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1) SN adult stem cells, ASC)2| Tt

HnOF
T R RS HEE 93uish APy
Lol 3 Fxle] F4-E 2381 100 mm dish
of FBS7F 28k a-MEM Hli#loll &3k} 37T,

5% CO2, 95% §719F 100% ieollr] 57T wijok
3 3 o-MEMO R o223} shg 7jdto] A3}
Ak ae-MEME= AlEe] FHEeE S2jo] Wele] e}
o w7l 2 Ao wdksoirk

2) MBCP Z=H|

B Ao AME §d32 micro-macro bip-
hasic calcium phosphate(MBCP. Biomatlante,
Vigneux, France)® ARESIT) 5x5%x10 mm T4
o] MBCP Z=7k& AMgsidlem, 442 60%°]
hydroxyapatitie®} 40% tricalcium phosphate
ol Hit AFe| 2742 10umolst, e~ 300-
600ume]r}.

HjF Aol A T ATl ek ASCE 0.25%
trypsin/EDTAR Hel&loict o] AZES ujokod
ov  Feyln  ATE  10mmx5Smme
MBCP 9ol 1x10*70e] A7} Sojrjes 53

a9l il MBOPAHE: flo] Az 22
T wEe] 110749l A HEE B
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o) uhig wale] AT

A8 o= 10mm*5mme] MBCPS| 1x10°732]
| Bl EFeiiar, gt A

X3
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3;

7re 2718 sk 3 AA AEE Bd &

-1 EUAR B &8s
Z¥7F 50 pg/mb ascorbic acid, 10mM sodium B
-glycerophosphate”} 8¢ e-MEME 24 714

o= wEkPAA widsigict. 5, TdEt viekst &
uixje} Esle] MAERES FASKAL, vl viA|

| S& AEE AAS] 218 15,000 rpmel A
Sl %’\‘J 23k & 10N HCl 3 mts H7ksla,
? trypsin-EDTAR #2jA1A 4] #elst
5 *O%QH% AL 3 ml 6N HClE 718ted
1107CellM 10-24A17F 7Rl A7 v 2F A=
& oSt AlEs= duplicationste] 100 4
A7kt 98] 1A2AIZ] RS methanol 50
wl 7¥ste] dolole atel AAE w7+ 60°Cel
Al "ESAIZAEE 1.2 mé 50% isopropanols %
e AALL 838k, 20040 chloramin-T 84
2} 4o} 10w%F #=Isldck. 1.2 mee] Ehrlich 1t
S AleRS o] Ao F 50Tl 90E%t wliekst
T deollxd 7] ]Zlfjr. wedd g S
5 ¥ A= SR 558 nmollA
$4%E  spectrophotometer(Beckman, DU-650,
UsA) 2 S48tk

standard curves

1099



3 Gy QREoIRL gy 5

ASCE 10mmx5mme] MBCP9 1x10%7) ==
& B¢t & 50 wg/ml ascorbic acid, 10mM
sodium B-glycerophosphate”} 7F a-MEMe]
5% COo, 95% 5719+ 100% &%=, 37CY &%
Hj7 1ol AEte] -9+ MBCP 9ol si%sis
a1, thEaS MBCP §lo] wiekalsit). 5, Td&<t
ik & viAE AASE, trypsin-EDTAZ A3
2 Bgska, 15,000 rpmelA 657F 94 Eelst
Aot s AAStaL 0.2me] HiE SHTE
el 233 EaV12 ddsisivt. 24 A ¥
gl 0. 1méell 0.1M glycine NaOH buffer(pH
10.4) 0.2m¢, 15mM 9] p-nitrophenyl phosp-
hate(NPP ; Sigma, USA) 0.1 mé, 0.1% triton
X-100/saline 0.1 m¢} e S5 0.1 miE &
Egslo], o] WREES 37TCAA] 3087t sl
o} 0.1N NaOHE 0.6 m¢ H71gozH ol wks-
S SANFS wdE AEE 96-well wiFEAl
2713, p-NPPe] 7}=83sl= 410 nm 33<]
ELISA reader(Spectra MAX250, Molecular Devices
CO., Surmyvale, CA, USA)OIX F3%E9] Zjo]= 1}
ER™, p-nitrophenol(p-NP : Sigma, USA)< 7|
T fhoE olgsigint. vl s BCA protein
assay reagent(Pierce, USA)E AFE3I] =413]19]
om F4%EE nM/30min/me of protein®
= EAEIA

