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| ABSTRACT |

Effects of Hyeolbuchugeo-tang on Osteoclast Differentiation and
Bone Resorption

Sae-Byul Jang, Dong-Youl Yoo, Jeong-Eun Yoo
Dept. of Oriental Gynecology, College of Korean Medicine,
Dae-Jeon University Graduate School

Objectives: This study was conducted to evaluate the effects of Hyeolbuchugeo-tang
(HBC) on Osteoporosis.

Methods: We induced RAW 264.7 cells to differentiate to Osteoclasts by RANKL
and treated RANKL-induced RAW 264.7 cells with HBC (0, 150, 350, 700 pg/ml).
To measure osteoclast differentiation and activation, we counted TRAP (+) MNCs
and measured mRNA expressions of its related genes (TRAP, MMP-9, cathepsin K,
NFATecl, c-Fos, MITF, iNOS, COX-2, TNF-a) by RT-PCR. To assess bone resorption,
the Bone pit formation were examined under a microscope.

Results: HBC decreased TRAP (+) MNCs and inhibited mRNA expressions
of TRAP, MMP-9, cathepsin K, NFATcl, ¢c-Fos, MITF in osteoclast. And HBC
inhibited Bone pit formation.

Conclusions: HBC inhibited osteoclast differentiation and activation and bone
resorption. Taken together, these results indicate that HBC might have potentials
for prevention and treatment of Osteoporosis.

Key Words: Hyeolbuchugeo-tang, Osteoporosis, Osteoclasts, Osteoclastogenesis,
Bone Resorption, Bone Pit
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n. 4
1. A =

D gep & 9 A Az

PR Zog 100 g& HEE THEo]
AT ¥ Z74 500 mlE 71st
6A17F o] 7hddted 3{F FZE3)
A HA| 5 o] §3te] oA F o3}l
Evaporator(EYELA, Japan)& 7} 5%
g Fo FEANS T4 Azt o 10%
o £5EE ¥ A5 50 g& Itk Al
2 AY A7HA BER s A
Alell &= DMSO(Sigma, St. Louis, MO,
USA)E o|§3te] HRFoje) FEHE (9
& HBC=l )< wiA]ell *e]3L, pore size
0.45 yme] oA 2 o F3le] A3
B A AHEE o E dAd T F
Abstab el A 9], A Adske] ARS-3)ed
ov vt A o3 2ok (Table 1).

R
L o

o,
o

Table 1. The Composition of Hyeolbuchugeo
-tang

Herbal . Dose
Pharmacognostic name amount

name (2)

W 8% Angelicae Gigantis Radix 12

A i Rehmanniae Radix 12

- R - Persicae Semen 16

A Carthami Flos 12

WU %% Auranti Fructus Immaturus 8
NGE 3 Paeoniae Radix 8
% Bupleuri Radix 4
W ¥ Glreymhizae Radix et Rhizoma 4
I 6
i = 6
4+ B

Platycodonis Radix
Cnidii Thizoma
Achyranthis Radix 12

Total 100

2) Al =

B A AHSE gIAHE ATAE
+= mouse myeloid M ZF<¢ RAW 264.7
celll RANKLE A 23t f=% A=
S AREstodet. AFSEl RAW 264.7
cell> &=rA 2523 (Korean Cell Line
Bank, Seoul, Korea)oll A 3]s} e}

2. % ¥

D Aok 2 =

DMEM(Dulbecco's modified eagle medium),
10% fetal bovine serum(FBS), penicillin,
streptomycin, a-Minimum essentialmedium
(a-MEM) % E& AMlZulefF A2 Life
Technology*H Rockville, MD, USA)ellA
gt om 7lel AR Al Zufokg 3 #A
FA & ARS8t dimethylsulfoxide
(DMSO)., TRAP fast garnet GBC base
2o 5% naphthol AS-BI phosphoric acid,
Actin A, TRAPS Sigma-AldrichAt
(St. Louis, MO, USA)ellA Fd3ted A}
43 c-Foset NFATclel o3t gHA
+ Santa Cruz Biotechnology(Santa Cruz,
CA. USA)ellA FdskHd 3L, oligo dT.
5xCyScript buffer, D TT(Dithiothreitol),
dUTP nucleotide, dUTP CyDye-labelled
nucleotide, CyScript reverse transcriptase,
HEPES buffer(free acid)= Amersham
Bioscienceell A 741 3} 1 .

