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Development of novel fracture healing methods using artificical perioteum and
collagen-binding growth factor containing a collagen-binding domain from
Clostridium histolyticum collagenase

Takaso, Masashi
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CB-bFGF

We attempted to develop a functional artificial periosteum using mesenchymal stem
cells (MSCs) and a fusion protein (collagen binding-bFGF, CB-bFGF) consisting of bFGF and the
collagen-binding domain (CBD) of Clostridium histolyticum collagenase for bone repair. Artificial
periosteum had higher expression of trophic factots than monolayer cultured MSCs. Moreover, the
combination of the collage CB-bFGF with artificial periosteum induced bone formation compared to
artificial periosteum alone in rat models. Taken together, these properties suggest that the
CB-bFGF/artificial periosteum composite is a promising material for bone repair in the clinical setting.



10 SD

37 s5wCo, 1

CD45-CD29+CD54+CD90+
2.2x 10°

2,7 4
24

H.E
1x 10*

PCR 2
Bone morphogenetic potein-2,
BMP-2 basic
fibroblast growth factor, bFGF ,

Transforming
growth factor-beta, TGF-B ,

Vasuclar endothelial growth factor,

VEGF , collagen type 1

alpha 1,COL1A1 ,
Alkaline phosphatase, ALP
osteocalcin  mRNA
PCR

4.4x 10°

5mm

PKD

CBD bFGF

(bFGF-PKD-CBD)
bFGF

Wistar

pA
micro-CT

bon

CD45-CD29+CD54+CD90+
A

Count

4 30
90kv, 108
20 pm
300 mg/cm?
Tri3D
95%
1
B.

Count

Count

Count

2 D. 7

7 C.
Scale Bar = 100um



BMP-2,VEGF

BMP-2 VEGF

()
o
C
©
<
[$)
k=)
o
[

4D, E)

bFGF BMP2 TGFB1 VEGF ALP COL1A1 OCN

4A-C

0

4. 2 micor-CT
A-C. micro-CT . A.
B. C.

D

. a

P<0.05, Tukey Multiple Comparison Test

10

Saito W, Uchida K, Matsushita O, Inoue G,
Sekiguchi H, Aikawa J, Fujimaki H, Takaso M.
Acceleration of calus formation during
fracture healing using basic fibroblast growth
factor-kidney disease domain-collagen binding
domain fusion protein combined with
allogenic demineralized bone powder. J
Orthop Surg Res, 10(1):59, 2015. doi:
10.1186/s13018 -015- 0201-0. ( )

Uchida K, Satoh M, Inoue G, Onuma K,
Miyagi M, Iwabuchi K, Takaso M. CD11c+
macrophages and levels of TNF-a and MMP-3
are increased in synovial and adipose tissues of
osteoarthritic mice with hyperlipidemia. Exp
Clin Immunol, 180:551-559, 2015. doi:
10.1111/cei. 12607 ( )

Imura T, Inoue G, Nakazawa T, Ueno M,
Saito W, Adachi K, Uchida K, Takahira N,
Takaso M.: Effectiveness of deep peroneal
nerve block for the management of lumbar
disease with leg cramps. J Spine Res,
6(2):119-124, 2015 ( )

Saito W, Inoue G, Imura T, Takenami T, Ueno
M, Nakazawa T, Uchida K, Takahira N, Takaso
M. Safety and efficacy of continuous epidural
anesthesia following scoliosis surgery in
respiratory-impaired neuromuscular children: A
pilot study. Spine Deformity, 3:272-276, 2015.

( )

Uchida K, Matsushita O, Nishi N, Inoue G,
Horikawa K, Takaso M. Enhancement of
periosteal bone  formation by  basic
fibroblast-derived growth factor containing
polycystic kidney disease and collagen-binding
domains from Clostridium histolyticum
collagenase J Tissue Eng Regen Med, 2015.
doi: 10.1002/term.2019., in press ( )

Ueno M, Uchida K, Saito W, Matsushita O,
Yogoro M, Nishi N, Ogura T, Hattori S, Inoue
G, Tanaka K, Takahira N, Takaso M.
Acceleration of bone union after structural
bone grafts with collagen-binding basic
fibroblast growth factor anchored-collagen
sheet for critical-size bone defects. Biomed
Mater, 9(3):035014, 2014. doi: 10.1088/1748
-6041/9/3/035014. ( )

Matsuzaki Y, Mabuchi Y, Okano H. Leptin
receptor makes its mark on MSCs. Cell Stem
Cell, 15(2):112-4, 2014. doi: 10.1016/j.stem.
2014.07.001. ( )

Saito W, Uchida K, Ueno M, Matsushita O,



Inoue G, Nishi N, Ogura T, Hattori S,
Fujimaki H, Tanaka K, Takaso M.
Acceleration of bone formation during fracture
healing by injectable collagen powder and
human basic fibroblast growth factor
containing a collagen-binding domain from
Clostridium  histolyticum  collagenase, J
Biomed Mater Res A, 102(9):3049-55, 2014.
doi: 10.1002/jbm.a.34974. ( )

Uchida K, Matsushita O, Naruse K, Mima T,
Nishi N, Hattori S, Ogura T, Inoue G, Tanaka
K, Takaso M., Acceleration of periosteal bone
formation by human basic fibroblast growth
factor containing a collagen-binding domain
from Clostridium histolyticum collagenase, J
Biomed Mater Res A, 102(6), 1737-43, 2014.
doi: 10.1002/jbm.a.34841. ( )

Mabuchi Y, Morikawa S, Harada S, Niibe K,
Suzuki S, Renault-Mihara F, Houlihan DD,
Akazawa C, Okano H, Matsuzaki Y.
LNGFR(+)THY-1(+)VCAM-1(hit) cells
reveal functionally distinct subpopoulations in
mesenchymal stem cells, Stem Cell Reports,
1(2):152-65, 2013. doi: 10.1016/j.stemcr.2013.
06.001.( )

29

,2014 10 9-10 ,

. Bone Powder

. 29
, 2014
10 9-10 ,
o . Bone powder
33

2014 9 27

Inoue G, Uchida K, Saito W, Fujimaki H,
Sekiguchi H, Takahira N, Takaso M.
Effectiveness of bFGF-fusion protein
ecncoding the Clostridium collagen
binding domain for lumbar spinal fusion

o

@

surgery using allograft bone.
APASTB/JSTT Combined Scientific
Meeting 2014, 2014 8 27-29 ,

Saito W, Uchida K, Ueno M, Matsushita O,
Inoue G, Nishi N, Ogura T, Hattori S,
Fujimaki H, Tanaka K, Takaso M.
Acceleration of bone formation during
fracture healing by injectable collagen
powder and human basic fibroblast growth
factor containing a collagen-binding domain
from Clostridium histolyticum collagenase,
APASTB/JSTT Combined Scientific
Meeting 2014, 2014 8 27-29 ,

Uchida K, Matsushita O, Naruse K, Inoue G,
Takaso M. Acceleration of periosteal bone
formation by human basic fibroblast growth
factor containing a collagen-binding domain
from Clostridium histolyticum collagenase.
World Congress on Controversies, Debates
& Consensus in Bone, Muscle & Joint

Diseases, 2013 11  22-24 , Brussels
(Belgium)
iﬁjectable
. 28
, 2013
10 18-19 ,
( )
bFGF-CBD
28 ,
2013 10 18-19 ,
( )
. 12
, 2013 3 21-23

TAKASO, Masashi

90439117

UCHIDA, Kentaro



50547578

MATSUSHITA, Osamu

00209537

MABUCHI, Yo

50424172

INOUE, Gen

80594209



