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Elucidation of the mechanism of collagen fiber synthesis and dissolution by
fibroblast using novel multi-imaging
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The directionality of fiber formation of collagen fiber bundles in
periodontal ligament fibroblasts was examined using CLEM combined with Picrosirius red staining and
FIB-SEM. The experimental group was divided into two groups: one with gap junction inhibitor added
to the culture medium and the other without, and analyzed using deep learning. The results showed
that there was a significant morphological difference in the direction of fiber formation between
the experimental and control groups, based on quantitative analysis of 3D reconstructions of serial
electron microscopy images of fibers formed in the experimental and control groups. These results
suggest that gap junctions between periodontal ligament fibroblasts may be involved in the formation

of collagen fiber bundles in the periodontal ligament, especially in determining the directionality
of these fibers.

F1B-SEM



cell-to-cell communication

cell-to-cell-communication

cell-to-cell communication

DS =T VD E R & DR
HMADRBEER T

R

PRIE(LIRZ

B 1 S0 2 M tee

RSB

IS UIREDER

TRV,

@ AT ViR - BERDOEH / DRAEEE ?
@ AR / PR E cell-cell communication & DBHE(E ?
@ Gap BARRBHEILRTICEVWTARENERZN?

in vitro

E2 ZATREEL




1. invitro
2.
1 2

in vitro

43

13

FI1B-SEM CLEM
Picrosirius Red . X
staining Resin embedding
Fixation en bloc staining
— § —>
Fibroblasts culture
Polarization Microscopy
Correlative
observation
FIB/SEM tomograph
Relocate the target
a
]
CLEM imaging of fiber 3D segmentation Binarization 5 :
3 of fiber 3 + . Median filter > Orientation J

Picrosiriusied staining
FIB/SEM tomography

using deep learning

Z projection

Dominant Direction

FI1B-SEM




1 week

2 weeks 4 weeks

Control

CBX100pM

2 weeks ) 4 weeks

Coherency
CBX100pM
ic/disordered

1=anisotropic/parallel

Hirashima S, OhtaK, Kanazawa T, Togo A, Tsuneyoshi R, Kusukawa J,
Nakamura K. Mesoscopic Structural Analysis Via Deep Learning Processing, with
a Specia Referenceto in vitro Alteration in Collagen Fibre Induced by a Gap
Junction Inhibitor. Microscopy (Oxf) 72:18-26, 2023.

Hirashima S, OhtaK, Kanazawa T, Togo A, Tsuneyoshi R, Miyazono Y,
Kusukawa J, Nakamura K. Correlative imaging of collagen fibers and fibroblasts



using CLEM optimized for picrosirius red staining and FIB/SEM tomography.
Microscopy (Oxf) 69:324-329, 2020



11 10 0 0

Hirashima Shingo Ohta Keisuke Rikimaru-Nishi Yukiko Togo Akinobu Funatsu Takashi 71

Tsuneyoshi Risa Shima Yuichi Nakamura Kei-ichiro

Correlative volume-imaging using combined array tomography and FIB-SEM tomography with beam 2022

deceleration for 3D architecture visualization in tissue

Microscopy 187 192
DOl

10.1093/jmicro/dfac015

Hirashima Shingo Ohta Keisuke Togo Akinobu Tsuneyoshi Risa Kusukawa Jingo Nakamura Kei- 72

ichiro

Mesoscopic structural analysis via deep learning processing, with a special reference to <i>in 2022

vitro</i> alteration in collagen fibre induced by a gap junction inhibitor

Microscopy 18 26
DOl

10.1093/jmicro/dfac044

Hirashima Shingo Ohta Keisuke Rikimaru-Nishi Yukiko Togo Akinobu Funatsu Takashi -

Tsuneyoshi Risa Shima Yuichi Nakamura Kei-ichiro

Correlative volume-imaging using combined array tomography and FIB-SEM tomography with beam 2022

deceleration for 3D architecture visualization in tissue

Microscopy -
DOl

10.1093/jmicro/dfac015

Hirashima Shingo Ohta Keisuke Kanazawa Tomonoshin Togo Akinobu Tsuneyoshi Risa Miyazono 69

Yoshihiro Kusukawa Jingo Nakamura Kei-ichiro

Correlative imaging of collagen fibers and fibroblasts using CLEM optimized for picrosirius red 2020

staining and FIB/SEM tomography

Microscopy 324 329
DOl

10.1093/jmicro/dfaa024




6 5 1

1.Shingo Hirashima, Keisuke Ohta, Yuichi Shima, Kei-ichiro Nakamura.

3D imaging analysis of cellular mesoscopic architecture.
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