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Opfimization of regeneration technique for bone and cartilage derived from iPS
cells
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Osteoblast lineage cells derived from mouse iPS cells were efficiently
differentiated by only two-dimensional culture without inducing embryoid body formation. Directed
osteoblast lineage cells were characterized in that they have not only high alkaline phosphatase
activity, but also proliferation, migration ability and osteogenic potential, compared with mouse
mesenchymal stem cells derived from bone marrow and calvarial cells. Moreover, the osteoblast
lineage cells co-expressed in a part of Hox and Semaphorin genes.

We succeeded an efficient optimization for directing osteoblast differentiation from iPS cells in
combination with administration of compounds and cytokines, in addition to culture conditions such
as serum-free media, hypoxic culture and chemically modified dish surface.

iPS



10 100 1
(iPS)
iPS
(EB)
in vitro assay
EB
iPS
iPS

iPS
3.
1 iPS
iPS 20D-17
2
(1
(CCs) (MSCs)

miPS cells Osteoblast lineage cells

H1 iPsHRasSEFHMEEAMERE~DOSEFEE

iPS



2

I iP§ cells Iﬂ Mesendoderm w Mesoderm ‘ Osteoblast limeage cells
I - [ A

Day0 1 2 3 4 5 6 7 &8 910 12 14 - =

iyt Activin & BMI-2 1] E‘\
Eiin | WatiA  FOF
Ohypen L |
tessaon
BCM : Cielalin
proistac | Fibronectin | Fibrogectn =
Fanfieree
treated dlshes Conumencial product A Conumercial product B
Tuctional gromp X Tunctional goup ¥
{cemmercial pradect A} iromemeeeial odnct B)

@2 EF#MLFEROLOHOBELIOR—IL

Activin Wnt BMP

day 16 day 28

B3 LY rRipsHmRO R FilERER2sEE)

iPS 28

4,5
(ALP)

10 14
MSs CCs

0.1 % 10 cells/well 0.5% 10° cells/well

o

absorbance {A450 nim = ABS0 hm)

a8 72 96 120 (hrs) ag 72 9% 120 {hrs}

B4 HEEED LI (WST-1 assay)

Migration ratio

Es HEREO B (Wound healing assay)

28

63 7

Osteoinduction assay (day 14)
MSCs Calvarial cells (CCs) PSCs-derived OLCs

Von Kossa

| Alizarin red

ALP

H6 HEEEFIZLHEHEOLE(4BH)

[ osteoinduction for 10 days | | Day 63 |

> o
- X -
Lfi&‘{;r At
St

[ §

OLCs

H7 EFMleRRIE M LRELLERFIERTRTHS



MSCs
ALP

CCs

8

Alkaline phosphatase activity Caleium content

o
o

200 [ Before ostedinduction (Day 0)

B res aecincuaction (Day 14)

{units/jig protein)
(mg/ml)

MSCs CCs OLCs MSCs CCs OLCs

Hs FFHRRENEEHESETROALPERLALL S ABOEL
(IDG-SW3)
IDG-SW3

IDG-SW3 cells

iPSCs-derived OLCs

day 0

Es #FMEatk(I0Gc-sw3)EDFH Lo

Hoxb

Semaphorin 3

10 11

Pax6
sox1 | Eetoderm
Gatal — Epdoderm
Pdgfra

Pdatit | Mesenchyme

Hspg2
Collal
Ihh
Twist2
Pthlh

Den

Hoxb gene clusters
 — ———

E 10 BIZFRIRAH OFHERE. Hox, SemaphoriniB{EFHUTXAE—F IR (FH)

Alpl . sp7

0 "
5] H H
f s
£ £ .
= g,
= Bl
)
L
D mm  mm Ol
MSCs ccs OLCs MSCs s OLCs
Hoxb2 Sema3c
1 3 as o »
12 o z
& g "
S £ n
E » & as]
B £ s 2
= L
- B n B
MSCs cCs OLCs MSCs oCs OLCs
Bl EETFRREERMANOLE
Alpl Pdpn
.
“
a Alkaline phosphatase positive
= Podoplanin positive cells
803 %
"
E
=
2 =
g gm
ﬂ P
00
-
w o o 1wt o w0 ot w w0
Alpl Pdpn

