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Bone homeostasis is maintained by co-ordination of bone-resorbing osteoclasts and bone-forming osteoblasts.
Imbalance between osteoclasts and osteoblasts leads to many bone diseases such as osteoporosis, rheumatoid
arthritis. 7axillus chinensis is a herb that has been widely used to improve bone health. However, the effect and
mechanism of 7axillus chinensis extract on osteoclast differentiation and bone resportion has been unknown. Thus, We
investigated the effect of T7axillus chinensis on expression of receptor activator of nuclear factor-xB ligand
(RANKL)-induced osteoclast differentiation and bone resorption. Also, the action of Taxillus chinensis on mechanisms
relating to osteoclast differentiation was studied. In this results, we identified that 7axillus chinensis significantly
inhibited RANKL-induced osteoclast differentiation and bone resportion. Moreover, 7axillus chinensis was suppressed
the activation of NF-xB in bone marrow macrophage treated RANKL and M-CSF. Taxillus chinensis was
down-regulated the mRNA expression of c-Fos, nuclear factor of activated T-cells (NFAT)c1, osteoclast-associated
receptor (OSCAR), tartrate-resistant acid phosphatase (TRAP). The cell adhesion-related molecules such as integrin av
and integrin B3, and the filamentous actin (F-actin) rings of mature osteoclasts-related molecules such as dendritic
cell-specific transmembrane preotein (DC-STAMP) and cathepsin K are also suppressed. Taken together, these results
indicated that 7axillus chinensis will be a good candidate to treat osteoclast-mediated bone diseases
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A7 FEEL ethanol 95~955 v/v% S| 2 F53 AL
2 4 AT AT A EFEE2Y A FASAT A
714 &8 DMSO &9 & AH&-3ted 100, 250, 500 ng/mlZE
st} Ao AHE-3IHTE TRAP &2 Sigma Aldrich (St.
Louis, MO, USA) #|&& A3} 3L, XTT assay kit= Roche
(Indianapolis, IN, USA)ell A FH3t5ch Azajd B A=
35 93 223 o-MEM, FBS ¥ penicillin-streptomycin &
2 Gibco-BRL (Grand Island, NT, USA)olA T34,

hev)

human RANKL$} human M-CSF+= Peprotech (London, UK)<]
AFS AHE3AT. Western blotS  $3 13 A=
rabbit-anti-c-Fos, mouse-anti-NFATc1 (Santa Cruz
Biotechnology; Santa Cruz, CA, USA), rabbit-anti-phospho-p38,
rabbit-anti-p38, rabbit-anti-phospho-Akt, rabbit-anti-Akt,
rabbit-anti-phospho-JNK, rabbit-anti-JNK,
rabbit-anti-phospho-IkB,  rabbit-anti-IkB  (Cell
Technology; Beverly, MA, USA) 2 mouse-anti-B-actin (internal
Aldrich)ys&  AH&sFAaL, 23
Amersham Phamacia Biotechnology Inc. (Tokyo, Japan)
ko] ARS8l

Signaling
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control)  (Sigma
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=

2. HAE g5 3 dSAE Es}

Z5AEE 2Ys}y] 95te] AE 533 ICR mouseE A3
S9EHOR AT F, UESH BEE FHHOE A3
AxAE AAGGA A= FES ADE § ¢F 29 =5
Aol 1 mlo] FAE o) gt W] £AS FAFoRN S5
AXE 4. 288 FAEES 10%  FBSY 1%

penicillin/streptomycin®] Z3-¥ o-MEM H] Aol 4] 1LZF ) <%
S F uRANEE 2t A X AFAETL e v R
AZE 10% FBS, 1% penicillin/streptomycin® M-CSF (30
ng/ml)e] EFE o-MEM iAol A 397F v Fatdct 39 ¥,
2 A2 E AFE-h] AT A A 2= M-CSF (30
ng/ml)¢} RANKL (100 ng/ml)S *g]sle] i gFslur 474
100, 250, 500 ng/mlS} T=EZ X FsIAT) 34
2 media changeE 3t T ', o

