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ABSTRACT

Objectives: This study was performed to investigate the effects of Gardenia jasminoides extract (GJ) on osteoclast differentiation
and bone resorption in vitro.

Methods: To investigate the effect of GJ on osteoclast differentiation, the mouse leukemic myeloid cell line RAW 264.7 was
stimulated by RANKL (receptor activator of nuclear factor kB ligand). Osteoclast differentiation was measured by counting
TRAP (+) MNC in the presence of RANKL. To elucidate the mechanism of the inhibitory effect of GJ on osteoclast differentiation,
gene expression of TRAP, Cathepsin K, MMP-9, NFATcl, ¢c-Fos, MITF, DC-STAMP. CTR, OC-STAMP and Atp6v0d2 was
measured using reverse transcription-PCR (RT-PCR). Bone resorption was measured using the bone pit formation assay.

Results: GJ decreased the number of TRAP (+) MNCs in the presence of RANKL. GJ inhibited the expression of cathepsin
K., MMP-9, TRAP, MITF, NFATecl, c-Fos, iINON, OC-STAMP, Atp6v0d2, and DC-STAMP in the osteoclast, and inhibited
bone pit formation in vitro.

Conclusions: The results suggest that GJ has inhibitory effects on bone resorption resulting from inhibition of osteoclast
differentiation and gene expression.
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AR FE20| RANKL 7= TREMZE g9 & = &0 0lxls
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2 25 AAe AR BBAL A4
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SEAEE I EATAEY] o] EA)3}
= receptor activator of nuclear factor kB(RANK)
of ZFMFEA Hu|stE receptor activator of
nuclear factor kB ligand(RANKL) o] ZAgste] £
stElcth, o Ao WA <lzkel macrophage
colony-stimulating factor(M-CSF) 5] &3},
gFM 229 #3}= RANKLZ A std 8302
HE] NF-kB 2342 #A el 21355 sl Az}
==, o238 FAol extracellular signal-regulated
kinase(ERK), c-Jun N-terminal kinase(JNK)<} p38
9} 7+-2 mitogen-activated protein kinases(MAPKs)
o] A& YepiwEA £33, 0|9} 3 nuclear
factor of activated T cell cytoplasmic 1(NFATcl)
o] B3], TEH T FFF AAACE
Z-geted 22% Al tartarate-resistant
acid phosphatase(TRAP), cathepsin K, matrix
metalloproteinases-9( MMP-9) 59 AdA S =4
s g,

A= X APFF-(Gardenia jasminoides) % %
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3}o] genipin, pectin, tannin. crocin. nonacosane,
b-sitosterol S-¢] R1= ", wiFA 2 gardenoside,
geniposide, genipin-1-b-d-gentiobioside®} choline,
ursolic acid 5-¢] Bx¥ g
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wE stete] xd7]e] €& $AA7)7] $18)
o FFAE 755 dAstd & AATIE &
g Ae AT FHOE AA) FFAE A
3 F Foel mlAE ke WbstaAt sl
o]& $I3ted RANKLE A}53F RAW264.7 cellell A
TRAP(+) ¥45< A8 on, A fHAQ
cathepsin K, TRAP, MMP-9, NFATcl, Dendritic
Cell-Specific Transmembrane Protein(DC-STAMP),
osteoclast  stimulatory transmembrane protein
(OC-STAMP), calcitonin receptor(CTR) 59 +
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22 A7ae Jehte 2§40 BAE 9L
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) SRR & H A Az

LA 2K (3 el A F513ted A3 22K Gardenia
jasminodes) & #&3}ete] FepaTel Y, of 30
uj e ZE—’F—% 7Fetal 6217 o] ZhdstHA 3
T FEI. AHRAE o gt AT HF,
of i % evaporator(EYELA, Japan) & o] £3}e] 7t
¢ 5% s 595 54 Zﬁ}‘ﬁ Ao
"Pl%} w7hA] JE R sk A Aol Xz}
FZE ()3} GJEF IS iAol = J 3. pore size
0.45 um®| HAF}AZ o F}ste] AR5}

2) A Z

HFANE ATAER FFHEF YA 7Y
3t mouse myeloid Al EF9 RAW264.7 cell& A4



3ok SEMEE B3 receptor activator of
nuclear factor kB ligand(RANKL)E A&3le] +
=3k
2. 2

