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acid phosphatase (TRAP)2] mRNA ®H&l o] H&chel ofsf AAIgE gqlstdon, Azt # = 34
¢l Integrin av, B3¢} actinringel] o3l - x}el dendritic cell-specific transmembrane preotein (DC-STAMP)
a2 F F55d d#E CahepsinK =3 22 232 vepligict o2 Axbe A&45e] F935S ¥
3 248 X8 FuEA2N 7lsAS AAEE

A N

FotEy| gt AL @Mz, FE, F 55 RANKL

N B 24, 7ia 3 epatelut AAd A A7ItezE &
Aol dofjupe= w9 AT A e=[1,2].

2 2o 2 zAe 2Yglol Wale A7) F sht olefd FrhEFel Wl 7}“ A vAE Ao
24, oF 104t} BE T 22o] M2e T 2oz A IBAEE £ F Sk 2EAEAA FHE i}
@A ARHAE AN, AT TS T 55 FAEE AT 297 /E“‘*ﬂ:m AEH F4E

=2 3= g2 29 T AL sl 2222 T34 %18l Z 238k macrophage-colony stimulating factor (M-
oJsjo] WAy fALG 22t o|eie FHo] A CSPSh FHEALE] w3jel B4l el receplor acivator of
A HW g7 7}x] A sto] wbAsHA Hid 1 = nuclear factor-xB ligand (RANKL)o]2}= Alo] &7}eld]
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DMSO g1 & A}8-3}ed 25, 50, 100 ug/mL 2 3] A5}
A& e AFg-3}gdl TRAP 2902 Sigma Aldrich (St.
Louis, MO, USA) A &2 AF&-3}9d 2, XTT (2,3-Bis- (2-
M ethoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Car-
boxanilide) assay kit= Roche (Indianapolis, IN, USA)e]|
A Tk Az 9 w2 E 23 $ls) 2o
3t o-MEM, FBS ¥ penicillin-streptomycin -2 Gibco-
BRL (Grand Island, NT, USA)ol| A F3)8}43 a2, human
RANKL ¢} human M-CSF:= Peprotech (London, UK)<]
AFL A A28 B2 AT AAPA 2 reb-
bit-anti-c-Fos, mouse-anti-NFATc1 (Santa Cruz Biotech-
nology; 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-1kB, rabbit-anti-IxB (Cell Signaling Technology;
Beverly, MA, USA) 2 mouse-anti-B-actin (internal con-
trol) (Sigma Aldrich) 52 A}£-35}53 37, o] x}8kA| &= anti-
rabbit=} anti-mouseE A}8-3}¢ 0™ Amer-sham Phama-
ciaBiotechnology Inc. (Tokyo, Japan)-2 313} v}
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Zrzre] wellell A 7}sta 44 7F vilofF 3 ELISA reader
(Molecular Devices, CA, USA)E 01%'6}04 450 nmel| A
FA=E FlsseH13].

4. AMAEEIE A IS (RT-PCR) £4

M= W & RNAE QIAzol lysis reagent (QIAGEN,
Vaencia CA, USA)2 A=) wle} 223slych =5
3t k2] RNA*= TOPscript cDNA synthesis kit (Enzyno-
mics, Dagjeon, Korea) S A}-4-3}o] cDNAE 3HAl 519l
CDNA 1uge w53 22 747e] primers o] 43}
PCRE 3319t
c-Fos forward,

5-CTGGTGCAGCCCACTCTGGTC-3';
c-Fosreverse,

5-CTTTCAGCAGATTGGCAATCTC-3;

