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Abstract (J. Kor. Oral Maxillofac. Surg. 2008;34:419-427)

THE EFFECTS OF B-TCP/rhBMP-2 ON BONE FORMATION IN OSTEOBLAST-LIKE CELLS
INDUCED FROM BONE MARROW-DERIVED MESENCHYMAL STEM CELLS
Yong-Soo Choi', Kyung-Gyun Hwang*?, Jae-Seon Lee?, Chang-Joo Park*?, Kwang-Sup Shim*
'Division of Oral and Maxillofacial Surgery | Department of Dentistry, College of Medicine, Hanyang University
lustitute of Biomedical Science, College of Medicine, Hanyang University

The present study aimed to investigate the osteogenic potentials of differentiated osteoblast-like cells (DOCs) induced from bone marrow-derived
mesenchymal stem cells (MSCs) on f8-trical cium phosphate (8-TCP) with recombinant human bone morphogenetic protein (thBMP-2) in vitro.

Osteoblast differentiation was induced in confluent cultures by adding 100 nM dexamethasone, 10 mM B-glycerophosphate, 50 mM L-ascorbic
acid. The Alizarin red S staining and reverse transcriptase-polymerase chain reaction (RT-PCR) were perfomed to examine the mRNA expression of
akaline phosphatase (ALP), bone sialoprotein (BSP), osteocalcin (OCN), receptor activator for nuclear factor #B ligand (RANKL), runt-related tran-
scription factor 2 (RUNX2), collagen- T (COL-T).

There were no significant differences in the osteogenic potentials of DOCs induced from MSCs on B-TCP(+/-). According to the incubation period,
there were significant increasing of Alizadin red S staining in the induction 3 weeks. The mRNA expression of ALP, RUNX2, and RANKL were
higher in DOCg/B-TCP(-) than DOCS/8-TCP(+). According to rhBMP-2 concentrations, the mRNA expression of BSP was significantly increased in
DOCS4/B-TCP(+) compared to that of DOCS/8-TCP(-) on rhBMP 10 ng/ml.

Our study presented the 3-TCP will have the possibility that calcium phosphate directly affect the osteoblastic differentiation of the bone marrow-
derived MSCs.

Key words: mesenchymal stem cell, rhBMP -2, -TCP, differentiated osteoblast-like cell
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S Bodal7) 9138 A PRP(pladet-rich plasma), 91 7+ 2 52 8
A3 &+ 2 (recombinant human bone morphorgenetic protein; rhBMP)
Jell 01*40}714_ staL, FHAA S A7) S8 7]
) ﬁz}ﬂzo]‘/] AT E o] ) 01'7111:— shoh =5
Al _Tﬁ(bone marrow derived sem odl; BMSC) 9} 28 A 4 = &

23 o] o3k 24 FHH o] & E H A

o o
fl
>

=

= Aol 2 2 transforming growth factor-B (TGFR) superfami-
dF O & 771 €] subgroupe] LA E AT, =g
L 274 E 7 A EZ2] (mesenchymd cdl proliferation), 1 &
4, 8894, =94, =4 AP (remodeling), '244 (embryonic
development processes) 5] Ao shot. T A kel A S 9 A4
o g 0]-8-3}7] 918l 4= bovineboneol] A 522 317 L}, cDNA
£ o] &ate] 2ot WHOZ BMPE thEth 23T
H“ AE ZAEH AHE-3H7] $18 A& collagen sponger} caldi-
um phosphate partide -5-<] 1 & (carrier materid) 7+ 2 2.5} tt. &
L B-tricalcium phosphate(8-TCP) &} 7+& A=A ol FFo]
BMPe] A GA 2 1ol A Bo] o] -5 3 Aok,

