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Evaluation of mechanical environment and cell response at alveolar region for
lung remodeling

SERA, Toshihiro
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In this study, we investigated the mechanical environment and cell response
at alveolar region for lung remodeling. To achieve this objective, we conducted (1) In situ
microscopic structure measurement, (2) Evaluation of the lung epithelial cells functions, (3)
Analysis of fluid structure in acinar region, and (4) Numerical analysis of alveolar wall strain.
Specially, we examined the effect of mechanical stress on lung surfactant secretion and developed in

vitro alveolar device in (2). Additionally, we tried the experimental fluid analysis and the
numerical simulation based on acinar kinematics using high-resolution images in (3), and clarified
the mechanical environment of pulmonary acinus using real model based on high-resolution images and
mathematical model.



10y m

CT

in situ
Acute Respiratory
Distress Syndrome, ARDS

SPring8
insitu
CT 1
PDMS
A549 F- SiR-
Actin
0.25Hz
0 20 0 2
F_
PDMS
A549
100nm
in vitro
in vitro
BAEC
SPring-8
CT

Volume [mL]

3000 m

SPring8 CT

-10 0 10 20 30
Pressure [cm H,0]
P-v
A-F CT
PDMS
A549 ,
A-F

40



Motor controller

SPring-8
Actuator
CT -
Sealed tank Alveolated
STL . Camera duct
STL
100
3
2
YAG
PIV
0.035 0.03 0.2 0-80%
SPring-8
3
in situ
30
2
Perspective
CT
Retrospective

A:0 cmH:20, B:10 cmH20

20%



10
10

20

©
-

©

-

©
w

©
w

o
"

©
"

©
©

Nomalizzd Arwra [-]

Normalized Area [-]

—-0n

Sub diffusion
10%

45%

control h

20%

0 1 2 3 4 5 7 8 0 1 2 3 4 5 6
. Cell Height [um] _ Call Height [um]
20%
0.1 0.1-0.9
0.9-1.1 1.1 Super diffusion
Control 1 2
Control 1 2
Super diffusion 10%
20% -
Control 1 3
2 15 k& 18
Control
1 2 £ S
20%
20% g §
control ‘;':e o
10%
in vitro
PDMS 10
7%
2
Shape A (P=0) Shape B (P=10 ins.)

Shape C (P=20 ins.)

[
100pm

ﬁy

&

Shape D (P=30)

Shape E (P=20 exp.)

- Y
155
N/

A

s

*  control
L 1}



Velocity magnitude [m/s]

4

s

\ \)
om0 . 4.0 X104
uT| (B)0.07 (C) 0.24 (D) 0.55 (E) 0.67 (F) 0.78 (A) 1.00
@ "] Y
E i L P
5 %y %
& ¢
N
g 5 \ ‘
10 5
A-F
107
No. 1 2 3 4 5
= = AV max = 80% -
s | AV max = 20% .\\
= A e = 0% T
73] N v, S
g_ EEL RN |/ .
= ) NS "
= \\f e g

ve




1 1 0 0

Sera Toshihiro Kamiya Naoki Fukushima Taichi Tanaka Gaku 143
Visualizing the Flow Patterns in an Expanding and Contracting Pulmonary Alveolated Duct Based 2021

on Microcomputed Tomography Images
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