NFATc1 forward,
5-CAACGCCCTGACCACCGATAG-3;
NFATCcL reverse,
5-GGCTGCCTTCCGTCTCATAGT-3;
TRAP forward,
5-ACTTCCCCAGCCCTTACTAC-3;
TRAP reverse,
5-TCAGCACATAGCCCACACCG-3;
OSCAR forward,
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 ov forward,
5-TTGTTGCCGCCTTACGAGAA-3
Integrin av reverse,
5-GCAGATGGCATAGCCACAGG-3
Integrin 3 forward,
5-TCTCCTGCGTCCGCTACAAA-3
Integrin B3 reverse,
5-CCCTTGGGACACTCAGGCTC-3
GAPDH forward,
5-ACCACAGTCCATGCCATCAC-3;
GAPDH reverse,
5-TCCACCACCCTGTTGCTGTA-3
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extension ¥l-2-& 25~ 30 cyclesg. o] Z=ZA|Zo}. &
A%l cDNA: 1% agarose gelol] A —,_.—ﬂs}ei_w_, EtBr=.
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wjeksl Al =E lysis buffer (50 mM tris-Cl, 150 mM
NaCl, 5mM EDTA, 1% Triton X-100, 1 mM sodium flu-
oride, 1 mM sodium vanadate, 1% deoxycholate, protease
inhibitors) 2 o]-&-3}e] fallsl YAlE2] (14,000 rpm,
20min)E efate] =g TS Agioh T
DC Protein assay kit (Bio-Rad, Hercules, CA, USA)E A}
gote] At TFe] A 10% SDS-polyacry-
lamide gelol 4] £2)slsie). £2)8 whiAe PVDFe}
(Amersham Biosciences) ¢ 2 £7]32 PVDFZ+2 5% non-
fat dry milkE xj2jste] v] Sojshfidle] 2= 715 W
Asteleh. 2elxm 13 @A 2 23 dAE Al
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eule] M 253 F5H 29} 193 ICR k9] )
Foll A BE)gt =FH| =S H71slx 1o, 25-dihydroxy-
vitamin D3 (VitD3)¢} == ~e}lZ2y] E2E *]E|sle] 6
A7t IRl oFstsA ) vl ekst ¥, A £ 0.1% collagenase
2 z]g|sle] woJu] 2 hydroxyapatitez & ¥ 96-well
o) o] AT BA AET F2EE FolAl
w2 Ashe] 12402k wjokalsieh. 12417 wle} ¥, A]
X 2542 2AEla FEEn)AS B8] A0k
Hydroxyapatite’} &% %< Image Pro-Plus program
version, 4.0 (Media Cybernetics) .2 #2593 v}[14].
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Fig. 1. Effect on osteoclast differentiation by ethanol extract of Phlomis umbrosa Turcz (PUT). (A) BMMs (bone marrow macrophages)
were cultured for 4 days with M-CSF (30 ng/mL) and RANKL (100 ng/mL) in the presence of ethanol extract of PUT. 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 (100 x magnification). (B) TRAP-positive cells were counted as osteoclasts. p< 0.05 vs control (DM SO). (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 PUT. After 3 days, the absorbance was measured at 450 nm using an ELISA reader.
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Fig. 2. Effect of ethanol extract of Phlomis umbrosa Turcz (PUT)
on gene expression, c-Fos and NFATCcL that are associated with
osteoclast differentiation. (A) BMMs were pretreated with or with-
out ethanol extract of PUT (100 ug/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 expression of the mMRNA
of the indicated genes was analyzed by RT-PCR. (B) BMMs were
pretreated with or without ethanol extract of PUT (100 ug/mL) for
1h 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.
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Fig. 3. Effect of ethanol extract of Phlomis umbrosa Turcz (PUT) on phosphorylation of MAPK. BMMs were starved for 3 h, pretreated
with ethanol extract of PUT (100 pg/mL) for 1 h and then stimulated with RANKL (100 ng/mL) for the indicated times. Cell lysates were
analyzed by Western blotting with primary antibody against p-p38, p38, p-Akt, Akt, p-1xB, IkB, p-JNK, JNK and B-actin and secondary

antibody (anti-rabbit, anti-mouse).



120 WH=0| dEEE) &M

Put (100 pug/mL)

150+

~ 1004

)

8

s

(a0 50-
0=

DMSO

Put
(100ug/mL)