Z7|AH Z(dem cdl)= P23} el 2 SAstHA gt
X8 38 F UE 5YHS /A xolth 27 EE 7]
ol wa} wlolE | M L AAZ/NAER Y A3, AA
Z71AMEE ot/ Mt Al £85< 7HX
AA G 5A Aol ety 5 24 AEE Z*Ur
23512 Zulsty vk 283 24 A 4 QaEE
TTE A ZE71A4) E(mesenchymd demcdls) 2 28 A 3 AS
Aol Bol st A 9] 7] A (exdracdluar matrix; ECM)E 74 @
B F2E AL Ao 32 H AEA 2R ] #3171
Vet 2VNEE FET F UL FEH SMAEY R
S AHA X (ogteoblagt-like cell) 2 0] 2 3}o)) o 8 o & wo] 713)
U= kB

o =

E_

l‘

l

A2 2/ MEY F2, 39 L 25 s1&e] 343 4
gl whe) 22 2 814 AR A ol T & Q77 s 21w

T 9ow, FANE A7) A 2/ QA A
S 234 YA T Ak olo] £ A4S
E9] $59 olo] HE FHAFHL FoA5, A hE
MBMP-2¢] %5 X2 9} BTCP e .ol w2 24 o] 3po| 2 H7}s
o BT AFH AN AT BAL RS 0TA 2T

ZAA ) DA H gl 7)o st AL e

9}

I, A5t 2he
M|ZE HH2E(Cell culture)

Ao E7FEE 714 £ Cambrex (USA)oll A - 3lo] A}
S8k th Al 2= 72 3] Ake] mesenchymd stem cell basd medi-
umz} mesenchymd stem cdll growth supplements, 72] 27 L-gluta-
min (Gibco, USA), penicillin-streptomycin (Gibco, USA)S- =383
of v &S el = 4 A 742 Al vl et Sl T
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2. ZEFANM|ZS 23t A

AP0 v EH 9 FHHE714 £ E 100 nM Dex
(dexamethasone, Sigma, USA), 50 mM 8-GP (3-glycerophosphate,
Huka, Switzerland), 50 M L-ascorbic acid (Sigma, USA), 10% FBS
(fetd bovine serum, Gibeo, USA) 7} £315 LG-DMEM (low-glu-
cose Dulbecca's modified Eagleés medium, Gibeo, USA) w z] ol A 1
FHE 455 v oFe] 22t 2EHER ) FohE FEd
Ak 270 vl Fshe ol FUAE7) A ES 10% FBs
7} 35 LGDMEM 7] 5 wj b ] o] A 452} w] 2519
H] k-2 5% COz, 375C vl 7|l ol A o] k3110 10% FBS
7F 3¢ LGDMEM2 3~4 with w 8a gl ot v o] &
&, ZF Al 2] Wi 2| & 7 o] 32 4% pardformadehyde £-91] © = 4
Coll A 30E7F I A At o] Tl phosphate buffered sdine
(PBYE Aty SHFE W U Al H g o= 40 mM
Alizarinred S(Ush, OH, USA) £ <l (pH 4.2)& 1 ml g o] Al 2-of A
1087 A3k S HFE @ Al H ste] o o] §9S A
7%t 9 A= E #&31 3, 10mM sodium phosphatert
$tE 10% cetylpyridinium chloride (Sigma, USA) £ 9 of] 2+ (de-
saining)ato] 562 nm sl A FAEE SA st AP EE
g &kt it.

3. QI ZE=HY EHHE(rhBMP) 2 2l SO[ARH(A-
TCP)SIOIM Z2FAMMZE HHY F RT-PCRE Stt
X

A E7IA 27 E3tate FAlol Q1F0] 4 2] (B-TCP) <}
rhBMP-2 (R&D systems, USA)Z 0, 1, 10ng/ml 9] s =2 77} ul
Aol E3Hsted vl Fatsl

il oo]:O] Ed A X E 3|58t wiR = 740%*HL E@/ Blue
(Intron, Korea) & A 2] 3te] A mRNAE FZ3t3ith o] & 4

A st7] a4 2004l &) chloroforme- ¥ 37 2+ 442 th-2- 13000
romef A 153 7F A 2l shal, ds = A FHFe iso-
propenol=- g o] & 41> th& mMRNAE 3] 4] #, 13000 rpmel]
A 1087 A4 B8] 3] pdletg 2%t} Pdletg 75% ethanol =
A2 3l thg- nudease free water (Promega, USA)ell 5] cDNA%
doll AHE-3HSATE 3% H MRNAES cDNAE uH27] 9]3) 4, 05
ug random nonamer (Genotech, Koreg) 9} 70 C of] A] 53 7F 8H-8-A]
71 3 4°C 2 2 F th. mRNA-nonamer = A = 10 mM dNTP mix
(Intron, Kores) 1 1, reverse transcriptase M-MuLV (MBI Fermentes,
USA) 1 unit, 5X M-MuLV dilution buffer (MBI, USA) 4 41, 18] 7.
RNaseinhibitor (MBI, USA) 05 ul 9} 43 27, nudesse-freewaerg A}
£-3led AA volumeg 20 ul 2 25t} o] 5 25 Coll A 10%,
42°Col| A 60%-, 72 °C ol A] 108, 4°C 5E-7F 2}p&l 2 W3- A7) o
S PCRoJ| AF2-3}53th 1 il ©] cDNA 2} 25mM dNTP mix (Intron,
Koreg) 2 1, 10 x Taq buffer (Intron, Kored) 2 ul, Tag polymerase
(Intron, Korea) 0.2 ul, 10 pmoal 2] Z} target -7 =} primer (Genotech,
Koed)E 410l 23 Fie SZIAZTH £ Pl A= dka