12 BFHEZAERIZETAAlpl Pdpn+ OB S

13

12



14

14 FHEARNTHESLUBHAEENHL (BHEELER)

28

iPS
iPS

[ 1(C 6 )

Koizumi, K., Ebina, K., Hart, D.A., Hirao, M.,
Noguchi, T., Sugita, N., Yasui, Y., Chijimatsu, R.,
Y oshikawa, H.,, Nakamura, N.: Synovial

mesenchymal stem cells from osteo- or
rheumatoid arthritis joints exhibit good potential
for cartilage repair using a scaffold-free tissue
engineering approach. Osteoarthritis Cartilage,
24:1413-1422, 2016.
DOI:10.1016/j.joca.2016.03.006

Yasui, Y., Chijimatsu, R., Hart, D.A/, Koizumi,

K., Sugita, N., Shimomura, K., Myoui, A.,
Yoshikawa, H., Nakamura,N.: Preparation of

scaffold-free tissue-engineered constructs derived

from human synovial mesenchymal stem cells
under low oxygen tension enhances their
chondrogenic differentiation capacity. Tissue
Engineering, 22A:490-500, 2016.
DOI:10.1089/ten.tea.2015.0458

Yasui, Y., Ando, W., Shimomura, K., Koizumi,
K., Chijimatsu, R., Hamamoto, S., Kobayashi, M.,
Y oshikawa, H., Nakamura,N.: Scaffold-free, stem
cell-based cartilage repair. Journal of Clinical
Orthopaedics and Trauma, 7:157-163, 2016.
DOI:10.1016/j.jcot.2016.06.002

Noguchi, T., Ebina, K., Hirao, M., Morimoto, T.,

Koizumi, K., Kitaguchi, K., Matsuoka, H.,
lwahashi, T., Yoshikawa, H.: Oxygen ultra-fine
bubbles water administration prevents bone loss
of glucocorticoid-induced osteoporosis in mice by
suppressing osteoclast differentiation. Osteoporos
International, 28:1063-1075, 2017.
DOI:10.1007/500198-016-3830-1

Uchida, R., Nakata, K., Kawano, F., Yonetani, Y .,
Ogasawara, |., Nakai, N., Mae, T., Matsuo, T.,
Tachibana, Y ., Y okoi, H., Yoshikawa, H.:
Vibration acceleration promotes bone formation
in rodent models. PLoS One, 12:€0172614, 2017.
DOI:10.1371/journal .pone.0172614

Shimomura, K., Moriguchi, Y., Nansai, R., Fujie,
H., Ando, W., Horibe, S., Hart, D.A., Gobbi, A.,
Y oshikawa, H., Nakamura N.: Comparison of 2

different formulations of artificial bone for a
hybrid implant with atissue-engineered construct
derived from synovial mesenchymal stem cells.
American Journal of Sports Medicine, 45:666-675,
2017.

DOI:10.1177/0363546516668835

[ 1 ( 10)

1
2016.01.

2016 . 2016.11.



2016 . 2016.
11
12 . 2016.
12.
Semaphorin Hox
34
. (2016. 07. ).

Myoui, A., Fujimoto, T., Tamai, N., Ezoe, S,,
Shimokawa, T.,_Y oshikawa, H.: Clinical Research
on Safety and Efficacy of Autologous MSC
Integrated with Porous Ceramics for Bone Defect
Repair after Benign Tumor Removal. 2015 4th

TERMIS World Congress. (2015. 09. )
. (2016. 11. )
42 . (2016. 07. )
35
. (2015. 12. )
34 . (2014.
12. )

Y oshikawa, Hideki

60191558

Myoui, Akira

10263261

Nakata, Ken

00283747

Nakamura, Norimasa

50273719

(Umezawa, Akihiro)

70213486

Fukda, Kanji

50201744

(Hamaguchi, Satoshi)

60301826

(Goto, Naohisa)

60448157



