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Effect of Incorporating Recombinant Human Bone Morphogenetic
Protein-2 and Alendronate on Alkaline Phosphatase Activity and
Cell Viability in MC3T3-E1 Cells

Hye-Jung Choi, Sang-Min Lee’
Department of Emergency Medical Technology, Gyeongbuk Provincial College

2 2% W Z2Z AL Y3t 14 AF AR AFT A7 w P F4 DHA-2(recombinant human bone
morphogenetic protein-2, rhBMP-2)2} TtZA22 A4A| MZE Aol ¥ S+E T4AAZ]E alendronate
ALN)E 2ot sZo e AXIAEOAN XIFAERE B3I HEE vwstuA ofth. HARZA|ZFS
MC3T3-E1 AZE 3, 7 B 10¥ 59 3417194 thBMP-2& 50, 75, 100 ng/mLo] SE&, ALNE 13} 5
umol/LY =& A5t Cell Counting Kit-8 ¥4 L alkaline phosphatase activity(ALP)S 215} L.
rhBMP-29F ALNS] 2304 ZE3F shoAe AlZE5A4S YehfX] 23ttt 100 ng/mLe] rhBMP-2 A & 5
pmol/L E+= 1 gmol/L 9] ALN H2|o|A kol vls] HRZA| LA ZZA| 2] B3t & Uetf= ALP
o] Fo5HA S7Fet o, rhBMP-2 Aol vls| Z4sttt. 75 ng/mLe] rhBMP-2 A& & 1 pmol/L9
ALN Hzjgto) A ALPY] /442 tiR<tol| vlsf R-2JstAl S71stal, rhBMP-2 Aol ¥ls] S7FsFAtt. 50 ng/mL
9] thBMP-2 A2 & 1 umol/L9 ALN HZ|Zo|A ALPO AL tjz7o] vl {-95+A 2716+, 50 ng/mlL
9] thBMP-2 A z2]Zo] H|3]| #4353t o] Z3= rhBMP-2 A2 § ALN(thBMP-2/ALN) X3+ F= ALN g
% rhBMP-2(ALN/rhBMP-2) A gZolA rhBMP-27} 8 QA= EF5tal ©@A] oFE9] skof o&3l7|Ht
FE9] £ L9} rhBMP-2/ALN E+& ALN/rhBMP-2 2§29 A52-g0] 93 &9 50| Hdske 4 Qlrt=
A Qu]git.