1) RAW264.7 Cell ¥

DMEM(Dulbecco's modified eagle medium)/10%
FBS(Fetal bovine serum)/PC-SM wlA]ol RAW
264.7 cell & 96 well platesl] 5x10° cells/well7} = =
5 5t 5 COp MEefF7lell A vl eFatsict. 244]
Zb 5ok vkl A w ekt 3 ol oFA S Al A3},
] 50 ng/mIRANKL, 10% FBS, 1 ng/ml TGFB7}
A71" a-MEM wiA| 2 w3tsle] A 22 wjofsly
o} wFdel= EAME 8 Hekdt FEEE

GI7F FHEEE 3ok 54 Al o-MEM
Ldoz o 7407 wis FHA 2 Uzt
Ll °J:5}9a‘;}.

) FEAT

"a‘?{?:}% RANKLe] gH5%] 92 vl ef<(Normal),
RANKLe®| 5% ul¥(Control), RANKL} 75
ug/mle] GJ FEEo] 59 Wk (G 7). RANKL
150 pg/mle] GJ FEFo] #FF3 wi(G
150), RANKL# 300 pg/ml®] GJ FEEo9| ‘?:]"?r%l
wl ok (G 300) o2 o] Adsied

3 FFAE A A

IFAHE E3= RAW2647 celld] RANKLS
Aejsle] FEAIF oM, £33 ghaA 2ol A HEH
+ 53} marker® tartrate-resistant acid phosphatase
(TRAP)S A8ty Wl =]l= TRAP-positive Al Z
(TRAP(+) MNC)E &<lste] Hrtstoiet. #3}
A1Z] M Z%= PBS(Phosphate buffered saline) 2 21
AFslden, o] F 10% 59 3.7% formaldehyde
—citrate-acetone SN2 FAHA I A Z2{HS
2 24 AAstgeh 2% TRAP fast garnet GBC
base &1 NaNO; &4& 747 U3t & ¢
o gt E34dS IAA Azl M
oAl A% A Zell 5% naphtha AS-BI phosphoric

22 - &M

acid, 2% FAAY, 4% ZAte] £3E LA8 g
st 308 Fot *”’—ﬂ s IS E S
#HAs}7] flsle] FFAN AL o] 43t AL
om 3l o]Ate] Fo] A% T3 E(TRAP(+)
MNCs 2 EE BAe= E”Xl i
4) FFAE FAA 2 =%
(1) Total RNA #2]
RNA v‘i‘ﬂ“ @qﬂ:

=

Hz ez WA E

oA
= 1%6}“‘;} 7+ plateel A A EE “101‘41"1 sk
= o T50xgell A 1087 94 BeEjsted AAs
NES ‘%17—1 2 PBSZ 291 o AlF3ldh J%
= Az lysis buffers 7}8kx
3”*]711 o5, 12,000xgel A 1087 =44 &
FHE Aok dojAl SHE 1 M
sucrose’} -5 =5 A3 tris buffer $13-Eol
ZAI2HA loadingdt ©H2, 36,000 rpmeE 160
ok GAEE7|E Eeakdvh AAES SDS buffer
of &2l £ 37 T wjeF7]ell 30+ 7t incubation 3}
o}, o17]o) Sod. Acetate bufferS 718} phenol/CsKl;
SHE AHE3le] &390 NaCl w27} 254
°2 (02 M| H=% & g5, EtOHE 7}'
=20 C 3Rl 1247 wiA|sle] & AAES 75%
EtOHZ 29 AAsta Az 7o F312F w8
P o3 RNAS 24 Af+ HZ mRNA %] ¥
A5 ghE & 27|95 oz Felsty AR
(2) cDNA Az
7t7ke) AgFo g R EE3 total RNAY
10 pl(10 pg RNA 3ol oligo dT 1 ul(2 pg/ul)
£ 71 3 2AS] Es & 90 CollA 527t
7138wt Primer® anneahnge A8 o 10—«:7&
Ao g wWAg & ool Ak slsleE T4
< Aol A zH1stde). Sxeyseript buffer 4 pl, 0.1 M
DTT 2 ul, dUTP nucleotide mix 1 ul, dUTP
Cydye-labelled nucleotide 0.1 pl, Cyscript reverse
transcriptase 1 ul, HoO 0.9 wlE A71sbed 3 20 1l
2 3 % tipping atE W oE zAlsHA £3