4) Western blot 20

A2 MBCP #HdA 25489 niekd
ASCE 0.25% trypsin/EDTA & E2J3lo] A&
&1L, &S MBCP7F gk &HollA] wjeksl
ASCE &) AM8319ith w8]¥ ASCE PBSE Al
2k S lysis buffer(10mM NazHPO4(pH 7.2),
0.9% NaCl, 1% Triton X-100. 0.5%sodium
deoxycholate, 0.1%SDS, 0.2%sodium azide,
0.004%sodium fluoride) 2 Al w8 53]

a1, BCA-E<H(Bicinchoninic acid sol. Sigma Co.,

UsA)el Copper(I)sulfate(Sigma Co.. USA)E
50: 18 &tete] Wil g S48 e
7AiM FEd Tl 50ugs AMESIo]
15% SDS-polyacrylamide gel electrophoresis
Z Al%t PVDF membrane(Millipore Corp., Bed-
ford, MA, USA)9| transferslict. vl5o] dkd)e]
2%S ] S8l e AJElolAl membrane
z4zko] Apet gl(zymed. USA)® 1417} <t 22
319t} 21 Fol] Osteocalcin(OC, Biogenesis, king-
ston, NH, USA)¢} Bone Sialoprotein(BSP, Che-
micon, Temecula, CA, USA)9] 12} IAIE 0% &
QF k3T 13} FA= w871 5 PBSE 23
AEsl 1 vk 23k &All(Santa Cruz Biotech-
nology) ¢+ A%¥ anti-mouse IgG-alkaline pho-
sphatase® 60i7F A2jgt & thA| PBSZE 76 &
b 23jell AH AFE dar, ECL kitZ 1% <t
HHSA1A  Hyperfilm-MP(Amersham. UKl =%

10.0 Version X=71
AMgajo] R mEOAS T, ofEe
A folde AARIEARANOVAIS o1&

AFEBIITHp<0.05) .

Im. A+
1 NEZAY 59

MBCPIH| ASCE 1x10°7le] M7} Soi7}

=5 B F 27 13, 599 wieksle] vl
=

|
= A = SARARIA 1L 3, 5 A oA
Ao thErte] AL S0 o] freldh 2o

o =)
Z212 Yoly7 MBCPe] £J8 AZ 24 F=9)

Joll= ol 9IcK Table 1, Figure 1).
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Table 1. Cell proliferations of adult stem cells cultured on MBCP(Mean+S.D.)
(X10* cells/well)

1 day 3 days 5 days
Control 1.20+0.06 2.58+0.12 4.30+0.13
MBCP 1.11+0.04 2.68+0.17 4.65+0.08

5
4 i
3 *
w2
2
1 —
0 s / . i / ] /
1 day 3 days 5 days
71 Control | wmBcP

Figure 1. Cell proliferations of adult stem cells cultured on MBCP(x10%).
Cell number counting was performed after 1,3,5 days incubation. Vertical
bars represent standard deviation of each experiments.

