R AR o .
WA 2Rk sl )28 S BoRi A ALV S| IS AR
Hor . BERER S Sk i i 40 B 225K 0/ = 28
NEAZ I AR T YAPIE ML AE . Ik, YAPR

— N EBEIHIAL KA, 7T LLEA ECMPLAS 5 1
fie wARUHE 5 R g2 T4 M (1) apas e

CRGKE , ECMEE R /T4 iz v B
LR, BT S e S5 i
R EWIEE . YAP/TAZ(E 58 EAE AU B
O Tof, TRz R R CEEE T .

3.4 HREITH

ERE &S RN AR
Hh R 2 P I A BT A2 B S B0, G g RT LR
AP SRR A REAR AL, I [ S R AR v ) X ST S
X — AT NBRR AR (durotaxis)® 120, H AT FT
R, BN ARG BE R A W AP AE 5] iR, 739
RRSE AR 5| IR BB (O 45 77, 20
(1) durotaxisid FE U T BN A& P ) B Ha A= 5] 77, B
AN FAIE I X ECMItE N & IR A8 ), ZhaSREER
) ECMAH {5 248 Fif B8 £ S50 K ] 4] 22k Jo il
MRz 18T, el R A ST E . X
— 12 tH FAK-f & AL AT £ [ (paxillin)-vinculinfg 5
R HASERR I, BT RS
PG| JJHAE FARGE . 1L (chemotaxis) Bl
fih 14 (haptotaxis) )06 75 Kl 25, {H"& 1E 2 g [ £ 222 )it
TR AR AR AR . eAh, 20 ) R
AT TR A IE B &l TE P

AN B 2 i BE 08 26 B HH A R M 4 R R A
LA R RIFE R I s AT v . fildn, 7E B
R A M B2 SR R RE A, 40 A e o e A AR
FHIE RN B i 2 51y T4 R, 1X 287 w] AAE 2
JRUFEAR 2 (B AT A% 348, AT S 200 L A2 8 A 5 1) B
Bl 4] 228 i X 3k 1221, 2170 7 B5 A #% (molecular
clutch) #5844 AT 7T & B, 7R I, BT ECM
WK Ty KA, a2 RG22 HH, S35
JeiE e A R W4 7, I BRI T A2 e g, A4l
Fei b, A 2L NARE , F-actin B &5, {H15
1 55 S A SR BE AR A, I DK Bl B A B T
%

TR B TR T —FloAH S BT B,
RN B A B (negative durotaxis), R4 £ [7)
AR 2 ) X 3 7%, 17 S ) A B vy ) [X 380
FEUBI, fFlhn, 785 U-251MGH SR 4 i oW 82 3], iX
G2 i I ARAGOK 2 B4l i — A AR 5T, T2 R
L A R R T AR AT N, X IR 5 A& I EIHL
MR FI AL E BR B B S S S AT e — 8. il
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Motor-Clutch 5 AL ff TH AL, & I 4 M i 7] T3 4%
B A URE R X 35k, B TE 12 [X 3804t i fi 0 = A= B K )
A1y, T2 I PR 3 A7 e i A B R TS S )
IS ER B E WA iR | A 4 i ) R R
1T R, TS 8GO 4 talin, 1@
T e AT 20 P P S AR P BRI, 6 L AN s 1 e A Oy
A ) R 02124

X IR B, 41 BB A P 1) 7 1) B e T H 4
B BRI 75 5 T B A AR IREIRAS , AN AR
AU 20 ] e I H A [R5, DAIE 87 Ay
3.5 ApAT

A0 LA T (apoptosis) & A iR 4 7 20 2 A5 1
— FRRE T AR T LA, AR RO A . T
() IE & R AE X TE B 2 I el e W A 4EHr2H 28
ThReZ CE B, 1 H 5 A1 S5 e S H i FE
EYIM R, BFFR B, ECMAE & 7E R 41 i 8 7
TR EEEN, AR BECMAE ] @it (S
TR A A VG BRI T . ECMIAE S PR AR (AR 30 )l
B e i O e Sl iR - Y R By
RasffiE 1k, #E— LS PI3K/AktRIMAPK/ERK (5 5
JH B 5% K F FOXO3a(forkhead box protein O3a)
T TR AL AN ) T IR Bim P A , 41 a3k ili e 41 4 41 i
FRAF3E, AU 202
3.6 ZAARACIE

