— Abstract

Jae-Suk Rim, Jong-Jin Kwon, Hyon-Seok Jang, Eui-Seck Lee, You-Min Jeong, Tai-Hyung Lee, Jeong-Kyun Park

local anesthesia, with minimal discomfort would be advantageous. Adipose tissue could be processed to
obtain a fibroblast-like population of cells or adipose tissue-derived stromal cells (ATSCs). This study was
performed to confirm the availability of ATSCs in bone tissue engineering.

liposuctioned abdominal fat of 24-0ld human and cultivated, and the stem cell surface markers of CD 105
and SCF-R were confirmed by immunofluorescent staining. The proliferation of bone marrow mesenchymal
stem cell and ATSCs were compared, and evaluated the osteogenic differentiation of ATSCs in a specific
osteogenic induction medium. Osteogenic differentiation was assessed by von Kossa and alkaline phos-
phatase staining. Expression of osteocyte specific BMP-2, ALP, Cbfa-1, Osteopontin and osteocalcin were
confirmed by RT-PCR. With differentiation of ATSCs, calcium concentration was assayed, and osteocalcin
was evaluated by ELISA (Enzyme-linked immunosorbant assay). The bone formation by 5-week implanta-
tion of HA/TCP block loaded with bone marrow mesenchymal stem cells and ATSCs in the subcutaneous
pocket of nude mouse was evaluated by histologic analysis.

phosphatase staining. Expression of osteocyte specific genes was also detected. ATSCs could be easily iden-

tified through fluorescence microscopy, and bone formation in vivo was confirmed by using ATSC-loaded
HA/TCP scaffold.

formed bone in vitro and in vivo. So ATSCs may be an ideal source for further experiments on stem cell
biology and bone tissue engineering.
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BONE REGENERATION WITH ADIPOSE TISSUE-DERIVED
MESENCHYMAL STEM CELL AND HA/TCP

Department of Oral and Maxillofacial Surgery, College of Medicine, Korea University

Aim of the study: An alternative source of adult stem cells that could be obtained in large quantities, under

Materials & methods: In this study, adipose tissue-derived mesenchymal stem cell was extracted from the

Results: ATSCs incubated in the osteogenic medium were stained positively for von Kossa and alkaline

Conclusions: The present results show that ATSCs have an ability to differentiate into osteoblasts and
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A4 z22 A fd = 714 £ processed lipoaspi-
rate (PLA) cells, 32 adipose tissue-derived stem
cells (ATSC) 522 &g $ed 35 7129 543
Al wlo} 7F3 (embryonic mesenchyme)dl|A Fefsta 2
BAE, ASAE, AL, ABAZ, 9 E 5o £3}
& 4 Sl Ao geiA 3 it AAE Az A £
g8 SV EAA 2+ 7129 fARE AX ™
marker®] ¥do| SQAH I FARF R ddsEe A
o2 A A Ut} FAEE A7t F4E] Jlu AV
Lo M= &S ks TR MER 237t 7be
st} ol 2 AWzA fY SVNEE ROt thEF
< AT § Yo} SVNHAZE o] &3 F AN T 2T
A A go $53 AZdoer »d ¢ & Aer A7
Hed 23389 30 849 X, scaffold € AZEZF
o A% S FEL oY 7HE S8 A
Az 719 S7\AEY] ERAERS F3ld dHE 7
Az 2o A9t dasteet Az gl 223
28 719 A& g ARHL e EF 7HEY
A+ 43 vlm, EA40] B5Aolg Alrd.