Fig. 4. Ethanol extract of Phlomis umbrosa Turcz (PUT) inhibits
osteoclastic bone resorption. Mature osteoclasts were seeded on
hydroxyapatite-coated plates and treated for 24 h with the indicat-
ed concentrations of PUT. Attached cells on the plates were removed
and photographed under a light microscope (top) (100 x magnifica
tion). Pit areas were quantified using the image (bottom). *p< 0.05;
**n< 0.01 versus the control (DM SO).
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bl o] Foix|7] AlEFERH[15]. 12y, A o
Aol A AREsl 9l I A 8AY] A =
7] AIEIEA A28 A 8AE R 913 3
8] A7|1=ER 53] A o] 8Fo] ¥ FAHEo
Ao AdBo|} QA S o]f3le] X8AE T
317] 918 A7t s Y= 9loH[16]. FrheE
I F=ste] Qum|zl, BEA}, Bk, & 5o AQEA
o] FFM£2] £3}E JAstn FhgEE o A
olghs A7 F WEH 3 [17-20], o] 7 AHES 7]t
o= o7 279 AAEAE A7) A9, 1 7
¥ Agcho] &l 9l& Aolehe 5% 3 =k
el 2 d3e g3Az B3] dAEaHE 45T
I FAl 2 2E71AE 8| o oyt dAdel A
F5 ABA 2N F-4495 dotr iz} 3T
A&k 25ug/mLe] Ao FE 1s=<l 100
ug/mL7kA] M 254 o] ¢lo] RANKLZ f-=3F 3h24]
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AP 711E RS o 4 e (Fig. 3). NFATcL
2 TRAF62} NF-xB2] subunitg]l p50/p5271 A=l Al
TolM £ W 12 d7A e et o2
M E B3] 271 oA NFxBe] el f3iAt=z =t
22 33 STAE 23] AxaA ouE SHE
4ol w3k RANKLZ RANKS] Zgte] ojsf 4]
e = g8 AxRIzte Az AP-1E3HA| o] 74
AdEQl c-Fos JA] 710 A75 53 Mz £
AN Fagt TS el Al o] a3t 4]
o213 NFATc13} c-Fose| whalo] A&t o3 A
Hovhs AR SEA 2] 3t glelM A&
tho] 2Hggiohs AM S onldiga £ 4= Qo)

MAP kinase®] 413 ZA Aol gleir] H&rto] n]3|
£ o33s g A3} p38, IxB, INKE] <laksts A
rozy Az E3ts QAT A & 5
214de} (Fig. 2). MAP kinase & p38-2 signal transducer
and activator of transcription 1 (STAT1)S A A o=
QAN T o) ShBA S} BAT o2 e A
A5o] whals x=A-3o} =3 stress activated protein
kinases (SAPKs)z} E2]= INKE MKK72] 3¢5
o] Az 2H MKK7L invitroelA shzy = 23}3}
Aol A= o] = AFAAT} 7] Bk vl 9l
©m[2]1], INKE= c-dun} c-Fos 58 =313t AP-19] =
AR A qge sea A 9leH[22]. o] sk 9w
£ 7M1= p383} INK2| QlAE 7} H&rhe] 2] oA
H 32 NF-xBe] &Ad3tel] 7202 dAxte] gl& IkBe] <Ak
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Z7} 23 AAZIAe v A ARAFE GAF F1E
At
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737] A EANAA el o)ito] & S, FHTS
o] 918AE S7MIZIT L izl OSCAR[24]¢] mRNA
whele] A4kl ola) oA gE shelshelnh o vebrl,
M2} 71A71e] Abs k2ol 9leiA] heterodimeric adhe-
sion receptor24] 283} Integrin & }IA| Z oA
=2 £=x]¢] WS Ho]W vitronectin, osteopontin, bone
siadoprotein 58 xZ33t Mz 7|A3 Addsio
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3 AAHUR[25]. o]} vl Ee] A E] AFA
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AAENSE I 4 U (Fig. 2). DC-STAMP2}




Cathepsin K] wtalo] elA|9 Asts Fa d4a 72
M| FAE o]t adtinring®] A 3k Ao
ofal oAE Aelehs #2& @ 4 Agch = A7l
A Ase stz 4o AEE T F5%
=3 A E Aolgle F2& T o) F Fls) §)
sled F7|A ] F2AJE<l hydroxyapditez. ¥ =

g o] ES o]
o] slFA 29 F F4E

At (Fig. 4).
¥ ATelres A&kl MAPkinased] 7= F p38,
INK&} NF-xB& AlsAgds dAsle] ol A=z AAF
ARz Bste Aselm sheAxe] §4% F 7|
ol AR o7 fAAEe] VAL Aoy
FEALY sfsl & 4 1 E ek A
< Felsldet o] AFA RS B3, 718l dHA
S8 Aol 2z A wojel detel Habe
¢ Ao, #5 Fohyse] A % o

