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Fig. 1. Diagram of mechanical loading platform.

088701-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088701

O WILAN M 9 AR K 5 i B0s2L 2 0% A0 LR AE YT
TEBEIX S i O i TR B T 30—70 kPa P A,
FRATHIE T 3 FPAS [RIRE J3E 114 20 PN s T i Jse >R A 40
A B BB 1 385 (A& 2(a) Ff/R). il ik AFM
FAE, =Pl EE i 4 [CBL 2 23 00 R (1.824 +
0.111) kPa, (11.688 4+ 0.493) kPa Fl (27.358 +
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J) LA T R (A0 3(a) F7).
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K2 RINBEBEROKEER T & 5RIE  (a) RINMBBEIHOKEER M &R E; (b)—(d) 5T AFM 1 3 iR [F] 2K B 4 [ 1 43
A1, Hidz [CBEE 23 51 (1.824 + 0.111) kPa, (11.688 + 0.493) kPa Fll (27.358 + 2.331) kPa; (e)—(g) %f I 3 F/K e B9 SEM 45 5
Fig. 2. Preparation and characterization of PA gel: (a) Schematic illustration of the preparation of PA gel; (b)—(d) the Young’ modu-
lus distributions of three different of PA gel measured by AFM, which are (1.824 + 0.111) kPa, (11.688 + 0.493) kPa, and (27.358
+ 2.331) kPa, respectively; (e)—(g) SEM images of three different of PA gel.
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Fig. 3. Mechanical loading and fluorescence characterization: (a), (b) Phase-contrast images of individual cardiomyocyte before and

after mechanical stimulation; (c) displacement distribution of each point on PA gel when the tungsten probe moves to the maxim-

um amplitude (unit: pm); (d) mechanical behavior detection of cardiomyocytes, the red dotted line is the signal of mechanical oscil-

lation output by tungsten probe, and the black solid line is the Ca?* oscillation signal detected by Fluo4 probe after cardiomyo-

cytes reach the same frequency with the tungsten probe.

e, FATTAIFH 7 2 o 28 5 X0 LAR Rt hn 7
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Bz, A2 177 RIGS R b, BT 5 7K BRI ik o R
JEFEHI R 10 pm, BEHAZS 2 5 S R0 AL
ANAEARBEZY 75 pm. FEHIESEELL 1 He BYBUCR AT
NRIRG, YRl 2—4 wm, $rif 77 5.0 L0
KT B O LA T A Ca? phdi ], Ca?t
WSS A O LA 4[] 20 2728 A0 LA 5
Ve ALIA] B B 55 R IS B TR (Ca?t-
induced Ca**-release, CICR) Ff, 4 fifd Jit Hh #5125 1
SIS E A G, DESE AR kAR
A 2 P BN W 4 150 381 ABIF 7 ) S B 14K
£t Fluo-4AM (Thermo Fisher 23 & 7= i) K487~
BB IR, DT 2 O JULA RS 42 Ak (B
P 3(d) Bz ). TR ) 22 R, Se g B~ O
WLAR B ZE#T 4R 10—15 minP BBk SRS, .0 0L
0 MRS B AR 52 ) A IR T 1 R R AR W e AT
g (W R ) AR, DA A O LA X A AL
BT A MR . RSN AR A SRR AT AT
AN BES 1-Bh Jy2, O LAEMLA R B
AR BR S AT AR B H L5 B T R IR
AL, .0 LA 5 5 TR 7 7 AR R TR A3
IF, D45 1k 2 il

T AEIRGE 10 LA A A [) 56 5 {ELAS [m] i A
PG T AOLARIR AT R . R A7 AL 11 kPa
(R 7K BEIE AT 54 2 032 A AN [l RS v B 1)