olo & AFoME A o4 EAfelA 7 AW FRle
2 ozl Az A Z7|NZE He, uj g3t A
289 ®3E f=stx BMP-2, alkaline phosphatase,
cbfa-1, osteopontin 2 osteocalcin 52 FAA ddL
BAe9 1 HA/TCPo AW &7|AE£E loadingdh
nude mouse®] I3t o]daled 5F It Fo 22 3H
afdg #Es] 3 YA AEE Bl Hol & ZA&F
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WA AHE AW 23L Krebs-Ringerd o2 A3
collagenaseS ©]-83l4 digestionS Al3stdct, 94
2 Aldgste] AW 2343 3 24 & F28ta plastic
adherence® ol&3to T3 Y& sttt £2€
AEE 10% (v/v) fetal bovine serum (FBS)E %383}
£ Dulbecco s modified Eagle s medium (DMEM)&
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maintenance medium2.2 ©]-83}4 culture expansion
S Agagth A 2L FEAER B3E e
3l7] dslo 10% FBSE E3% DMEM iAol 10 AM
dexamethasone, ascorbate 2-phosphate (50 #g/mL) %
100 mM B-glycerol phosphate® F43le] v &F& A&}
At Osiris AHOsiris Therapeutics, Inc, Baltimore,
MD)AM T8 F5 Z7AEE 94 2 W o8
ato] wjdeln TRAM E29 £31E5 Rttt

2. Immunofluorescent study of CD 105, SCF R

Z71M %9 surface markerd! CD 105¢F SCF-Re| %
g BA37] st 24 well platedld &S cover
glassol A 80% confluentdtAl vl X|w Z7|MZE W
& A Ast PBSE 28] M#3 ¥ glutaraldehyde &
dog AedA 1083t 23 F PBSZE 33 AAstn
human IgG=E blockingS A8ttt 500 ul® PBSel
10 ul® fluorescein-conjugated anti-CD 105 (R&D
systems, Minneapolis, MN, USA)E FoJ3la 4Tel|A
A7 B¢t B3 | ggole Sehrd ngstq F3d
njAo g e}t SCF R ¥&2 anti human SCF
R antibody (100 ug/ml, (R&D systems))& 13+ A=
AH2-3}aL goat I1gGe] rhodamin-labeled affinity purified
antibodyZE 27 ZAZ A48l AEetdrt.

3. Proliferation assay

AW E7A LS 5 E71HEE 10% FBSS antibi-
oticsS ¥33+= DMEM< maintenance mediume=
o] &3} culture expansion$s A3t FEAEZ S
B32 gxslr] Yok 10% FBSE ¥ DMEM HiA|
o 10 #M dexamethasone, ascorbate 2-phosphate (50
ug/mL)% 100 mM f-glycerol phosphateE Fd3}o] uj
kg AEEdn Wk 7, 14, 214l WA EE 0.05%
trypsin, 0.02% EDTA (Gibco)Z 37TellA 583t A
3 % A 29 5 hemocytometerE o] &3le 33 w3}
o S48t

4. Alkaline phosphatase staining % von Kossa
staining

24 well WFE7]o S7|HMEE 35 B w8t 7,
14, 2199 cold PBSE MEFS 23] AF £ vk A
¥2%< ACP mix (acetone:citrate solution:37%
paraformaldehyde = 65:25:8)& °| &3l nA3}x
Sigma Diagnostics ALP staining kitE ©|-8-3t] alka-



line phosphatase activity® ZA3l9th. von Kossa
staining® GA] 7, 14, 21l WM E£52 A4 60
w7t 4% paraformaldehyde® A4 3l1 SHFE A A8
T 48 A JEZ 1% (wt/vol) silver nitrite solu-
tionoll 30¥3t FstL ThA] B Ad FHFE AHF
607t UV light& 2AF8Hgieh. 919} 2 alkaline phos-
phatase stainingZ} von Kossa staining® Al&3+ 24
well plate® digital camerag ©]-4319 #93ln FA%
€ Scionic PC image analysis software® o]-&8to] £-4]