20T T = o



ETREHNEIIMENA 23tE SFAMZEA F-TCPS rhBMP-22] 2

Table 1. Primer sequences

Ql

B0l 2t AT

P

target genes

SequENces

conditions

temp(C)

time

cycle

sze
(bp)

GAPDH - FW

GAPDH - RV

GAA GTG GAA GGT CGGAGT C

GAA GAT GGT GAT GGG ATT TC

A
A
57
72
72

min

min

25

313

ALP-FW

ALP-RV

ACGTGGCTAAGAATGTCATC

CTGGTA GGCGATGTCCTTA

%
A
55
72
72

min

min

475

OCN - FW

OCN-RV

GGC CAG GCA GGT GCGAAGC

GCC AGG CCA GCA GAGCGA CAC

4
A
%)
70
72
72

min

min

255

RUNX2 - FW

RUNX2- RV

ATGCTT CATTCGCCT CACAAAC

CCA AAAGAAGTTTTGCTGACA TGG

NEREs

72

min

min

261

RANKL - FW

RANKL - RV

CAGGAGACCTAGCTA CAGA

CAA GGT CAA GAG CAT GGA

G R E-

72
72

min

min

29

381

OL-l - FW

OL-I-RV

GGA CACAAT GGA TTG CAA GG

TAA CCA CTGCTCCACTCT GG

N8RE=.

72

min

min

461

BSP-FW

BSP-RV

GCA TCGAAGAGT CAA AAT AG

TTCTTCTCCATTGTICTCTC

G R E-

72
72

8 VN5 88w8 v8BBwsg ~8BBwS NBEEEMENEBE8EwE vE888wr»tB888w

min

min

Abbreviation: GAPDH (glycera dehydes-3-phosphate dehydrogenase), ALP (akaline phosphatass), OCN (osteocalcin), RUNX2 (runt related transcription
factor 2), RANKL (receptor activator of nuclear factor kB ligand), COL- T (collagen type ), BSP (bone saoprotein), FW (forward), RV (reverse), Temp

(temperature).
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line phosphatase (ALP), bone sdoprotein (BSP), osteocalcin (OCN),
receptor activator for nudear factor #B ligand (RANKL), runt-related
transoription factor 2 (RUNX-2), collagen+ | (COL-T) & =Z 319
o} ZF mRNA €] primer ssquence= Table 13} 74t}

Z 7}+= GAPDH<] bandintengtyel] o 3 2+ mRNA <] bandinten-
styE 7}z} Gd-doc (Bio-Rad, USA) 2. 2 &4, H]| &S AH& 3] ¢]
I 2 & e At BMP2E 2= T1E 9 intensity/<H= &
A & T2 intensity 3F 0.2 A8

4. SAIXZ|

Alizainred-S 94 2 7= S 3 A A 2] & shA] B3k vl
F717kol vt rhBMP-29] vl o 5ol wE 7F mRNA 23 9]
GAPDHol| th gk B] &2 B-TCP7} glo] v ¢F 73-9-9} B-TCPs}
A v kg 9= SgmaSta Verson 8 (Sysa softwareInc, USA)
= ©]-&3dte] Mamn-Whitney U-tet = H] i 8§t} 2] 750
05E. o A7 Yetv= 455 BAH SR f o8 Aol 7} =
Ao & sk

m. Azt
1. MZ B
2R R HelE $7H9% 7] 4 E=(Cambrex, USA)= 10%
FBS (fetd bovine saum)7} 335 7] &6 2] 21 LG-DMEM (low-

glucose Dulbecco's modified Eagles medium)ol] A 43 A tff vl oS
A7 3 A3l o]-§-3F 3 tHFg. 1).