HeMos dad HEE

o

3. MXE SAAA

PAHZE 1x10* cells/well®] REZ 96-well platec] 37}
81 M-CSF (30 ng/ml)%} 4714 58S vE¥E H7}shd]
3U7 wikstth 3¢ &, XTT €4 50 mlE 279 wellol] 3
7V8kal 4A17F vl ¥ ELISA reader (Molecular Devices, CA,
USA)E ©]&3}od 450 nmoll X FHEE F3tih

\ o=

4. JHAAFFEL AN (RT-PCR) &4
A E % RNAxT QIAzol lysis reagent (QIAGEN,

Valencia, CA, USA)Z AW Ald| wte} FE3%0h 553 49
RNA= TOPscript cDNA synthesis kit (Enzynomics, Daejeon,
Korea)E AH&3t4] <DNAE A3t cDNA 1 mge o3
2e 24449 primerg ©]83t9 PCRE F334th cFos
forward, 5-CTGGTGCAGCCCACTCTGGTC-3’; c-Fos reverse,

5-CTTTCAGCAGATTGGCAATCTC-3', NFATcl forward,
5-CAACGCCCTGACCACCGATAG-3; NFATc1 reverse,
5-GGCTGCCTTCCGTCTCATAGT-3, TRAP forward,
5-ACTTCCCCAGCCCTTACTAC-3; TRAP reverse,
5-TCAGCACATAGCCCACACCG-3, OSCAR forward,
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5-CTGCTGGTAACGGATCAGCTCCCCAGA-3’; OSCAR
reverse, 5-CCAAGGAGCCAGAACCTTGGAAACT-3,
Cathepsin K forward, 5-CACTGCTCTCTTCAGGGCTT-3’;
Cathepsin K reverse, 5-ACGGAGGCATTGACTCTGAA-3,
DC-STAMP forward, 5-GCAAGGAACCCAAGGAGTCG-3;
DC-STAMP reverse, 5-CAGTTGGCCCAGAAAGAGGG-3,
Integrin av forward, 5-TTGTTGCCGCCTTACGAGAA-3’;
Integrin av reverse, 5-GCAGATGGCATAGCCACAGG-3,
Integrin  p3  forward, 5-TCTCCTGCGTCCGCTACAAA-3;
Integrin 3 reverse, 5-CCCTTGGGACACTCAGGCTC-3,
GAPDH 5-ACCACAGTCCATGCCATCAC-3;
GAPDH reverse, 5-TCCACCACCCTGTTGCTGTA-3'. PCR =
AL 94ToA 30% < denaturation, 58ColA 30x &<t
annealing, 12|31 72T A 30% &<t extension ¥H&-S 25 ~ 30
cyclesZ o] SZAIZT FAHE cDNATE 1% agarose gelol A
25t Ha, EBrE FAste] 2 dolM FFagich

forward,

5. Western blot &4

v gFE M E+= lysis buffer (50 mM tris-Cl, 150 mM NaCl,
5 mM EDTA, 1% Triton X-100, 1 mM sodium fluoride, 1 mM
sodium vanadate, 1% deoxycholate, protease inhibitors)E o]
£3lo] gt YAE (14,000 rpm, 20 min)S FH ] =5
st g ds AUt @ A2 DC Protein assay kit (Bio-Rad,
Hercules, CA, USA)E AH&-3lo] B aFsla 53¢ ﬂ““’éi" 10%
SDS-polyacrylamide gelolA] &3ttt #ed @Hd
PVDF =& Ql(Amersham Biosciences)©. 2 £ 7|3 PVDF=
5% non-fat dry milkE *g3slo] vl Eo] gduldoe] 2= AL W
Astdth. 283 13 A 2 23k FAE APk TBST &%
g oZ PVDFHS A A3l enhanced chemiluminescenceZ
olgsh We Ausel wud BAL BAHAL,

rlo rl
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et BFEZAEE A7) Y3t collageneZ ZET 90
mm  HjFHAC FEAEe 2IAEE AUt 1,
25-dihydroxyvitamin D3 (VitD3)9} prostaglandin E2 (PGE2)&
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7} &4 % pit area= Image Pro-Plus program version, 4.0
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At DMSOE Agg 2ol A= TRAP 44 v d mt=A
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Fig. 1. Effect on osteoclast differentiation by 7axili Ramulus (TXR)
extract. (A) BMMs were cultured for 4 days with M-CSF (30 ng/ml) and RANKL
(100 ng/ml) in the presence of TXR extract. Cells were fixed in 3.7% formalin,
permeabilized with 0.1% Triton X-100, and stained with TRAP solution.
TRAP-positive cells were photographed under a light microscope. (B) TRAP-positive
cells were counted as osteoclasts. =+ P < 0.001 vs control. (C) BMMs were seeded
into a 96-well plate and cultured for 3 days in the presence of M~CSF (30 ng/ml)
and with the indicated concentrations of ethanol extract of TXR. After 3 days, the
absorbance was measured at 450 nm using an ELISA reader.