s,

5. &7[& ¢ {FHXfe|

re

AEuiE 3, 7, 14, 2140l RNAZ FZ3l] BMP-2,
osteopontin, osteocalcin, Chfa-13} ALPE9] &34 &
A oo AR HE-E reverse transcription poly-
merase chain reaction (RT-PCR)< o|-&3kd £A 319
0. BEE ZAE factinge] ol v]zE Algsi of 74
AHEE primere table 191 91t} Tri-reagent (Sigma-
Aldrich, St. Louis, MO)E& ©]$3} Chomczynski%
Sacchi™¢] single-step methodo] W} total RNAZ 3
%3}32 UV spectrophotometry (Phamacia, Gene
Quant, LKB Biochrom, England) & AHg38ld] 28 2
A3ka o]F 3.5 ug© 2 Superscriptreverse transcrip-
tase (LifeTechnologies, Inc., Gaithersburg, MD)$}
oligo (dT)16 primerE °]&-3t4 first strand cDNAE ¥
At 100 4 £4€ Axstn FAE DNAY 1/10
< AH3le] PCRE Al BMP-2& 30 cycle (95
ToA 183t denaturationg A& cycled F71417]
HA 95Cel A 45%, 60CAIA 45%, T2¢CoAM 287H &
Al&ata, B-acting 40 cycle (94¢CoA 38 27

Tablel. PCR primer sequence and sizes

HA/TCP Zoj4{Ry&to) ofAlE xeiszal E0IMZ S S2HEZ2] B3t X 2ol of

%

o7

denaturation, cycles S7H71HA 94CalA 1&, 55T
oA 18, 72CoNA 18)E, osteopontin® Cbga-1& 40
cycle (94CAAM 387 27] denaturation, cycleS 57}
AIZ1MA 94¢olA 18, 56.5TA 18, 72CoA 1),
osteocalcing 40 cycle (94TIA 387+ 27] denatura-
tion, cycle® Z7HA7IHA 94CcolA 1#, 60CAA 1£,
72°CoA 12)9 2A0 2 PCRE Alaalgit). o5 10 4
£ 0] 43} ethidium bromide® ¥4%¥ 1,5% agarose
gel& UV transillumination®® #&3la digital cam-
eraZ o] &3t #4381 Scion image analysis software
g o]&sto] B4& AF3r}. f-actin] B A<
intensityZ 78] RT-PCR 275 B4 8 th

6. Calcium concentration assay

bsh

A 27| 29} 4 Z7|1MEE osteogenic mediumE
B3l ZRAERY o8 faivA 3,5, 7, 14, 21
Yol wjoFl-S & calcium FES AT Wl
AxE 23 PBSE AAskm 4CdA 0.1N HClel 4717
Aeleta AR E Algstd AEE F£3 32 Sigma
calcium kit (Sigma-Aldrich) & ©]4-3to] vjgFA o 25 H
calcium® F%F 33 538l FHsrt. Calciume]
e Ax 92 microgram 9 millimolar® &% 3%
2 AW 729 25 EVIHAEY ASE paired
Student s t test® AHE-3t BAAE Mgt

7. Osteocalcin ELISA
At Z7)| A EE osteogenic mediumE Folsle] FRA

¥z B2 453 273 maintenance medium7HE Al
g3t wjokat + 719 osteocalcin® #o]E ELISA

PCR oligonucleotide primer sequence and sizes of expected amplification products

Primer Sequence - Arnplicon size
BMP-2 forward 5 -AGACCTGTATCGCAGGCACT
BMP-2 reverse 3 -CCAACCTGGTGTCCAAAAGT 350bp
ALP forward 5 -“TGAAATATGCCCTGGAGC
ALP reverse 3 -TCACGTTGTTCCTGTTTAG 475bp
Cbfa~1 forward 5 -CTCACTACCACACCTACCTG
Cbfa-1 reverse 3 -TCAATATGGTCGCCAAACAGATTC 320bp
OP forward 5 -GCTCTAGAATGAGAATTGCACRG
OP reverse 3 -GTCAATGGAGTCCTGGCTGT 270bp
OC forward 5 -GCTCTAGAATGGCCCTCACACTC
OC reverse 3 -CGATATCCTAGACCGGGCCGTAG 302bp
B-action forward 5 -CCTTCCTGGGCATGGAGTGGTG
B-action reverse 3 -GGAGCAATGATCTTGATCTTC 202bp
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(Enzyme-linked immunosorbant assay)& ©]-&3je] ¥
2319t} 24 well plated] 3x 10702 Z7|AEE Yol vl
%S AAG Z 2+ 35, 7, 14, 2144 15 nM HEPES
(pH 7.4)¢} antibiotice X33l serum-free DMEM9]
24 A7t conditioned medium< ©]-8-5te] ELISAE A3
3led mL 9 nanogram $$1E 33 uhEsle] 2
paired Student s t test® AHg-3le] BAX DS AJahae

