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HAZE Aok ok=atd A
5t %%ﬂ =, PBS(Phosphated Buffered Saline,
GibcoBRL, Grand island, NY, USA)Z:0l| A ZHA] A1
A A ste] 1-2mm3 271¢] ZZ+S 0.1% collage-
nase(7500unit/ml, Sigma), 0.05% trypsin, 136.0mM
Nacl, 2.6mM KCL, 0,36mM NaH,PO,; 5SmM EDTAS
S8l &4 g W1 37°C water batho]| A 208
T ARAI7IE S 33 wHESRSITE 33]Re] vt
SOl frefEo] U AFds 599 cold FBSE
‘—:—écﬂ supernatantoﬂ/ﬂ = Vo«l Fago] WP
AL ol 9lth 1 & Dulbecco's Modified
Eagle Medium(DMEM, GibcoBRL, Grand island, NY,
USA)S ¥l 2412 5 1200rpm oA 521 P4l
23t pellets $HH T] DMEMO] 410] YAt
AFetih 2dA o] A A B AdES
10% FBSE &8k DMEM .2 35-mm tissue disho]]
2ml A e 37T 25 100% F5, 95% &
719} 5% CO, 5] FF FIEHE Al fFrAlshaA
HjFatitt. AlE7F SAste] @ DA F AHE
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EjolZ B M Z5(hFOB1 1,19 ; American Type
Culture Collection, Manassas, VA)E- 10% fetal bovine
serum(FBS : GIBCO/BRL, USA)3} 0,03 mg/ml ¢] G-
418(Duchefa, Netherlands)©] 7} Dulbecco's
Modified Eagle Medium Nutrient Mixture F-12
HAM(DMEM/F-12 1:1 Mixture, Sigma, St, Louis, MO,
USA) 2ml o] B71 6 well Bj 2FH A9l well & 5 x 104
o] AT Bohes B, ol 34t &
T 2 100% &%, 95% 3719} 5% CO, 59 Fu] ok
S A AR wdeeic, Mgt A
7k S S0l doid WA 239 Ao 2 A

2FE1 0. M 3-12 AT Al & Al2)3toir.

3 AIRHREMIZ RS
2|25 A E = Qg sk i]IL} B ESE
A ABAFES fste] dAld DA Ao 2R
B A XH—JEJ' A& Z2& PBS(Phosphated

Buffered Saline, GibcoBRL, Grand island, NY, USA)
2 33] A gk 5 100mm 2] %8 G Ao £71aL
159 bladeE 0]-8-3}] 10% fetal bovine serum(FBS
: GibcoBRL, Grand island, NY, USA) & Penicillin
100unit/ml ¢} Streptomycin 100ug/ml, Amphotericin
B 25ug/ml ©] X% Dulbecco's Modified Eagle
Medium(DMEM, GibcoBRL, Grand island, NY, USA)
oA 1x 1 x 1 mme] 72 A& F 100mm =
Zjuf g Alel A 223 810705 AAA A,
1% oF 3083k 37T, 100% FE, 95% F719F 5%
CO, 59 Ful & Zatel A v ek 5 2 vl 4
A" 10% fetal bovine serum(FBS : GibcoBRL,
Grand island, NY, USA) ¥ Penicillin 100unit/ml <}
Streptomycin 100ug/ml, Amphotericin B 25ug/ml ©]
33+ DMEM 3ml A& H7pstaL, @l DA e 7}
F9d m7tA] 23 Ao R wjFdS ghekgl
o}, T BAZo] 4H 5wl A AL 23]
A2 & Trypsin -EDTA(0,05% Trypsin, 0,53 mM
DETA, GibcoBRL, Grand island, NY, USA)E o]-&35}
of Mlazu] kg Alel 2t Mg g $ 60mm
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foFste] 2kzt 3.5,7,9, 11, 12 At 1

=
g )4 (Inverted Microscope, Olympus
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T