“
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o] & 42 TolA 90£7F 7}23 o},

A ] 218l 7] 25 M NaOH& 2111
A 7k & 37 T2 158 5 FAAFHeH, 2M
=29 HEPES buffer(free acid) 10 pl& 4¢] =
A A} AHEE A2k Amersham Bioscienceel A
Tl 3o et

(3) Real time PCR

Z+2+9] optical tube(MicroAmp® Optical 96-Well
Reaction Plate with Barcode and Optical Adhesive
Films, Applied Biosystems, Cat.No. 4314320) ¢l 3ul
9 Syerreen Mix 2.5 pl(Sigma-Aldrich, Cat.No.
$9430)., (2)ell4 ¥ ¢DNA 1 pl, 10 pmol/ul primer
pair mix 1 ul, 2 2.5 mMe] dNTP 2 pl, 10x Tag
polymerase buffer 2.5 ul. Tag Polymerase 0.3 pl<}
147 1l H0Z 7Bk ©]& %5 CellM 5% 1 cycle, 95 C
oA 0% 45 TollA 30%, 72 CellA 60 40 cycles.
% CellA 208 1 cycle® ZFA1Z]H} Primers= RT-PCR
of AHgE AL o] &3k PCRE 8% & &
Z7]| A tubeS 7AW 3L, wFE 5 plE ARS8l
3% agarose gel ArllA PCR specificity S 243}
o}, ABI PRISM® 7000 Sequence Detection System
(Applied Biosystems, Cat. No. 4349157)5 AF&-3}

Ulo ol
2
_ﬂ,

o] Real time PCR A& #A431%ch. PCR wh&-
o A48} primerE Table 1o ZA&}gc},

5) Bone resorption Assay

SEAEE E3pste] s A Jeple
4ol A= ks Hrslr] 913k, plate Aol
calcium—collagen:% FE sl Axd QT W 24

S AHEste] =331 collagenol ZHH plates
phenol-red-free MEM w212 A|&s & o5, =
ZAE ATAE} 1107 cells/wello] H=Z B35
a3 24A17F i ekst 3 100 ng/ml %9 RANKL
2 Ak 1Az A £ G FE2ES 5524
2 7k o2 10 FoF wieFsidh wiAl e 2
Aoz WA Fok wokE vk plate: 5%
sodium hypochloriteE ©]43te] FZHEE A|A
il SFeE AR X v 4]
O 400} Foste F F4E 8 JAE=
pitE FEIA T AR S o3l

4;

3. EAIXME]

7 A o-'\r+SEM°i ZAEg e Ao
3§24 AZE Student’s t-testS o] &34,
o)A p0.052 A skl

Table 1. Primer
Target gene Forward (5-3) Reverse (3-5)
TRAP ACACAGTGATGCTGTGTGGCAACTC CCAGAGGCTTCCACATATATGATGG
Cathepsin K AGGCGGCTATATGACCACTG CCGAGCCAAGAGAGCATATC
MMP-9 CGTCGTGATCCCCACTTACT AGAGTACTGCTTGCCCAGGA
JNK1 GCCATTCTGGTAGAGGAAGTTTCTC CGCCAGTCCAAAATCAAGAATC
cfos CCAGTCAAGAGCATCAGCAA AAGTAGTGCAGCCCGGAGTA
NFATcl GGGTCAGTGTGACCGAAGAT GGAAGTCAGAAGTGGGTGGA
iNOS CCTTGTTCAGCTACGCCTTC AAGGCCAAACACAGCATACC
MITF GGAACAGCAACGAGCTAAGG TGATGATCCGATTCACCAGA
DC-STAMP GCAAGGACCCCAAGGAGTCG CAGTTGGCCCAGAAAGAGGG
OC-STAMP TCACTGACCTGCGTTTCGACAA GCGTAGGCCTGTAGCCACCAA
CTR TCCAACAAGGTGCTTGGGAA CTTGAACTGCGTCCACTGGC
ATPov0d2 GACCCTGTGGCACTTTTTGT GTGTTTGAGCTTGGGGAGAA
b-actin TCACCCACACTCTGCCCAT TCCTTAATGTCACGCACCATTT
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1. IEAME MM 0xl= I&