1) Scaffold

£ A7+ synthetic hydroxyapatite/tricalcium
phosphate ceramic 60:40% (Zimmer. Warsaw, In)
(HA/TCP 60:40)& 5 X 5 X 5 mm Z7]¢] 53|z
thEo] 289 AlF F 250TCA 4217 B2t depyro-
genation< °] 838t} AE-& Algslo] ALE-3199T)

2) E7141 22 v ¥ loading

1.5 ml microcentrifuge tubed] 1.0 ml¢] DMEM< ¥
32 1.5 x 10709 A% 27|28 Fo & 3 2214 I3
o] 7k 37CAA 5AITERL FRAITIG. AT Fole
50 ml conical tube$} 3-wayE ©]-8d4] suctions ¥2
gt S5hE st AAAE HR ol 7P Tt A
W Z7|HMEE Fo381A] ¢z HA/TCP %& DMEMW<
Yol 2T o A3 (N = 4).

3) 2A8A 44 ~

AEZE o]A3 AT AEE o]43lA F& T
scaffoldE nude mouse (34, 41&)¢] 59 FFH A
e 7t Bt 23 Fo o]48t1 3-0 black silkE ©]
&3l B RE BHY F 5FF FEE FJAsd 59 FF
Bol A& 71819 scaffoldst FHZ2 S AAG & Z4]
4% paraformaldehyded] 3A17F w@3sta &3A)71 &
hematoxylin-eosin @45 Aldsle] 2 £7& #2319
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1. immunofluorescent study of CD 105, SCF R

Az i 27 EE 22, g 23, 712

FAAE €23 CD 105, SCF RolA d4-& gelslo] 3)

& A% 2394 Halvorsen'se Widl 93l F&3 4
7L FE S7IAEY S A H(Fig. 1).
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Fig. 1. Immunofluorescent study (Left: CD 105-1, Right: SCF

R-1).
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Fig. 2. Proliferation assay results of. bone marrow mes-
enchymal stem cell (BMSCs) and adipose tissue-derived
stem cell (ATSCs) of 7, 14, 21 days of cultivation.

(Control: nonosteogenic culture, OM: Osteogenic culture).

2. Proliferation assay

Proliferation assay 22 &4 7|4 29 223
# E71HFE 250X osteogenic medium FAA] AJZH
o] w} proliferation®] F7tse 3ol 53] 3
2794 osteogenic medium FJA] &l vl3te] Al
29| o] Z7PL ANATHAR S| AL dj2: 7.6 +
0.8 x 10°, OM: 11.8 + 1.1 x 10°, IFZ7|HE: =
T 7.8+ 0.9 x 10°, OM: 12.3 = 0.7 x 10°)(Fig. 2).
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3. Alkaline phosphatase staining % von Kossa
staining

AWz fd E7|ALE vdst9E Wl ALP staining,
von Kossa staing 25°IA osteogenic medium< ¥
< control®] AFEE JAET} F7lH e A B
33 YAt (Fig. 3). 25 7= AW=22 /4 &
71 E£E osteogenic medium< o] viFAS o A7t
733t mE ALP activity® Uehll= 22 A7 Aol



HA/TCP ZoARsol o/As] xiieal E7IMES] SMERS] £2} % 2HL gt &7

wla} ALP activity7t 3715 E Fgoludzn 743 14d 5. Osteocalcin ELISA
276N B4 /AT Aeo ANz 9 E7ME
B} ALP7L @A wA dasE 2 AAHFig. 4). ELISA & o] &3la) X274 fr#) Z71M 9] osteocal-
cinel 2dS F7189S M osteogenic medium= ¥
4. Calcium concentration assay HoFata 2 1) osteocalcin®] Edo] ¥4 viERtR A9l
(Fig. 6).