BH-
Olympus, Japan) 0. 2 28+ & A E o] & e)stz]
A= 71533k

lT[“C/J
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2) MIEE 4 Py

v oFg Aol A A of] =3 ThEe] NEE
0.25% trypsin/EDTAR £2]3 Uk o] AELES
HjoFA o 2 SHERAT)AL 6 well plateo]] 5x10* 7] <]
AZ7F HEs £33 F glola A EF = 244
st 34C 9] % 2 100% 55, 95% &719F 5%
COE Al T3P vkl SEAES} A
SAFEAEE 37T 25 9 100% F5&, 95% &
718} 5% COLE Al FaahaX] 24A17Hg<t vl ¢Fat
At kA E] £ 1, 3, 5 B IS e &
A 47] (hemocytometer) & ©]&-8Fo] MEL] &4
& Akttt Agviet Zbke] ol 4] 3 HhE
= M@kt

o o

3MTT 24

Bl F Al A w e DA ol =Rk Be] AR
55 0.25% trypsin/EDTA 2 EJsf Uich &
T2 A|E 5 Alo] 24-well plated]] 2+ well & 2 x
10 7h8] AZF} BoPhEs: Basc ol
HNEFE 2427H52 34T 9] 25 B 100% F=,
95% 719} 5% COE Al F=shA] v gshalal
SEA|Z o} A2 EAIEE 37T Y 25 B 100%
FE, 9% 719k 5% COE A4 FastwAl vk
SFATE LAl 2447 § FAHA] G2 AZES
a gk A]ol] o3 AAE A FAAE F 1, 3, 59
ek uj st & MTT(3-4,5-dimethylthiazol-2-y1]-2,5-
diphenyl tetrazolium bromide; Sigma, USA) £
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300 A & Z17+o] well o) H7bE o 1 F 447k
SOl =Tt vl & - vl A] & A AL 200 12
dimethyl sulfoxide (DMSO; Junsei, Japan)E 37}s}
o] FAH formazan ZA 2] {35 &l plaeE: &
E T} ELISA #417](Spectra MAX 250, Molecular
Devices Co,, Sunnyvale, CA, USA)Z 540 nmoj| 4] &
Frg 2,

4) ANy elpfRoie e 5

Z¥7ro]l M EES 6-well plated]] 1x10° cell/well©]
HeE B8 5 10% FBS7} H7HE DMEM/F-12
1:1 Mixtureol| 4] T A Z(mono layer)o] 37342
w7}A] ol HA|EF = 2447 Bt 34C Y] &%
5L 100% 552, 95% 3719} 5% CO & A4 g5shd
A ket ar FEAE} X AFEATE 244]
ek 37C e 2% 9 100% F5, 95% 3719} 5%
COLE Al adhaA s sttt & BAZo]
FAH Z ) A2 A A3kl DMEM/F-12 1:1 Mixture,
DMEMO. 2 23] A& 3 10% FBS, G-418 334, 50
ug/ml ascorbic acid, 10 mM S-glycerophosphate”}
Z7}1¥ DMEM/F-12 1:1 Mixture, 10% FBS, 1% -8
A (Penicillin G, 10,000 unit/ml, Amphotericin B 25
ug/ml, GIBCO/BRL), 50 ug/ml ascorbic acid, 10mM
BglycerophosphateZ} 7+ DMEMo] A& 10
7 M2] dexamethasones H7Fsle] 2535 & 5 F
A7} v kst 478w FAIe] Ak T A
£ AABIAL, trypsin-EDTAR A|EE Eg|A]7|aL
1,500 rpmol|A] 67 YA A AE A
AL 0.2 mle] BHH ZE2 A o3

[e)
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THTE Hbeke 23

712 Aesiginh 2 A2 Al 0.1 mlof 0.1
M glycine NaOH buffer (pH 10.4) 0.2 ml, 15 mM2]
p-nitrophenyl phosphate (P NPP ; Sigma, USA) 0.1
ml, 0.1% triton X-100/saline 0.1 ml &} BH FFH<F
0.1 mE 2 Egsto], o] WhE-E5 37T A 3087
] &F3HIEE 0.1 N NaOHZ 0.6 ml F7}gho 24 o]
E WS FANAT p-NPP] ZEREE 410
nm 33¢] ELISA readerd| 4] 53 %9] 2}o| =2 e}
U, p-nitrophenol (p-NP ; Sigma, USA)& 7]F%HS.
2 o)l T Bk
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reagent (Pierce, USA)E A}&-8ke] =43}, bovine
serum albuming- standard & dFJaL, 7|4 Q1XME

