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The Progress of Microscopic Mechanical Signals and Biotechnology
in Tumors

CAO Huimin, LI Xian*
(Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010050, China)

Abstract At present, malignant tumors continue to be one of the primary causes of death globally. Modern
cancer treatments encompass surgery, chemotherapy, radiotherapy, hormone therapy, immunotherapy, and nutrition-
al supplement therapy. However, owing to the diversity, heterogeneity, and instability of tumors, there is currently
no high-precision regulatory approach for tumor diagnosis and treatment. On the microscopic level, biomechani-
cal signals play a role in regulating tumor cell growth behavior and tumor treatment, offering a novel direction for
research into the occurrence and development of tumors, as well as precision medicine. Most domestic and foreign
studies primarily concentrate on the effects of biochemical factors, neglecting the significant breakthroughs in bio-
mechanics within the realm of biotechnology. This review summarizes the multilevel and multiscale mechanical

characteristics of malignant tumors and the advancements in biotechnology-based tumor treatment research.
Keywords mechanics; solid stress; fluid stress; matrix stiffness; biotechnology treatment
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Solid stress

©

Fliuid shear stress

Matrix stiffness
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Abnormal cell proliferation causes displacement of the surrounding ECM, accumulation of solid stress, vascular leakage in solid tumors, and increased

tumor stiffness. a: solid tumors surrounded by dense ECM. Due to abnormal proliferation of tumor cells, cells become overly crowded, causing ECM

displacement and accumulation of solid stress; b: vascular leakage in solid tumors leads to plasma leakage, and combined with the lack of functional

lymphatic vessels, results in elevated IFP in most tumors; c: three main factors of matrix stiffness: (1) matrix deposition; (2) matrix contraction; (3) ma-

trix cross-linking.
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Fig.1 Microscopic mechanical features
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Table 1 Fluid shear stress affects tumor-related signaling pathways

(EREpTL S NIRRT Thie ERBEN

Signaling pathways Mechanosensitive molecules Function References

PI3K/AKT, c-Jun, NF-kB IGF-2/VEGF/Cav-1 Promote the proliferation and metastasis of tumor cells [23-24]

PI2-K, p3, INK IGF-1R/VEGF Enhance the synthesis and in vitro invasion of chondrosar- [25-26]
coma cells

Smad1/5/p38MAPK, RhoA-YAP1 Caspase-8/LC3B-I Promote autophagy of tumor cells [28]

Angl/Ang2-Tie2 PDGF/VEGF Stimulate angiogenesis [32,34]

ROCK-LIMK-YAPI

Enhance tumor cell metastasis

[35]
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c-Jun I NF-kBId # , M 1T 4 3 Ji 783 48 Mt 1) 38 B Al
P 324, Bt AR I, AIRFSS(2 dyn/em?)ili i 0%
JiR 5 A A K - -1 5244 (insulin-like growth factor
1 receptor, IGF-1R)f1 VEGF, #E ] PI3K. p38ak JNK
{55, L5 T BCH RIIR 4 1 A B S
HMZ AR ) 20, MBI — 5 BRMERT, FSS
AT A gk e R A i 1 Wk AR T BT ) S 0 R
073 g 2 B R T 1R R R, AR BT T 7385 Piezo
T Ca®* LA B G OSSR 1 R R
Y X TRATLA T H 40 B 08 T () U 27, FSS ]
PLIE Smad1/5/p38MAPKAE il i, fi£ i3t caspase-8
U LC3B-TII M, it — DRt Mg i f s T8k B
Wi 81, AR BTN 75 5 T A R g i, s
RhoA-YAP1 [ Wi i 1% 3 5 Bk 44 ¥ i RE ) FHIL % fe
2120, EES, BRI RS AN R 1 FSSZH A T
FAFERISE R, 0.1~2.0 dyn/cm?ff) FSS EL A iIE 52 Al {2
T IR R 5% P L5 A RORTAR B2 48 A B, AT 39 B
YRS SRR 281, TEA 344 R 5.0 dyn/em?
(1 FSSAZ 2471 CD3/CD28 L4 F il i m DAL i3k T4
M BTE A B I/ NRAT AR A2 K IR (platelet-derived
growth factor, PDGF)AI & P J7 24E K [X-F-i# i VEGF
B{Angl/Ang2-Tie2i& 1%, LLH 73 Wb ul 55 4 Wb 77 i
MR, SBUNE RGEEmFE, SN
T RGHT I B34, T I AR R, B T R R
AR IS 3 35U R 1) 5 ) (interstitial fluid pres-
sure, IFP)Ft 51, 7EIMRT 14 2= AL BEUE I [ U6 P, H#E3))
[IIR/TB BN 1) GR e N R N = g 7 N = e N 3
YA, AN IRERE RGP I FSS(0.05 dyn/em?) 2
HEYAP1/TAZ 5 o B4 M %, 38 13 0H ROCK -LIMK -
YAP U5 5 il 5 S04 32 3l i A= B A DU s HL e #
TS0, FRONHIEFE FSSX aq (1) 52 i AL 1w 5E A b
VAT SR B A VR . AR, SRR 77 % i
968 241 0 B FLAROH 358 R A AE — S (1) K0y . FSS2x Xt i
Jo 2 7 A B R LA A7, 5 SO A ) AR 2R
LB G DL S 4 A B 5 A8 ) 25 LA . IR Ah,
FSSIE A e A5 i J6d 40 B % 48 1) A0 R80T T 72 AR i
25k, HET T P2 A TN A, AN BEARIE T 2%
.
1.3 ERNIE