Abstract This study investigated the effect of incorporating recombinant human bone morphogenetic
protein-2 (rhBMP-2, bone tissue regeneration growth factor) plus alendronate (ALN), which reduces
bone resorption by inhibiting osteoclast precursor cells, on MC3T3-E1 cells (a preosteoblast cell line).
MC3T3-E1 cells were cultured with 50, 75, or 100 ng/mL of rhBMP-2 or 1-5 gmol/L of ALN for three,
seven, or ten days. Cell Counting Kit-8 assays were performed, and alkaline phosphatase (ALP) activities
were measured. No evidence of cytotoxicity was observed when cells were treated with thBMP-2 or
ALN, regardless of the concentrations used. ALP activity was significantly increased when cells were
treated with 100 ng/mL of thBMP-2, and then 5 or 1 g#mol/L of ALN versus non-treated controls, but
these activities were lower than in cells treated with 100 ng/mL of rhBMP-2. ALP activity was
significantly increased in cells treated with 75 ng/mL of rhBMP-2 followed by 1 gmol/L of ALN than
in non-treated controls. ALP activity was lower after treating cells with 50 ng/mL of rhBMP-2 followed
by 1 #mol/L of ALN than in 50 ng/mL rhBMP-2 treated cells but higher after treating cells with 1 g
mol/L of ALN followed by 50 ng/mL of rhBMP-2. Although rhBMP-2 is the main osteogenic
differentiation factor, these findings suggest that the specific concentrations used and orders of
treatment (e.g., ALN followed by rhBMP-2 or rhBMP-2 followed by ALN) markedly influence the rate of
osteogenic differentiation.
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5ol 93t wjo] &40z Uojube w9 J|EL %
< B9 EF RS, AR dEE Ve 34wt g 4
B|9] QPP 4GAE AXTH2]. # &4JoF Qg w3z}
oA w Fe FA4 @ E(bone morphogenetic
proteins, BMP)2 A|&o] B35} @ =415 ZZA7ICH3].
BMP-2+ BMPY] 207] o149 oFy] 1% 5 =22 &
A E42 ujst A1Z 0k (Food Drug Administration,
FDA)IAE A5t Q17 BMP-2(recombinant human
BMP-2, rhBMP-2)Z £915}0] wWe g d37 B
Ha UTH4]. BMP-2= M2 w7t P42 o F7Hd
Z7|AE(mesenchymal stem cell, MSC)ollA ZZA]
28 B3k o #olsks 8 QRelH[5], 1 3 ¢ 1P
A/EFed 71UAl $8A40] AFsto] Smad € H]
-Smad A% AZ2E &4J5k19] runt-related transcription
factor 2(Runx2) ¥ osterix®} #2 W A FHAES
SHAZITH6]. 3L BMP-2= ThREAIE A4 Al
£ TEARRe B35 X519, BMP-28 JAA7]
W EA29 B35 AAAIA MSC 23 ¥ g4 2
TREAE Fgol =8 AL HEH7,8]. 12t rhBMP-2
= FDAY] 5912 W2 o2 Ao ARREDL U
o= E-totar o]a/d ®ZHIl, w-8si(10], 417454 2
2H@HFHT, AFIED) TV B & 59 FHIol
dpistck . Sc11]. YAI=FY|o]E(alendronate,
ALN)= v]AXARYo]E(bisphosphonate) & 7
383t A4 T oEolH, gEAE AlE APEE &
T3t mevalonate F29 HA &4 farnesyl
diphosphate synthase®] JA|gFCZ A T-EZA L] &
A2 AAEAA -‘—}55} B 55 JAlsk= EoltH12].
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Aol A w FAdol ”’010}‘“ et OFE E=
HAos Zlsto] W &4 Al B R &=
] 318 AL Rty 5k ATt &Es] A
H1 ek In vivo AFNA FAE 2EE H WY
BMP-2 #-& & ALNE A2t 3¢ AW 237t
HAoH23]. Li 59 241014 Fe tiEE A& &
dlof] BMP-29} BMP-7& A4 08 Fofdt 3¢ 7t &
o oFZo Hlsf| # Fgo] FIEIY. In vitro AFEO
A BMP-292} AQobdIxE A& ARF-2(fibroblast
growth factor-2, FGF-2)9] B3 #-8& A7} MSC9 &
312 £A51QTH25]. BMP-2 A2 & g3 Y A%
QIAHvascular endothelial growth factor, VEGE)Z
L35 F MSColA 2ZARES] B3Pt SX1= 9t
[26]. Kim 59 AF27]1°14% 79 5% rhBMP-2 A
g T 3¢ B¢ ALNE 285 24 AREA|ZS
MC3T3-El A|ZoA REA|ZZO] B3} = ek
A AtolA FE] Folshe FHAadlelHA =9
S17] 15 AT Ak B S Al B IE
9] Z83F FAEA k5] 2o 4] E FE9] 5 ¥
3= Bl 29 &5 e 5480 wE vt A
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ALN(rhBMP-2/ALN) A& ALN Az *
rhBMP-2(ALN/rhBMP-2) HelZolA theFst w2
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il *o Teth wheta], o] =] d4l2 w 23|
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2.1 Cell culture and differentiation

& AFolA AREEE MC3T3-E1S ARZA|EOH,
American Type Culture Collection(ATCC, Manassas,
VA, USAZHE FAsIA.
essential medium(without ascorbic acid, Gibco,
Grand Island, USA)?| 10% fetal bovine serum(FBS,

jFlL g-minimum
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Gibco, Grand Island, USA), 1% penicillin/streptomycin
< Z7beto] 2-3Y 7HH 0= W™ 37C, 5% CO2
incubatorof| A H{QFa} Tt

AZRZANZQ] MC3T3-E1 AlZojA 2IA|ZE H3lE
FEok7] sl viFAES} vix)o 50 pg/mL ascorbic
acid(Sigma, St. Louis, MO, USA), 10 mmol/L
b-glycerophosphate(Sigma, USA)S A7}5H3th
rhBMP-2(Sigma, USA)= 50, 75, ¥ 100 ng/mLe] &
=2 A5, ALN(Sigma, USA)= 1-5 pmol/L9]
SR Aok