3 &2 A EE nM/30min/mg 0 & VFERSITH

5) Western Blot £

’g719] W o2 wjekE ZHzte] AIEE iRk
SN0 2 23] M|t F lysis buffer2 A EZTHA-S
ZFZ38}aL, BCA £ (Bicinchoninic acid sol, Sigma,
USA)el| Copper(11) sulfate(Sigma, USA)E 50 : 12 &
Tole] S A5 eg SAAT, 7 AR He 5
25 gla 50 MRS AFEER] 15% sodium dode-
cyl sulfate(SDS)-polyacrylamide gel 7]%9%-S A3
3} 3 PVDF (Immobilon™ -P transfermembrane,
Milipore Co.,, Bedford, MA, USA)9l| %At} H]S0]
SHle] AS w7 flske] AL Tl membrane
5 Z}Z+e] membrane blocking -&4(Zymed, USA)<]|
1A]7F ¢k 2] 2] 3k &, Osteocalcin(Biogenesis, UK)}
Bone sialoprotein (Chemicon, CA, USA)E 242} 400 :
12 blocking solutiond]] 3]413}e] 907+ BEG-AIZ]
% blocking buffer2 23] M3z, 22} A2 4
7173 o1akE s & A7) A3 ant-mouse} anti-rabbit
IgG(Santa Cruz Biotechnology, USA)E 204 60
i A TREAIFAL, 1AF $H5-8-H(1xPBS) 0. 2 A
33tk ECL €9 (Amersham, UK) A, BE 1112 &3}
3he] WR3-A|7) 3L, Hyperfilm - MP (Amersham, UK)|
EEAIFAL, ARSE Tl o] FUs RIAE R

3}7] $18}e] membrane& 1 x Ponceau S 8-Y(Sigma,

UsA)ol GAst § A =5 X 2 B a8k,

6) s HEN

A& Ate] B AL SpSS WIN version 10.0& AR
sto] M S23% G714 AT E A B4 Het
I FF AAE T3t o] 5 FATE Aol
9 FAHEXH (One-way ANOVA)E- ©]8-3}o] o}

HYTHp(0.05).
I, e384
1. NIZZ2| e Bz}

1) 2EAM|Z(primary explant cultured osteoblasts,
PECO)

SEAE] FeAsHE #Est] f1ste] 31241t
7HA] v 3t A} 3 Ao A= H]s23F Boke] At
A|EZ (small round cell) == " (cuboidal) FEIS
Ho|al A chFigure 1). Al B o] s Hol w}p
2} AxIE At (stellate) 2-& F4HE7)4 (convolut-
ed dendritic)d] AAE 2tE v|ud & o4y
(polygonal)9] A2 FE|E Eolthr} 9OAIA] 244]
e AZZE BAZF B A FAE (amor-
phous)¢] e & H HthFigure 2).

Figure 1, Primary explant cultured osteoblasts(PECO) of 3rd passage in culture(x100)
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A B C

D E F
Figure 2. Photomicrographs showing morphological alteration of PECO, A, PECO of 3rd passage in
culture(x100), B, PECO of 5th passage in culture(x100), C. PECO of 7th passage in culture(x100), D,

PECO of 9th passage in culture(x100), E, PECO of 11th passage in culture(x100), F, PECO of 12th
passage in culture(x100),

Figure 3, Human fetal osteoblast cell line(hFOB1) of 3rd passage in culture(x100)