A3 Az, RANKLe] §Hf57] ¢k &ALl
M FFAE2] B37F A vepdA] ggkon,
RANKL wH& A28t 272 TRAP(+) MNCS
23 W=7l Al vlsl FoA A F7lsted
SEA 2 B3} A f528 Ao] ek A
A FEE(0]3} GI) = 75 pg/mlY F oM Hzx
Zol ¥]3) TRAP(+) MNC7F 5214 (p<0.001) 4
A 72k 43.9%) 3k 2, 150 pg/ml) =9} 300
ng/mle] FEANE izl uls 27 oA
(p<0.001) $I7 ZHax(oF 82.9%. 9.9%) FIeH Fig. 1).

Normal Control

R 2

100 ng/ml SRANKL + GJ (pg/ml)

. };5 rg/ml 150l,_llgfml . .3‘00 ;Lglml
120
100 -
80 -
60 -

40 -

TRAP (+) MNC cells(%)

201 Hiy

0 -
o 75 150 300

100ng/ml sRANKL + Gl (ug/ml)

Fig. 1. Effects of GJ on the formation of TRAP
(+) MNCs in RANKL stimulated osteoclast.

Normal : vehicle

0 (Control) : RANKL (100 ng/ml)

75 © RANKL (100 ng/ml)+75 pg/ml of GJ
150 : RANKL (100 ng/ml) +150 pg/ml of GJ

322 - 7

300 : RANKL (100 ng/ml) +300 ng/ml of GJ
Each bar represents Mean£SD of 5 tests.
##4# ¢ p<0.001 vs Control

2. Cell viability off 0|X|l= Y&t
GJE AAE 3t 747 kst A7 300 pg/ml
9] Fxoldlelrs NESA ] Jep A R IeK Fig. 2).

120 4
100 -
80 -
60

40

Cell viability (%)

20

o0
0 37 75 150 300 450 600 GJ (ug/ml)

Fig. 2. Effects of GJ on cell viability.

0 : RANKL (100 ng/ml)

37: RANKL (100 ng/ml) +37 ng/ml of GJ
75 © RANKL (100 ng/ml)+75 ug/ml of GJ
150 © RANKL (100 ng/ml) +150 ug/ml of GJ
300 : RANKL (100 ng/ml) +300 pg/ml of GJ
450 © RANKL (100 ng/ml) +450 pg/ml of GJ
600 : RANKL (100 ng/ml) +600 ug/ml of GJ

3. TRAP REAL &odof DX P&

Alg A3}, RANKLe| &HHA 42 Akl
Me FEAERe B304 vepds TRAP w4
o] A8 YehtA ¢fster, RANKL v st
27> TRAP ale] Al vls 24 3l
Al Z7Fkeh Z|AF F2E(0l3} GJ) A=Al 75 ng/ml
9] FxolME o 52%, 150 pg/mle] FEAAME o
85%, 300 pg/mle] FxolrE oF 99.7% 94 &3
< YR ok (Fig. 3(A)).

4, MMP-9 &&d0] D|X|= "&

A% A3 RANKLe] 4EA o2& AAT
ME A ZER ] B34 vept s MMP-9 23
o] A9 YehtA ¢gtom, RANKL & #z)dt
H2FE MMP-9 wdo] Aol nle) A3
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XA

Z7kstede}. A2} FEE(o)3F GJ) A Al 75 pg/ml
o] oA oF 9%, 150 ng/mle FEoAE <k
32%, 300 pg/ml®] F=ANME <o 86% A =3}
£ e ek (Fig. 3(B))

5. Cathepsin K &0 0|X|= L&t
Ad A3, RANKLe] 3Hi-5A] 942 AA o

Relative mRNA of TRAP

Relative mRNA of MMP-3

NC 0 75

150 300
100ng/ml sSRANKL+GJ[pg/ml)

NC

Fi

stimulated osteoclast.

Normal : vehicle

0 (Control) : RANKL (100 ng/ml)

75 © RANKL (100 ng/ml) +75 ug/ml of GJ
150 © RANKL (100 ng/ml) +150 ug/ml of GJ
300 : RANKL (100 ng/ml) +300 ng/ml of GJ
Each bar represents Mean+SD of 5 tests.