2) RAW 264.7 cell vi %

RAW 264.7 cell= DMEM (Dulbecco’s
modified eagle medium)/10% FBS(fetal
bovine serum)/PC(penicillin-streptomycin)
-HBC wiA & o]-&3te] CO, Ml E wiF7]
ol A wioFaldar, M E £E 5x10° cells/well
2 3t 96 well plateS o] &3}o] wujj ok

sheleh 24417 Bok W F vkl

w
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W3 5 10% FBS, 50 ng/ml RANKL, 1
ng/ml TGFR7} #71%l ac-MEMCo 2 w3t
gte] M 2 E kst miFA o] o
F5° HBCE A7l F41. 29l &
WA Edd wix 2 w3ste] U7 i
Faksdct.

3) f=A¢

A& 2 (1) RANKL m]A2]#(Normal
control, NC), (2) RANKL *}2]<(Control,
C). (3) RANKL A= % 150 ug/ml®] HBC
< 5o &, (4) RANKL A= % 350
ug/mle] HBCE F43 +, (5) RANKL
28 = 700 pg/mle] HBCE F43 &
o7 3

4) stEAE A FA

RAW 264.7 cell& RANKLE ] 2] 3}
JFMEZL FE23 F AS5 FdFAH 2
W3 marker2 el A 9lE TRAPS
A &tel TRAP-positive Al ZZ g<¢l3s}
o} 237 N EE PBSE 23] A H 3t
3.7% formaldehyde-citrate-acetone -2
o= 1087 2R H FHFE 23
A A st e A AL Al Ee] 2% TRAP
fast garnet GBC base €<%} NaNO; &
HE 1112 4le] 3HE 93} 5% naphthol
AS-BI phosphoric acid®} 4% acetic acid
9} 2% tartaric acidE EgsH £9& g
stdch A2l A 308 oA HbAE &
getdn) g o2 HAste] Fo| I oA
ol TRAP-positivest =3} A £(TRAP(+)
MNCs) e 5 Ao} A 22 A
FZ2 AT

5 A E FAALE =4

(1) Total RNA &

RNAE #23t7] $18ted ul FA 29
W25 A AT g, 4T PBSE 33] A
Halgeh AEE 22 5 750xgel M 10

32 o2
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9ol loading3txZ 36,000 rpmelA] 160%
7+ A 5= 3Tk Polysome pellet<
# 3kl SDS bufferoll &) A7 5 37C
oA 30%7F incubation 3% Sodium
acetate bufferS 7}t phenol/CHCI;
LS o]-@3led FE3ct NaCls 02 M
o] F =% 7}3lal, EtOHE 7F8te] -20Cell
A 12217 T BREklet AAES 5%
Ethanol® 23] A& w5 ZAxAZ .
A2 Wdol 23 RNAYS dxd
7 AHEe mRNASe] =% 2343}
A7 52 gldte] ARE-3FAT
(2) ¢cDNA Az

Q23 APl A A2 2] total
RNA< 10 pl(10 ng RNA el oligo
dT 1 pl(2 pg/uD & Heol =AXHA &
grsk & 90CeolA 587t incubationd} i
o}, Primer annealings $]8] Aol A
oF 1027F WHAst ¥, 4CTE FA3HA
o5 AleFe 7Fslod . 5xCyScript buffer
4 yl, 0.1 M DTT(Dithiothreitol) 2 pl, dUTP
nucleotide mix 1 ul, dUTP CyDye-labelled
nucleotide 0.1 pl, CyScript reverse transcriptase
1 ul. Ho0 0.9 pls #H74sbed 20 pl2 whE=
. ok =AXSFA tipping ST
o] & 42T~ 9087} incubationdt ¥ U
el WA s el o3 7]el 25 M NaOH&
2 uA 7ksked 37°CellA 1547} incubation
331, 2 M HEPES buffer(free acid) 10 pl
£ 7hste] FEA A

