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Mechanical cues is important to control cell function

* Mechanical cues regulate cell proliferation, differentiation, and self—renewal.
Nat Rev Mol Cell Biol. 2017 Dec; 18(12): 728-742.
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* Extracellular matrix (ECM) mechanical forces promote cancer progression.

J Cell Biol. 2018 May 7;217(5):1571-1587.
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Mechanotransduction
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Actomyosin contractility is regulated by Rho/ROCK pathway

— /“ — Extracellular
—— 1 —— i
Itg Plasma
oo cscscseccesese XX rxxyvrxrx‘r@S&%x
R A AL R Myosin ||
|FAK Cytoplasm
3
m \ SRF MLCK @ '
G-gctin \ ‘ ".
F-actin” ¢ '. '.
p '&/9”'
S R . AT @ — (@% — 'M%‘..’# Contraction
e bttt evetbuns thmsboema N tetbemtst bttt esrastitmrtiamadlmated)  Jodlobetaibeneroroddl ottt erenss! ".
N o= ‘>
P . .
“», F-actin Actomyosin
G-actin "0".
‘>

Contraction

Actin polymerization

> @

ECM

ECM
Stiff ECM Soft ECM

Nat Rev Mol Cell Biol. 2014 Dec;15(12):825-33.

ROCK: Rho-associated protein kinase

MLC: Myosin light chain
MLCK: Myosin light-chain kinase
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Mechanical forces and cell metabolism regulate cell function

* Linking E-cadherin mechanotransduction to cell metabolism through force

mediated activation of AMPK.
Nat Cell Biol. 2017 Jun; 19(6): 724—731.

* Metabolic and Mechanical Cues Regulating Pluripotent Stem Cell Fate.

Trends Cell Biol. 2018 Dec;28(12):1014-1029.
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Hypothesis

Mechanical forces regulate metabolic pathway to change cell behaviors
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Specific aims

Aim1: To find metabolic pathways regulated by actomyosin contractility.
Aim2: To investigate the mechanism of which low contractility induced lipid accumulation.
Aim3: To find the upstream pathway of which low contractility increased SREBPs activation.

Aim4: To examine the response of Golgi apparatus on mechanical force.



Aim 1

To find metabolic pathways regulated by actomyosin contractility
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Low contractility increased the expression of lipid molecules

Global metabolomics
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Reduction of actomyosin contractility increased
cholesterol and fatty acid accumulation
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Soft ECM increased lipid accumulation
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Summary 1

Reduction of actomyosin contractility increased lipid accumulation

Contractility Lipid accumulation
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Aim 2

To investigate the mechanism of which low contractility induced lipid accumulation
—

Contractility Lipid accumulation
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Low contractility induced SREBPs activation

Gene list enrichment analysis
a Reactome 2016

ENCODE ChlIP-seq 2015
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Soft ECM increased the expression of SREBP target genes
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Knockdown of SREBP1/2 decreased lipid accumulation
which was induced by YM and soft ECM
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Low contractility increased the cleavage level of SREBPs
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Pathological tissue stiffness downregulated SREBP activity

Keloid scars versus normal skin
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» Keloidal skin have lower level of cholesterol and triglycerides compare with normal skin.
Exp Dermatol. 2008 Apr;17(4):318-23.

May caused by inhibition of SREBP activity




Inhibition of SCAP/SREBP accumulation to Golgi apparatus19
blocked Iow contractility-induced SREBPs activation
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Y27632 increased lipid synthesis to promote human

pluripotent stem cells (hPSCs) survival

* hPSCs requires treatment with the ROCK inhibitor to promote single-cell survival.
Theriogenology. 2016 Jan 15;85(2):302-14.
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Summary 2

Low contractility increased SCAP/SREBP accumulation to Golgi
apparatus to active SREBPs

Contractility SREBPs active form Lipid accumulation
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Aim 3

To find the upstream pathway of which low contractility increased SREBPs activation
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LIPIN-1/ARF1 pathway decreased SREBP activity

ARF1 and LIPIN-1 are known as inhibitors of SREBPs.

Cell Rep. 16, 9-18 (2016).
Biochim. Biophys. Acta 1859, 1583-1595 (2017).
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Inhibition of LIPIN-1/ARF1 pathway increased SREBPs activation
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Inhibition of actomyosin contractility reduced ARF1
activation by decreasing LIPIN-1 activity

Association with microsomes

LIPIN-1 activity [ DG content on Golgi membrane (GFP-PKD-KD)
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Lipin-1 nuclear translocation increased SREBP activation

nuclear phospho mutant p
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Summary 3

Low contractility blocked LIPIN-1/ARF-1 pathway to increase SREBPs activation
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Aim 4

To examine the response of Golgi apparatus on mechanical force.
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Golgi apparatus responded to extracellular and
intracellular mechanical forces
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Intracellular mechanical forces increased DG content

on Golgi membrane
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Summary 4

Golgi apparatus responded to extracellular and intracellular mechanical forces
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Conclusion

Actomyosin contractility regulated lipid metabolism by inhibition of SREBPs
activity through LIPIN-1/ARF pathway
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May caused by inhibition of SREBP activity




Thank you for your attention!
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Ejection frequency

Away from Golgi 0.000 s

+

Towards Golgi

35