# p<0.01 vs NC

### : p{0.01 vs Control

6. NFATCI 2io]l 0jxl= 2

Ag A3}, RANKLe] 57 ¢ Aol
M FFAER] E3HA] vepbs NFATe] 2
o] A vpehtA] ¢kokem, RANKL BH& =gt
N 27 NFATcl W3 o] AAZ v]3)] #A3] =
7kstsiet. A2k F&E ()3t GJ) A2Al 150 ng/ml
9] oAM= ok 45%, 300 ug/mle] FEA= oF
83% AA =5 e lek(Fig. 4(A)).

7. c-Fos &&d0] O|X|l= H&

A7, RANKLe] 454 o2 Al
M BFAEES 23] YeRte -Fos Lol
A9 YehtA gken, RANKL 7+ #2]3t o

A
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0

75

100ng/ml sRANKLG)(pg/mi)

g. 3. Effects of GJ on the expressions of TRAP (A), MMP-9 (B), and Cathepsin K (C) in RANKL

Me S 229 2344 Yehds Cathepsin K
Walo] A yehA] ekgkem, RANKL "H A
28 272 Cathepsin K & o] Aol u]s)
A3 Z7lsldoh. Az FEE(0l5) GJ) AEAl
75 ng/mle] FEelME oF 59%, 150 pg/mle =
o ME < 83%, 300 ng/mlY E=NAE= F 99.8%
IA 23 e ek (Fig. 3(C))

s rﬁL rlr

2500

B
i 2000 <
<
=
[

I E & 1500

o &
2 & it
3 3 1000 -
& e

ey
BHR

150 300 NC 0 75 150 300

100ng/ml sRANKL+GI{pg/mi}

7.0
ol

c-Fos & o] AL vls] A3 F7}
stodeh. A& F2E(o)s GJ) A2 150 pg/ml
9] FEolNE o 13%, 300 g/mle] FEAME o

548% Al E3E vepll sk (Fig. 4(B))

8. MITF &80 0|x|= H&

Ag A3, RANKLe| sH3A 92 A4l
M S 2] 344 vehts MITE 23]
719 JehdA] edkskew, RANKL wh AZ]s of
MITF @& o] AAFZel vls] #A3] F7}
sldeh. Az FEE(3E GJ) A Al 150 pg/ml
9] exeXE o 294%, 300 pg/mle] FEelAE <
61.8% A &= Jephsich(Fig. 4(C))
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Relative mRNA of NFATel
Relative mRNA of c-fos

NC i} NC

100ng/ml sRANKL+G)(pg/ml)

Fig. 4. Effects of GJ on the expressions of NFATc1 (A), c-Fos (B), and MITF (C) in RANKL stimulated
osteoclast.

75 150 300

Normal : vehicle
0 (Control) : RANKL (100 ng/ml)

75 © RANKL (100 ng/ml) +75 pg/ml of GJ
150 © RANKL (100 ng/ml)+150 pg/ml of GJ
300 : RANKL (100 ng/ml) +300 pg/ml of GJ
Each bar represents Mean=SD of 5 tests.
k0,001 vs NC, * @ p<0.05 vs NC

### : p0.01 vs Control, **

9. OC-STAMP &&iof D|xl= A&

Ag A3}, RANKLe| 57 @2 AAzel
Ay A Eze] #3414 Jehds 0C-STAMP
wado] Ao vehtA dgkom, RANKL & A
23 x2S 0C-STAMP o] Aol u]3)

A3 Frhskak AR FEE(IE GI) A=A
75 pg/mlé FEelAME oF 264%. 150 ng/mle] &

= ME oF 65.9%, 300 ng/mle] FEelA= of
%.3% <A £+ Jebh ek Fig. 5(A)).

10. DC-STAMP &&40j| 0|X|= A&

A& Az RANKLo] @45 2 A ol
M A EES #3414 Yepts DC-STAMP
whale] 719 ‘f}E‘r‘%x] okorom, RANKL ®HE A
23 272 DC-STAMP & o] AAtol u]4)
73 %7}‘5}31‘4 A2 FZE(]3 GJ) AFA
75 pg/mle] ExeME oF 29.3%, 150 pug/mle =
ZoME o 39.1%. 300 pg/mle] EHEoAE <o
83.2% Al =I5 ePH T (Fig. 5(B)).