(3) Real time RT-PCR

Z+7+2] optical tube(MicroAmp® Optical

kl
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96-Well Reaction Plate with Barcode &
Optical Adhesive Films, Applied Biosystems,
Cat. No. 4314320)el 3wi2] SybrGreen
Mix 2.5 pl(Sigma-Aldrich, Cat. No. S9430),
(2)oll A 343 ¢cDNA 1 pl, 10 pmol/ul
primer pair mix 1 pl, 22 2.5 mM2
dNTP 2 pl. 10xTag polymerase buffer
2.5 ul, Tag Polymerase 0.3 ul <+ 14.7 ul
H, 05 ¥3, 95C 5 min 1 cycle, 95C
30 sec, 45C 30 sec, 72C 60 sec 40 cycles,

Table 2. Primer Sequence Used for PCR

T 20 min 1 cycle® =ZA# . PCR
bzl ¥ tubes AW F b5 5l
Ab2-38led 3% agarose gelelA] PCR

specificity® Z4A3}x2, ABI PRIHBC®

7000 Sequence Detection System(Applied
Biosystems, Cat. No. 4349157) & Ap-&3}
o real time PCR Z#IE& EA 3.
PCRel A}F43 primer:s o3 2o
(Table 2).

tt o &5

Target gene

Forward (5-3")

Reverse (5'-3")

ACACAGTGATGCTGTGTGGCAACTC

TRAP CCAGAGGCTTCCACATATATGATGG
ivpg  CGTCGTGATCCCCACTTACT
AGAGTACTGCTTGCCCAGGA
atheosin K AGGCGGCTATATGACCACTG
CCGAGCCAAGAGAGCATATC
NFaTel  GGGTCAGTGTGACCGAAGAT
GGAAGTCAGAAGTGGGTGGA
e CCAGTCAAGAGCATCAGCAA
AAGTAGTGCAGCCCGGAGTA
- GGAACAGCAACGAGCTAAGG
TGATGATCCGATTCACCAGA
NOS CCTTGTTCAGCTACGCCTTC
AAGGCCAAACACAGCATACC
coxs  AGAAGGAAATGGCTGCAGAA
GCTCGGCTTCCAGTATTGAG
Tnpa  ACGGCATGGATCTCAAAGAC
CGGACTCCGCAAAGTCTAAG
oot TCACCCACACTCTGCCCAT

TCCTTAATGTCACGCACCATTT

6) Bone resorption assay

gZA 20 £3he} FAe A el
W o] F45S HUEshr] 9138k, plate
ol calcium-collagen®. & FE 3o Al x=
A3 WE AFS-ste] EA 3} calcium
phosphate®} collagens ZE 3t plateE
phenol-red-free MEM ¥ 2] & A}-4-3}¢]

=

0,

A g5, P35 gZAE A A
EZ 1x10° cells/well2 BF3}31 244 7F
wj oJst v} 2, RANKLZS 100 ng/mlE A
gt 1A 7 Wik ¥ HBC F&E5
FEEE AEE o5 1097 wiekstad
o w24l s wAS] Fdh
vl k& vz F 5% sodium hypochlorite




= ggt

3. BAA=

7+ A= SPSS v12.08 o] &3l A
sSEMO.= AT Al U &
o)A HZFL student’s t-testS o] &3},
p<0.05 2 W) folAdel aleka Ty skt

m 2 =

1. HBC7} cell viability ol »]x]&= <33

RAW 264.7 cellel RANKL<S A =3}
o §x3 FFAEdA HBCE WxT
3 vl wsld & = 800 pg/ml °ldhe] =

o

= 09 sz AEEAE dehiA
ok keH(Fig. 1).
120 -
$ 100
B
S 80 -
1=}
-
< 60 A
z
g 40 -
2
5 20
0_
c 150 300 400 600 800
HBC (ng/ml)

Fig. 1. Effect of HBC on cell viability.
C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
300 : RANKL (100 ng/ml) +300 ng/ml of HBC
400 : RANKL (100 ng/ml) +400 ng/ml of HBC
600 : RANKL (100 ng/ml) +600 pg/ml of HBC
800 : RANKL (100 ng/ml) +800 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.

2. HBC7F TRAP(+) MNCs A
A Q¥
RAW 264.7 cellsl Al RANKLZ =%

HdZFAx ¥4 Al delts TRAP(+)
MNCs 3§45 H7lst 4=, HBC A& A
150 pg/ml E==e¢|xE TRAP(+) MNCs
Aol ZIE epiA] dgkonk 350 g/ml
A2 Fell A= TRAP(+) MNCs 3 A ol
oF 19% #Aasted #oA AdE(p0.05)
A 275 Jep g en, 700 ug/ml A
gl ol A= TRAP(+) MNCs &4 e] <
46% 7rAaslte] §-214 lE(p<0.01) GA
235 e ek (Fig. 2).