5 Z7NES A2
medium Eodsied wjoket 4
=5 2% 297 21¢ &

el

o) wjeriel Mol Zg F 6. 27|12 ot RHA &

@ E7IMEE osteogenic
o)
X F¢ F7| AR

ca concentration®] A2 f& E7|MER A v Auzx &8 271429 osteogenic mediumE ¥t
EdA| gt At o g gFEzte] 2 Aol s BHT F gt wjekat 7399} control medium¥HE gol wiFd 259
(Fig. 5). RT-PCR A#E BMP-29 @& #2574 %1
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| Fig.4. ALP activity of 3, 5, 7, 14 days of culture.
J (ATSCs: Adipose Tissue-derived Stromal Cells, BMSCs:
bone marrow stem cell)

Adipose Tissue-
derived Stromal Cells
(ATSCs)

Fig. 3. ALP staining & von Kossa staining of 3 week culture.

Ca concentration OC ELISA

2
5 E
E 2
&
3 5 7 14 21 3 5 7 14 21
Days *P (0.0 Days *(0.05

Fig. 5. Caicium concentration assay of 3, 5, 7, 14, 21 days Fig. 6. Osteocalcin ELISA (ng/ml).
of culture. .

(m mol/ug, ATSCs: Adipose Tissue-derived Stromatl Cells,

BMSCs: bone marrow stem cell)

101



Lkt o ERIZR| B2 S]] Vol. 32, No. 2, 2010

oM C
-
or
AP -
Chfa—1 -
o2 I
B-actin

Fig. 7. RT-PCR results of BMP-2, osteopontin, osteocalcin,
Cbfa-1 and ALP gene expression.
(OM:osteogenic medium, C: control)

osteocalcin, osteopontin, cbfa-1- osteogenic medium
& FAAE W controldl H3| LHo] F7iEo] AT
alkaline phosphatase® controlollA] @&o] Z7}5 o gl
T Pl A (Fig. 7).

Mouse® dorsal subcutaneous pocketol] o121® scaf-
folde] &2 264 pore Wl woven boned #4o]
#FAH 3 J9oH A He] IF 4 dense connective
tissue7t BT AZol} Az P& FAHZ
&3 JAEH AWEVAEE loadingd A$R 25F
TINEE o] 43 Aol AAF PAo| thdh AT Aew
Holz YA} (Fig. 8).
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atol] gol3tA HHAMA Aol 7hsd A2 R £7]
A2 2RAERY 237beA S glsta AWz K¢
E7IN 29 AEAA F23 25 E7I1AEF osteogenic
mediumol A ¥l sl scaffold®] loadingAl7]1 nude
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H&E Staining Masson' s trichrome Staining

=2

B. Adipose Tissue-derived Stromal Cells

Fig. 8. Histologic findings of 5 weeks after implantation.

(A: BMSCs-loaded HA/TCP, Left: H&E staining, Right:
Masson' s trichrome staining, B: ATSCs-loaded HA/TCP,
Left: H&E staining, Right: Masson's trichrome staining)