: p<0.01 vs Control, *

22 - &M

Relative mRNA of MITF
e e e B
w o o 9
n

(=]

0 75 150 300 NC 0 75 150 300

100ng/ml sRANKL+GJ(ug/mi}

: P<0.05 vs Control

11. CTR o] 0jx|= H&

Alg A3} RANKLe| 437 92
Me stEA 228 #3441 Yehts CTR
71¢] veptA] ekoromy RANKL ®H: A3t o
27 CTR wdleo] Aol vls] 8A3] F713h
ek Az FEE(elst GJ) AEAl 75 pg/mle
FTolME oF 63.7%, 150 pg/mle F oAM= oF
87.8%, 300 pg/mle] =AM oF 999% HA &
5 Vel odek(Fig. 5(C))

ARzl
o]

12. ATP6VOd2 &0l Ojx|= Het

A# A3 RANKLe] #8457 & AAZo|
M FEAEEY] 34 dehtE ATP6vOd2
o] A9 YehdA 9dgker, RANKL wH& A

gt 272 ATP6vOd2 wrdle] AARZel w3
A3 7t A2 F2E(0l3F GJ) A A
75 ng/mle] ExoAE oF 741%, 150 pg/mle =
EME F 97.6%, 300 pg/mle] FEIAME <
99.9% A &IE e ok (Fig. 5(D))

l‘l
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300 -

200 4

100 -

NC 0 75 150 300

100ng/ml sSRANKL+G)(pg/ml)

*EE

L D
s
I
NC 0 75 150 300

100ng/ml sRANKL+GJ(ug/mi)

Fig. 5. Effects of GJ on the expressions of OC-STAMP, DC-SRTAMP, and CTR in RANKL stimulated

osteoclast.

Normal : vehicle

0 (Control) : RANKL (100 ng/ml)

75 © RANKL (100 ng/ml) +75 pg/ml of GJ
150 : RANKL (100 ng/ml)+150 pg/ml of GJ
300 : RANKL (100 ng/ml) +300 pg/ml of GJ
Each bar represents Mean+SD of 5 tests.
0 p<0.001 vs NC

##4# © p<0.01 vs Control

WS 75 pg/mle ExoAE oF 14%, 150 pg/ml
9] x| = ok 11.2%, 300 pyg/mle] FEANA=
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2, GJ& COX-2, IL-6, TNFa 3ol o

F4 Z3k(Fig. 6(A. C. D).
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P 75 = 0.9 - —
3 <
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= 0.3 1 g
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0 [
0 75 150 300 0 75 150 300
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€ g3 T 034
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0 7 150 300 0 7 150 300
100ng/ml sRANKL+G)(pg/ml) 100ng/ml sRANKL+GJ(pg/ml)

Fig. 6. Effects of GJ on the expressions of COX-2 (A), iNOS (B) and IL-6 (C), and TNFa (D) in RANKL
stimulated osteoclast.

0 (Control) : RANKL (100 ng/ml)

5 : RANKL (100 ng/ml)+75 pg/ml of GJ

150 : RANKL (100 ng/ml) +150 pg/ml of GJ

300 : RANKL (100 ng/ml) +300 pg/ml of GJ

Each bar represents Mean+SD of 5 tests.

#4## : p0.001 vs Control, ## : p<0.01 vs Control, # : p<0.05 vs Control

14 2&=0 DX S A dzged vlg =F5E FAA (00D A
A A3}, GJ2 150 pg/ml 300 pg/ml sl A skd et (Fig. 7).

100ng/ml SRANKL + GJ (ug/ml)

NC 0 50 250

Fig. 7. Effect of GJ on bone pit formation.

NC : vehicle

0 (Control) : RANKL (100 ng/ml)

50 @ RANKL (100 ng/ml) +75 pg/ml of GJ
250 © RANKL (100 ng/ml) +250 ug/ml of GJ
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v, o #

FeE Y 215 Fas A delel 24
o) AAA deoz Agaka gled, Wi 32
B o, FES] HAg, %a AW, 44 2
sl o3 fLE 4 A+ FOEES E WA
£ 93ste FAEY ooz F VAEAY &
Aol w2 A Yele dAtor FxAdA 24
I A 2AxAL st 2go fEE 5
ke s 27t 2% 5 < YAt