1 *
I I I [* *
0 m
C 150 350 700

100 ng/ml RANKL + HBC (g/ml)

(= =
- (= ® (=3 153
=3 < = =1 <

TRAP(+) MNCs (% of control)

I3
=1

35 Oug/ ml 700pg/ ml

Fig. 2. Effect of HBC on the formation of
TRAP (+) MNCs in RANKL-stimulated
osteoclast.

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.

* 1 p<0.05 vs C

#t p<0.01 vs C
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3. HBC7} TRAP 23] n X = 33

RAW 264.7 cellsl RANKL A& A
TRAP®] 3l e] 343] F7l=%le. HBC
A2l Al RANKL 95 x2|& i z73
vl w3ake] 150 pg/ml F=olAE TRAP
Wao] 038 et ot f-2Ade] ¢l
913, 350 pg/ml =)A= TRAP 23
< 9 21% AA SR 24 o] (p<0.01)
WL, 700 pg/ml FEAME oF 58%
A st om f-2] A o] (p<0.001) At
(Fig. 3).

1200 - e Fitkip
1000 -
800 i
600

400 +

Relative mRNA

200 A

NC C 150 350 700

100 ng/ml RANKL + HBC (pg/ml)

Fig. 3. Effect of HBC on TRAP gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 png/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
k0 p<0.001 vs NC

## : p<0.01 vs C

##4# : p<0.001 vs C

4. HBC7} MMP-9 8ol mlX &= <33

RAW 264.7 cellel RANKLEZ #=%
stZAH Zo| RANKL A2 A MMP-92]
wdol dA3 F7FE . HBC A2 Al
RANKL w5 #2|3 v]asted MMP-9
o] a2 150 pg/ml FEAME FJA
A (p<0.01) °F 58% A= 2™, 350
ng/ml =M oF 76%. 700 ng/ml 5%

oAM= oF 85% A= o] 214 1 (p<0.001)
9o (Fig. 4).

14000 -
12000 4
10000 -
8000 -
6000 - ##

Relative mRNA

4000 - #it#
2000 -

NC C 150 350 700

100 ng/ml RANKL + HBC (ug/ml)

Fig. 4 Effect of HBC on MMP-9 gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
0 p<0.001 vs NC

## : p<0.01 vs C

##4# : p<0.001 vs C

5. HBC7} cathepsin K @3 X +=
3 g

RAW 264.7 cellel RANKLZ H=3t
g2 M Ee] RANKL X2 A] cathepsin K
o] Wt o] #AA3] FrhEiw. HBC A
2] Al RANKL 25 A2]Z3} v] s}
cathepsin K] ®3& o] 150 pg/ml 2]+
A= F94 AA(p<0.01) oF 48% <
A=A, 350 pg/ml A= F2
A A (p<0.01) °F 61% AA = 0o,
700 pug/ml A== oF 93%2] A
=27 94 A (p<0.001) FeEREr
(Fig. 5).
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cathepsin K

Relative mRNA

NC C 150 350 700

100 ng/ml RANKL + HBC (pg/ml)

Fig. 5. Effect of HBC on cathepsin K
gene expression in RANKL-stimulated
osteoclast.

NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
350 : RANKL (100 ng/ml) +350 ng/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
#HE 0 p<0.001 vs NC

## : p<0.01 vs C

##4# : p<0.001 vs C

6. HBCo] NFATcl &3dj u]X]&= J3F

RAW 264.7 cellel RANKLZ f =3t
stZ A Eo] RANKL 2 A NFATc19
o] A3 F7kE AT HBC A= Al
RANKL =5 A 2|3 v]wste] 150 pg/ml
FEo| A= NFATcl wde] o7k 7+
Astd ot oA el el 350 ng/ml
oM E oF 53% FHAdste] o)A o
(p<0.01) 243, 700 pg/ml EEFAA =
oF 82% ArAasted foA = (p<0.001)
IA 235 Jebd S (Fig. 6).