2.2 Cell viability assay
MC3T3-E1 AlZL 96 well plated] 5 x 10°

cells/well B3 & 24A17F 59 growth media®lAl
719t 1% growth mediaZ A|Ask1L, MC3T3-E1
A ZE rhBMP-2 T ALNZF H7He £8} wjA]of|A 3,
7 T 109 B3 25 FLE EILE A & Al AJEY
2 Cell Counting Kit-8(CCK-8, Dojindo, Rockville,
MD, USA)= ol-&sto] B7ksloict. 2 welld S8k
Victor 3 1420 multilabel counter(Perkin Elmer,
Shelton, CT, USA)E Ah&sto] S74s5tqict

2.3 ALP assay
MC3T3-E1 MAEE= 24 well plated] 2 x 10°

cells/well £335F & 24A17F B9 growth media®fA]
719t 1% growth media® A|A3l1, MC3T3-E1
A ZE rhBMP-2 Tt ALN7ZF H7He £3} wiz|oflA] 3,
7 e 10€ ¢ S B3 AR F ALP
colorimetric assay kit(BioVision, Milpitas, CA, USA)
o]gsto] M| B3t A& HrIeleh 7 welld
54 %+= Victor 3 1420 multilabel counter(Perkin
Elmer, Shelton, CT, USA)E AH&sto] Sttt &
A 9id w2 HA5H] i bicinchoninic
acid(BCA) protein assay kit(Thermo Fisher Scientific,
Rockford, 1L, USA)S ARESIAATE

=

2.4 Statistical analysis

Ao BEH W ALP 4% AFL 33] HHES]o]
Algstltt. AR B EEHAR EII6I9, &
9] A3 IBM SPSS ver. 18.0 software package

program= ©]-83}% Duncan's multiple range test
£ AT
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3.

A2t
3.1 MC3T3-E1 MIZ0IA 100 ng/mLe| rhBMP
-29t 5 umol/Lel ALNQ| Xgtof| W= Hsk
MC3T3-El Al&o] 23 24 Ee= A2 7|7t i
100 ng/mL9] rhBMP-2¢} 5 pmol/L9] ALN7} HIX|=
FFE FRloprl Yol diRHDT AREE 100
ng/mLe] rhBMP-29] 109 AZ2), 5 umol/LY
ALN9] 102 A2]+43), 100 ng/mL%] rhBMP-29] 7¢
AE & 5 pmol/L9 ALNS 3¢ A4 L 5 ¢«
mol/Le] ALN9] 3% A7 & 100 ng/mLe] rhBMP-2
9] 74 AYZFB)LE HwolirkFig. 1).

MC3T3-E1 A& A& tixo] Hlsf 5 u
mol/L9] ALN9] 3¢ A2] & 100 ng/mL] rhBMP-29]
79 AZAlA 19% F2IsHA STt UHA Ad
T izl Bls) MC3T3-E1 AlZ29] &4 {9
3k zjo|7F Y] okttt ALPS] B tix<to] H]
3 100 ng/mL2] rhBMP-29] 7¢ Ag] & 5 gmol/L9]
ALNQ] 3 A=+ oF 1.94] |<JstHA| 7o, 5
umol/Le] ALN9] 39 *2] & 100 ng/mL2] rhBMP-2
9] 7Y At F 18.9% olstA sttt L2,
100 ng/mLe rhBMP-29] 10€ A=t Hls] 100
ng/mL®] rhBMP-29] 79 A2] & 5 pmol/Le] ALN®]
3 Aol ALPY] BAEEE 19.1% AL, 5
mol/Le] ALN9] 32 A2] & 100 ng/mL2] rhBMP-29]
79 APt F5HA 64.8% AT

15 150

=
=
S

(nmole/ug/hr)

n
Viability (%)