ECMI 206 20 B i AR A= ) 24T R ) R 4 0 e
2 e e o AR 7 A T R B o DA AR e R

ECMIE 1] DA LSRR 28 R A7 (1) &85 46 R Dy g 11271280,
TERE HE JoT o AR 2 0 H 8 e AL AR AR 2544, 3X —
JLFE /& SLCYA1(solute carrier family 9 member A1)]H]
F ERBRARI B 115 5 LLOE M4 (reactive oxy-
gen species, ROS)7/K~1-, #f1fii# it HSF1(heat shock
factor 1)-YMEI1L1(mitochondrial escape 1 like 1)fit
R LR RLAR ) SR Z ML (oxidative stress resil-
ience, OxSR)FINZR A A 2 #4) #4127,

ECMf B ] DL 45 40 o 3 16 i 2 BB A . AH
ECTREEL R, R R RN SR B i
TR 228 BRI 5, NIRRT S5 ik 22 3L 5@ AL IR E3iZ 3
EFZEFTRIM2 1 (tripartite motif containing protein 21),
TRIM2 142 7] i 1% B B8 (phosphofructokinase,
PFK), PFKId i 8 A B AR A Bl B, e 2% R 1
il T F

ECMIE & 74 W] DL 2 40 i A 100 R 07 2 e 80
BTk 55 LB BR R S 4E 77, I 520 e 2R B A4 1)
AR S F 5 AL Lipin-1%3% , 3 30my /R A b 2
HilmA &, 187> ARF1(ADP ribosylation factor 1)
AR, B4 F I SREBP1/2(sterol regulatory element
binding proteins 1/2)%% 355 K- [0, IX30 i I G Ak
HIFR R,

4 HRESNEREEEEEAREEIES
B E
4.1 YRRSNERAEE A IR R P AER

H AT 7T 5 I 48 = S A 858 o B HLBRAS 251 7
XTSI N IR E kol 2 AR &
B AR . BCMI R R LR P BT 40
SR e, Ho Bl AT 8 A AR BRPRZS 1 o52 Ti eAg
AN TR 2R3 B AG ) I 1) e ZH 3R R S BB, DL TR A e
ATHUIAE 5 B 38, Y7 A A AR FR I Bl B3 131330,

ECM# e M= KRR AT . 8%
BRI . tuan, 7ERAL S bk B 52 ECM

SRERTFENED, X RPUREERXT /N R

I R 2 e B 22 134, i ECM&: @ 28 1A AN R
SEU A Pl R 47 1) 2H e R S A1 B B I B S A AR OG
£ H (low-density lipoprotein receptor related protein 5,
LRP5)/Tie2(TEK receptor tyrosine kinase)( 5 /3 i
KA WS REER S, 20 ECME AL
Bk, SR AR AN R 23584k, 3707 R 1 LRPS A
Tie2 I KIA, & FHBUNR M A G IER 5 %25
Mg U131 oty b o e e A Bl 3 12 25 15 ECMUAE AL,
JF L8 LRPSAN Tie2 ()3RAE , S HUB A/ WM 2
RAZRAA N, IXFRIR T IE R B WO i A
P SAN:

BEAh, BT T ROCK AT S ) myosin T3S
55 Py R 4 23 BOIR D8 /2 BT A 55 139 L
TE5rF WL ] 582 M8 T Rho/ROCKIE ) myosin
T3 5 R 90 R e /A S 308 200 L 6 T b 23 R fe /DN 4
53,
42 MAESNERIEE RS IR RER

ECMI# B 7E 2 Moo HERR th B OV E ], funee
NE & E ARG B PO S o R IX LEP BEAE
, LU A A E 2T ECMI #5288, i
ECM KA IR e B 45 3R, 38 T BE 50w K
JERI IR . il an, 7 £F 4R AT bl DU % 21 7
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i I ECMUTAR B U107 A e, #1154 S5 9
T, ECMid B F#fif o T BUBCR L AR SR i A Ty
RE, BET AR,
421 eSS EE  ECMIEESTE
JeEE BE A %, 045 7L RS (breast cancer). A4l HIE
(hepatocellular carcinoma). Jiifi (lung cancer) 1 ik
S8 (pancreatic ductal adenocarcinoma)ag (13131441,
TE PR A B e A 5% 4T 4E 41 Y (cancer-associ-
ated fibroblasts, CAFs)#03E, /2 #fECME [ 3R 1X,
FHEECME B KL B YIRS IR0 5 K 2 2
1k, FEaE— e B IR (R 2R R £2 (112) .