7. HBC 7} c-Fos 28] m & 3

RAW 264.7 cellel RANKLZ %3t 3}
A Eell RANKL *#] A] c-Fos®] wa
o] #xJ3] Z7}=8lck. HBC 18] A] RANKL
9= 2] v wdte] c-Fos & o
150 pg/ml =AM 2 sk
oy FoAel 9l 350 pg/ml ==

oAM= o 77%, 700 pg/ml H=AME <F
79% Fradtel 204 =(p0.001) A
&35 ekl e (Fig. 7).

10 1

NFATcl
*kk
8
2
6
£ #it
1=
® 4
=
=~
2 #a#
0
NC C 150 350 700

100 ng/ml RANKL + HBC (ug/ml)

Fig. 6. Effect of HBC on NFATcl gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 png/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
Rk p<0.001 vs NC

## : p<0.01 vs C

##4# © p<0.001 vs C

c-fos
2.5
g 2
o~
E
g 1.5
=
=
& 1 #it#t
#H#
0.5
0
NC C 150 350 700

100 ng/ml RANKL + HBC (ng/ml)

Fig. 7. Effect of HBC on c-Fos gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
0 p<0.001 vs NC

##4# : p<0.001 vs C
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8. HBCo] MITF 3] u| X 33

RAW 264.7 cellel RANKLE $-=3F 9}
=M Eol RANKL A8 A MITF®] &
o] &#J3] 7=k HBC *2] A] RANKL
@45 X2 vl wdte] MITFS] & o
150 pg/mlelAME= oF 34% 7HAsted #-9
23] (p<0.05) A3z, 350 ng/mlel| A= of
5% Faddou fFoAd e,
700 pg/ml FxolAE= oF 68% A3
F2A A= (p<0.001) dAEIE e
ik (Fig. 8).

=
[2]]
L

Relative mRNA
L

e
n

NC C 150 350 700

100 ng/ml RANKL + HBC (g/ml)

Fig. 8. Effect of HBC on MITF gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 png/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.

* 1 p<0.05 vs NC

# : p<0.05 vs C

##4# : p<0.001 vs C

9. HBC~} iNOS, COX-2, TNF-a %
Hol| w]X] = o

RAW 264.7 celll RANKLE $%
A Zel RANKL 22 Al 943 <1zt
iNOS, COX-2, TNF-a¢] 232 3 %
Z7k= 9o 28y HBC A8 Al =
Ag oA iNOS, COX-2, TNF—cH
WS A A X (Fig. 9. 10, 11).

o
ﬂ LAy

ln

15 4 iNOS

Relative mRNA

NC C 150 350 700
100 ng/ml RANKL + HBC (ug/ml)

Fig. 9. Effect of HBC on iNOS gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
*x 0 p<0.001 vs NC

15 1 COX-2

12 4

Relative mRNA

NC C 150 350 700
100 ng/ml RANKL+ HBC (ug/ml)

Fig. 10. Effect of HBC on COX-2 gene
expression in RANKL-stimulated osteoclast.
NC : Vehicle

C : RANKL (100 ng/ml) only

150 : RANKL (100 ng/ml) +150 pg/ml of HBC
350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
Each bar represents Mean+SD of 5 tests.
#% 1 p<0.001 vs NC
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2 1 *x TNF-a 350 : RANKL (100 ng/ml) +350 pg/ml of HBC
700 : RANKL (100 ng/ml) +700 pg/ml of HBC
15 4 Each bar represents Mean+SD of 5 tests.
:z: # : p0.01 vs NC
z
2 11
"_5 10. HBC 7} Bone pit A mAE
05 4 o &
N RANKL #x 242 mel §4
Ne e e 2 <400 94 WuHew WAY A,
100 ng/ml RANKL + HBC (ug/ml) - 5 Nl o
HBCE W2+ vlwstsd< o, 350 ug/ml
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FE 1M 3}
* %fﬂ Tfﬁixﬁifﬁﬁ} E%o sy,
oo A= HEFolEe] IFAME
3 2 ZFEF5 ”]i]b JEFS dotr
913t RANKL f= StEH 2 235
Asta, A7 odxel TRAP, MMP-9,
cathepsin K, NFATcl, ¢-FOS, MITF,
INOS, COX-2, TNF-a 59 Az} =
A& =A3l3, Bone pit A =S &
n7gez [FFA

