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X EHo]| E2)3}= receptor activator of NF-kB (RANK)
o] RANKLe] 7Z3}3}lA =9 TNF receptor associated
factor 6 (TRAF6), c-Fos2} Nuclear factor of activated T
cell cl (NFATcl) 50| 43t spzMz B35 &
=314 "o}[5]. £38] TRAF69] =% p38, extracellu-
lar-signal regulated kinases (ERK), c-Jun N-terminal kinases
(INK) 53} 72 MAPKSs (mitogen-activated protein kinas-
es)&} NF«B, c-Fos & NFATcl3} 72+& mlgA|zo] B3}
o FoF AAES BAFAZIT(6]. ] F NFATcl-2
shzA x| #3lo] Bpdel Fodh Arlelabz s
X A]#:9] tartrate-resistant acid phosphatase (TRAP),
osteoclast-associated receptor (OSCAR), cathepsin K2}
dendritic cell-specific transmembrane protein (DC-STAMP)
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Baicalein Sigma Aldrich (St. Louis, MO, USA)ei| A
F413l9lvt. M-CSF2} human RANKL-2 PeproTech
(Rocky Hill, NJ, USA)AFS] Al &S AH4-314dT}. p38,
JNK, ERK, Akt, PLCy2, p-PLCy2, p-p38, p-JNK, p-ERK,
p-1-kB, p-Akt 34| Cell Signaling Technology (Bever-
ly, MA, USA)ALS] AlEFE& AH8-313l 2™, c-Fose}
NFATclel| 93 84|+ Santa Cruz Biotechnology (Santa
Cruz, CA, USA)2] A|ES o] L3t} B-actin 3HA| 2}
TRAP kit Sigma AldrichA}e] #| &S o]-g3l%tl XTT
assay kit= Roche (Indianapolis, IN, USA)el| A 313}d
o} Mzujeke] 23t o-MEM, FBS, antibiotics (Peni-
cillin/Streptomycin)+= Gibco-BRL (Grand Island, NT,
USA)ell A T3kl
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7Vsled wloFsled a1, B-312 98] 10 mM B-glycerol phos-
phate (Sigma Co., St. Louis, MO, USA)£} 50 ug/mL<]
ascorbic acid (Sigma Aldrich St. Louis, MO, USA)ZS &
7sked Abaskgend, 3elute} A2 Rt

2] ICRF}$-A2 100% CO, 7}22 o] 43}
3, 5 HEFH AFE sk 2elw A
F3 dEZe FES Aus F Iml FAP|E F4
7+ Je] AlZz= A FH sl red blood cell lysis buffer
(RBCL)& |43l Hd7-5 ga|AlA AlAseh A
o]z ZF4HEZ 10% FBS, M-CSF (30 ng/mL)7} %3
5 a-MEM wjA]ell A 37t wl<kslieh iof 39 &, 3
25 N Z2g A Z2 At s 220 23}
= 3]s A4 Ze] M-CSF (30 ng/mL)¢} RANKL (100
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96 well plates]] THAIM| Z 2 1 x 10%well2] D=2 200
ulL® BEF3}37 baicalein® M-CSF (30 ng/mL)E %=
Wz Arksted 3U7E wioFstdet vk 39 &, XTT 4
o SOuLE Z7re] wello] R7Fsha 441 lokstal
O % F3 % =X7] (Molecular Devices, CA, USA)S
o] 5o 450 nmelA] EHEE 24 skAch

5. Real-Time PCR £&44

wjok=l A 24 TRIzol (Invitrogen, Carsbad, CA,
USA) g o= z|zAte] vfde] ulel RNAE £2]3}
At 22]% RNA 2 ug2 dNTP, oligo dT primer, buffer,
dithiothreitol, Superscript II reverse transcriptase £} RNase
inhibitorE ©|8-3}e] cDNAE &Asteit) A=l cDNA
£ o} 9] primerg ©]g-3te] PCR 53F& Al=d3sict.
PCR Z71-& 95°Cel|A] 10% F<9F 28|31 60°CollA 20
Z Z¢ko] ¥FS-& 40 cyclesE HEE-3lo] Z=Z A7)