Twist1(twist family BHLH transcription factor
1) ik 8 25 1) B AT 4 20 2 0 v o P S A L (R gk
AL R M 22 i 3L B HE 45 CAFsIBUS £ 4, JF Eif pal-
ladinFIVIZJiZ J5i(collagen VI)FRiE, H Twistl 5] H)
FRATAEAN BT AL, P B AR R 47 kA, FLIIR
ot b R 20 AR R R S5 I 5 7R kAR, 35 B Twist A
77T E4E G3BP2(G3BP stress granule assembly fac-
tor 2)_BREAH oK, 12 33 Twistl FIA% )47, B s
EMTILFE, SREh R 1228 55642, 1T G3BP2HIfIRER
55 R PR S A e B A RIS 1. [H
A SCER I, 727U i FE L A, ECME 2
HIH N5 i R e AL i R AR O o BT T RBIL, M TR
SBT3 B R A IR P 4 5 ECMIBRE L, T 4711 6t
R A Tl 7T S L B VB AR, I AR R
A ZA R SR BILER. PIBKIE ST
M FASHITE R, AT AR 5012 28 Al i 3t e U4, ECM
B 52 340 RE 52 M 20 2Ry e I DR K 08, A 2L Tl e
22 (SCp2 1 EpHAZN i ) 75 5 1k (1 s B2 2% A1 K Fa g
i 221K PR 2& 11 (B-casein), 75 53X P A 4 i & 2E T
ek 52, Ak, ECMIERE Flid s YAP/TAZIE 5
TP, AAEE SN AA 73 6 1 77 2R 45 L s 1) 40
iz sh Az 220,

1E fili e, PANKO VA 25 U 1 58 K 3L,
RASSF1A(Ras association domain family 1 isoform A)
R P E R YAPIIAZ B A, JFI30% PAHA2(prolyl
4-hydroxylase alpha-2), T3 IR yT AR I, i3k
2 T2 S 200 . 1) 200 PO o 2R TR AR A T e A B
WUZE USRI, FEAEHE 5T _E 5% 57 40 B 20 W ) s A
RE A% e B bR 1) E e, VR AE 1) 2 1 AL AR AT R
o 6 5 R TS R B R A Ake, i3 — D BOE B R AL

Rabin8(Rab8 guanine-nucleotide exchange factor), #4

Rab8(Ras-related protein rab-8)%% 4 yiE P [ GTPE
BB, B Huh7 8 20 i 5 WA M, 3 F 7
=18 Jagged 1 (jagged canonical notch ligand 1), ¥
7% Notch{Z Tl #% , ATk HJm 22, X 5 e &
H A R AL 7 A — B
422 ISR BT A YAk GIRZSES)
ZARHR IR S g AR BARS B OCE B AR,
18 11 Bl B A5 05 FT g R B 24 44k, 1T ECMAE &
(1) 578 T m R AR AR AR (W B BRHE . 38 B AR 4R b
55V 22 SRR R IR 45 46 AL 23 A B A AR 43 F AL
i, RFECMIL B TR A A IR 7

FE/N BT LT YA IE R b, B i SE B 20 231
AL, FE XX Fhopg BRAE FE R, W s 2T 4 41 i A
1E 17 386 B RN B 5T BRPIRAS e A, IF HAW#I COX-
2(cyclooxygenase-2)7% 15 FIPGE,(prostaglandin Ep) )&
B8, T RCET AL R0 SO TR 2R 4R R 7
[FIRE, 5L 4R B O N LT 4 B kR b, B
2R Y A B 1) LR AT e A %7, AR 2 1 ECM,
TR LF LA I R (K]2)

o JULZH Pt R A 03 P A 3 2R A 1 2 R R B
Fr, A BT s A4 AR ANk A e (51515
FEREBE BT b 35 7% 1O LA M 22 3 2R Bk B e 77, Thd
JUFEAEL 20 i %) 38 B fi 0 4 5 DA R 4 LR SR R AR
Ik 7 A aEsE, [FERIE T ECMARS A DG E
LIk BN YAPZS 5.0 8] J57 40 M i 21 4Rk
R OSTIS90 00 I T A A 35 A 1) /) B A0 ) 5 9 BE 5 1)
HIRAFYEACIX (1) 2T 4E AR o B YAPAZE AL, I
HIX A i 40 B AR R B ARG, 5404 i B s
LY HRFIPEAR O . O IE AT 4E A0 L 1K) YAPAZ 5 fF
G5 BOE S22 1 MAa A 2 VR L, O B 4t
AAEAIRTT AL T IR IR IEAE U, A, YAP
14 5y i i 52 E| AT R (angiotensin 11 type 1 receptor)
(R RTE, AT AR Co JUE T 4 20 PR ) s 1001
423 st AR L s km  BCMIEZ
FE LS D Re kA SR BEAE T, BE S R MR ) Ak o8 A Al
{k.(atherosclerosis) F-#lJikJ& (aortic aneurysms). =+
Bk I JZ (aortic dissection)ZE Bt fE . Bl E XL
PRI R R, I ECMAZRTS S I A, 52 IfiL 557 (1)
FPEFIT R

