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Abstract: The compressive stress experienced by Circulating Tumor Cells (CTCs) in the
microcirculation is a key mechanical factor affecting their metastatic potential. This study aims
to investigate the independent regulatory effects of compressive stress intensity and duration on
cell viability. Referring to the typical diameter of the MCF—7 cell line, microfluidic channels with
different widths (9, 12 and 15 pm) and lengths (100 and 500 pm) were designed to construct an
in vitro mechanical stimulation platform, simulating the capillary environment and decoupling
the two mechanical parameters. The dynamic process and transit time of MCF—7 cells passing
through the microchannels were recorded wusing high-speed microimaging technology.
Fluorescence staining and image analysis were employed to quantitatively evaluate the
proliferation and adhesion capabilities of cells after different mechanical stimulations. Results
show that the cell transit time is primarily determined by the channel length, while a decrease in
channel width increases the dispersion of transit velocities. Regarding cell viability, under short-
duration compressive stimulation (approx. 3 ms), cell proliferation ability decreased with

increasing stress intensity; whereas under long-duration stimulation (approx. 15 ms), it showed a

i HER: 2025-12-23 ; 1EEIHHA: 2026-01-27 ; A HE: 2026-02-09
ESWME: EXRAARYHESE SINA (12432014) ; B 5 E S0 RV RIEU () E BrRHE G158 & 1F B 2% (2025 YFE0107500)
* jl{51F# BE-mail: x.gong@sjtu.edu.cn

SIRMEN: BN, SR, SEeRt. PR s 8 sh AT I I 2L [J). SRS J1%, 2026, 40(4): 97-104.

Chen Yiyang, Rong Jiaxin, Gong Xiaobo. Mechanobiological analysis of cellular compression in narrow microfluidic channels[J].
Journal of Experiments in Fluid Mechanics, 2026, 40(4): 97-104.


mailto:x.gong@sjtu.edu.cn

98 I T NI B

http://www.syltlx.com

trend of first enhancing and then weakening. Furthermore, compressive stress significantly

inhibited cell adhesion ability, and the effect was more pronounced with prolonged stimulation.

This study provides support for deciphering the regulation of cell fate by stress stimulation

intensity and time, offering experimental evidence for a deeper understanding of the metastasis

mechanism of circulating tumor cells.

Keywords: microfluidics; Circulating Tumor Cells (CTCs); compressive stress; mechan-

obiology; cell viability; cell adhesion

0 51 &

17& P [ 98 41 B  Circulating Tumor Cells, CTCs)
S HH R 2H 2R I T 9 HE N 08 8 2 4t 1) i JRE 4
P, 2 IE £ MLV I8 R G0 R A e B8 1) SR B kAR -,
CTCs 7E 18 ¥ ik B2 o 06 2503 B A [8] i 8 X B A If 3k
B )15, B R T AN [F) R B (1) 3 2 85 U 8L 77 A ifi
BREGTIE N 2 R, X s 22 il R CTCs R
R ) R )1 B e — .

FH T i 98 4t P ) i AR B4R (15~ 20 pm) I8 F K
FTEMMEREFRZ(3~12 pm), 4 CTCs #E A E 41
I R, 2 DR A 3RO ~F A DG . T & A= s B AT AR,
I 7 52 W I A BE BT R R A7, I TR R SR R
CTCs f£ T ¥t M8 rh 38 W A R 8 2 78 T 550 1 BT 1)
77 CEORD 8 250, 1 AE B5U0E PR o U AT R K I T] i
B I R 21 52 BB B AR P ax — i A 2 R 4R
N, T BR A B R R ) I 0RT B X CTCs 1 71 %
A R N 7 A B g R I R R o [ A A BT 5
UE S, CTCs 77 1 5 45 1 B 41 I WX I 2= 28 [y Ja) 2 1)
MUK 37 10, 20 i 3 ik WL Ak 2% 5 08 b 51 00 24 R
B (10 A8 A 18 kT B R — R A IE S PR AL, G
BRI i 2R L AR A% £ J2 B R A Y, AT 1 o
HARTERe I RIT B e /1. HAh, B RN 1k ge i 3
Y1 B RN 1 B — (8] 78 5 # 4k ( Epithelial-mesen-
chymal transition, EMT) %20 2 5l f, i — B &
CTCs -G R 51z R W .