SRS Al =
Atto] ou] Al 2 £ 9l o=
5

¢ E F5% BHE AN A A
S

A Al AAREE BHls

:rﬂl

o 1ol
2A% AASGE H delrh A4
T NEY oJe) SEARS F ) 2 97T Be

7} & ez AlsdH

o4

1. Park YS. Diagnosis and treatment of osteoporosis. J Korean
Med Assoc. 2012; 55:1083-94.

2. Henriksen K, Bollerdev J, Everts V, Karsdal MA. Osteoc-
last activity and subtypes as a function of physiology and
pathology-implications for future treatment of osteoporosis.
Endocr Rev. 2011; 23:31-63.

3. David Roodman G. Regulation of osteoclast differentiation.
Ann NY Acad Sci. 2006; 1068:100-9.

4. Masataka A, Hiroshi T. The molecular understanding of
osteoclast differentiation. Bone. 2007; 40:251-64.

5. Lianping X, Edward MS, Brendan FB. Osteoclast precur-
sors, RANKL/RANK, and immunology. Immunol Rev.
2005; 208:19-29.

6. Andrea DF, Anna T, Nadia R. Osteoclast receptors and
signaling. Arch Biochem Biophys. 2008; 473:147-60.

7. Soysa NS, Alles N. NF-xB functions in osteoclasts. Biochem
Biophys Res Commun. 2009; 378: 1-5.

8. Huang H, Chang EJ, Ryu JY, Lee ZH, Lee YK, Kim HH.
Induction of c-Fos and NFATc1 during RANKL-stimulated
osteoclast differentiation is mediated by the p38 signaling
pathway. Biochem Biophys Res Commun. 2006; 351:99-
105.

9. Cheng MH, Chen JF, Fuh JL, Lee WL, Wang PH. Osteo-

oEMZO OjXl= M&Eel g1 121

porosis treatment in postmenopausal women with pre-exist-
ing fracture. Taiwan J Obstet Gynecol. 2012; 51:153-66.

10. Sundeep K, David B, Jane C, David WD, Peter RE, Dieter
F, et al. Bisphophonates-associated osteonecrosis of the
jaw:report of atask force of the american society for bone
and mineral research. J Bone Miner Res. 2007; 22:1479-
91.

11. Seo BI, Lee JH, Choi HY, Kwon DY, Boo YM. Hernal Me-
dicine, Seoul, Y ounglimsa.

12. Lee MS, Kim HS, Yeon JT, Choi SW, Chun CH, Kwak
HB, et al. GM-CSF regulates fusion of mononuclear osteo-
clasts into bone-resorbing osteoclasts by activating the Ras/
ERK pathway. J Immunol. 2009; 183:3390-9.

13. Kuhn DM, Balkis M, Chandra J, Mukherjee PK, Ghannoum
MA. Uses and Limitations of the XTT Assay in Studies of
Candida Growth and Metabolism. J Clin Microbiol. 2003;
41:506-8.

14. Bradley EW, Ourdler MJ. Osteoclast culture and resorption
assays. Methods Mol Biol. 2008; 455:19-35.

15. Delman PD. Treatment of postmenopausal osteoporosis.
Lancet. 2002; 359:2018-26.

16. Kang MJ, Cho JY, Shim BH, Kim DK, Lee JH. Bioavaila-
bility enhancing activities of natural compounds from medi-
cinal plants. JMed Plant Res. 2009; 13:1204-11.

17. Lee MS, Kim JJ, Oh JM, Choi MK, Song MJ, Ahn YH, et
al. Effect of water extract of Saussureae radix in RANKL-
induced osteoclast differentiation. Korean J Oriental Phy-
siol Pathol. 2011; 25:516-20.

18. Oh M, Lee MS, Kim JJ, Lee JH, Chae SU, Kim HY, et al.
Effect of water extract of Rubi fructus in RANKL-induced
osteoclast differentiation. Korean J Oriental Physiol Pathol.
2011; 25:669-73.