5 5 DI e PR g e R i IR DG B TR 3R, 7R R
MRAESKESREFMHEEZS EREN MG HER

BAAEX — IR, 322 e A 40 AR J5t 40 B N ECM
AR Weds A IBAE 3L [R 51 . AR 22
0 AT AR, I ] AR SR A LS. 3 A7 P
ANE], 6 R AT A AN R 5 LA g 0 ] 52 i
Y AT AN R Thfe b B8 i AR R K — M A0 i
A2 ECM TR 5 A AR BESG N . A iEAH DG R 4F
ZAE4H il (cancer-associated fibroblasts, CAF)# TGF-BHil
PDGFE [ T30 &, EA S IRFCAFR P, CAF
FEAAMTRIEE AW, XL H B3 e
PETF I E, 5 R P A . Tl A T ()
AW BT, IX il SreEOE LA & YESH G H
(Yes-associated protein, YAP)-5 % 5 38 5 FH 5 45 4 33
5 [ (transcription-enhancing domain-related domain
proteins, TEADs)II45 & . & BRI YAPII 2 {2 i3t
ANLNAIDIAPH3 {335, A F2E LRk E 1, X
B IR T AR, TR T A R g A
IR S HE AR 22 1) 1 S st ml i B4 e Ah YAP S X 41
FATLH 3 R 2 SRR PR BF 9 B 7 2 RO U A S 2 2
—, B RA NI AR T A | R T4 i e A
AR, BT =4E GD)I R AR A 55 TR B ST R
ECMNI FE (42 FH7E firh & 17 22 P £ /& 42 F1 ECM [
TR B 7 ARRAER, AT S 7 e i = 22 A0
AW, A, B RS )38 0 e 2 2 S v% 0 R
e AR, B A i s S 1R
iy ik o PR EE B 2 (], DA RGO 6 B A AL B S
N FL IR R 2 i M AT A L b TGF-BIE 5 4% 31
SRS TH], SAAEAE R 3 I IEAH OC, XA 31 HAR 28 1% 1)
96 IV 7R e R S A R

2 WMAFETREERATT RER
P 973 JOE FR AR A £ I A 0 R 2 2 f A A 2H R
LB IR N R E A . RS VF 2 IRR T
Wt QR TR AL AR I AR, (HABE R 3R A0 4
BAL . HUBGEETT PRI B X 88 200 i POk 4 DA
IR NSRRI S, IR BIBOR B 1) 90 7E
ST ROR T AT FUSCR , BHEFATIESUL TP R
BT IR B AR T e N, eI RS HE TR AL
NI EE AR AE , BRABLTHRR RE A GHRRL T~ LS I 8
BLIRIEIE, TS DU ROR . Besh, Mgk
RURLCE WG AN AE JT IR R P2 AL Oy, B
X P96 £E Rt £ 151 4 270 RBY ) 73, DABKEIR Jif e
) AR i NS TTE I EENG o8 SR 3 7 A P =S



1182

S RIG T JTE IR, MR v T AR At
) REL R N S S

PRI, THOME 0 27 AR s AR A asont e (1) 4 F
AN DUR R I R U A 55 %0 g i
SRR IRR T, HEHEET R BEIR YT R LR R
T8 T B, RIRNIRZIAE I 1 59897 T
2.1 GfRBhEEEEATT

WU g% TAR R — PR H A ) 5 2= (an
FEEFA AN 3 )k Jiegg S i 82 1] VR T B i . TR R
FA S A 1245 (B S i 2 o) R RSB BT g e
JCH 2 TAE M T 4B M FE ML B3 TA M I A2 e
PERITE A AT B2 I B b & M A B R 15
M), G 58 I ) S e R R B I LI S e —