ALP activity
n
S

5

Fig. 1. Alkaline phosphatase(ALP) activity and viability
in osteoblast cells(MC3T3-E1) following
treatment with 100 ng/mL of recombinant
human bone morphogenetic protein-2(rhBMP-2)
and 5 gmol/L of alendronate. 1: control, 2:
100 ng/mL of rhBMP-2 for 10 days, 3: 5 gmol/L
of alendronate for 10 days, 4: 100 ng/mL of
rhBMP-2 for 7 days and 5 gmol/L of alendronate
for the next 3 days, 5: 5 gmol/L alendronate
for 3 days and 100 ng/mL rhBMP-2 for the
next 7 days. All experiments were repeated
three times. Values are mean *+ SD, different
superscripts in the figures indicate a
significant difference(p<0.05).
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3.2 MC3T3-E1 MIZO0A 100 ng/mL2| rhBMP
=29t 1 umol/L2e| ALNS| =& M= Hek

MC3T3-E1 Al&o] 23 24 T&= A 7|70 2
100 ng/mL%] rthBMP-29} 1 umol/Le] ALN7} ©]A]&=
FFE s Yo diRFO)TI AAFLE 100
ng/mL9] rhBMP-29] 10¥€ AZ]+2), 1 #mol/LY
ALNS] 10¢ A&<4(3), 100 ng/mLe] rhBMP-29] 7¢
Ag & 1 pmol/Le] ALNS| 3 A(4), 1 pmol/L
o] ALN9] 3¢ #2] & 100 ng/mL2] rhBMP-29] 7¢
AHEa(5) o2 BluwstHhFig. 2).

MC3T3-E1 Alxo] &2 djxdt 7k A 2t
o 395t Afo|7F U bA] gkt ALPY] E4EE= o
Z3] B3} 100 ng/mLe] rhBMP-29] 79 g % 1
pmol/Le] ALN9] 3 AzjoA 4.0 f-2JoHA 57t
IR, 1 pmol/Le] ALNC] 39 A2 & 100 ng/mLe]
rhBMP-29] 79 AZjollME 4.28) F25tA F71st
itk 184 100 ng/mLe] thBMP-29] 10¥¢ 2|0l
v]3} 100 ng/mL2] rhBMP-29] 7¢ A& & 1 pmol/L
o] ALN9| 3¢ Aol ALPS] B4 == 25.2% 12
SkA A4S, 1 #mol/LY] ALNS 39 A2 & 100
ng/mLe] rhBMP-29] 7¢ H&|ollA 22.0% 325
sttt
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Fig. 2. Alkaline phosphatase(ALP) activity and viability
in osteoblast cells(MC3T3-E1) following treatment
with 100 ng/mL of recombinant human bone
morphogenetic protein-2(thBMP-2) and 1
umol/L of alendronate. 1: control, 2: 100
ng/mL of rhBMP-2 for 10 days, 3: 1 gmol/L
of alendronate for 10 days, 4: 100 ng/mL of
rhBMP-2 for 7 days and 1 gmol/L of
alendronate for the next 3 days, 5: 1 gmol/L
alendronate for 3 days and 100 ng/mL
rhBMP-2 for the next 7 days. All experiments
were repeated three times. Values are mean
+ SD, different superscripts in the figures
indicate a significant difference(p<0.05).

3.3 MC3T3-E1 MIZEOIA 75 ng/mLe| rhBMP
29t 1 umol/L2el ALNS| Z&|| M2 st
MC3T3-E1 AlZo] 23 24 &= A 7|7l &
75 ng/mL9] rhBMP-29} 1 pmol/L9] ALN7} ujX]&=
FFE gRlatr] Fall iR DT APFES 75 ng/mlL
9] rhBMP-29] 10¥ A22), 1 pmol/LS] ALNS
109 AHE3), 75 ng/mLe] rhBMP-29] 7¢ 2] &
1 gmol/Le] ALN9] 39 AHZ(4), 1 p#mol/Le] ALN
9] 39 A & 75 ng/mLe rhBMP-22] 79 AZZ(5)
o= vwstrhFig. 3).

