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Advances in skeletal muscle-on-a-chip for biomedical research
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Abstract: Skeletal muscle, one of the most abundant tissues in the human body, plays a crucial role in motor
function, energy metabolism, immune regulation, and the aging process. The skeletal muscle tissue microenvironment
is highly complex, involving a variety of cell types, a three-dimensional architecture, and specific mechanical
properties. Replicating these intricate features in vitro to create a biomimetic skeletal muscle model has long posed
significant challenges. The advent of organ-on-a-chip technology, which integrates microfluidics with 3D cell culture,
offers a groundbreaking approach to faithfully replicate the key structural and functional characteristics of human
skeletal muscle tissue. The organ-on-a-chip technology enables precise control over the microenvironment, facilitating
the study of skeletal muscle development, disease progression, and drug screening in a highly controlled in vitro

setting. The skeletal muscle-on-a-chip (SMoC) has been utilized to investigate a variety of muscle-related diseases,
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including Duchenne muscular dystrophy and amyotrophic lateral sclerosis, offering valuable insights into disease
mechanisms and potential therapeutic strategies. Additionally, SMoC serves as a powerful tool for testing the efficacy
and toxicity of new drugs, as well as exploring tissue repair and regeneration techniques. Recent advances in the design
and fabrication of SMoCs have further enhanced their physiological relevance, including the incorporation of
anisotropic scaffolds to guide muscle fiber alignment and the use of electrical and mechanical stimulation to mimic the
native muscle environment. These improvements have led to more accurate disease models and more reliable drug
testing platforms, making SMoC a versatile and promising tool in biomedical research. In the end, the prospects and
challenges facing the future development of SMoC were discussed. Currently, SMoC still exhibit limitations in terms of
cell sources and functionalities. However, the integration with emerging technologies such as gene editing and
biosensing in the future could pave the way for significant advancements and breakthroughs. The development of
SMoC is expected to further promote the process of translational medicine, with potential applications extending

beyond basic research into clinical settings, where it could revolutionize personalized medicine, regenerative therapy

Vascularization

and precision drug development.
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Table 1 Cell sources for skeletal muscle-on-a-chip

0 R e SR B 2
JE AR Y GREY IS i WEERE AR WHICILAA T LA PP A i 7 T It O BEAEA R
FE 5 DR B A0 R 2 1R AR AIE B R A MELEEST
FEAEN R 22 5
il o TR SRZEHARRYE A RIHLHIBETE S 2 ik
B B 3 2 R NBEABAGRZ  mEE
AP — ik
4l a2 2 Jo PR 5E AT E WA T BRI T
o T EREE AL

JE AR i LA A SR DG MR OR B R R o R
TR B AE AR, A EON T FELN R & R
Tod AL 1) A0 P Ak 7 A2 VR T T PR B AR IR R . AR,
JRARYE M B AAAE — 28 R IR, anfR AR G BE ) 2=
AR AR R AR B A R, R, 8
T il A A 7 v AL AV e v 2 B L 1 TR AR A
(R P E4 M, s, g ZHTH
g LA e R AU 7 T e T N 2R B LAY, DA
BRI 7 UL A5 1 93 BEATL )

Y R DR L 5 TR A B B % AN D RE AR e
A )72 S T 5340 388 5 A 24 40 0 ag A B A L A
AEPET . BT, NURTEE BV A R AR E
AR — AN B Rk, B sh 4l & /b
B L6 B C2C12 I R AE LA L TRE R A 31 T
TN, AEEAT TR B AR I SR A )
o et 2 4 A BRI SO, B Z 5 R RN
2 i 1 A FHEAH DG

ANZ BT 418 (human pluripotent stem cell,
hPSC) HA TCRRIIGHEN /1, It BA o sl
ML 70, 2 il A FT DA AR R UL AR R ZH 21 T
FER) E ZANM B R ¥ Rao%E ¥ i@ L 7E ML hPSC 43
A4 3 Bl v VR 2 24 L R I R TA Pax 7 SRERAS 5 2
1= WAL 40 (induced myogenic progenitor cell,
iMPC), fEALALII 3D R FRA1E TR, RE Z A hPSC
A IMPC v B Y D REE B BE L4 2. Van der
Wal 5§ B0 | H hiPSC A1 8 BfF A H 06 7% ik R R,
e K5 7 AT S G R LR AT AR 4 R . AR AR A R 8
FRAFATT, AATHE T s A 1 1 3D B UL
g1, H 4 715 R SR WUEEAH B >R U5 A AR AL o JE A
AR E B3 W W], hiPSC AT AR AR LB
4 B AT A 1) 3D A ZALE LR 43 A0 AT UL /N5 Th BEAH 26

WA RREE AL, &R TR NS L
R AR S R T o

2.2 HHe

e UGS R g, AR R I (R
FERCEZE . VMR & 56 ULgH s 4t 1
—MEEAEKM S 4R, g H
V) B0 Ak 2 R MR B RE U 2H M AT O MR
(&2,

JULPA) 4 B (1) 5 38 R0 4 A0 S 28 AR T 58 IS A )
(PRI 00, 8~ 11 kPa A fie 32 % WL 23 fh 1) o £ 3
JRBERE MY, G, FEVTE T s LS A RO
AN, 5k B & LR I A B
Bl WK R A A Matrigel 25, X S5 A] DLl
R 757 G B 73 A0 G5 ) SR ABEHULAAR A B 858 1) ) 2R

AN, AR RE I A )R 5 1 R AN T AR
IR 2= . fa, Matrigel & & 4 45 & 25 5 A AR
KA sz T4 3D ¥5 9%, e
B 12 3E 40 W ) AR K a4k . RIEE, R T ER AR AR
PR EE L, B SR RIEEASEREME L4
G, BUJE B 58 I A2 e 1 48 g A0 25 5T B AU .
T A W R R 35 B AV A AR AL T 4 B Y B
FRIABE, IR R T B A N R BT B RE )T

T b 2 UL PR A AR A T A I A
ok, WA EHAGERME. W Matrigel
Al fibrinogen ()& & #4 B 3E AT TR A UL PR BR (1) 4 &1
Fgd, AL A0SR TR % 1) SCHE LR
ok, fibrinogen MU 1) 41 4 22 25 a3 m] DA 3t L
VAL 4 P B [ P A G, B v LA 4 1 ik 255 3 A
A



872 GRAENE $55

&2 T EBIE DM R

Table 2 Biomaterials for skeletal muscle-on-a-chip
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