6. Western blot 2

Wkl Al ZE lysis buffer (50 mM tris-Cl, 150 mM
NaCl, 5 mM EDTA, 1% Triton X-100, 1 mM sodium flu-
oride, 1 mM sodium vanadate, 1% deoxycholate, protease
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% =22 PVDF % (Amersham Biosciences, Bucking-
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milkE *2]dle] ¥] o thilAde] B1= 7S WIA|3}3]
o} 28] 12} 34 2 23} 8412 A 2)8)el TBS-T ¢
ZgM oz PVDFL-E A& 3] enhanced chemilumi-
nescenceZ o] -gaf whi whelS g o}
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$sle] vlg-2~2RE] 223 Y AA Ze)| baicaleinS 5
=2 A2st3 RANKLZE Az o] 135 f=
stoit}. 2 A3}, baicalein® RANKLe] 2] f=% 3}
ZA O] B35 = oJEX o7 A3 (Fig. 1A,
B). = baicalein®] SFAME B3} oA &7} =A)
o1& ZAAE FA3r] $lste] AP FE XTT A A
baicalein2 2 Ao AlL3 EToAME MEEAS
7HIA 5 BHld S siot (Fig. 10).

2. Baicalein0| RANKL Al XMt ZZ0| 0|X|= P&t

MAPKs, Akt, NF-kB Al 34 2he w}ZA|£2] #3}3}
7 Zoll RANKLel| oJsf &Ad3tem] Fo3 9L gt
o} we}A] baicaleine] w IM|E E3} AA|=HE7)A
o WX oJ8E dolr 7] $]8] RANKLe]| ]38t 4%
A=Zd# Aol baicalein®] °J3Fe AT 7]& RAW
264.7 N ZFZ o] 43t A3 Akt, ERK®] <lAts}
9} NF-xBe] 8A3ls A= w7} glgle) ol<}
t HxHezs A f9 AAMES o83 A
o 9le] baicaleine RANKLe] °]8F p38, ERK®] 4]
2 JA)8}x] 254901}, Akt, INK, NF-kB 2 PLCy2<]
AL IAIBkH (Fig. 2). o]AFe] Z = baicalein
Akt, INK, NF-kB @ PLCy2 £9] tjo}st ZA = zta38
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Fig. 1. Baicalein suppresses RANKL-induced osteoclast differentiation. (A) Osteoclast precusors were cultured with M-CSF (30 ng/mL)
and RANKL (100 ng/mL) for 4 days in the presence or absence of baicalein. Scale bar: 200 um (B) TRAP™ cells containing five or more
nuclei were counted as multinucleated osteoclasts. (C) BMMs were cultured for 3 days with M-CSF (30 ng/mL) in the presence of
baicalein. After 3 days, 50 uL of XTT reagents were added to each well, and the cells were incubated for 4 h. The absorbance was measured

at 450 nm using a microplate reader. ***, p<0.001 vs untreated control.
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Fig. 2. Baicalein inhibits RANKL-mediated early signaling. BMMs
were pretreated with baicalein for 1 h and then stimulated with
RANKL for the indicated times. BMMs were pretreated with or
without baicalein (30 uM) for 1 h and then stimulated with RANKL
(100 ng/mL) for the indicated time. The cell lysates were analyzed
by western blotting with antibodies.
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g oA e JAlaRE Felstel o] NFATcl =
g 48A17F djof] W2l ulE] JAFHAS AT 5
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Fig. 3. Baicalein inhibits RANKL-induced c-fos and NFATc1 ex-
pression. BMMs were pretreated with baicalein for 1 h and then
stimulated with RANKL (100 ng/mL) for the indicated times. Total
RNA or protein of c-Fos, NFATc1 were obtained at the indicated
time points, respectively. (A) The mRNA expression levels of the
indicated genes was analyzed by Real-Time RT-PCR (B) The cell
lysates were analyzed by western blotting with antibodies. **, p<
0.01 vs O h; *** p<0.001 vs Oh; #, p<0.05 vs treated with DMSO
in time control; ##, p<0.01 vs treated with DMSO in time control.
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Fig. 4. Baicalein inhibits RANKL-induced osteoclastogenic marker gene expressions. (A) BMMs were pretreated with baicalein for 1 h and
then stimulated with RANKL for the indicated times. Total RNA was obtained at the indicated time points. The mRNA expression levels of
the indicated genes were analyzed by Real-Time PCR. *** p<0.001 vs 0 h; ###, p<0.001 vs treated with DMSO in time control.
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Fig. 5. Baicalein promotes BMSC derived osteoblast differentiation. (A, B) BMMs were plated at a density of 1.5 X 10° cells/well in 48-
well plates and cultured for 8 days and then were treated in the presence or absence of baicalein for 8 days (ALP stain), 21 days (ARS

stain).