MC3T3-El1 Ml&Z9] BEHL Fig. 39 2 A8 1+
of §-oJgt &fol7t yehtA] giotrt. ALPY] S4EE df
Z+ol| ¥3}] 75 ng/mLe] rhBMP-29] 79 A& & 1 p
mol/L9] ALNY| 39 H=|ZollA 4.48 f-2JstA 57t
3193, 1 #mol/L9) ALN9] 3Y A2] & 75 ng/mL2]
rhBMP-29] 79 AeolA= 3.78 |-<JstA S7tst
9t 75 ng/mLe] rhBMP-29] 10¥€ Az}l =]l 75
ng/mLe] rhBMP-29] Ag] & 1 umol/Le] ALNS]| A
oA ALPY AT E 9.6% S7HIIoL, 1 4
mol/LY ALNY] 3 A2 & 75 ng/mLe] rhBMP-2<]
79 HEZolA 7.9% ARt
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Fig. 3. Alkaline phosphatase(ALP) activity and viability
in osteoblast cellstMC3T3-E1) following treatment
with 75 ng/mL of recombinant human bone
morphogenetic protein-2(thBMP-2) and 1 #mol/L
of alendronate. 1: control, 2: 75 ng/mL of
rhBMP-2 for 10 days, 3: 1 #mol/L of alendronate
for 10 days, 4: 75 ng/mL of rhBMP-2 for 7
days and 1 gmol/L of alendronate for the
next 3 days, 5 1 gmol/L alendronate for 3
days and 75 ng/mL rhBMP-2 for the next 7
days. All experiments were repeated three
times. Values are mean + SD, different
superscripts in the figures indicate a
significant difference(p<0.05).
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3.4 MC3T3-E1 MZOA 50 ng/mLe| rhBMP

=29t 1 umol/L2e| ALNS| =& M= Hek

MC3T3-E1 AlZo 2§ 24 &= A 7|71 &
50 ng/mL®] rhBMP-2%} 1 xmol/Le] ALN7} H]R|&=
AFS BRI Yol DT AP 50 ng/mlL
9] rhBMP-29] 109 AZ+(2), 1 #mol/LY ALNY]
10¥ AH=(3), 50 ng/mLe] rhBMP-29] 7¢ A& &
1 pmol/L9] ALN9] 39 AH#(4), 1 pmol/Le] ALN
9] 3¢ A ¥ 50 ng/mL2] rhBMP-29] 7 H=(5)
o2 HwstAHTHFig. 4).

MC3T3-El Al&29] &8 Fig. 49| 7+ AL 1F
o RoIgt Zpol7} UehtA] ghoth. ALPY] E48%= o
Z70] H]3 50 ng/mLe] rhBMP-29] 7€ A2 & 1 u
mol/L9] ALN9| 39 AHzollA 2.84] R-2lstA 57t
3193, 1 #mol/L9] ALN®] 3¥ A2] & 50 ng/mL2)
rhBMP-29] 79 He|ZoME 3.68 F-JstA S7Fst
ot 284 50 ng/mLY) rhBMP-29] 109 Ao
v thBMP-29] 79 A8 & 1 pmol/LS] ALNS] 3¢
Ao A ALPY] BAEE 15.1% A4S, 1 p
mol/L2] ALN9] 3% A2} ¥ 50 ng/mL2] rhBMP-29]
79 AHgFolA 7.6% S7F5IAL

—
o

= 2 a

ggm- b b S0l A
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25 5 50 A
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1 2 3 4 5

5

Fig. 4. Alkaline phosphatase(ALP) activity and viability
in osteoblast cellstMC3T3-E1) following treatment
with 50 ng/mL of recombinant human bone
morphogenetic protein-2(thBMP-2) and 1
pmol/L of alendronate. 1: control, 2: 50
ng/mL of rhBMP-2 for 10 days, 3: 1 gmol/L
of alendronate for 10 days, 4: 50 ng/mL of
rhBMP-2 for 7 days and 1 gmol/L of
alendronate for the next 3 days, 5: 1 gmol/L
alendronate for 3 days and 50 ng/mL
rhBMP-2 for the next 7 days. All experiments
were repeated three times. Values are mean
+ SD, different superscripts in the figures
indicate significant difference(p<0.05).
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k)

