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Abstract: In the process of tumor growth, with the proliferation and expansion of cancer cells, the reconstruction
of extracellular matrix (ECM) of cancer tissues, the restriction of surrounding tissues and the flow of cancer
tissue interstitial fluid, the special stress environment is formed in the tumor tissues. Significant differences are
found in the mechanical environment and mechanical characteristics of different regions of tumor tissues, that is,
mechanical heterogeneity. The reseach shows that the mechanical properties of tumor tissue invasion frontier
areas are more significant and complex. In particular, the epithelial-mesenchymal transition (EMT) of tumor cells
also prefers to concentrate on this area. The mechanical stress generated by the invasion front can induce EMT of
tumor cells through TWIST1, TGF-3, WNT and other force signal transduction pathways, and promote tumor cell
invasion. From the perspective of tumor biomechanics, this review focuses on the relationship between
mechanical heterogeneity of tumor cells and EMT, so as to provide the theoretical basis for mechanoenvironment-
targeted therapy of tumors.

Key words: tumor tissue; mechanical heterogeneity; invasion and metastasis; epithelial-mesenchymal transition
(EMT)

Yr#s B #8:2020-08-03 ; 122 H #:2020-09-24
ESTE : HEK QAR R A HAH (11832008) , F KT A AR B AT H (estc2020jcyj-msxmX0545)
BIEEE R s iz ,E-mail ; song@ cqu.edu.cn



EN,%. MEARNFERRESHEMAMRE K- BREL
SUN Yuchuan, et al. Mechanical Heterogeneity of Tumor Tissues and Epithelial-Mesenchymal Transition of Tumor Cells 659

TE R 0 A R i vb, H T M e A i P s 1
B R R RS BT K DL K L A i A B
(extracellular matrix , ECM ) £ il 14544 028 | fifjes 21
LU 1 A AR BT e A BRI 28 A AN Tm] DX ) 2
GG S I 5 R 7 AR 3 2 S, RV RE 2L 2300 O 27
v ME, 4 ML b B-lE) BT B A ( epithelial-
mesenchymal transition, EMT) J& I {7 41 g 2 25 'K %
PR A e Al 3R] A M i R, ST R
B, iR ZH 2R g 2 S i v S IR AL EMT 775 W]
AR S IR 4 %) EMT i i & A8 e g v
SRR O W S AR R U EMT 1F 2 b v %
PR EAR A, 2 I g v A e oM ) S R B T
RE RS (A KA R R E SRR Rk, Ak
XF eI ZH LR g A e B EMT K 22 18] 1Y G
INAZEIR RN IR 4 8] A R b 5 HA
IR 1) C R PR AL FBARYE

1 MBARNNERRME

e 2 — o S M ) B A e, bR PN
TNTEAE 7 | ) B g B Y ) A AR W g v
JAEAE 0 25 5, B MR ZH 200 07 2 S ok
1.1 BhEALKNNFRINE
1.1.1 BEkEA  FEMEAS A KSR, Mg
£ it P 44 B I R JRE A 4 ) A 0 X3 AR 2 T
WD, B A Tl e 20 280 2 B ik, b g o 9k e
g, A R BT A 245k B K i e e B it 79 g
R [T ot 28 2R O e 7 A (R T 0 R Rl AA A T
i IeE L 2 AR R

T I8E 2 400 DX 3R, I8 4 A A 1 4 g
Z ECM, HI, iz XA ECM 5K T K 40 e N 28 )
JUF- AT LAZ G | 32 B A7 1 DR A0 84 5 5 | ke 7y 225 1) o
(SR J 8 T 4 P 5 e i g 2H LR 28 i 1 IX
38, DAIg ey S 5 i PRl 5 I 2 21 g R AR R
e R I S 161 ) 4 2R 25 4, O 5 80 ECM 8 D) &
sk st
1L.1.2 RRGREDS  IEFAL, BB E T &
FH ) FH IR AR B a7 B Joi 1 P [ YA s ) 40 i 1) A
PEFRKE Sy, SR, BE A e A A i 7 3 o 1 4
INLA Bk EL 53 328 A2 460, b3 S PR 15 A 1) 1) B 9 s
SRt s R 3R Y B 04 1A g AR Y 0 41
LUK 7, IF 3R 5 ] R 2H 2R 1) 7= A A s

BREEDT 200 B 3 B0 A MU IR P9 R ECM, 7T
REAE 1 iR 200 L DAt 5 e v i
L1.3 3hm A I 20 A adk o5 )it o Jed O o 2ok
PRI H I, 23 52 3] 22 B 18] 44 K i 14 13 g g 4
XUEAE 25 AN B SY UI N J7 . B 5, IR 2121
55 T B 20 2R 0 A R g 6 B2 AT e o i AR 22 T Y IX
S0 ok 98 210 L0 1 O 28 57 v R R A U AR B U0
J1o SR AN K REEB A BB T, 5N B
20 M2 fioh 7 A A AR gt nT RE SR B DI R 1
PRLIE 224 fie e 4 P 25 P Jes Mo g 2 S 4 i e P e
FRALIN, 5 B A2 45 M sl S WU g O ~r 3 2
1) 240 A

L5 LR, M SV BB 5 S
Stylianou S5 FH R IR 8 R - {2 1#%5% (indentation
atomic force microscope , IT-AFM ) % A LRI 25K 20
LU R AT 9K 72 IR MR S I &, 45 2R
FHIT, LR T i e D 32 % GE D 8 4 LA g R S o
PR IRE A% O 6 20 0 =F 5 ELAR > SR 4K AR 28 10 U
(R I 2 A8 HE 3 B S L o W R . Il R |
Tian 55 LE R HITAOK 2028 [0 43 BEA 14 1T-AFM I
K40 a9 ( hepatocellular carcinoma, HCC) 3% F K
DTG it 1) PR ASE S - B, 19 20 AR 28 iV
DI 3 o I S g A O B B R, BRI R
Ul B A2 28 17 1 DX EL AT B Sl 3 R A2 2R 1 ) A 3
S5, (RZRHTUT X Sl A0 M R 32 ECM 1 A 5 R Y
Il BEAZ A SE MR Ab | 32 852 319 2H 2RO IX I 40 i 3
B A B AR ] R I, 7 FH A [ 5K N7 7 (] s s 52 381
R i 2 2 o= A i AR 1 e 7 (DL 1)

el 52
2

Core({zily) [ Feds

s @y mES%
B1 WEARNHEREYE

Fig.1 Mechanical heterogeneity of tumor tissues
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transition of tumor cells at the invasion frontier
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