2) Efors2MZ SR Hjate] AIZE717F 25 o A 7t 323l
HolFEA|EF 9 HeHstE 23817] 98t 3- © ™ (Figure 3), Bjola A o) A= Althuf ool
A7) vl FE A At 37 ) AE w gl & FEle) wishs BEA) 3trhFigure 4).
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Figure 4, Photomicrographs showing morphological alteration of hFOB1, A, hFOB1 of 3rd passage in cul-
ture(x100), B, hFOB1 of 5th passage in culture(x100), C, hFOB1 of 7th passage in culture(x100), D,
hFOB1 of 9th passage in culture(x100), E. hFOB1 of 11th passage in culture(x100), F, hFOB1 of 12th

passage in culture(x100),

Figure 5, Gingvial fibroblast of 3rd passage in culture(x100),
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Figure 6. Photomicrographs showing morphological alteration of gingival fibroblasts, A, Gingival fibroblasts of
3rd passage in culture(x100), B, Gingival fibroblasts of 5th passage in culture(x100), C. Gingival
fibroblasts of 7th passage in culture(x100), D, Gingival fibroblasts of 9th passage in culture(x100), E.
Gingival fibroblasts of 11th passage in culture(x100), F. Gingival fibroblasts of 12th passage in cul-

ture(x100).

AFFAIHA] 12A] A vl ol A= 3 <] o) B
Ho HFEs| ol FAFY AAdfEAE7}
A2 QI tHFigure 6),
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Table 1, Cell number of PECO, hFOB1, and GF(Mean+S D )(x 104

Day PECO hFOB1 GF
1 7.81+0.33 8.15%0.38 9.75+0.25"
3 11.47+1.06 12,75%0.23 15.940.31**
5 15.43£0.63 16.83%0.29 21,17+1,23*F

¥ Statistically significant compared to PECO(p{0.05)
* 1 Statistically significant compared to hFOB1(p(0.05)
PECO : primary explant cultured osteoblast

hFOB1 : human fetal osteoblast cell line

GF : Gingival fibroblast
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Figure 7. Cell number of PECO, hFOB1, and GF, Cell counting was performed after 1, 3, 5 days incubation,
Vertical bars represent standard deviation of each independent experiments, (+: Statistically significant
compared to PECO(p (0,05) * : Statistically significant compared to hFOB1(p (0.05), PECO : primary
explant cultured osteoblast, \FOB1 : human fetal osteoblast cell line, GF : Gingival fibroblast)

Table 2, MTT assay of PECO, hFOB1, and GF(Mean+S D))

Day PECO hFOB1 GF
1 0.261+0.01 0.29£0.1 0.321+0,01
3 0.81£0.01 0.88+0.02 1.06£0.06**
5 0.99£0.06 1.09%0.06 1.25%0,05
*: Statistically significant compared to PECO(p{0.05)
* ! Statistically significant compared to hFOB1(p<0.05)
PECO : primary explant cultured osteoblast
hFOBI : human fetal osteoblast cell line
GF : Gingival fibroblast
14 *
¥ B PECO
L2 ¥ B hFOBI
1| O GF
0.8 -
Q.
C 06
0.4 -
0 ||
1day 3day Sday day

Figure 8, MTT assay of PECO, hFOB1, and GF, MTT assay was performed after 1, 3, 5 days incubation,
Vertical bars represent standard deviation of each independent experiments, (+: Statistically signifi-
cant compared to PECO(p (0,05) * : Statistically significant compared to hFOB1(p (0.05), PECO : pri-
mary explant cultured osteoblast, h\FOB1 : human fetal osteoblast cell line, GF : Gingival fibroblast)
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247} 1, 3,5 A7F wjekste] Aol MESAES
HW At A Aol A 1o 2

EAE7} SEAE W3 SASHH o2 fros)
7VebdaL, 3UT T} sUT M= A3 EA

{

l

] [e)
E7h R} vl uAE oﬂ VI A
o= §ofah FAeT FRATE eolEuA
=59} 40l g el Hl & AE 58
HelFERon, ALHFRAL Hors FoI5pl 4
£ 55 Wof BRALY Ao NeHFEALR
o S48 =ejvhs 21e ¢ 5 alslthrable 1,
Figure 7)

2)MTT 244

MITE ol §3 AZBHE FA)HE F0A
o elolZRALF D AL H A
5 vl Bolsl A G EE

SFlTt. A3t 39T

=

RATE BRALS dorERATEA vste] £
o3 o S7HE A4S Bom, BE Tl &=
EAEZE ol BEA 2T v|ste] t] B &S
Hgout 1 Zpolo] g o492 IAFT & gl
THTable 2, Figure 8).