HA oFEe FAoE 3t MEEY
b U=l D o S B B T el B s B
n] &3l M Eo] HBCE vxH=E 7Y
7+ Al sted e kst 23, 800 mg/ml o
} TR HEZREE ke FA
Aoz vepgdoh(Fig. 1).
gZM 2 FA-E3-5-2A4 3}
A F55 715 3t 24 I
7} ®leh o8 Apel el AR
=ol =AM x| E3}E xA-s
slem RANKL-OPG A&7} stZAH =
23bol] FAAQ d&E FIsie 27
SZAFME 2He RANKel RANKL
] A33sH NF-xB AAA=ZS 343}
ste] stEA x| FA 3} E37F FA1H
Zod A AR FFAE ATA 7}
ZFHOZ o]Fdte FAAHS AA
g4 g2Ax7t 14 ZA4 -‘ﬂr—'a‘*ﬂ
= e BAI § FEFAA %
74l H', MMP-9. cathepsin K& 4]
3oL, HHlE phol 2oz <lE ATt

AR 7} euw AR LT BA

e N e

b

o 44

—&m}q

(A TR
2L ol Flf

4

k] °o

}-H

\Tl_,
b ol

3E 3 Fo] &SR ASE o, o
F Ay 7hpRe) ziel s deldle
714 Eal 7t dojvbsdl o] Ao
ZehA B3 249 MMP-9¢} Al 18 &
gl o] Eafo] FestE Al 2E|Ql
Bal &4l cathepsin K7} Zof gt} B
A F 7)AL gFAHAE HE o|YH T
FEAAL MR R fFHYHEE A&
Al FF57E dojuAl ",

sEA 2] £334 F TRAPo| ¢d
==t TRAPZ & 7129 osteopontin
7} bone sialoprotein T 2] el Az} =}
Aol Fodstn] vlA|E] BA I B3IS
et e 2Ax 2= AHERY. HBC/Y
TFGFAZ PA ol W AE <3S H71E]
218ted, RANKLZ =3 I3AEZ A
Al YeldE TRAP(+) MNCs A S
H7}stg o, HBCE 150 pg/ml =0l A
E 234F vebl A dgkovt, 350 ng/ml
A2l A= TRAP(+) MNCs 3A ©]
°F 19% #adte] 204 o= (p<0.05)
A 235 vepi sl en, 700 ng/ml A
g Zoll A= TRAP(+) MNCs Ao oF
46% 7xA3ke] §-2A & (p<0.01) A
32 Yell ook (Fig. 2). wekba HBC
T rEISNEE EAATIA dowA
gxAze] 35 AA = &3t
Neta A zEe

HBC7} s=Alz A Al vHehdte
TRAPS] ol w|X& <dgFS H7hs)
7] $13ted TRAPS] mRNA A HS
Asle] wlws Z3 RAW 264.7 cellell
RANKL A2 A TRAP®S a2 A
3] 7154909, RANKL #2] & HBC
£ F=HE A7 3t RANKL @5 A
g2 v w3 S 9 HBC 150 pg/ml ¥
7oAl TRAP W&o 238 =7}
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slod ot oA el gldar, HBC 350 ng/ml
FEToME TRAP #3d& oF 27% o
Algtdom 24 e (p<0.01) 3L, HBC
700 pg/ml =AM = oF 58% A st
Adom {214 ] (p<0.001) A%=H(Fig. 3).

HBC7} MMP-9¢] 3o wA]+&=
k2 H7betz] 913k MMP-99] mRNA
A Fe FA3ted vlws 23 RAW
264.7 cellel RANKL 8] A] MMP-99]
Wl A3 F7tE 9 RANKL A
% HBCE =Wz A3l RANKL
o5 A vlwgt 23 HBC A=
Al MMP®& o] 150 pg/ml ¥ =l A
E FYEA (p<0.01) F 58% A=A
o, 350 ng/ml FEFAME F3HA
(p<0.001) °F 76% A=, 700 ng/ml
FELAME F438H(p<0.001) <F 85%
A = oAk (Fig. 4).

