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THE EFFECT OF RHBMP-2 IN HUMAN BONE MARROW-DERIVED STEM CELLS
AS OSTEOGENIC INDUCERS
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It is commonly acknowledged that bone morphogenic protein (BMP-2) functions as a potential osteogenic
inducer in bone formation. Recently, several papers reported that bone marrow-derived stem cell (BMSC)
from human is not responsive to BMP-2 in comparison to high capacity of BMP-2 in the osteoinduction of
stromal cell derived from bone marrow of rodent animals such as rat or mouse. In this study, we character-
ized BMSC derived from 11 years old donor for the responsiveness to thBMP-2, dexamethasone (Dex) and
1,25-dihydroxyvitamin D (vitamin D), in order to analyze their function in the early osteogenesis. The
effect of over mentioned agents was evaluated by means of assessing alkaline phosphatase (ALP)
activity/staining, RT-PCR analysis and von Kossa staining. In addition, we analyzed the meaning of
expressed several osteoblastic markers such as alkaline phosphatase, collagen typel, osteopontin, bone
sialoprotein and osteocalcin with relation to either differentiation or mineralization. Only in the presence of
Dex, human BMSC could commit osteoblastic differentiation and matrix mineralization, and either BMP-2
or vitamin D treatment was not able to induce. But BMP-2 or Vitamin D showed potential synergy effect
with Dex. ALP and bone sialoprotein were clearly expressed in response of Dex treatment compared to
weak expression of osteopontin in early osteogenesis. Therefore, we expect that this study will contribute
partly to elucidiating early osteogenesis mechanism in human, but variations among bone marrow donors
must be considered through further study.

Key words : BMP-2, Bone marrow-derived stem cell(BMSC), Dexamethasone(Dex), Osteogenesis,
ALP(Alkaline phosphatase)
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g 21 WS Sakd f;_" Al % (osteoblast), AFAE
(chondrocyte), A" 3 (adipocyte) 18|31 FHEAE
(myoblast) 9} 2174 E (nerve cell) 2% #3817}t 7hsgo]
ASHIUR Y, SAEZRY 3N, F = EHZE glu-
cocorticoid®] 42 dexamethasone(Dex)e] 7F @
g] 2ol glom” HAl FAERE 35 FESHAT, Dex
£ ratolld ZAE B3 = 7152 €274, mousedl| A

© 332 grha HuEo]? o] F3te Solido] =
Zo® Helr gdet 395 el & 34 e B4
©l bone morphogenic protein(BMP-2)°l talA <, rat
9} mousedl| e 7] Al EoH ZIA LR E3}E %LE
stohy A7 BaEglomon mgk A A A 2
(preadipocyte) UH'? A4 frobA| E (fibroblast) ™, &4 2
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Vilamitjana-Amedee &9 =wolA 7]&d v} 2ol
=7 715 AESRYREE 258 FEIYY 25 A
X Ficoll-Paque™ PLUS (Amersham Biosciences,
Sweden)= ©|-&3te] Fkol wet F2E FORTH £
g 5, DMEM®| 10% FBSE #-8 Z#0|Ed 3-4 X
10" cells/cm®e] M2 AXE 7t} 34 Lofl ¥ uf
A& ZolEHAM 73 (colony) = FAE o] Zd|o]Ed 60-
0% A% 2 W74 7]1E thy At A2, 24
¥ 2IH=E 9aiA Dulbecco s modified Eagle' s
medium (DMEM) (JBI, Koreal®jAlel 10% FBS
(Gibco, BRLJ9} ascorbicacid (50ug/ml) (Sigma), 8-
glycerophosphate(10mM) (Sigmal& # 7} 3¢},
Dexamethasone (10nM)(Sigmal), BMP-2 (100ng/ml)
(R&D systems), Vitamin D (10nM) (Sigmal)®] &=3}
of 3} F% wiAloA 34 o Y 7p7te] fEELE
A7he wiA| 2 v A okt