2. ZERAMEZS 235 AY

1) ¥-3}7] 7ol w}2 Alizarinred Sstaining ¥ 3}

ZNH 2 FRAFAAZREY E3E 23l 7] el A
Alizarinred Sgtainings: A1 3) 3 A 3} 255, 35, 45 A| 7o) Ao
w2 daning> 5 7ksheE ool B, B-TCPE S A ol v &
98 Ao FAS stainingd & H o]}, B-TCP7}
Alizainred S §45t= WS Bol T & 7+9) A1ZhE el 2
s} 5 9 vl = of el gl ). FA vk Alizarinred SO 4 A &
AlgYate] 7t 7he] AR5k Fe g Wl ek 2 3 B-TCP7F §1
© TolA = 3FRE FAASIE AR o] FolA = A
O 2 Ho|= ¥ B-TCP7}F A7 el A& 2778 =24 st
TFEAA O Z A= R 02 B THAG 2.

2) BMP-2¢] =Xz of] w2 Alizarinred Sstaining = 5}

7+ 2714 9| Alizainred SeaningS: A 3} 3 2 3} f-TCP
bRl Tl BMP29] S vt =SS g e At
SO m BTCP7E A 7He ofl Slo A= B-TCPel F5=71 L o]
U A1 242 stebo] of 2 Sl ok Alizarin red 7 4 & Al 8 4
3 B-TCP7} = ol Al = thBMP-25 =7} 03} 1 ng/mi <l 735-
ol 24 347} =7 ekt oy B-TCP7E )= ol A = rhBMP-2
F=7FIngmiQl el A 71 =4 YekstthFg. 3).

3. B-TCP2} rhBMP-25}0|M Z 2 FAM|E HiQF = mRNA
b b

3 OFA
= S o

i

1) BTCPo] 59} ) 7] 7hol] whE mRNA & ok
AWtA 0 2 FHAAEE B3HE SEFAE7)AENAM 9

a. BMSCs

b. Osteoblast-like cells

Fig. 1. Phase-contrast microphotographs of Bone marrow derived MSCs (BMSCs)
(a) osteoblast-like cells (b) at 1st week.
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ZLRAEIIMEOM 2312 ZRAMEOIA B-TCPL} rhBMP-29] Z&i4 E1jof
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Incubation period
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- (- -
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Induction period (weeks) Induction period (weeks)

Fig. 2. Effect of osteogenic supplements and B-TCP on osteogenic differentiation. The 4th passage MSCs were seeded at

5% 10° cells/cm?® in each dish, grown in control medium or medium containing osteogenic supplements, fixed and stained by
Alizarin red S staining.

rhBMP—-2

0 1ng/ml 10ng/ml

p-TCP (=)

p-TCP (+)

Incubation : 2wks @

1000

2000
800
600
400 4
- ﬁ_ ’
0
[} 1 1

1
rhBMP-2 (ng/ml)

alizarin (ug/ml)
2 a
(=] o
o o

alizarin (ug/ml)

a
o
o

(=]

thBMP-2 (ng/ml) ° (b)

Fig. 3 Pictures of alizarin red stained MSCs which were treated with different concentrations of rhBMP-2 (a). The effect of
different concentrations of rhBMP-2 and B-TCP presence (b).
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Zl o] v]3}e] RUNX2
%HH % 270 4] 3
t}. w3 BTCP7} 9

ot RANKLE’% o]
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Fashe RS B

l—l:l
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32
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Fig. 4. mRNA expression of ALP, OCN, RUNX2, COL-T,

o W FE 735, f-TCPS 7 W4 e 7
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2171 371 LreksthFig 4)
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RANKL, and BSP after MSCs were cultured for 1,
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A o] ulj o 25l A 5 A 4

i T o

3

induction period (wk)

Wﬁfw

3

induction period (wk)

T ol ok -

3

induction period (wk)

2, 38, and 4 weeks

in osteogenic medium (data were expressed as mean = SD: white bar = f~-TCP(-) and dark bar = -TCP(+
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2) IBMP-25 & of] -2 mRNA 1+ opA
Ao R ZHAMNER L3149
rBMP-29] 7} 5% W& 4371 uf 33l %
MRNAZ§ & hBMP-2¢] -z ol wpe} S g #srt T&%}EJ
2] 9901} COL-3} BSP7} thBMP-2S 10 ngml 9] 5= 2 1)

25 o
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s |0 'l P

05
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Fig. 5. mRNA expression of ALP, OCN, RUNX2, COL-1
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TPAMMIZOA A-TCPSf rhBMP-22| Z8d 2 2f0f 23t

oF.
|_

Ay

rm

Rl , B-TCP7} glo] vl ks 7%
] thBMP-2 10 ng/ml ©. 2 uj ok
A =7 VRSt (Fig 5).