BMP-2+= ¥ 34 {375 Aot 2IZARE
371 BAR, EPAY 85 HA3 ] A 9
= AT /3 AlEolA] A7F o]4] w o] A EAR AL
= AcH28]. 1=, olF SAtellA| BMP-2 FolA] mHE
A2E gAdsteto] T84 A<29] W oA Istet 2
2 nzkgo] Yepgtis 210171 9ok ALNE Z-g
717k9] g4t mso] USHE HIAEAYO|ES R
QI SFEEA TZA| R A E AFEE Rkl ThEA]
29| S AAaAA Fwdt B TS JAEH= o=
oct. whEbA], ALN Fof A] 23 Qhilgd 4y & &
b it A AZEe WAYEC] TASHI9], JEH
4 24 & 5 oA FUx 79| oY g3t v
ERFTH30] 28U, ALNE 14 ol B8 A 33 3
N7} Yebtal, 717 B ARAYO|ES ARSH 3R]
739 v43E diEE 249 A¥E S7H31] 2 1A
)l H= Ao 3 A9 v P4 5 4w {39 A
Aol FRI= A2 o]2k Zo] thBMP-2 HF+= ALN
L AW B HnE gHos AMEHI JLdl®E
E351a, thBMP-2 E& ALNS] AR&OE QI3 o]&
OrE9] G5t H28-2 g Attt webAl, thBMP-2
EE ALNE A oFE2 Fr a9 og ARgsr] 9
3 olE FEo HAH% 2} FLE ok thygt
e FEY FA8-S Aot 9] G52 A
3t 4 Qe %9 ARk AzbE

F, v Ao Fofohs thdt IAE ofF HAlo
2 3y 5o e Fo] 55 FEloto] ¥ &4 A
FE SEE =0 ¥ JEHEE FIA7]7] et A
Well Fefsh G52 BRIshs A-Eo] Es] J3ys
I QH23-26]). TS, FE tiaks Fo] 7]7ko] Zojd
FE A W 229 &40 dFE F= AoE gEA
QoH31], BYS *ES 744 gt 3%
i B 540 g Yehdths 21719 =S &
Jo g HHE BojA] B9 thalgo] ThE A9 B
1[33]1€ v} Qlo] FEY Fojxy e X3 OE
Z29] 38 T &40 H 9 P t=A e =
U AoE Yzt weba 2 AFolAlE rhBMP-2
/ALN A&+ E+= ALN/rhBMP-2 AHZ|olA 34, 7
d B 102 B¢ HRIAEF MC3T3-E1 Al2o
rhBMP-2+ 50, 75, ¥ 100 ng/mL9] 5= & ALN&=
1 9 5 pmol/L9] FEF HSH|7|HA Alx P2

(0]