2. M=z B34 £H

2] wjekdt Z71AEE 96well plateel] 1,500cell/200
H/well®] = ZH 0| Ed o]2g & 10% FBS7F H7H
DMEM HIA|& H7} ¥ 37C, 5% CO* incubatorel|A]
wjFaitt 1 Al =42 2047 F tetrazolium salt
(WST-8)¢ ¥%9 CCK-8(Cell Conting Kit-8,
DOJINDO, Japan) €945 104¥ 42 N7} £
96wellol Hol& thy, 37 WA gLh 443
450nmellX FHEE SA 3} WA= 39 A Ao}
FHA 3YA, TRl = 22 o R AR el CCK-

8 §9% YolE ¥ FR=T 3Y A0
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3. ALP(alkaline phosphatase) 242 ME &4
o} 4 A
ALP &4 84 %2 ALP assay kit (Sigma Aldrich

Diagnostics, USA) °f w& ‘?éoi SAst e, 4
e WUEE A4 (P)Y = (nm)/ 308 HF3AZH
(min)/ @Ak (mg)2| ngi FEAIATE ALP 94&
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ALP staining kit (Sigma Aldrich Diagnostics, USA)<]
W ol mhe} Al a8kt

4. A RNA 2|2t RT-PCR

AA RNAE TRIZOL® Reagent (Invitrogen life
technologies) & AH&-ate] Fldte] ~70%=0] Haslgiot,
cDNA A& E2]3 RNA 1 pg < o]&a], A4 20 4
9]0 superscript 11 reverse transcriptase (RT)$} oli-
go(dT) 12-18 primer (invitrogen)Z ©]-&-3l T34
o Azte] fAAt gk zetoln|= A3 A Zstgl o,
PCR %Al 94%0]M 2% denaturation 3 94%=olA]
40% denaturation, 60=°1A 40% hybridization
(primer A%), 7294 1% extension (343) Zg<
303] F& &, 72%elA 108 A 34 o R Al
Eis=g

4. von Kossa staining

AZE 10% formaldehyde §402 u3d & 5%
silver nitrate £ ¥ 30% B ¥ A7 SHSF
2 A& H sodium-cabonate formaldehyde €945 2
E7F A2l 3t} Staining €9 (1volume 10% K4Fe
(CN)6.3H20 + 9volume 10% sodium thiosulfate)<
Y3 20% B WS AT & SHRFE AT 94

& #Eo

N

II. HA7Zz
 STERPH E7| Mzo| 22| s

TTEHE 2 § 8UAFE g FAE A2t #
Zson 127E 129 FHEHE AfA Z(fibroblast)
o} fFAkeE Feje] A A DR PR o FHA WY

= FE7F #2727 AR H(Fig. 1). AE7F 60-70%
A= plateE A W74 718 the 2 FHE ANEE
(passage) 0 (PO)2& &, Ald] HE 2(P2)7HA] 7]&
o ol A S Fasisitt.

%7] A& Dex (10nM), BMP-2 (100ng/ml),
Dex/BMP-2, Vitamin D (10nM) 8|3 Dex/Vitamin
D ZH7ke] 24 wiA oA, 1941, 394, T4A 43 A=
£ 43199t BMP-2& A X 4o Bt ks v]X]
2l EtH o, Dex(10 nM)o] H7Hd wiA|eM = TLA)|
e tix2d 20 30% ol 48 F4o] rardrt.
Vitamin D (10 nM)E I ARt 2% Z7]43Ee] 24
= A9A 7= 7t Utk (Fig. 2).

3. Alkaline phosphatase assay

A2 23t H =8 e = FAIYAR] alkaline phos-

A. 8 days

B. 12 days

Fig. 1. Morphology of cultured human bone marrow-derived stem cell; A. at 8 days and 12
days after plating nucleated cells extracted from bone marrow
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phatase &4 242 744 BMP-29} Vitamin D7} 3
7Fe Aol Apg A EFS 2T o] He ALP &
o] e A &3-S Hol3a QIth(Fig. 3). Dexire] T
£ BMP-2 WA= Vitamin D7} Dex 9} 2] 718 wj#]
olMgte] =7} F7kE 1 glom, £3] BMP-2& Dex
9} 2ol A2)eA S wl, Dext A2 S wjET} Tu) H o
o] Z7HE FdE HolFm orh 1194 Al=3 ALP
Ao A, A WSS HOl A|EEL 7Ho] MAYtE