2 Y, 5 U ESVHEE in vitrodlA SEAHEZ
Bilstd Z A4 A S AXe AR gHA U

o} snam Jade F4 VM2 giA AHYLE 24
ol ole) golstAl thgo g AV e AWEE f
Z7|A T AAE T B2 AT} o] FolA 1 glom Fe
Zuk 52L& A 22 A faEld 7| X g theket Al
2 B3e 4 e 582 7K iva B3 it A
uzz) o S7AEE AW 2R 02 BalEE w opgt
ZgoA T E71AEY AR FEAEER 23}
& 9E Aoz gz glom 0 Az fi £V
AES} 2 AEe B3 58, AX 789, 4% 9
3 A PR Y5l oM S0l AolHE Bo|A
Yeta stk AwzE f3 A AR &
FRAXE §3 sledde A #Ho] Yoke B
7+ B3 Hlen, ASAEE F57e] SRAE} 7
g AP E AY F Ex s fEddn s A
M Z7IHZERE Uk AZER B3] SlojA o
2 AEEY A 3= 1 7[de] WA dEA A
gom wjgde] PRI JAAAEY HJY 9484 A
Z AT A5 A ety Ao ug} ZEAES A
A E7) wat 237} dojdtra AtH** Hattori °°
2 25 #i E71AEY A 3 E71HEE osteogenic
mediumel| A wj¥e & F g4 27] marker2A ALP
£ B39 HFAA A E osteocalcin®] &S B3
o scaffoldell A1 £Z loadingdle] nude mouse®] ©]4]
3 An ZVIMEE oA ¥ tixdd vg) Fug
F 34 A9E B Y e 53 8FF soft X-rayad
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A Az R 27|AE] A5 E5 EVHZE
o 84 g5 29E Rastgn. Zuk B2 AHAd
osteogenic mediumollA AWz {2 EV|AEE vk
39S v multilineage® £318 & USL 2o FYA
25 i A EEGE 22 AA%e] ojxle= g B
189 = Halvorsen 5% ol elshH, <17te] A%
il E71M 2 2R AEE £3589, Bennett 5
7 Jaiswal 57 WA B4 2N F28 AT AX
7} ZRAEE B3-S B3 899t Huang 59¢ BA
o] MR A 27 H2E0] ERAL € 2AE AX
2 %3 g2 B3 39t o8 A7 A CD marker
antigen®] & ol S71A X AW F2 ST EAA
Zrol7h A, Wickham 7% <17+9] patella fat
padZ5H &8 A ff 2727 25 f 2714
F9}9] cell surface profile®] Aold& Hudia gz
Winter %% AR 298 238tn v}, ¥ Ugart
59 Aol e Ueleog By 23 25 w9 2714
4 A F FVAE Aol ME FEHod A%
T, AEY w8} ol s E Afolrt gled
B13ata ik Lee 579 AFelA DMEMeA A% &
7N EE wlFl-E Al 30 passage°ld 545 AR
a-MEMe A e 271 2E 20 passageol sl Aol &
FUFe Basled 2 d7dME BLs DMEMS
Agstol 2 ff E71A 2] F4 T BolE fAlse
AHEEI Y Im 79 APl E DMEM-F128 712
iAo A Z7)E Z5 F7IAEE S Al
T Tl EVAEEG A G 712 R8sl ¥
A& Euslsi et olgd 2FZ n|Fo] Ko} w2
o] AR FA3 F3lo B JIL X o= AR
=3

APzxA F S7NEE Mgl Aol F 34 /=
o 0.1 M dexamethasone, 50 #M ascorbate
2-phosphate (50 #g/mL)¢} 100 mM S-glycerophos-
phate® Fodte] 25 FV|ATRY £35 3o H
4 AT, & BA R AFol WA s TRAE
o e} H&ae | ALPS} osteocalcin® 2&o| 713t
1 A E9] 712 9] mineralization®] Z7Hle o2 2w
A3 gl=d " dexamethasone in vitrodlA E71H 2
9] osteogenesis® F=3t1 bone noduled &A3led)
Aojd oz Hagh Aea Az, ascorbic acide col-
lagen®] lysine residue®} proline®| #4& F7HA1714,
8 -glycerophosphate= M X 7149 calcification] 58
gt Q3 gl Ao A4HE In vitrool A osteogenic
medium F93ld VA LS SEAEE B3A71E0
ol 2 AF A= osteocalcin®] HE FEE HGE