2.

]

O).

P71 FE=ol EAEe watet BET &

3%

Az =) m

rr

- 433 -



RANKL# RANK®] 232 %] o] 23 A9 F
2] FAE 7heEA gnh B AFeM e A2 Z59
Q3 § 4R c-Fos, NFATc1, TRAP, OSCARS} A g%+
HH integrin av, $3 12 I actin ring®} A3E DC-STAMP,
Cathepsin K¢ mRNA 2@&$ 8ol Au}, RANKLY ol& =
7}d mRNA 2&o] 378 FE2E] Aol 3l c-Fosg A<
3 BF FAFCE FoA BadSthFig. 2A). ET
RANKLS &3+ thZ2 c-Fos$t NFATc19] whfz ahg
A3 AA N, A7 FE2ES Aol 8] c-Fos, NFATc1
2 o] A A = A thFig. 2B). c-Foso] THlge o
v, mRNA 482 wsyt gle 2948 53 47 &

o cFoss WAL AATS & + ANk

d

Moo X

=

Mo 2 rulo r

[ —‘Pﬂ'

A
Vehicle TXR (500 ng/ml)
RANKL
(100 ngimp) 2 12 24 48 0 12 24 48 Time (h)
I
GAPDH
B "
Vehicle TXR (500 ng/ml)
RANKL
(100 ngimi) 0 12 24 48 0 12 24 48 Time (h)

’, ’ - ‘ e c-Fos

3 ‘ NFATe1

deded Ll bl

Fig. 2. Effect of TXR extract on RANKL-mediated c-Fos, NFATc1,
and osteoclast-related gene expression. (A) BMMs were pretreated with or
without TXR extract (500 ng/ml) for 1 h and then treated with RANKL (100 ng/ml)
for the indicated time points. Total RNA from the cells was obtained and the level
of the mRNA expression of the indicated genes was analyzed by RT-PCR. (B)
BMMs were pretreated with or without TXR extract (500 ng/ml) for 1 h and then
treated with RANKL (100 ng/ml) for the indicated time. The cells were lysed in lysis
buffer, then resolved by SDS-PAGE and western blotting with antibodies against
c-Fos and NFATc1 and b-actin.

3. RANKLd| o A5G AA o] nA= 4714 F+25 &
3}

DBAE LS dAste B8 FE2ES A871AE T
wal7] 98kl p3s, INK 59 MAPK, Akt, AAF2172¢1 NF«B
Ao HXE A7 FEEY A0S ASSAT A EE
714 3282 A7 F RANKLY 93 p38, INK, Akt, IkB
o B4

FolR ARHEE gelsglth. RANKLE A58 iz
w3 vue o, A FE2E 2ol AT FoMEe
38, Akt, [kB<] ¢14t3l B [kBO] £3 9] 2ol

5
FEY F JAAT INK Abse dase 2E #2328 + A

_‘_,
ae]

AUTHFig. 3). o|& &3 A7 FEE &
RS ol g3t A Ee B3ks AATE & F AU
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Fig. 3. Effect of TXR extract on RANKL-induced signaling pathways.
BMMs were starved for 3 h, pretreated with TXR extract (500 ng/ml) for 1 h and
then stimulated with RANKL (100 ng/ml) for the indicated times. Cell lysates were
analyzed by western blotting with antibody against p—p38, p38, p—Akt, Akt, p-IkB,
kB, p—JNK, JNK and b-actin.
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Fig. 4. Effct of TXR extract on bone resorption. Mature osteoclasts were
seeded on hydroxyapatite-coated plates and treated for 24 h with the indicated
concentrations of TXR extract. Attached cells on the plates were removed and
photographed under a light microscope (top). Pit areas were quantified using the
top of image (bottom). =+ P < 0.01 versus the control (DMSO).
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