=
914

B e (B

0 1 10

rhBMP-2 (ng/ml)

i m
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0 1

10
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. RANKL, and BSP after MSCs were cultured for 4 weeks in osteogenic
medium with different concentrations of rhBMP-2. (data were expressed as mean * SD: white bar

= B-TCP(-) and dark bar
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FHAEATS 7] 3= AN E7F A7 AR 7]
T TRs] A E 2R EE A FEote e
9 9EE 7 S A 3 FPPA E ] FAlo] o] FFF o
2l & F Atk H ol o HHE A FA AAA el )
A7 Ede] R E L loH ZEHAS Sk =729
AEE 2 ZYH I Q. F4e] hd o= A A 2,
A HANE L AFEAE 55 2T BaLdT
AxZEC] EFHA Jon F, AF AW A 2]
35 FT A0 R Elste MEES 33the AR
o] ojn] AHA YN, ol LHHE7INEE AFH AT,
F Lol = FF7H9E 714 £ E dexamethasone, ascorbic adid, -

glyoerOpmqohaeﬂ A7He =g A oA ul oFste] =AM

EE RER} A TE WHADS. o9 2eu e
FH0REEE QA FAAERZA 1571 o 44
W BRG FUF Z40) /el holE A TG RS &
98 BAS) 247k glo] 9BHQ Aol B /S AL
STk, ST Ak ksl 57k A ol A% Al E
SAT RS A2 Holm Bado] Bl A%E B
ol B2 o A3 ol F2 355 AW FE 2719 A £
52 olg 3l ek

242/ NEE AAALR A7) AN E o429

A g5 98 AGA 7L B o] g AYA

£ BFFOI} 0 %F,HA ATOP 5 3} 21 P4 2|1} geltin

ponge 5] ek 53] A E L 4G BAL I GH A
B % 910 s ATH T Pl A WA

MY BALHES FAN7)T BALS T o
77] 915 BMPS} -2 4 =84 0] AL H Tk 55 BMP-

2= TGRAL A ¥ 2 ALPE-A] o] Z7}9} ) B0} OCNxZ} COL-1 €]
s frEste] Fst A& SAATH ZAE ) A A 2
29 B3loll &S 7| A AL BIHT Yo . Ty
ol Ao A= ol AT 9h= g BMP29] A 2|7} 47] B
FIE g g o 2 YehuA = it ol AY vk
o} A#AE = ASZ A EHH Lecanda 502 A7 I EE
1M Eol A BMP-2= 242 A 31H A B3lE S ram, &
A EEs9) ZF52 9]3) 100 ngmle] BMP2% =71 P83
T}y B 78 vt Chaudhary S22 Z 4 X 2312 93 40
ng/mli¢] BMP-7 =57} J 23lth L sk itk ol Ao A =
AlzainredS JA =2 A== FFA 50| FTCP glo] vl
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ZAFAR o A FTCP o] v f& 3--cll B-TCPe} 97 vl
7399} vl w sfe] wjj ok 2524 ALP, RUNX2, RANKL ¢] gt
Hoh gL ol% quﬂﬁﬂﬁ¥ﬂ%&ﬂq1@
ZhIh 7} ghal Qo) 7) %52 7heks] Ao T ALPE 2349
ARE FHA o0 ZZAE BN FRYES} 71
w3517} 2748 7®, RUNX2S 234 £3-3h9h 274 A Ao
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AL 9l BF5) Bt FhAbel 2.3 R0l
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7F w250 Z7hsheh H2ahs 7S BAA T, ATORE)
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o] W o] A FE Ao 2 Fhd 4= ik dukA o 2 ALP
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ZZAZA A 250 M 20| S715HE ACE HIHE A
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