4 9=l bone protein®. 2 4#]A osteocalcine ZZZ]

i

HA/TCP SO0IAXskol OJME xjabRel EoME e B2RMTERe| Bat U Sg4o) Chst o7

A AAE T 29 turnoverd] A8EHA indicator®
oo BHe AAACE BHE ALY ZAZ ud
th® Autz2) G £71H E£E dexamethasones X35}
EZ Y4 fE Mgg oz wjgstie A APY 2740l
Z71stn A8 H o2 WPE 7129 mineralization®]
Z7}gkth, B $o| proliferation, matrix synthesis, min-
eralization 272} Al7]vlt} dexamethasoned E3Hete
A4 H5 wkdle] g2} YaetA vehted 1 £
VA Ee] B3 el glojA dexamethasoned] 7} &
w9 A7} A7 83 98-S e Ao deiA 3
o3 geil, 2384 % s dexamethasone
#} 22 glucocorticoidse] Eaol el 4oldt AHE e}

= A7t glon # maka dexamethasoned T3]
1,25-dihydroxyvitamin D3 (VD) & ¥¥dte &34 &
= WS Algshe Aolr] E7)AES] 23} 3 oA
dexamethasone& AH&-g oM 1,25-dihydroxyvi-
tamin D3 (VD)E AH4-¢t 495t AP 2457} A3}
A Adgol Jeva 24 271429 4-F dexam-
ethasones A3 2594 1,25-dihydroxyvitamin D3
(VD)E ARE3 ARt AP 47t $7HE 9o, o=
F5 Z7IAES AW VA ZY WG /5 A nE
M ggutgez st Aog Basty g &Bg &
7|M 3] B3 AFdA transforming growth factor
(TGF)-B, tumor necrosis factor-e, interleukin (IL)-1,
retinoic acidse] EZEL FnA TR £3E 7 A
Aa AGAE 232 94 &9, indomethacin,
isobutyl-methylxanthin (IBMX), insulin, glucocor-
ticoids, thiazolidinediones (TZD) $& AWM E £315
ZAA7 2 ZRAERS B3E dAse JoE gelA
I QT B A e P4 R uigdeR 10%
FBSE %334 DMEM HlAlo} 10 #M dexamethasone,
ascorbate 2-phosphate (50 #g/mL)%F 100 mM B-glyc-
erophosphate® Fojste] vlFE AlPagion], AEAE
S E71AES F AR RasE AT S ¢ ALP
QA yon Kossa G4 292 HH ZF I4 {5 wjgd S
W3 28Uz wieke A} Alte] ARt wet GAwst
A3 S7HE S gsisiet.

Owen®2 F H5TAE 714 £81% 3 prolifera-
tion, matrix maturation 2283 matrix mineralization
9 39z BReAE, o] BAME SAA FH49
dlo)] Fegrta ATk Proliferation”]dl& colla-
gen [°] matrix maturation”]ols= ALP, osteopontin
{OP), osteonectin (ON)%5<2] @] mineralization”] ]
= bone sialoprotein (BSP)# osteocalein (0C)¢] &
o] ERAolgly Y EHALPE & A 2719 marker®
g ZRATZRY B3} Z7)d ALPS &4fc] Yeht=
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S

| 2% 440y wdAEo] 1293 %0 H19] B =
gatt, 2204 Fdo] S/ E9 ohe ALPE ¢
2, 3 A% oAM= #FH=d ALPE 7EL osteo-
genic-specipic marker$} conjugationd|A F A<
indicator® o]¢H &8 1% syt ECM matrix® cal-
cification 16 von Kossa staining & #H7}gt} 2

Osteogenesisg ¥ol7] 918l OC, cbfa-1, ON, OP,
ALP, BMP-2 §9 o8 ##z¢] 28 §55 RT-PCR
& o] 43l BN chfa-19) B3 A H3 &7
A2 &5 il 271X 2RA RS EalolA] ¥y
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