SAE 5ol FER Wyl dojdo] AU, ol
ALP @dlow AR JuigAgl Wy} ke AL
Hol Foh 2194 A =g QAT 27] 99| A
dxehe AHE BoFa Ik(Fig. 5). ol &3l &7141
FoA ZAEZ A8k FGoA dexamethasone©] The
= BdEHY $AA s 2-gai, BMP-29 Vitamin
DE I AA e R E 28 do7)#] £3h} dexametha-
soneZ} FAl] Aol 1 It SRS € 5 AT

QO 450nm

Time {day

Fig. 2. Proliferative effect at 1 day, 3 days and 7 days after treatment of A; dexamethasone (10nM), BMP-2 (100ng/ml)
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Fig. 3. ALP assay (A) after 7 days and staining (B)at 11 days in osteoblast differentiation medium supplemented with Dex
(10nM) (D), BMP-2 (100ng/ml) (B), Vitamin D (10nM)(V), Dex/BMP-2 (D/B) and Dex/Vitamin D (D/V)
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c D B D/B v DV
ALP — - —
BSP — —
OPN | - — e
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| - - - - .

Fig. 4. RT-PCR analysis for expression of several osteoblast markers at 7 days in cul-
ture supplemented with D(Dex 10nM), B(BMP-2 100ng/ml), D/B (Dex/BMP-2),
V(Vitamin D), D/V(Dex/Vitamin D; ALP (Alkaline phosphatase), BSP (Bone sialopro-
tein), OPN (osteopontin), OC (osteocalcin), Col(l) (collagen typel) and f-actin as
control

D C D/B B
A | . . ,
.‘-' .I ..
B 3 . .

Fig. 5. von Kossa staining(A) and ALP staining(B) at 21 days in differentiation medi-
um supplemented with Dex (10nM), BMP-2 (100ng/ml), Dex/BMP-2, Vitamin D

(10nM) and Dex/Vitamin D; C (control), D (Dex), B(BMP-2), D/B (Dex/BMP-2), V
(Vitamin D), D/V (Dex/Vitamin D)

DV Vv

4. RT-PCR &4 4). ALP 4479 B e DexE 7718 vjA| ol A uto] o]

Zolx L, Dex9} BMP-2Z o] A2|gh wix|oA 7} =

z7] &3} YA LAE = So] dalde] o] ofd o HHglo] o] Fojx o BMP-29 Vitamin DY 2+ 3]
o

salM BT (Fig. 2] & iAol A= e o] YERA] o9kt o= ALP 4
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& 7% HolFolvt 183 ALP Buke
SOA T ALP 2} e FFOR DexE
d7kek wjA oA W&ol fE¥ FA= bone sialopro-
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g AL Q3] Wdo| Tk, Dexel A 7HAast
Aot 23y Dex9} BMP-2Z %o A3k wjx]o] <JajA
= ddo] #AEUT} Osteocalcine Dextt BMP-2¢1| ¢
3 dFS ©A] Zsta, 24 Vitamin Dell gt @
o] F=H At} Collagen type [ TS H]&E3lo], #
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5. von Kossa staining