Fe AR (. O LA A g 2 g 25 SR an 1] 4(a) BT,
A BHEARTE T, O LI A BA S22
INE, T 3 Fh L T2 AR A AN [ 2 FE AL R
VHPEVER, HLRE A Bk B p 3SR, L TR ek
RV i A i, Forf &M T Laminin A9 HLAK
Wi 7 AR v, R T 41.94%—56.25%. FitiZs e 4
W HE 1Y A8 Ak, Fibronectin 5256 25 1 i 1 H 51 742 1k
AR, HEFRAE 21.88%—27.27%. 1%} T Collagen I
T, FCAAUR B XU LA A 2 o S K. Y
Collagen T ¢ £\ 5 pg/mL 3 /i1 3] 100 pg/mL
BF, O JL A B B4 ML AR e Bz LG 4810 AN 15.15% | Tt %]
45.00%. X WILEH AL ) 18 45 A A T ER A 3 #T
Jei, 22 B LA M 76 AN TR B4Rk B2 1 00 T, B
T B TR RUR TR, HAS AN AR G R A RS Y
PREFAN ], 32 FoAAR S . RN Rl
) Laminin 20 5, O JUL4H B 0 537 Fr 75 22 119 3
PO A K AR SZ IR EE R, R e TE
Fibronectin A, 5H ¥k (20 pg/mL) A, %
fi% (5 pg/mL) SEGHHAE (100 pg/mL) Z&4F T HY
O WL L Jr 7 149 07 008 B [RIAR J 5 T4 Collagen
L2 rp, O RN At o Sf e s 0 D) 45 e A e B A i
FAR S, ANE 4(b) BER. FEX5 0 WLAR M5 2 [R50
JI 5 P SR8 o ) R A 5 A T A g o 2R A 7 2
G (K 4(c), (d)) B, ZIAEARKE R Laminin
FER, SO U BT %) e TR e HL AR 4E ]
B B ] 1 . Fibronectin 3256 7E AR B i A4
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Fig. 4. Mechanical response behavior of cardiomyocytes on the matrix (F = 11 kPa) with different kinds and concentrations of lig-

ands: (a) The fraction of mechanical response of cardiomyocytes (n > 31); (b) the mechanical stimulation time required for cardi-

omyocytes to respond the stimulation (n > 7); (c) the mechanical stimulation time required for cardiomyocytes to couple with the

tungsten probe (n > 5); (d) duration of cardiomyocyte coupling with tungsten probe (n > 5); (e) schematics of three different lig-

ands (Laminin/Fibronectin/Collagen I) binding to myocardial cell membrane receptors.
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Fig. 5. Mechanical response behavior of cardiomyocytes at different Laminin concentrations and matrix stiffness: (a) The fraction of
mechanical response of cardiomyocytes (n > 23); (b) The mechanical stimulation time required for cardiomyocytes to respond the

stimulation (n > 8); (c)The mechanical stimulation time required for cardiomyocytes to couple with the tungsten probe (n > 5);

(d) Duration of cardiomyocytes coupling with tungsten probe (n > 5).
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Abstract
The mechanical behavior of cardiomyocytes plays an essential role in maintaining life and health. It is

traditionally believed that both electrical signals and chemical signals modulate the cardiomyocytes behaviors.

Recent discoveries have elucidated that the physical cues of microenvironment can regulate cell activities such
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as proliferation, spreading, migration, and differentiation. However, there is still limited research on regulating
cardiomyocytes beating through mechanical force. Herein we prepare different polyacrylamide gels coated with
different cell adhesion ligand proteins to simulate the physical microenvironment of cardiomyocytes. Then the
mechanical loading forces are loaded by using a tungsten probe to stretch elastic hydrogels which can emulate
the mechanical oscillations induced by the beating of adjacent cardiomyocytes. We investigate the responsive
behavior of cardiomyocytes to external mechanical oscillations within various physical microenvironments.
Firstly, we load 1 Hz mechanical oscillation on the matrix (E = 11 kPa) with different kinds and concentrations
of ligands (0, 5, 20, 100 pg/mL) to stimulate cardiomyocytes and observe their mechanical response behavior.
Our findings indicate that all kinds of ligands including Laminin, Fibronectin and Collagen I , can mediate the
cardiomyocytes response to extrinsic mechanical oscillatory stimuli, which might be due to distinct mechanisms
of mechanical force coupling (Fig. (b)). This suggests that mechanical force signals can regulate the beating of
cardiomyocytes through matrix-ligand-cell signaling pathway, thereby inducing intercellular coupled oscillations
for rhythmic control of cardiomyocytes. Cardiomyocytes cultured on the matrix coated with 20 pg/mL Laminin
show the highest and most stable response fraction. We hypothesize that there exist dual force transduction
pathways for Laminin binding to integrin and dystrophin glycoprotein complex (DGC) (Fig. (a)). We further
analyze the cardiomyocytes behaviors under mechanical oscillation with different values of substrate stiffness
(E = 1.8, 11, 27 kPa) and concentrations of Laminin (0, 5, 20, 100 pg/mL). We find that cardiomyocytes
cultured on 1.8 kPa coated with 20 pg/mL Laminin show the highest response fraction (Fig. (c)). Our results
demonstrate that the stiffness of substrate, the type and density of cell adhesion ligands, as well as the strength
and rhythm of the mechanical signals can synergetically affect the cardiomyocytes responses to external
mechanical stimulations, which provides the foundation for understanding the diseases such as cardiac
arrhythmias and heart failure following myocardial infarction.
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