~

A EE 2YRAZZHYH $YHE ST
HAM ZA o] AN ER sh3A A -r"ﬂi [
state] YAHW T A& Fske 9 5}417
A 229 F3l= RANKLY 22 £3kA1= <l
#pe] 2H8-0 2 Al2ks]=d|, RANKL-2 Tumor necrosis
factor(TNF) A Qo] #o]E7leloz F2 ZIHNE
o|A] macrophage-colony stimulating factor(M-CSF) 2}
o7 iA 2 BHlEy, 2ZAE 7)5o] SaaAw
AL S SR 2 o)3)] FFA T 7]|50] ] A
ste|E Aot A 2ATAE E¥el= RANKL
3} Zgs= RANKZF 418t RANKE Tumor
necrosis factor receptor(TNFR) superfamilyell <43}

+ 842 RANKLe| ZAgst JNK, Extracellular
signal-regulated kinase(ERK), p38 =< =33t
Mitogen-activated proteinkinase(MAPK) A&7 =27}
FA s, o] L Edle] S| xE HIEE
9 2444l nuclear factor of activated T cells,
cytoplasmic 1(NFATcl), NF-«B, ¢-Fos, MITF¢} 22
AXRIZ} AP, o}59] 2802 TRAP, Cathepsin
K, MMP-9 3 %2 2714 E4& g3 o)
A gage] walEe] AAAQ 285 3 &
o gk Extracellular signal-regulated kinase

(ERK) A9 AsAgA 5] BA3h: A=
o] }FEAIAE JAt FHFA X 75E F7F
Al7]1=, macrophage-colony stimulating factor(M-CSF)
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& S2AEe 252 228 RANKLS 4art
£% o] SHFEALT e ALEE 4
sl g,

E SR At ATAZA LS 94
S A% BAT FRAD AAE B 7]
Ay AFE HAAR Aol TRAP& #3)3)e] 4
40 Az we DA
25} oyl 7159 B4 32 BRE A)E

AxEAe] d 4 Qvh APAI} Az FE2EL
TRAP ¢dql v+l A Z(TRAP(+) MNCs) A
AE Azl gEA 2 E3RAE B3 A4
AZ AL A Aoz vepdeh(Fig 1.
TRAPE 19] E5ol FHeista glo] FIAE
o] 43tz Qg F F5 A AEdA
5+ TRAPS mRNA #3172 H&& A x=2 Ao}
SAsATh A A3, RANKLE A ZellA
TRAP Z8$ Z7HzoH, GJx RANKLe ¢
3 3ol 27l TRAP & 24 (p<0.001)
Al AAIF GI7F FEHAEY F F5 9%
e A = dss Falssoh(Fig 3(A)). °l
Y3 GJY 4L JZAEY FTEFSLE Fdeie
= g2 F &4 9zl MMP-9, Cathepsin K ®
o2 722 okato 7 velygth(Fig. 3(B, €)). °]
£ %3] GJ7F RANKLZ =% F3A 29 th

A e qAste 2E4E AT Aoz A
FHYEy, o= AAZ FE4E =A3) A4
(Fig. DolA #2g 254 FAT 4 A%+

w3t o]2ldt (J9] &3}= TRAP, OSCAR, cathepsin
K} Zo] pZHE Eo] fA1e HH S
NFATcl &8-S GJ7F 9A3H7] W2l Jepd 4
2 FdE g

g, sEA xR F3EE A AvEHE A
SAGA A N 3k} Fig. 1 gl TRAP(+)
MNC 3A#A Y A& Falsh] S5t g=
AE L35l Fedhs ZHARIAES] W ]
A5 ok Hrkstaal skl o] 3t g3A 29
35 ke 94 ArklAtzE NF-KB. c-Fos