RAEAR AN RN FL CTCs B & 1 1 77 22 5 ¥4
Be, om s e it 7 — MR R S . BUR
530 02 He 8 A5 UK R RS B R 48 AR 1 <8
5155 % (lab on a chip) R4, HAMHALE T R 15 4
4 3 O B R~ 5 3 S 6 A f A AR BL 1) Bod i, AT
ren PR AUL A N ) AR BB . I AR, R O S B
AW FC A R AE 52 B PR 53 vb i 5% I g 87 ) P I 3
J& . i, Hou %PV ik 7 T X 4 R A 14 2,
Ji P98 240 DI FEE 22 S 1) 9 78 A « Nath 2522 #) 7
T B R, PEAL T HeLa 40 M 52 % R I

(IR ENAT 9 B J5 ¥ 77: Yuan %5 BR90 T 54 10
PN B 2 i T A I TE I A T B S AR T AR
ft; Cognart 5520 Be it T 4 4 45 0] B Wi 46 — &7 5K BL i
WA, LA TR B BT V1N ) 5 A B S R B R
s Song 45 P R il EAORE E, @Bk
FRMA TR E R R, KPR RE
RETHRA S %8V E R RN, 835w
e I TE A A R FE BV NE g 5 B2 D [ R iy, 5L H Ri A7 sk
Z R R 7 5 B 5 R R I 1) 2 AT XS B A 23 A
FRIBIT FC, A DL 4 THT 48 75 77 %7 0 AR I 2 o 1 Xk 4 g
i is KA IR L .

LR LR, ARSTNGRML ) 22 AR 2 A
5t CTCs £ 1ML 2R LA 34 1K 32 11 78, R A ik
P A0 A AR R S ik 5T 9k, Gl e B A A
[ 5 2RI 2 ) AOE T8, S B0 bR 2 AN SR A
SR SL R IE S AR M, B R R X CTCs
T P B0 365 169 5 A 0 ARG B B8 0D R RE i

1 KREKXSFHIE

11 MRESREZITSmMI

AR ST SIS 1 MCF-7 41 i & 7 % H %
(17 pm, WE D, &1 T 7 FA [ i a8 i (45
P 7 LB 2D, DAASE UL B 798 B Hp A (] i B 0 65 48 B
V) P 5% e B 0 o3 o 8 2B Oy 2 2 e @
T8 A AR I A 0 R CBIT T 2L ) AR A WA 4 A 3 10 Ao
A CBFR D) o BEEZAL A i 2 AN SRR N A
1 5% T JE U 2H A, LI PR T R R e R 3 KT A e
7, T B0 2 A A i a2 8 D) R ) I R .
B0 A 2 ANKERREI N 2 6 FAT I B8
T8 LA KA T LI TE 2 (8] 1 50 AN R0 E , 0 s R
179 15 pm; Hor, o 38 B8 B S Bt I N ) 0
SREE, WE T 912 A1 15 wm 3 FhST, 0 I8 K
BB 87 g TR 1 R R ) TR), ¥ BT 100 A1 500 pm
2 PR Gl A R S K EH A, TR 6 M
[ P4 82 77 0 % 2% AR AT 7E 4 2 5 3L CTCs 178 U1
AR ) R



WRIR 475 B 7 SRR 42 38 38 b 4 M 5% 15 0 AR 2 o0 99

Fam
70
60 ]
50 F
Sl
=}
8
=30r
E
Z
20
10
==
0 : . .
0 5 10 15 20 25 30 35 40
Diameter/pm
B 1 MCF-7 filERERZEST
Fig. 1 Distribution of MCF-7 cell line diameter
w71l A
25 pm
15 pm
i
AH
I
T Y YV
=< III]
. i \].
HH BN

B2 #imiEtRigitE
Fig. 2 Microfluidic chip design diagram
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