$]3}e] baicaleinol] 2J3F A&t FFA| 22| A =HAA}
o) WAL A FBA L AmfAA 2
2z odedx] TRAP, OSCAR, CtsK¢} DC-STAMP2] mRNA

AN =
Al RANKL x}— 48 A 7 RE] o
oA Al FaetAde-S 2Helstalth (Fig. 4).

7kl



jol-

96 INEES

=2

B
ok
N

o
[y

Ho

0|, 0|H %, 2xf2)

i

02
o
0z
]
H0

Table 1. Primer sequence for real-time PCR analysis.

Gene Primer sequence
c-Fos sense5’-GGTGAAGACCGTGTCAGGAG-3'
c-Fos antisense5'-TATTCCGTTCCCTTCGGATT-3’
NFATcl sense5'-GAGTACACCTTCCAGCACCTT-3'
NFATcl antisense5’-TATGATGTCGGGGAAAGAGA-3'
TRAP sense5’-TCATGGGTGGTGCTGCT-3'
TRAP antisense5’-GCCCACAG-3";CCACAAATCT-3'
OSCAR sense5’-GGAATGGTCCTCATCTCCTT-3'
OSCAR antisense5’-TCCAGGCAGTCTCTTCAGTTT-3’
Cathepsin K sense5’-CCAGTGGGAGCTATGGAAGA-3'
Cathepsin K antisense5’-CTCCAGGTTATGGGCAGAGA-3’
DC-STAMP sense5’-TCCTCCATGAACAAACAGTTCCA-3'
DC-STAMP antisenseS’—?g/;CGTGGTTTAGGAATGCAGC
GAPDH sense5’-TCAAGAAGGTGGTGAAGCAG-3'
GAPDH antisense5’-AGTGGGAGTTGCTGTTGAAGT-3'
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Alkaline phosphatase (ALP):= Z3A| 22| Az}
EA ko] 4313} oA F]elAre] Sllel] Tofahe
A E FA49 2AIAR 453 9o 7 5F
o ICRoF$-A2 0 AA8 T4 AALE o] ool
baicaleino] ALP #AJel] w]X|&= oJ3kg I3l =dl
ALP ZA]-2 baicalein 3% &|&H o 7 Z7}s9iv} (Fig.
SA). w3 vl A2E Salshr] 919) AR Alizarin
red S ¢34 A3} baicalein 30 uM 2] 2]l A §-2]A 3l
A el Rzpe] F74= 9l (Fig. 5B).
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Azefofe AEAY S S8t A= 23S =
HE AHAZ QA F EAES 5 d7AE 2 o
Hoz o]g3tar glt AA 9| (in vitro)A e A AHS-
3 MEE AAE, Y3 ER oA, A
744 2 (normal cell) = 7HA| 2HE] Hoix] 2 A4
z9} 7155 7 o] A E M EER ZoAE (Y
A E)e) slar, BEIA EE A ES UA 2715} bl
ool AN ESY P2 TS 4 e vEE
7M1 Ml Z2H M 5 (cell line)z} e [17]. H A4
S sty 2 "dAE SHE] As oeks vy F
A o] Aol 7t ¥ 2=71ol Bt 919 AlZEe] ul
Al ARS-E A 32 gl WA 28] A2t 284 7Y
gk 71" ATl = GA] A 7HA] Hejo] M=
o] AFS-E I gtk A E= HH O] AlZS V)5S
FAE 4 e -l e Wb, I A EE HJF = b
el Al o] el A o] Sz, o] & 7 s}
7] 15t W oz AMEzFE ARl Qo ey I
FAZ B3l M e ool HEst MEF7) A
DA o] ol FA7MA] FZAE E31E 9JEA RAW
264 TN Z7F AHSE T AR ol FFHiAAE
o} 2] FZAE £3} Alo] RANKL®]e] M-CSFE 2
8= A 4, wd A E w= 7)AA Ze} FEul
F& & 5 oddEls A ApolAE 73 sl
o|23t Ao|Z SAE wEt FA A Agr)He &
HA YA AT, ol FFAHEZE oA Als A
A2 M| zpol7} EANGE A|ASR= wleltH[18,19].
I 2 F3M = A gfst NEFE ARSI
WAL Hx2 BEE MEFE AloldA = o] 7]
o8 o] FEAstar, A W] Aol v 7t Sl
A B QM EES o] 43t AFe] v foAe] &
o= AztEh