2 gefslo] Fof

[e]
=2

o=

H7ket ALP 458 SRIste] MC3T3-E1 A2
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£} Fzo| e JFE Gotu} oot
rthBMP-2/ALN E+ ALN/rhBMP-29] 3¢ E&= 7
A A2 283 rhBMP-2 & ALNS] 108 Ao
Al MC3T3-E1 AlZ9] B 7 Addat thxt A
ofo] oI5t Zpo|7F UehtA] Skt ALPO] =
100 ng/mLe] rhBMP-29] 79 A& & 5 pmol/LY
ALN9] 39 A2 izl vl FlotAl S5k
O}, 100 ng/mL9 rhBMP-29] 10¥ #z]3o] B3}
435I 5 pmol/Le ALNS 39 A3 & 100
ng/mLe] rhBMP-29] 79 A2 100 ng/mLe]
rhBMP-29] 109 A=) v f-2fotA] Aottt
100 ng/mL9] rhBMP-29] 109 A=l Bl 100
ng/mL9] rhBMP-29] 74 X2 & 1 pumol/Le] ALNS]
39 AHEolA ALPY EA=E FoloHAl A5,
1 pmol/LY ALN9 3¢ AHZ % 100 ng/mLe
rhBMP-29] 7 A2 F25HA ZH4stgt. ol2gh
A= w FAo Tolsl= F8 A Ee FEEZA
rhBMP-2/ALN A2l E= ALN/ rhBMP-2 A&a-2
MC3T3-E1 AZojA 2ZAER9] 23lE 7i&sie A
oz AZEJo, 100 ng/mLe rhBMP-2¢} 5 p
mol/L9 ALN &%Z°l4 rhBMP-2/ALN HE+=
ALN/rhBMP-29] 3¢ E+= 79 A2 rhBMP-29]
109 Azt s 2IAE £3 =7 FAsH
ALPY] 88T E 75 ng/mLe] rhBMP-29] 109 A2+
o Hl3] 75 ng/mLe rhBMP-29] 79 A& F 1 p
mol/L9] ALNS] 3¢ HEo|A S7lske Aol Uet
%ot 1 gmol/Le] ALNS 39 A2 & 75 ng/mLY]
rhBMP-29] 79 Aol Fradhs Aol Uelst
t}. o]=3t A= 75 ng/mLe] rhB- MP-29] 79 A2
F 1 pmol/L9 ALNS 39 A7} 75 ng/mL9)
rhBMP-29] 109 Azle] vl 2ZA|Z B3HE F7}
AR AL Qulsid, rhBMP-22F ALN Ato]of| ofr
g A52gol 5t ARJAE gRlsh ] fiste] A 7
Ao gk A7+ st YzbEch E3E, Jungell
oot E AL SRt Ew Ao A thBMP-29F #
8 TER EaolFo] thBMP-2 ©E Fojio] H]s|
ZAAEE7F FYJ5tA =934l EheS oA R o
A oS 22T ALNS| B Rt AT 2R T A
gt vlsf 57 FUErt S7FEATH3S). o]2idt A+
AES 7Ho g W B} £ w FAJof Tolsh= ok
St QIR oFEo] Wt B 23 R0 UE xS Y
2gh w2 Ayt "asioal gzhE
rhBMP-2/ALN A T+ ALN/rhBMP-2 A&
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oA 50 ng/mLe] rhBMP-29} 1 gmol/Le] ALN9] 3
Y, 79 £ 109 St Folgh B9 ALPY S+
50 ng/mL9 rhBMP-29] 10€ Ao Hla] 50
ng/mL9] rhBMP-29] 74 A& = 1 gmol/L9] ALNY
3Y Aol Ale FAske o] YERTE Kim
(2712 rhBMP-2E 109 ©5 Ao 1|5 50 ng/mL
9] rhBMP-29] 79 A& & 5 umol/L9] ALN9] 3¢
Bt AEgt 20N footA 2IA|ER] Estert
EoHHth stglou, & A9 Autel= AolotA Y
eyttt o8t Ai= 50ng/mLe] rhBMP-25 A
AFsh= ALol= 1 umol/L9 ALNE °FE9] AFEzt
8o FFE 71A7]olle L 5=dS AT 5 UA
ot E3h 1 gmol/LY ALNE 3¢ X2 % 50 ng/mL
9] thBMP-25 7¢ AlollAle S7teke Aol et
@ A3= 50 ng/mLe] rhBMP-2 109 2|l B3
5 pmol/L9] ALNS] 39 Az ¥ 50 ng/mLe
rhBMP-29] 7¢ Hz|oll A |95t £3H=7} =0k
o= A 59 232719k SR YEre T ol=gt A
S B3 ALNE A7|7t ARgSfjof ok okEolnz &
% 13} 5 pmol/L Ato19] ALN FE=5 HSAA T4
X BIeE IRIsHs A2 U7t e AoE A4Zd
ot 1 gmol/Le] ALNS] 3¢ A= & -85 rhBMPY
e 24 % 7P 92 50 ng/mLolA A2 B}
=7t 37k &, 2ZAIE £3olA thBMP-2+&
ZF9 AAJo = EF51aL ALN A2 & rhBMP-2 5%
Hlo] whet 2ZA|ES Eolo] dFE 1) s ot
AL FEEY vk 9 23] wet k=] 55 JE
o] Yepd & Qs AL ouigitt kA w of
T QA B FEY| Ro] 27, B VI EE X
Ao M2 Z7bAQl A7rt "asichy Az
2L rhBMP-2/ALN A+ E+= ALN/rhBMP-2 A
goflA 75 ng/mLe] rhBMP-29] 7¢ A& & E=
50 ng/mLe] rhBMP-29] 79 A Aol 1 gmol/Le]
ALNS] 3% A7} 2ZA| 29| Eslof] P v|x|e= A
o= yesith. o]2jdt ik ALNE AsEa @Izt
A Al Z2ZARO] £315 FEoHAN TR A7
7k A Al £318 TAAZITHE A733] Aol g5t
At

waba], B AoAs MRIA L] Helof Trofsl=
rhBMP-29} & &= AAIAIR] ALNE tHftt 528 &
et AP dxo] Hlg] 2IA|xS B3} s
S7HAZIAG, IR Fet sEE Xe AddoME

rhBMP-2 A2t Hoh @A depdth o] 232
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