HBC7} cathepsin K& #&o] nx]:=
kS Hrsl7] $]3led cathepsin K2
mRNA AAFE FA ] vlx3t 23
RAW 264.7 celldl RANKL A= A
cathepsin K¢ %32 33 Z7153]
ot. RANKL AHg % HBCE sx=H=
A gsle] RANKL ©5 A3 vl
g A3} HBC *2] A] cathepsin K W3 o]
150 pg/ml A2 ZNAM = 93514 (p<0.01)
oF 48% AAI= 2, 350 ng/ml 2L
MM E F3H (p<0.01) °F 61% A
e, 700 pg/ml AZLAAME <
93%2] AAEHA7F K24 AA (p<0.001)
vebgeh(Fig. 5). ¢ HBC7F &4 39
3 M E7} #u)s= MMP-9¢} cathepsin
Ko & JA|ste 2345 vepd 7
° 2 HBCE Az A& A3
T E5e v Atz s

sZA 2] F3E E3ket #H " MITF,

AP-1, NFATcl 59 AAIAES] &3}
A el os) AAHGY, B ATl
T FEAM e E3HA HAE= <
A9 AR HEE A 3te] HBCH
287114 E Felstaat &3l

NFATclS IIFHE E3}o F23
RANK 4lz2] &9llAte]™ Fos/Jun =
WAe] 22 FAAZ HEFRIAA Fob
NFATcle] TRAP =& ZAEW 4%
A 22 FFHE 5ol FHAE c-Fos
s} 7 AsA oz A3 Az

HBC7} NFATcle] #deol mx|&=
g2 H7kst7] $138ke] NFATcle] mRNA
S ZAstd wlwsk A3 RAW
264.7 cellll RANKL *8] A] NFATcl
o] a2 AR F7FE . RANKL
A ¥ HBCE s=4=& Az|sle] RANKL
= A2 vl A3 HBC A& A
150 pg/mlel M= 2371 gl ey, 350
ug/mlel M e <F 53% FAste] fofst
(p<0.01) A &=, 700 pg/ml =
ME oF 82% FAsted £-2138H(p<0.001)
AA 2345 e S (Fig. 6).

c-Fost c-Jund} o|FAE o] F F
YA F83 AL s AHARIA

Al

AP-1 ©iAe] FH+E=d c-Fos ZH

SpEAE HAel AEHe HMFE
2 dAde] A9 zHsiy
=5 dAAE 7 Sokshe @S B
A=

H7}st7] $18ted c-Fos®] mRNA AA
F& ZAse] vlwd Az, RAW 264.7
cellel RANKL A2 Al c-Fos®] 232
AA3] F7FE%. RANKL A=
HBCE sxW& 83t RANKL
= 2223 vwd Az HBC A2
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150 pg/ml FEdAE F942 34 &
F7b dldet, 350 ug/ml FEAAE
°F 77%. 700 pg/ml F=AME <F 79%
Zrasle] §-918H(p<0.001) A &5 1}
el o (Fig. 7).

M| Eoll A M-CSF RANKLel ¢
3 FEEE AzAgERAg > MITF &
AA3tE =3t MITF= o8 AR
ZHPU.1L, NFATcl) ¢} &4 Zgste 1t
FHE Eo]H FAxFel TRAP, cathepsin
K, OSCAR #Az #3dE& A5Ho=z
A EAR=

HBCe] MITF| #3el wX= <33
< F371e7] $18ked MITFS mRNA A
JaFS A8t vlwst A3, RAW 264.7
cellel RANKL A2 A MITF—J “e“ﬂ%

‘éi #2)ske] RANKL =5 22
]—’5} A= HBC ;‘ﬂa] Al MITF2
150 pg/mlell A= 218k (p<0.05)
oF 34% ZAsk A, 700 pg/ml =l
A= §-93HA (p<0.001) °F 68% FA3)ed
AAMEHRE e A (Fig. 8). weEbA
HBCx s3Ax #3 #A o F5A<l
ZAkelzkel NFATcl, c-Fos, MITFS] wt
HE AdAste] FIAE 23S JAF
o3 Atz
FFAEE b3 34

factor®] &7} glom AbdsA ==
TNF-a= INOS & & Z7FAA NOY
AAE F=312 o)wf A ¥ NOE TNF
o] w}FA E£9 survival factor242] 7]
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¥ oot SFAE R3E F3135)]
AEA FaA #FQFIHP COX-2&
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Iy

mf SR
£ o
2 m
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o] survival
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