= 7 Ik A8 A4 1 2 3 22 A0 I e 1Y E
REAE , LR A EE AT ECMA BB AR 14 142
o 2 AT (0 L - T JUL A B 1 4H 2R3 e v T
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SERRET, A AP U LA B A () o-~F I DUVLEN
H (a-smooth muscle actin, a-SMA)FI#4 % Bl & &
WU, gkAh, JHEE B 4(Fibulin 4)(REIE /N B
(Fibulin-4*"*)FR M Ny EAT F 5 IKY 5K BL L& 3 ik
thANREAL o B — B e A T iR, Fibulin 48k
Féa /)N BRL 30 iR B & L 5 TGF-BAE 5 il i LA
K, FHEBEE M L. B, T AR S Y
AR R AR e, i AE NR T, Fibulin 45878 3%
TN Rz kA ot L . _BAT 3= B30 ks DA SR i
S SR

6 55 2 3 i ECMIBE JEE FA) A% A 5 i I A7 11
W4t shag. W70 &I, Sox9(SRY-box transcription
factor )M HE A/KFAERZME R BE FiR. M
ISR SoxORIFRIA, ThAR IR ZRIA, PRI
B LA U da e, S B ECM S LA BUE
DURR, FEdE— 25 sk 20 P %) B A4 A 5 2160,

B A S o BT R W, AR B ECMIE
FE 564 T EE TR N ARSI K ) R A, R 30 HH o %
B 1A o3 40 BRLRFAIE o BhZRIE IR S BG SR BH , 7 =y Bl 2%
TR EE R Ty AR N R T[] 5 7% 4K (endothelial to mesen-
chymal transitions, EndMT), [F] it A7 75— s [ 1
B8] J5 7] PN iz #%4¥.(mesenchymal to endothelial transitions,
Mes-to-EndT)Fid #2 . >k B NSRS AR A0 B B ()
2 P e E e - BE ECMITIE F 15 9% 2544 1O Y B2 40
W B v FEARAUIE , X O B T BRI A T P B
ML AT Re 25 T SRR AR A LI

5 REERE
ECM A A2 I A= K 2 S0 2, ad i i 3L
MUBRARE M Cn s 52 ) 28 201 5 1 200 JH 47 R 2 2R T
ECMBE R4 . . 8. e AET:
SEYEERR, FFEMIBEE . BN, A
RN FE (AR . 2T AL AN I B 0 ) R R
FEORHEMEF . 4t id o B 35 — 505 B —41 i B 22 —
B BN RS S R ENECMAEE , 311812 YAP/TAZ.
Rho-ROCK. PI3K/AktZ15E 5 1@, 5204 il oy iz
S FE R R IE . BCMAE JEE (1) 57 85 A8 10 W] {2 i3k Jeg 41 i
1278, INEIBRE LY, HZ R g IR, ik
SUM R AR . JTAER, B ECMAE B f i 5 3R
WEAESAE TR YT « PR AR E AN R TR JR B 8 2
(IR . lin, @ R ECMBEJE, w LAERET
SR MR, $E i Sk A AR (W PD-1/PD-L 1417

TR YA TT 28R 168 R FH ECM#ER AL B R Mg oA (n
LOXHIHIFR . 375 BH 5 BRI ) ] 536 245 40 3dk ik 2 6 1,
TP AR B 240, Ak ECMUA FE W] 5| 341 B )
oA, N E B R AR TR SR AR ek . DRI, IR
AT ECMALIAE 5 RS AILE , K A2 fi 4
V) TAE PR B S AR AR .