i =

(Phosphate)¢] ## A=E 718 4 3ot 3} % vj
Ao 214 Bt 4] fEAE 3

T AEAQ WS 3 T GBIt ALP F32e
WY e} e Ao & Dexyt A7 24 vl (Dex,
Dex/BMP-2, Dex/Vitamin D)oAqt 74 G259
1, 273 g E0] BMP-2¢% Vitamin D %He] g2 Hj
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Dexe AAWAA T&AEE glucocorticoidd] 3484 o
2 99 229 FHEA, 25 7] Axe SAEz
w3l Q1o 71 g et ARE Uehfle o2 Hox e
Aoz defA] glom B AFoM 22 ArE B
Eg BMP-2¢] 8h8-814] &-& &4 A E= Vitamin Dol
e WEokA] FRor, ol F 542 Dexot 4
Aol oeliAwt 1 Z37F vehta )lvk. & Dexel| 9
3 =¥ 7] @AV AFEHL & Fellof, BMP-29%
Vitamin D7} 2838l Ao 2 Bt BMP-2+ rato]y
mouse?] F/EolA F8lg 2ZA| E Y MC3T3-E1 A%
FollA, A 2I4 FeEdolge B2 2950 Ju
2 mgk Abghe] & 2 0 2R Fe ujgd & s}
" ZAE (mature osteoblast) A= & AZpEo] Hu
3 o 2y o] E2 FEHOR ojn| FA X :
H A& FATEZN, BMP-27F £31E 24 Lo

w
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= He
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T 9FE ool gle Ao Hn, Jeu 27] B3 &
AS A7 oA, 5 £7] A RN SAERY £

sty Aol A= BMP-29] 7]5 A& o g o] S B
FI U 5 FEOILU AR Afo] 9] o] F 7] AfolH gk
o] ofe, At UM = o8] theld-& el a olet. &
7RIl Zhe= Aol volut AW A7 B, FAQ
Sold oz Q3 iAol Yehta gtk 10% mIRke] A
goll AN BMP-2 7} AHA o2 #3815 fr=sid, vriA|
90% o4& BMP-29] 9JsiA 237t Al A 1
nsh, Dex7t A 7He wiA ol A Wl e = 745l ¥ BMP-
20 ¥Hg-Z St Arbso] e U, 3 el 74
oM<l Aoyt wljof 7ol ARE-S v galloly P
o F7d wetH e 234 g2 At yorlx . F
& Z7 A ZAA BMP-27F 27] SAE £}l glojA] w]
mgk GES A E A BMP-29 AzAd AA 7 2-&
st Zlo] ofyel, 1 FgFo] AU Ak He As)
7} FE o]t} ol AFo|MxE BMP-29] &l osteo-
pontin®] Tde] A2 FEHAoH, BMP-29 487
9l BMPR-IAS} BMPR-IBS] &do] dojt S RT-
PCR & &8l g1& F AAH (A= AXBHA F%+).
o] = Vitamin D9] 7%l oI %, osteocalcin®] Td-&
FEHAOY, ALPY T8-S feabr] X3k Ao Kol
Vitamin D= BMP-2¢} np371x]| 2 ALP ¥Hédl| 7H4 4 o
2 J9gs At & F At F, 7] A xZddA
BMP-24 E+= Vitamin D] 41& Ag #4& dojuht,
ALP 9] 2718 do7]& ofd dEAA] &2 2 AXE

=

p

A FEAIIA ZFoRA, SAE 318 oA %3
© 4345 vty FH

A E T oA 1A 24 FAtela Al &
AE F5he] So] AR 24 E 1 9l E4E alkaline
phosphatase &4o|t}, o] 4 M 27 9o|% o]}
2 T oy ZAME Tdo] Hu gk, f7] Asb]
E AAA, AE Y AEAF RN MEH FAA
+ 2.3 hydroxyl apatite®] 312 40l 7] & gt o]
AdA von Kossa staining?} 93E Az} FAofA
ALP 5429 @459 F71= von Kossa stainingol A &
e =3 Ao Sk dAEtlon, ole ALP &4
AL 23 B Hr2 AME 7 el THEHUT
ek & 5] ALP 3% gt RT-PCR Z#%= von
kossa staining® ALP &4¢] 3= 243 JA H =7}
BT AR dAete 2B Bk ALP fdake] wde
Dex7} H7Fe wiA | A ut Z71=9 2, BMP-2¢} Vitamin
Dute] A7t wjA e fFEEA Fa, v Baiad
FAAE ZolA ALPS bone sialoprotein §te] Dexell 2]
& F=5t}. Bone sialoproteine osteocalcin® $H,
714o] AW nvEs) P o7 So7ke Tl Hd

¢
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o] ¥& vl Al EFata, £38F 27| DAYA Dex,
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