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Cell Nuclei Sense Mechanical Forces to Regulate Cell Function and Fate

WANG Yajun®, LIU Wei”, YU Saixi, LIU Yanjun*
(Zhongshan-Xuhui Hospital, Institutes of Biomedical Sciences, Fudan University, Shanghai 200032, China)

Abstract Perceiving and responding to the external environment is one of the key elements of life ac-
tivities. Cells that compose the body sense and react to the surrounding microenvironment continually. In various
biological processes, cells are exposed to mechanical microenvironments that can impact cell functions and fates

through exerting biomechanical stimulation in different ways. How cells sense and respond to these mechanical
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force signals is one of the key questions in life sciences. As a new type of mechanoreceptor, the nucleus is critical
in determining cell fate and function in response to various signals and stimuli. Precise methods to reconstruct the
mechanical microenvironment are crucial for investigating the nuclear response to mechanical cues. This review
presents an overview of the currently available methods for reconstructing biomimetic mechanical microenviron-
ments, and focuses on how each component of the nucleus senses and responds to mechanical force signals in the

microenvironments to regulate cell behavior and fate, aiming to provide a reference for a more comprehensive un-

derstanding of nuclear mechanical sensing and response functions.
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Fig.1 Reconstruction of mechanical microenvironments
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crotubule. dynein. kinesin)/m7 5] 22 42/ 4% (intermediate filament. Plectin), 3 i iEiITLINCE & /& (Nesprin. SUN1/2)f& 16 BN MIAZ, 5140 A%
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The mechanical transduction pathway from the cell membrane to the nucleus involves the transmission of extracellular mechanical stimuli to the cellular
cytoskeleton networks, encompassing microfilaments (such as actin filament and Myosin II), microtubules (comprising microtubule, dynein, and kine-
sin), and intermediate filaments. This transmission occurs through the integrin-focal adhesion complex, consisting of Talin and Vinculin. Subsequently,
the mechanical signals are conveyed to the nucleus via the LINC complex, involving Nesprin and SUN1/2 proteins. This cascade of events influences
various nuclear components, including nuclear membrane proteins (e.g., Emerin), the nuclear pore complex, nuclear lamina, and the structure and func-
tion of chromatin. Furthermore, extracellular mechanical stimulation activates mechanosensitive channels, including Piezo1/2 and Ca®* channels, situ-
ated on the cell membrane. This activation facilitates the entry of transcription factors such as YAP/TAZ into the nucleus, contributing to the modulation
of gene expression.
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Fig.2 Mechanical transduction pathway between cell membrane and nucleus
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WA WIBIER S e e v, 7= AR HE 7 DR B A LA

77, {3k 4 0 7E BRI A 85 A RS 1086, X e A% i
5K IR G FEANME 5 8 F I () 9 B 0, O Hod
W I . EAT TR BE T 4 A i 48 D B L
PR S A 8 R 40 M A, B ke T S SR o e A
MIFTREAR A o SR, B AR AZ A8 A AL IR 25 e 72 2
S R A R IS BTG 7747 8% A — A8 1 A R ) 1)
i

B BRI IR H Bom KIRE A, iIXE LT
— AMEAET <2 A LA R A R R
T ESBERGR AR K g, Rk, BEAR 2l k(5 5
WG, A gt AN, X e RS R
RS 5 Y 0 S 30 A% 2T J2 5 A (R WU AR B8 A 5
R, 3 B BB B 1 4 S B o 7 s TR K 7,
1, FEAMZIEAL 5] 2 EmerintE A & £, 1A S R0
AT AN, AT SZ00 R AR 40 B i dis % (Rl
TE 20 A0 25 IO v B B RIS 3 A A
AR LR, AT DU MR AR e e, B 1k
P RE K F738 00
5.2 MEMHSES

F R A B R PSR 22 T £ S, 641 i
W Ra e Ve FE DR AR e T AR 40 £ 4% A=
ISR MR A A B S R
F4 T TR N M A IEAE Joy 3R B e R e B I R,
LT ZRA 2, s BE LA AL P UL 202
RE TG 0 I DL Bz lamin A/C IS 11 #4144
W, AR SR Ok, FANAAT MR . S DL 4]
U IhAE P, BOLMIF AR, 2440 M 1E PRI
Birp IR RS, QUM &% RAL IR R, I AL
TR S5 PR SRR FSE 08 o, A% RSl 2 R AR R R th 2
i jju [91-92] .
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B IR 2L A% R R B . BAF I 41 i 5 0 (¥ lamin
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b, AL cGMP. cGMPAE NS S5 0% i
STING, 25 FME. JORE. S 55 2 o B 2 27,
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Confinement

CC By

Initial stage Bleb (from minutes to hours)

DNA Membrane
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Nuclear
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d
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DNA damage BAF

\
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LEM domain
proteins

DNA repair factor
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Mechanical stimulation applied to the nucleus has the potential to induce a range of structural alterations, including nuclear membrane deformation,

rupture, and consequential DNA damage. This mechanical perturbation triggers the activation of the exonuclease TREX1 and initiates the cGAS-STING

signaling pathways. Consequently, in response to this cellular stress, endosomes are mobilized to facilitate the recruitment of the essential sorting com-

plex ESCRT III. This orchestrated response is pivotal for the repair of the compromised nuclear envelope, thereby ensuring the preservation of DNA

homeostasis.
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Fig.3 Nuclear mechanical response pathway
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