Baicaleing ©]8-3F I 29} IFA|Z B3}l 1]H|
E oF3kl w3t 71 Aol 23 E E3kE 43
M EZ2ZA] MC3T3-El Al 255 AH4-319ar, 3|2 &
315 98] RAW 264.7H| 255 AMg-3te] 747he] &3}
(12,1315 &<lgt v} Qo a4A|RE SJolA Abs 2 A=z
Fo} M| EALo| o] zle]HE 7|Hlo R FHIAE H
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2wz Z)USHE FBAZE A2 §R5H]
T F4 715e Seehe 44T Az paE.
Qe A zee] 28E JNNE HBAE w2
°] RANK7} RANKLZ} Zgels A o] Fp% ol
RANKLe¢] RANK¢|| 7Z&s}4] == TRAF Al wh=lzl
Zro] %1% 31 MAPKs<l INK, p38, ERK 9} 7H2 4]
AL EA0] 455 B3l IFAHE £t A4
A el NF-kB, c-Fos, NFATc12] &g $x3lt} E3)
NFATc1-& s}lZAM| 2 4] §A=}e] TRAPZ OSCARS]
e SAdsel sEAze 23 frdehd-Tl
RANK/RANKL ZAgol] &3 fr==& st3Az 232
ol AlsAZAAS Sle] PLC2sE B S
TRAF6 Al 434S %3] Grb2 binding adaptor pro-
tein (GAB2)£} PLCy2 Src homology ®E]=Z (SH motif)el]
7 gs}e] IkB/NF-xB, INK 78|32 AP19] 3¢xlaxd
A2 &3S fr=3ted NFATcl2] wale S]]
T 1A} 7 =9} Dapl2/FcRy2] st¢] =HAo] EAjsh=
SFKe]| o]&" o=z PLCy29| A7} Z713to =z
NFATcl2] W3$ §x3l= 231 A== o [20].
Kim 5- (Food and Chemical Toxicology, 2008)2] -]
°]& RAW264.74] 50| 4] RANKL 2=l sl
T5: 9ZHME B3}= baicaleine] Akt, ERKS] <At
3te} NF-xB2] #4& A3}z, c-Src®] mRNA AR
F& YEens sk Hew uild 2o 2 A
ol A3l BMMo|A] RANKL }=o] 2|3
S ¥ vFA|Z B3}E baicaleino] Akt, INK 18] 31
IkBe] <QlAs}E A3 oz c-Fos®t NFATcl®)
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The Effects of Baicalein on Osteoclast Differentiation from
Bone Marrow Derived Macrophage

Ji Kwang Yun" T, Yoon-Hee Cheon?* T, Ju-Young Kim*, Seong Cheoul Kwak??, Kang Hue Yoon?,
Jong Min Baek*?, Myeong Su Lee*, Jaemin Oh***, Jongtae Park’
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*Department of Anatomy & Institute for Skeletal Disease, Wonkwang University
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*Imaging Science-based Lung and Bone Disease Research Center, Wonkwang University

Abstract : As prediction of rapidly aging society, bone health is considered increasingly important and received
more attention than ever. Bone health is regulated by balancing between bone resorptive osteoclasts and bone
formative osteoblasts. Disruption of balance between bone-resorbing osteoclasts and bone-forming osteoblasts
results in bone disease. Natural products have recently received much attention as an alternative tool for the
development of novel therapeutic strategy. Baicalein is reported it has anti-cancer, anti-inflammatory and
antioxidant effects. Baicalein also has been known that it has both promotive effect on MC3T3-E1 cell line and
inhibitory effect on RAW 264.7 cell line. However, the inhibitory mechanism of baicalein using bone marrow
derived macrophages (BMMs) on osteoclast differentiation remains not clear. In this study, the suppressive
mechanism by baicalein on osteoblast differentiation was evaluated. Bicalein inhibited receptor activator of
nuclear factor-kB ligand (RANKL)-induced osteoclast differentiation in BMMs in a dose dependent manner
without any toxicity. Baicalein suppressed phosphorylation of protein kinaseB (Akt), c-Jun N-terminal kinases
(JNK) and phosphoinositide-specific phospholipaseCy2 (PLCy2). Furthermore, Baicalein suppressed the
induction of RANKL-induced c-Fos and Nuclear factor of activated T cell c1 (NFATc1), essential genes on
osteoclastogenesis. In BMMs, Bicalein inhibited the mRNA expression of tartrate-resistant acid phosphatase
(TRAP), osteoclast-associated receptor (OSCAR), cathepsinK, dendritic cell-specific transmembrane protein (DC-
STAMP). Moreover, baicalein promoted differentiation of osteoblast on bone marrow stromal cells (BMSCs).
Taken together, these results suggest that baicalein has a potential for treating bone lytic diseases, such as
osteoporosis, periodontitis, and rheumatoid arthritis.
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