A=



¢ NFATcl. MITF 5ol <A e, NFATcl
+ RANKLe] 484 ZAgsle] &4 ste]= TNF
receptor associated factors(TRAF)E £3}o c—Fosi‘r
Calmodulin activated kinases(CaMKs) A€<] A1
AL S AA o] Frls, o]+ JJr**ﬂ
E3tpAlel] "o <AEY] W F83 9
s ARl AbleY, A3 A3, GJE NFATel
& JAlsled (Fig. 4(A)) FZAE E3}31A 4
Jogt AES] Lile] AgAE ez F3H9)
° ]—‘E Fig. 1o|A vebd Azte}l Ao 9l
owny, w3l GJ7} NFATcle] o] 3ol %A
= TRAP-‘Jr cathepsin K &8-S JA| & 2 3(Fig.
3(A, 0)E B wdel 3o Jad Aoz
d&3W viel 7ol AA|H= AHAE eI
o]9}= Wx 2 TNF receptor associated factors
(TRAF)E 53le] A5= TAKL MKKG6, p38e]
4349 A3} Yeh}= microphthalmia-associated
transcription factor(MITF)x= &A 3= o] gbzA|
29 B35 A Arplateld® Ag A,
GJ& RANKLel 9Js Z7t€l MITF #3d& 7Ha
A A, c-Fos BH = Ja3te] (Fig. 4(B, ), I
FATHEZZRE FFAERY 2345 AT A
o2 FAHH. oYt 734,4 Fig. 1ell4] Xol&=
uhe} 7ol B3yl JAFH= A2 Jepd
g3, NFATcl:E ShEA|E9 zH8xjoz 9 o
=, —rE—7]7<1 _f.'_zloﬂ ;Hzr} J?Lﬂ’ F*Hg]_/] }\]-/Hg].
27149 33 Fol #Adste FFAE o] Iy
2 $-AAke]l dendritic cell-specific transmembrane
protein(DC-STAMP), osteoclast-stimulatory transmembrane
protein(OC-STAMP), Atp6v0d2, calcitonin receptor
(CTR)# CtsKE9 e 2Asle ZoZ o4
A ¥, o] 5& RANKL A55e] 8435 :
MITF] 242z #3td A2} AZ25dS
Sdle] ehddt sEAz JAAER H3sleY
Fo3 95 g o5 AT EIHA
3} shZA 20| A5 25 NFATclel o8
2AEE Aoz o4l 9ld mebA, NFATcl &

e

o rulo
ok

o

22 - &M

Aol QA|=™ DC-STAMP, OC-STAMPS #&z
AAE AR FEHAG AFA, GIe 53
A2 RANKLel osf w&o] Z7}5 DC-STAMP,
OC-STAMP, Atp6v0d2, CTRe wdE a3ty
oH(Fig. 5(A, B, C, D)).

NO% nitrite oxide synthase(NOS)ol <Jsf A A
H¥E 542 eNO, nNO. iNO 5o] &3, F2
PAM ZAA fstE INOE RANKLolY 22
Aldel TNFa 22 95 74 At E7Rlel o4
2435 INOS ol A=k AAE INOE HY

uhe-g 2 fdE5ub-gel Fedsh=dl, IL6 TNF-a
9] *B?{Vé—% ZF7WA A E BE ST
o] MEtel| EAjste 48 14]3} Agsie] &4
3}l phospholipase Ax(PLA;) 2H-& B4 fl==
arachidonic acid(AA)E ]88 prostaglandin(PG)
Fo Aol gt Cyclooxygenase-2(COX-2)
T AAE o83t PGGE AP E 542N
°] k3 PGD, PGE;, PGl, TXA, ":‘9] U]‘o‘;:s:l'
prostaglandin #3 Adste] QGZut-so FoJFr

42, AT ZAN NO7H Z7ake A e
AEZE ¥} FA80T 2asdd o
A E¥a} FA) 2ET S A

AFuks AAEY Az 7L FEFH o
A, COX-2 == INOSE Adste 7 334
e %E}E M]@ 5 9E =02 A2d 4 g,
A3, GJe FIZAHE B3iAd A COX-2
9 ﬂs}xl EZHA 9 INOS 8 43}
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2
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F4E AAlste Aoz Yepddh(Fig 7).
9og Az FEEE RANKL 53 3

o,
A ply 0
N

A2 FEE(GI) o] FFFA TS Rz A
THYE JAIt F9 AFFE AT 4 e
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A 3ol A QQAEY A Lo w)A
g3k F9 pit Al nIAE G3FE SA T e
oo 2 AES dgidh
1. GJ= RANKL #%= TRAP(+) MNCs A4S

A 3 e
2. GJ= RANKL += 3=H Zol|A TRAP, MMP-9,

cathepsin K] &g g5t

3. GJ& RANKL % 3}2A| Zol A NFATc, c-Fos,
MITFe] #&& dA)stsid),

4. GJ& RANKL = A EA OC-STAMP,
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et

5. GJ= RANKL +% 324 2oA 9224 {NOS
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