19. Lee Y, Lee HS, Jang SJ, Song JH. Effect of water extract of
Schisandra Chinensis on osteoclast differentiaton. Korean
JOriental Physiol Pathol. 2010; 24:848-53.

20. Kim JH, Ki JY, Ahn JY, Park HJ, Kim HJ, Kwak HB, et al.
Inhibitory effects of Achyranthis bidentatae radix on osteo-
clast differentiation and bone resorption. Kor J Herbology.
2010; 25:65-74.

21. Yamamoto A, Miyazaki T, Kadono Y, Takayanagi H, Miura
T, Nishina H, et al. Possible involvement of IkB kinase 2
and MKK?7 in osteoclastogenesis induced by receptor acti-
vator of nuclear factor kappa B ligand. J Bone Miner Res.
2002; 17:612-21.

22. Wada T, Nakashima T, Hiroshi N, Penninger IM. RANKL-
RANK signaling in osteoclastogenesis and bone disease.
Trends Mol Med. 2006; 12:17-25.

23.Kim KS, Lee SH, Kim JH, Choi YW, Kim NS. NFATcl
induces osteoclast fusion via up-regulation of Atp6v0d2
and the dendritic cell-specific transmembrane protein (DC-



122 WHED| HIESH S E, e, H2E, MY, 01ZE, 2|8+, 23S, A8, 2d=x
STAMP). Mol Endocrinol. 2008; 22:176-85. 26. Kukita T, Wada N, Kukita A, Kakimoto T, Sandra F, Toh K,
24. Kim GS, Koh JM, Chang JS, Park BL, Kim LH, Park EK, et a. RANKL-induced DC-STAMP is essential for osteo-
et a. Association of the OSCAR promoter polymorphism clastogenesis. J Exp Med. 2004; 200:941-6.
with BMD in postmenopausal women. J Bone Miner Res. 27. Tanaka H, Tanabe N, Kawato T, Nakai K, Kariya T, Mat-
2005; 20:1342-8. sumoto S, et a. Nicotine affects bone resorption and sup-
25. Nakamura |, Duong le T, Rodan SB, Rodan GA. Involve- presses the expressions of Cathepsin K, MMP-9 and va-
ment of alpha(v)beta3 integrins in osteoclast function. J cuolar-type(+)-ATPase d2 and organization in osteoclasts.

Bone Miner Metab. 2007; 25:337-44. PLo0S One. 2013; 8:€59402.



oM OXl= M&Eel 2 123

The Effects of Phlomis umbrosa Turcz on Osteoclast Differentiation
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Abstract : Many bone-related diseases such as osteoporosis, rheumatoid arthritis are occurred by excessive bone
resorbing activity of osteoclasts. Recently, many studies have been proceeded to find out the new therapeutic materias
from natural products of plants. Phlomis umbrosa Turcz, one of the natural products of plants has been known to
improve bone health. However, the precise effects and treatment mechanisms of Phlomis umbrosa Turcz about
bone diseases has been unknown. So, we examined the effects of Phlomis umbrosa Turcz on expression of receptor
activator of nuclear factor-xB ligand (RANKL)-induced osteoclast differentiation in bone marrow-derived macro-
phages (BMMs) and bone resorption. Also, we investigated the treatment mechanisms of Phlomis umbrosa Turcz
relating to osteoclast differentiation. Here, we showed that Phlomis umbrosa Turcz significantly suppressed RANKL-
induced osteoclast differentiation and bone resportion. Furthermore, Phlomis umbrosa Turcz suppressed the activa
tion of NF-xB in bone marrow macrophage treated RANKL and M-CSF. The mRNA expression of c-Fos, nuclear
factor of activated T-cells(NFAT)cL, osteoclast-associated receptor (OSCAR), tartrate-resistant acid phosphatase
(TRAP) in BMMs was inhibited by Phlomis umbrosa Turcz Integrin av, 3 relating to cell adhesion and dendritic
cell-specific transmembrane protein (DC-STAMP) relating to the structure of filamentous actin (F-actin) ring and
cathepsin K relating to bone resorbing activity are disrupted too. These results suggest that Phlomis umbrosa
Turczwill be agood materials to treat bone diseases like osteoporosis.

Keywords : Phlomis umbrosa Turcz, Osteoclast, Osteoporosis, Bone resorption, RANKL
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