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Three-dimensional analysis of microscopic stress and strain fields in biological
tissues to elucidate mechanical adaptation mechanism and its comparison with
biochemical field
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Biological tissues change themselves actively in response to force applied
to them. To elucidate this mechanism, we need to know 3D stress and strain distributions at
cellular level and compare it with proteins produced by each cell. We studied 3D deformation of
intramural microscopic structure in the rabbit thoracic aortas, and found that 1) the longitudinal
waviness of the elastic lamina diminishes in response to longitudinal stretch and the
circumferential waviness decreases in response to pressurization; and 2) decrease in the waviness of

collagen fibers in response to stretch is larger in the smooth muscle layer than in the elastic

lamina. We also found that actin filaments are less abundant in the cells reside in the area with
high waviness of the elastic lamina.



¢ )

1 1/2,
3 1/10 (Yamamoto et
al, J Biomech Eng, 1993)

10
il ~H7 5 72 DA

19
~21 22—25

¢y

@

10py m



®

*
@)

o

@

*

CCD

®

EL
10

*
@

SML



Live & Dead

stain

Sugita S, Matsumoto T: Local distribution of
collagen fibers determines crack initiation site
and its propagation direction during aortic
rupture, Biomech Model Mechanobiol 17-2,
577-587 (2018) DOl:
10.1007/s10237-017-0979-2

Sugita S, Matsumoto T: Multiphoton
microscopy observations of 3D elastin and
collagen fiber microstructure changes during
pressurization in aortic media, Biomech
Model Mechanobiol 16-3, 763-773 (2017)
DOI: 10.1007/s10237-016-0851-9
NagayamaK, Inoue T, Hamada Y, Matsumoto
T: A novel patterned magnetic micropillar
array substrate for analysis of cdlular
mechanical responses, J Biomechanics 65,
194-202 (2017) DOI:
10.1016/j.jbiomech.2017.10.017

Wang J, Ito M, Zhong W, Sugita S, Michiue T,
Tsuboi T, Kitaguchi T, Matsumoto T:
Observations of intracellular tension dynamics
of MC3T3-EL1 cells during substrate adhesion
using a FRET-based actinin tension sensor,
Journal of Biomechanical Science and
Engineering 11-4, 16-00504 (2016) DOI:
10.1299/jbse.16-00504  Graphics of the Y ear
2016

Wang JF, Sugita S, Nagayama K, Matsumoto
T: Dynamics of actin filaments of MC3T3-E1
cells during adhesion process to substrate,
Journal of Biomechanical Science and
Engineering 11-2, 15-00637 (2016) DOI:
10.1299/jbse.15-00637 Papers of the Year &
Graphics of the Y ear 2016

Nagayama K, Hamgji Y, Sato Y, Matsumoto
T: Mechanica trapping of the nucleus on
micropillared surfaces inhibits the
proliferation of vascular smooth muscle cells
but not cervicad cancer HelLa cdls, J
Biomechanics 48-10, 1796-1803 (2015) DOI:
10.1016/j.jbiomech.2015.05.004

Nagayama K, Sato S, Matsumoto T:
Multiphasic Stress Relaxation Response of
Freshly Isolated and Cultured Vascular
Smooth Muscle Cells Measured by Quasi-In
Situ Tensile Test, Bio-Medical Materials and
Engineering 25-3, 299-312 (2015) DOI:
10.3233/BME-151276.

Sugita S, Katoh M, Nakamura M, Matsumoto
T: Microscopic deformation of the aorta
during pressurization based on SHG and
two-photon microscopy, The 8th World
Congress of Biomechanics (2018/7/8-12,
Dublin, Ireland)

, 57
(2018/6/19-21, )

57
(2018/6/19-21, )

Measurement of microscopic
deformation of smooth muscle cells in the
rabbit thoracic aorta during tensile test

67
(2018/3/13, )

56
(2018/3/7 )

28

(2017/10/28-29 )

Sugita S, Matsumoto T: Deformation of
elastin and collagen fibers in the aortic media
due to changes in pressure, XXV| Congress of
the International Society of Biomechanics
(2017/7/23-27, Brisbane, Australia)

Sugita S, Matsumoto T: Observation of elastin
and collagen fibers in the thoracic aorta under
multiphoton microscope during pressurization,
BIT ' s 5th Annua Congress of
AnalysitX-2017  (2017/3/22-24, Fukuoka,
Japan)  Invited

47
(2017/3/13, )

47
(2017/3/6
)
: 29
(2017/1/19-20,
)

—SR IR TR A (I K D 2R



B 29
(2017/1/19-20, )

27
(2016/10/22-3, )

, 95
(2016/4/26-8, )
Invited symposiast
47
(2016/3/186, )
47
(2016/3/186, )

Matsumoto T, Uno Y, Sugita S, Nagayama K:
Heterogeneity in the mechanical environment
of elastic laminas in porcine thoracic aortas,
International Conference on  Advanced
Technology in Experimental Mechanics
(2015/10/4-8, Toyohashi, Japan)

Matsumoto T, Sugita S, Shirono T, lijima S,
Nagayama K, Matsumoto A: Dorsal-ventra
difference in biomechanical and biochemical
properties in the rabbit thoracic aortas, 25"
Congress of the International Society of
Biomechanics (2015/7/12-16, Glasgow, UK)
Matsumoto T, Uno Y, lijima S, Moriyama Y,
Sugita S, Nagayama K, Matsumoto A:
Microscopic heterogeneity in the aortic wall:
Correlation between mechanical environment

and protein expression, Summer
Biomechanics, Bioengineering and

Biotransport  Conference  (2015/6/17-20,
Snowhbird, UT, USA)

Matsumoto T: Mechanical heterogeneity in
the aortic wall: from macroscopic to
microscopic viewpoint, Joint meeting of 15"
International Congress of Biorheology and 8"
International Conference  on  Clinical
Hemorheology (2015/5/24-28, Seoul, Korea)

Plenary Lecture

http://bio.mech.nagoya-u.ac.jp/

o
MATSUMOTO, Takeo

@
SUGITA, Shukei

TAMURA, Atsutaka

YOKOTA, Hideo



