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Lung alveolar cells are subjected to cyclic stretchLung alveolar cells are subjected to cyclic stretch

Nonaka et al Respiratory Research 2016



Cell stretching deviceCell stretching device

Trepat et al Nature 2007
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Hypothesis: The efficacy of the treatment of ALI with MSCs can be improved if
the cells are preconditioned by culturing them under conditions that 
mimic the biophysical environment of the native lung

 Mechanical properties of the cell play a 
key role in critical cellular functions.

 Cells feel and actively respond to 
mechanical stresses and to mechanical 
features of the microenvironment.

 ECM determines 3D tissue architecture 
and provides structural support and 
mechanical cues to the cells.

Cell-Matrix Mechanical CrosstalkCell-Matrix Mechanical Crosstalk
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Experimental approach

 Slices of acellular lung ECM.

 Lung-derived mesenchymal stem (LMSC) cells.

 Bioreactor to precondition LMSCs cultured in lung ECM 
subjected to cyclic stretch mimicking lung ventilation.

 Rat model of VILI.

 Treatment with preconditioned LMSCs. 



Lung decellularizationLung decellularization



Effect of the decellularization method on lung ECM nanomechanicsEffect of the decellularization method on lung ECM nanomechanics

 SDS – Tracheal injection

 SDS – Arterial perfusion

 CHAPS – Tracheal injection

 CHAPS – Arterial perfusion

LUNG DECELLULARIZATION

Melo et al. Tissue Eng Part C, 2014
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Structure and composition of the decellularized lung ECM Structure and composition of the decellularized lung ECM 

Acellular scaffolds contain major components of the ECM and maintain the 3D 
microstructure necessary to support cell grafting and proliferation

Melo et al. Tissue Eng Part C, 2014
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Mechanical properties of acellular mouse lungs after
sterilization by gamma irradiation

Mechanical properties of acellular mouse lungs after
sterilization by gamma irradiation
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LMSC
Lung ECM



PDMS chip for cell mechanical preconditioning PDMS chip for cell mechanical preconditioning 



LMSC CULTURE
1.5 weeks

LMSC ISOLATION
Mechanical disaggregation 
and collagenase I solution 

SDS Dintravenous
infusion 
descellurarization

Treatment of VILI with biophysically preconditioned lung-derived 
mesenchymal stem cells

Treatment of VILI with biophysically preconditioned lung-derived 
mesenchymal stem cells

CONVENTIONAL CULTURE
7 days

MECHANICAL PRECONDITIONING
70 µm thick lung ECM slices
12 % Cyclic stretch, 0.2 Hz

7 days

Nonaka et al. in preparation



Treatment (n = 4 x 8)
 Control (basal ventilation)
 VILI + vehicle
 VILI + LMSC non-preconditioned
 VILI + LMSC preconditioned

BAL
Lung isolation

Anesthesia 
Muscle relaxation
Mechanical ventilation:

Basal: 7 mL/kg/min, 70 bpm
VILI: 35 cmH2O until ~ 20% E increase

Experimental protocolExperimental protocol

VILIbasal 
ventilation

basal 
ventilation

Basal ventilation
recovery

15 min 4 hours30 min~ 60 min

~1.2 Eo
Eo EE

Nonaka et al. in preparation



LMSCs cultured under conditions recreating the
native biophysical microenvironment could improve
their therapeutic potential in VILI providing a novel
approach in the treatment of lung injury.

Stem cell preconditioning for ALI treatmentStem cell preconditioning for ALI treatment

Nonaka et al. in preparation
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