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Adipose stem cells (ASCs) are attracting attention as a new reconstruction
method. Bone morphogenetic protein (BMP-2) has been proposed to be useful for promoting osteogenic
differentiation of ASCs, but recombinant BMP-2 (rBMP-2) has limited clinical application in terms of

productivity and cost. For this reason, we have considered safer and cheaper bone regeneration
methods. It was confirmed that increasing extracellular Ca ion concentration promotes calcification
of human ASCs and enhances bone-related protein expression, similar to the reaction in the presence
of rBMP-2. From this, it was suggested that Ca ion administration is an alternative method or an
adjunct method to BMP-2 for inducing osteogenic differentiation of human ASCs in vitro.

BMP-2 Ca



ASCs Bl B R
ra—T S E
ASCs FRERER AL R TREM BRRNO—THE
23: b B BT ORI LEHET
DERE KEICAHE Bohd
HHla0SH R | B #R8 D100~ 1000fF FERISDELY
ASCs
misIckdEL FEAEELLL misELsIcEmD
BMP BMP (Bone Morphogenetic Protein) 1965
Urist )
@) 20 BMP
cDNA BMP
g
( @ E B
BMP-2 N
BMP \~\ target
BMP-2 L T
E1 BMP®DYFILiRE
References

(1) Urist MR Science 1965, 150:893;

(2) Katagiri T et al.The bone morphogenetic proteins. The TGF-g family. New York: Cold Spring
Harbor Monograph; 2008, 121;

(ASCs) ASCs
BMP-2 (rBMP-2)
Ca2+ BMP-2
ASCs (hASCs) Ca2+
Caz2+ hASCs
Caz+ BMP-2
hASCs Caz+ Caz+
Caz* BMP-2
BMP-2 —
Ca2+ Ca2+
Caz*

(CaSR) TRP channel (

Caz+

real-time PCR

(BMP-2)

BMP-2

hASCs
Calcium sensing receptor

TRPC channel) G-protein coupled receptor 6A (GPCR6A)



Caz* BMP-2
Caz* Cazt BMP-2
NFAT PKC Rho
real-time PCR
Cazt Mg2*, Na3+, Zn2+
BMP-2 —
BMP-2
hASCs -
TNF-a ELISA
_ Ca2+
BMP-2 Caz*
— hASCs
rhBMP-2
hASCs A B
BMP-2 BuP-2 T B :
P N = BMP-: (nM)
el | | HE>
- b\ ~ 4 2 n
Alizarinred S so e (B (i ,Q g1t A [
culture dish A ) 3
B -\ s
hASCs 1°°"M@ﬂ: ‘ .0
. 7
rhBMP-2 Day5 Day7  Dayl4 Day "
2 Alizarin red S &6
rhBMP-2 B, " [ ON |
alkaline phosphatase (ALP) ® %"" BMP.2 () [
osteonectin (ON)  bone sialo-protein %g” gz =
(BSP)  Osteocalcin (OC) 240 o II ] h
hASCs 2 o % o 0o 5 7_ 1[4 2
BMP'2 Day
% 10- g 4: m ‘ .
real-time RT-PCR s | Che s | [BMP2(om) IT
( 3 BMP-2 gés' F :E, R,
hASCs g . ji g |
2 0 5 T fo PIE  r a— 7 pay® L1421
B3 BHMET—h—0HRE
Ca2+
hASCs Caz*
Caz* Caz+
Caz* Caz+
fluo-4/AM hASCs Caz*
1mM 10 mM hASCs
4 Ca2+ Caz+ 1 mM 10 mM

Runx2 Osteocalcin mMRNA
Caz* real-time PCR
Runx2 mRNA 3
5.0 mM [CaZ*]out
A Osteocalcin mRNA
14 21 5.0mM
B

10
[Ca2+]out

E4 MrasCa”nEE

Runx2 mRNA (fold) normalized
OC mRNA (fold) normalized

H5 BREZEQICATSMMENCaORE



Caz* BMP-2 CaSR
hASCs  CaSR ze
CaSR BMP-2 <
ELISA 1pM R568 100 nM .
nifedipine  CaSR 1uM g
NPS2143 24 N

BMP-2 Eazqou;].SmM 1.8mM 1.8mM 1.8mM 50mM
BMP-2 CaSR Reagent R§68 NSP2143  nifed
E6 #iastCa?=&bBMP-20EELCaSROFEE
5.0 mM
Caz+ BMP-2 CaSR
BMP-2

5.0 mM Caz U-73122 : PLC inhibitor, W-7 : calmodulin

antagonist, 11R-VIVIT : NFAT inhibitor

BMP-2 ELISA
Calcinurin 5.0mM
inhibitor : U-73122
hASCs
Ca2+
Ca/CaM/ NFAT
autocrine
paracrine hASCs
in vitro
BMP-2
References
RisaY et al.

BMP-2 mRNA real-time PCR
BMP-2
Caz+ PLC
NFAT2 Western blotting
NFAT NFAT
/
hASCs

Extracellular calcium stimulates osteogenic differentiation in human adipose-

derived stem cells by enhancing BMP-2 expression: cell calcium, 2019, 102058



1 1 0 1

Yanai Risa Tetsuo Fumi [Ito Shinichi Itsumi Momoe Yoshizumi Junko Maki Tomoko Mori 83
Yoshihide Kubota Yasutaka Kajioka Shunichi

Extracellular calcium stimulates osteogenic differentiation of human adipose-derived stem cells 2019
by enhancing bone morphogenetic protein-2 expression

Cell Calcium 102058 102058

DOl
https://doi.org/10.1016/j .ceca.2019.102058

2019