JE T AT SR ECMAE FE 18 428 40 B AT S i de
JEBE TR IAT T R R, (HAAEE T 2 R iR ik
ABRAL . B, ECMBE LB A 21 ML A 75 3 —
WENT . H RTHE 7S #87K integrin-FAs-YAP/TAZ 4 7E
ECME A i B 244E F , (H ECM AT idsd /)%
155 520 e 0 ot BB AE R R R A ANTE R . R
FUSLLE G A P 8B AR B ) 2 )
AR, ST T8 S WS 5 540G S, FFEAR
() 2 2R A0 200 Jf 2 2 mh SZEI EC ML il 2 P 45 e e
FUk, ANFEZHZAHEBEARAS S ECMA UM 52 1
SR LS A . AN A ZH 2R A REE FECM
B FE T HAE SR IR N (128 B LR 2 A HH [
i, ST (AL . ) SV T M
BAT MR MR INBCMER L . AR TR 45 &
Yist Rl TR R 2 H 2R, i ECMAE
FELEA R A ZR AN RS T B B 258 A0 S o 248
17 R E -

I 5 P B A 3 (A 2H 2 RR B A AR SR AT A
FH .40 B 5 S 4000 7 (single-cell RNA sequencing,
scRNA-seq)~ FL4H 4 €4 )5 n] S PR JF (single-cell
assay for transposase-accessible chromatin with high
throughput sequencing, scATAC-seq) PA % %% [R] #% 5
ZHM ¥ (spatial transcriptomics)&E# ML AR A , #
HT ECMILIMAS 5 fEH R 55 (1 Zh A Ak, 1
ANFEEERPIRES T ECM-40 B AH BAE F B 2 B,
R HE 2 2 A PE A TB T 2 (it 58 IR J2 B B A AT
i, ECMAE 48 46 v] B 75 5 A [F) 48 ff A £ 1 2k
DRI 2k B9, 5 a0 /8 o R B, B ECMUE I 3
) JI IR A 5% B AT 4 4T L C AF s B30 0 T 441 AR A 41 g
(cancer stem-like cells, CSCs)fIFE R ik | {1 4
MU= 28 38 N 251 . R FHscRNA-seq B A, AT
557~ ECMBE FEEE A [7) 40 B VA (0 s, 100 S5
() 775 HE s AR R 1, a0 YAP/TAZAR 38 ) e 5%
RN F (N TEAD1~4). AR5 5B D T
(integrin B1+ FAK) MU R 2 AH G HE K (PIEZO 15 ) o

FEIG R R FH 7 T, 2 T~ ECMAE 1 4% (1) 85 1
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BT HRIA T/AL . H ATER X ECMAE FE 1R IT 3R
W% 32 B AR PR e FE OA B I 4%, WLOXHMHIF . &
W J51 R I A1 E C M i I8 £E 0035 S 2 06 97 AL T
293 T T RN o B, A LOXEE [ it e
WA ECM, T3k i ) A2 e P R % di i [
R by il 55 AR Joi i o0 (2 2k T2 ML RS A% , AT 42
=L PD-1Y6 97 BT R U8, gl 5 3 (nattokinase,
NKase), — P a] DU g A i DR A 2454, 3d o v S
NKase ] DA% fif £ 3% 25 [ (fibronectin) H 2E2Z CAFs
P AR, AT BRI L . T NKase
(R ¥ B 3 T DA 3E CAR-T 4 i 17 o988 1032 0, 42
f51 CAR-TYR T S5 A 5 1 B AR T 2% U990 I35 96 T g
B VCN-01 7] LAk 37 W o BRI, AT 5 fide e e 2
JoR, e AR e s ., R 3R AT 1) 3R ) i as At g 11
ik AR B g B0 H TS5 B e H BE 9T T
V5B I B A% FHLT L& N R A2 KPR 1 (vascular
endothelial growth factor, VEGF){E 5 11 251 K Hi #
Jiggg H I A T R, AR X AT BT e T R
TR 5T B G B s BRI TR ), (85 2R16 97 1Y
29 S CURFEAE A, TTINNGZE B Jod IR il 350 7 4E
KA VEGFIR ST LT A 1 250/ E F I 25 0710,
SR, X 16 SR WS LE I PR e Aok A% 7 T s Pk ke,
ECM B2 42 2 2R B sl o @R PP Ak DA R A4
WIBIT T B TR, AR TR EL G AKREIAR
A TREFN B R R B A, T R S kS A ] 4%
IECMAAL /2 S0, LAAE i RS (1) 22 A PR A
A R

A, N TECMEAYIMEHEH A TS FA
= 2 i N AR A IR AT 58 . JE4FEK, AT ECM.
A WA RS B8 K 3D L B 3% R AE T4 i TR AN
HLME I AT R . A, s T O ) K g
AT EEAUAS [FE AL 2 A8, IR 5 5141 € 7
I RRTHE— D 45E 3DITEN . Al dm e A Y4
BHRIZH M 77 52 AR5, R I AL ECMAR &,
N AT RIS B PR AR SR AT ) S
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