3. Iy piptRdiR e B

FEA|Z} HolE RAET W XA FEAEE
22t 5 A7) wefete] ALPS] FAS Wl 245
o AgAde A FRAZ} HolE RAEE 22
HREAT WEe] 2F folabl 5 TR}
UEREo 1, 53] FRAEZE "HolEREA|E ] ]}

o] foJsHAl -AISH A=) YERbA, 2R
= dxp s Al 2L Al Z2Es o o e 4
Frh= 28 o 5 QlQIcKTable 3, Figure 9),

rulo
N

Table 3, Alkaline phosphatase activity of PECO, hFOB1, and GF(Mean+S D))

Day PECO hFOB1 GF
5 0.16+0,02 0.53+0.01* 0.62+0,01*7
" Statistically significant compared to PECO(p{0.05)
™ : Statistically significant compared to hFOB1(p{0.05)
PECO : primary explant cultured osteoblast
hFOB1 : human fetal osteoblast cell line
GF : Gingival fibroblast
071 i
g 06 =
£ 06 F
g L1
a 051
E 4
OD .
& 0.
£ 03}
&
E 0.2+ -
o =
g 0.1}
0 . . |
GF hFOB1 PECO Cell

Figure 9. ALP activity of PECO, hFOB1, and GF, ALP activity was performed after 5 days incubation, Vertical

bars represent standard deviation of each independent experiments, (* :

Statistically significant

compared to GF(p (0.05), #: Statistically significant compared to hFOB1(p (0.05), PECO : primary
explant cultured osteoblast, hFOB1 : human fetal osteoblast cell line, GF : Gingival fibroblast)
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Osteocalcin

hFOB1 PECO GF

5 days +4-10KDa
hFOB1 PECO GF

7 days «+ 4-10KDa
hFOB1 PECO GF

10 days < 4-10KDa
hFOB1 PECO GF

14 days o - + 4-10KDa

Figure 10, Osteocalcin expression by western blot analysis in hFOB1, PECO, and GF ( hFOB1 : human fetal
osteoblast cell line, PECO : primary explant cultured osteoblast, GF : Gingival fibroblast)

4 \Western blot 24

1) Osteocalcin 9| &5

SEAE} HlolE HAEF W XA EA
A osteocalcing- ©]-8-3}] Western blotg A3 53
t} A8 A} A osteocalcing 14U 73 of] 2 EA| 2
A THE Aol Blste] F8lo] S7FeH A RS

[ele]

Bone sialoprotein

%

Uepi o Hio}lF A E T % 2|
of vlste] okt F7hE T YFS

(Figure 10).

A

=

[¢]

2) Bone sialoprotein(BSP) 2| 454
A|ZE o} BjolE BAET B X242 A

SPE 0]-8-5}] western boltS A|3§ 53T

> b
e 2

hFOB1 PECO GF

5 days «+ 70-80KDa
h FOB1 PECO GF

7 days l- 70-80KDa
hFOB1 PECO GF

10 days - 70-80KDa
hFOB1 PECO GF

14 days - [+ 70-80KDa

Figure 11, Bone sialoprotein expression by western blot analysis in h(FOB1, PECO, and GF ( hFOB1 : human
fetal osteoblast cell line, PECO : primary explant cultured osteoblast, GF : Gingival fibroblast)

326



Atol A BSPY] WEl S 1407 o] FRAEAA Tt}
£ AMazd] vjste] FElo] F7ks
WK Figure 11),

o
-

ﬁ
=N
ro,
=
e r
N
i

N
r N
=)
To,

ox

il

X}

2

o

P

(R
R
oft

H
i
32,

O H
( l"_oa

N
N
BN

X

ik
o)
1
o=
rlo

N
ox, flo e

sl
>,
}m
2
rlo
RN
2,
Y
i
EY
}m
>,
j_‘,

__>‘~ld‘
;
yo ME o L
‘E >{1 ‘P’_‘lt
-y
.

{0 K o

>
Bl

i do
le
Shs
g

o Nl
olr
2
gk

o
1
ik
+
=
S
_=)
o
o & |
olo
A

d
=

§
iy

b] glske] A5-o]

XNoo Mgy oo X o

e
!