SAITAKISHIBA BIV Tt 1 —F R FH AN R W A
R IR OB, TRFT T WIBEAEAE 0.5 kPa®
100 kPayt [ P30S P N CD4™ T4 L 52
JI IR G 2 V6 T T AU D A O SRS RV T T AU s 26
2H7R . BT, S WIRE 3G 0, T4H i 58 e
JIAF BN MG 58 o X DT e o % T 5 R R NI
FERNERIRAE T 25%, DL TA M B s a3, A
117 384 5 G 2 240 P e e R A8 70 o A VR T B i R e
Jerh, ECMZ IR 3G R X R A e . —
FR B 21 LI v 5 4 A M S T —C 44 1 (pro-
grammed cell death-ligand 1, PD-L1)#Il) 77155740 [
YA 25 2(interleukin 2, TL-2)P8 1) %2894 7 72 A B
[FIVE R o DRk, e oAy B8 e 5 ot 8 1ol — o e 2
Je N S PR AR T R Tk . AN, ECM™ E
PEAS 1 259 m M A SUR S E , BT BEA
R 5 e 98 A B R AE B % R 1 FE T (immunogenic
cell death, ICD), AT BRI 1 JR G ST RCR . 9,
LUORI BN B K 1 —Figh B g K 254, i & el

FhIET-ROR AW 90K 254 P-DASHI P-Epi, SL3H
TXTECMIFE Y., P-DASHEMS H 40 FE CAFs, MKk
R B A AR E AR, s> ECMITRR, 4 P-Epi
MR ZBEMIE T %4k, P-Epift ECME#)5/¢
g E R AL, i S A T, S ] e 1
Vi, 35S ICDRN . PANGEE SO bt 78 R 0L,
PIEZO /A —Fl G 7724 5575, wld it s i
AT GRHL3, 5 5 E3i2 R IEH:0 (RING finger
protein 114, RNF114)[J5Kik. RNF1145 224K 15)
EBAGS, S T AEHE, 28 R T4
#2501 77, IITHE e 2 Vay7 U . PIEZO172
T E IR &2 2%, AT TA A2 5K T 132
b, e TAUMEE M . S N e 8t TAH s
IR AL SR8 1610210 g — T SR A8 T OB LR B )
A 1631 Fodr AL (1 40 K UKL BB TR IR £L B IR TR
HOR WA o R B PR e 4 T AR R AR
I pMHC 73 -5 i3 R E0E T4 . X Fh oy ikid@ it
PR TN R S PR SR $2 7 2500 PR AR R e
G SHM A BRI RN . 45 EAR, B e E T
TN e SR — Tl 5 A Ak B 88 T2 AR A A R 1) 2 22
Tk, BAEHE A  BEIR T I RN R
2.2 LI RTT

IR, Sl TR R A N — PR A4 drig
(PR REmE , ARG YT HR AR 2] T R A 31,
XA LA AR SRR AR A, PR
A A B2 R (LR D ), LA T e 4
J, 3 R R A A T B S T 1TV R AR
FEw . BRI TSRS, BRaE STILX R
S 6 PR MR T o7 (005810 LA 7 1 DR /N 5 R RO 1)
ST IAE O, TR P R (1) R SF S 2 B2 e %o e 44
IR AR TR R o R RORE (1 G PE AL AR e = A2

R2 B REZAT M I KRG AT HLEE =

Table 2 Mechanical force-related strategies and therapeutic mechanical targets in tumor immunotherapy

YT S
Treatment strategies

BT UL

Therapeutic mechanistic targets

TRITRUR EE BTN
Therapeutic effect References

Increase matrix stiffness CD4" T cells

Integrin blockers can work synergistically
with the PD-L1 inhibitor IL-2 stroma

Nanopharmaceuticals based on dendritic ECM
polymethyl ether methacrylate

Piezol antagonists T cells

Optomechanical actuators

Intratumoral targeting of the

Antigen-presenting cells

Enhance the anti-tumor ability of immune cells  [55]

Alter intratumoral immune complement and [56-58]
efficacy

Treatment of fibroprolife rative tumors [59]
Enhance cancer immunot herapy [60]
Control the activation of T cells [63]
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Targeted tumor tissue

T IO A R SR RS, (RO P A RS, ORI R G Th O RR & A B B A, S BN A MLE R . 2500 T A 5 BB B MR 421

BN R 2L o

The intravenous injection of microbubbles, after stimulation with low-frequency ultrasound irradiation, causes cavitation in the tumor vasculature, lead-

ing to rupture at the endothelial cell junctions. Drug molecules are more readily penetrated into the tumor tissue to increase the local drug concentration.
E2 BEEEMEBIARAREE

Fig.2 The schematic diagram of ultrasound-targeted microbubble destruction technology
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