2. o3 ey 3. 9y QN0 A (Akaline Phos—
phatase, ALP) &y
MBCP EHel| ASCE 1x10°719] AlE7} Eol7}
TE H2E 5 o775 7 o wiksle] mYd MBCPEHS] ASCE 1x10°7H9] A7t Sol7t

% SR8 5Tl diEde 030+ 55 BT $ 247 5, TdE’t vidste] Hlul &
0.02, MBCP 9ol AA= IS wjeket 7 A Q713 dakgalas 248 S0 5

= 2.3020.250 % F 7lol] )3t AolE EO]D% T MBCPE ARE3F A3H+(0.20£0.03)2 MB-

o

WA el oF 8ul 4= Tl Tl CPE ARFEaHA] 942 o3 (0.04+0.0D 91 BIal F-2l

=2 d
M A81H(3.33£0.26)2 THEETH(0.45+0.02) 1] HISH A SlE 97 ksl A EAdo] oF sull ZVtE]
of 7ol Ax fold e wed e Pt & et TETAME MBCPE AMEEE AEw0.19+
AR}, EE A diEgt Bl Ul 0.022 MBCPE AME38HA] % thZw0.03£0.01)
Hlg)] TUelA] Wl el ol A STt o Hla) SOl Y= WM RelEAs o)
T} (p¢0.05) (Table 2, Figure 2) oF 6ull A% F7FEIATHP0.05) (Table 3, Figure 3).
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Table 2. Collagen synthesis of ASC cultured on MBCP (Mean+S.D.)
[collagen/ total protein (pg/me)]

Control MBCP
5 days 0.30+0.02 2.30+0.25
7 days 0.45+0.02 3.3320.26 %

* ! Statistically significant difference compared with the control (p€0.05)

4 L .
.. 3.5
g |
3 3 .
5 25 P
a |
= 2
=
S 15 l:
s 'l
0.5 —
|
0 I
5 days 7 days
@ C B MBCP

Figure 2. Collagen synthesis of adult stem cells cultured on MBCP
(Meant S.D.).
* : Statistically significant difference compared w1th T,heiqp’np}"fo‘l (_13»(_9.;0“5)\7

Table 3. ALP activitys of adult stem cells cultured on MBCP(Mean+S.D.)
{nM/ 30min/ma of protein )

Control MBCP
5 days 0.04+0.01 0.2040.03 =
7 days 0.03+0.01 0.1940.02 =

* : Statistically significant difference compared with the control (p{0.05)

c 0.25 "

0 *

g 02

a 0.15

3

£ 01

8

% 0.05

o

£ |

7 days Days

® MBCP

Figure 3. Alkaline phosphatase activitys of adult stem cells cul—

tured on MBCP(Mean+S.D.)

*

. Statistically significant difference compared with the control(p
<0.05).
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CON MBCP

< BSP

< GAPDH

Figure 4. Western blot analysis for osteocalcin and bone
sialoprotein in ASC cultured on MBCP. Cell extract equiv-
alent to 100gg/ml of total cellular protein of ASC was elec—
trophoresed by 15% SDS-PAGE and transferred to a PVDF
membrane. The intracellular protein levels of osteoclalin and
bone sialoprotein in ASC were probed with respective anti—
bodies diluted by 1 : 1000.
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—-Abstract-

Osteoblastic differentiation of adult stem cells by
Biphasic Calcium Phosphate

Myoung-Ku Lee - Sung-Woo Lim - Sung-Hee Pi - Yun-Sang Kim
Hyung-Shik Shin - Hyoung-Keun You

Department of Periodontology, School of Dentistry, Wonkwang University

The present study was to determine the influence of micro-macro biphasic calcium
phosphate(MBCP) on proliferation and differentiation of human marrow-derived mesenchymal
stem cells. Primary stem cells were cultured from bone marrow and 3-4 passaged cells were
used. This study tested the proliferative effects by cell counting. Collagen sythensis, alkaline
phosphatase activity, expression of osteocalcin and bone sialoprotein by Western blot analysis
were evaluated. The cellular proliferation of ASC was not influenced by MBCP. Collagen
synthesis of ASC cultured on MBCP significantly increased at 5th and 7th days(p<0.05). The ALP
activity in ASC cultured on MBCP significantly increased at 5th and 7th days(p<0.05). The
expression of OC and BSP incresaed in ASC cultured on MBCP. These results suggest that
MBCP may stimulates the osteoblastic activity of ASC.

Key words : Osteoblastic differentiation., mesenchymal stem cells, biphasic calcium phosphate(MBCP)
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