(i
N Fﬂ
N
»

N

N
)
fo

o o

o

X

k]

°
oft
==
of

o mcig Mot o 2 o rlo o [N

rir

=,

o F8 TAEN AREAZE
WA A7) G Eal g wEet =
Fru 239 A58 5 Sl cytokines A
SHELRA AT 22 0] 3R] thAt, A 8L Al
F83 TS ks Rt Qoho, 53] wddt
e A aA 2] Feje] fshs Az 2t
o} Fste] FAz2 o] AfA AFEAES] 5
A& Ao BN A 9] A71E 2 B
& Vbl B adnl Qe SRAEE 2

z:g_]:

-

r ox

O

R

B

T W LR dEA 9o o
A FEAPE AN apoptosis) ol 28] AE
o] F4F} E3h= ZHRolE s 28,
52 Fo| Y AEY o) sEEE &
T TEAE Aot AR SRAE I
< F A cytokinedl] &ate] S WA 4= JUTHI,
2 AFdA e P SE FEAMEZE ARESHSE
] HZoll= o] HsH AlE Y ke A HelA A
o= SR S A7sh=t] §lof vjud

=
5

Ky

Al

I

327

AN E 03 5002 o] A7) 7 gk, B
AT ke Fo T2 E WY 2 F, BAE
o) 44 B 23} 5o A7

ohje} 7% s
oy} A1} cytokines Fo] = thAb] v A= &
=}

aL

= =AE

aL

o =2

& Qo] slo] WHole) Ak, B
AJE 2] v eke 1974 Wong¥} Cohn Sof 2]5}e]
A A9 o] 1985 Robey<} Termine®] A
Abe] FRAEE JEH 02 v FAIF O Riggs
2 AL S EA|E 9 estrogen receptor} 31
s BT, TRAE e ofd rat
8] FAE F(calvariae)o] 7}
T e Aow gEA 9l
Z2) 0 ZHE= oy 71 AEF7}
S slth olF HA7IS mouseE o] &3
MMBI, MC3T3-E1 & R A 59} e 7]<] ratE o]-&
3k RCB, RC] AIZF7F ] AMgHE 2AER
MC3T3-E1& 7] d] F7]2L 3 A(mineralization
of matiix Rz AR 7115 L0592 Aol
QYT BLAE 9o F 714 S e
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-Abstract-

Study on the Biological Characteristics of Cultured
Osteoblasts Derived from Alveolar Bone

Yong-Bae Lee, Seong-Jin Lee, Suk-Joo You, Hyun-A Kim
Hyung-Keun You, Hyung-Shik Shin

Department of Periodontology, School of Dentistry, Wonkwang University

Osteoblasts from alveolar bone may have an important role in the bone regeneration for periodontium, but
their culture and characterization are not determined yet, The purpose of this study was to investigate the bio-
logical characteristics of primary explant cultured osteoblasts(PECO) from alveolar bone, Osteoblasts were iso-
lated and cultured from alveolar socket of extracted tooth in children, To compare the characteristics,
osteoblasts and gingival fibroblasts were cultured with DMEM at 37°C, 5% CO,, 100% humidity incubator, and
human fetal osteoblasts cell line(hFOB1) were cultured with DMEM at 34C, 5%, CO;, 100% humidity incuba-
tor, To characterize the isolated bone cells, morphologic change, cell proliferation and differentiation were
measured, Morphology of PECO was small round body or cuboidal shape on inverted microscope and was
similar with hFOB1. PECO became polygonal shape with stellate and had an amorphous shape at 9th passage
in culture, PECO had significantly higher activity than that of gingival fibroblasts and hFOBI in alkaline phos-
phatase activity, The expression of osteocalcin and bone sialoprotein in PECO was notably increased when
compared with hFOB1 and gingival fibroblasts. These result indicated that PECO from alveolar bone in chil-

dren has an obvious characteristics of osteoblast, may be applied for the regeneration of bone,

key words : osteoblast, hFOBI, fibroblast
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