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Ipriflavone analogues inhibits RANKL-induced osteoclastogenesis by
inhibiting ERK, p38, JNK and NF-«B pathways
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ALP : alkaline phosphatase

BMC : bone mineral content

BMD : bone mineral density

BMSCs : bone marrow stromal cells
BMP-2 : bone morphogenetic protein-2
DEXA : dual-energy Xray absorptiometer
ECL : enhanced chemiluminescence

ERK : extracellular signal-regulated kinases
IL-1 : interleukin-1

IL-6 : interleukin-6

JNK : c-Jun N-terminal kinase

MAPK : mitogen activated protein kinase
M-CSF : macrophage colony stimulating factor
MSC : mesenchymal stromal cell

NOF : national osteoporosis foundation

OC - osteocalcin

OPN : osteopontin
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PTH : parathyroid hormone

PVDF membrane : polyvinylidene fluoride membrane
RANKL : receptor activator of nuclear factor kappa B ligand
TGFP : transforming growth factor-3

TNF : tumor necrosis factor

TRAF : TNFR associated factors

TRAP : tartrate-resistant acid phosphatase

1,25(OH),D; : 1,25-dihydroxyvitamin D
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Hr LAt Rds 0 EERF % hE (osteoclast) &9F ek ¥ 0 2F K A8 B 64 tm e

MEREEREZVAL  BEFTHERTRASERTEHRENE

N

4 o B R/ EA (ipriflavone) 7§ & 7-isopropoxyisoflavone » & & 8 75 8k H
RORREZWITEY > SHARIEL > ERARREARE RGFMN -
PR A BN S AT B AR ERSTA Y - AR EFUEF o B R B9 AE S -
F A dF ALY #% e (bone marrow stromal cells, BMSCs) A&
RAW264.7 E "% %a i, ¥ 45 3, > & & 7 B 4T 4 4 88 % 3 4 %] RANKL
(receptor activator of nuclear factor kappa B ligand) & M-CSF (macrophage
colony stimulating factor) A7 & 694k B 4a j - fA/E A > £RAW264.7E "%
%a i P 45 FRANKL » &35 5 ERK (extracellular-signal-regulated kinases)
p38 & JNK (c-Jun N-terminal kinase) #4E&&4t o R BRANKLAT 3% F 89 ERK ~
p38FnINK &) 5 B2 1L g 4% & A = BAAT £ M AT ) o sbsh > RANKL B E 3 fu
IkBafuSer5364 B + 49p65% B4 1L » kB-luciferasefo NF-kB A A% S DNA & 4~
BEMR > FRERRRSTEMATIS - MEBEXT 0 EA TR EDHER
R B ERSICRRATEY - Rk 0 BERFEATAEY T U
AR RUIRPTFHEO T HREARR - KPAARE T EFTRAEH W

fo R B tafie F 0 R AR ESTA M B3 HERK ~ INK ~ p38FuNF-kB7&
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P WPl ek e IR AR o Bt 0 M B A RERAT A Y o T AEHI B SR

BREAZRY > CITAEGIpHERETain > RV FERE -

Msts © ER-FEASTAY ~ #2548 ~ ERK ~ INK -~ p38 ~ NF-xB
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Numerous studies have indicated that inflammatory cytokines play a
major role in osteoclastogenesis, leading to the bone resorption that is
frequently associated with osteoporosis. Ipriflavone (7-isopropoxyisoflavone),
a derivative of natural isoflavone isolated from alfalfa, has been reported had
anti-inflammatory activity. We synthesized the new ipriflavone derivatives
and investigated the anti-osteoclastogenesis activity. We found that
ipriflavone analogues markedly inhibited the receptor activator of nuclear
factor kappa B ligand (RANKL) plus macrophage colony stimulating factor
(M-CSF)-induced osteoclastic differentiation from bone marrow stromal cells

and RAW264.7 macrophage cells. Treatment of RAW264.7 macrophages
with RANKL induced extracellular-signal-regulated kinase (ERK) ~ p38 and
c-Jun N-terminal kinase (JNK) phosphorylation. However, RANKL-induced
ERK -~ p38 and JNK phosphorylation was attenuated by ipriflavone analogues.

Furthermore, RANKL-mediated increase of IkBa phosphorylation, p65
phosphorylation at Ser536, kB-luciferase activity and NF-xB binding activity
was inhibited by ipriflavone analogues. In contrast, ipriflavone analogues did
not affect the proliferation and differentiation of osteoblacts. In addition,
ipriflavone analogues prevented the bone loss inducing by ovariectomy in
vivo. Our data suggest that ipriflavone analogues inhibits osteoclastogenesis
from bone marrow stromal cells and macrophage cells via attenuated of
RANKL-induced JNK, p38 and NF-«B activation. Therefore, the new
ipriflavone analogues may benefit bone health by decrease bone loss through

inhibiting the osteoclast.



Key words : Ipriflavone analogues, Osteoclast, ERK, JNK, p38, NF-kB
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— ~ XRKE AR
(1) B8 & H m AR

ABEN 6y F R A g BRI EE R BB BT A
BArt R o MR R A H MMk 0 Ty ERBE g 1F 5% >
WIS R TR - BERSSME TR EARE > MBREGAE TR EAH
o FRMRA T HERE R BT > AP BKEL 70%  FHREH
1SR F 89 30% o BARE PR OSHRBEESES - AERNREZRY - &
MR QLIEa L E ~ 49 ~ 45 - 47 - AU R AL EME - MAKE F
O FAE (98%) Réafe 2%)  BAE T SHABRE > sbsh 5% =
B REERA - FHT 2R X mie (Sikavitsas et al., 2001) : &7
%m jfL, (osteoblast) ~ £k F 4m i & 7 4m fi, (osteocyte) o B 5E P &4 M E 4w i
(mesenchymal stromal cell ; MSC) Z4itba it 7 fmpe (Vik et al., 2005) » £
ZHREBGE TR E TR REEG (type | collagen) ° & 7 i
% H N & F ok B & (parathyroid hormone ; PTH)
(Fernandez-Tresguerres-Hernandez-Gil et al., 2006; Kitahara et al., 2003) X
R 44 % D (1,25-dihydroxyvitamin D ; 1,25(OH),D;) # 4 K /& (Somjen,

2007) -



AN BB — A AR A R B B AT F R A B Y AR 0 AR R RS
TEr e KA R0 - SFAAB A B EEEM (bone remodeling) - #
FahhEgmn ER28F/LER > mekTepsbtnen 22
BALFE > FRARKPASARFY  —E ARG e T @RI EE 0 M
FEL S5 E N dnik ¥ (Lerner, 2000) o 3 B 5] 8% d 3& 5 4a B Bl o iR P 6945
W47 F 1t (Sikavitsas et al., 2001) » F B 697 iR A2 & 1& ) £& 4a B 64 32 8%,
MR e — SRR 20~30% 89 B EAM A AR M AT TR FIE
+ 3~6 18 A & H -

FEBRER T ABEMEREE (Fig 1)
1. # 1 #7 (quiescet) :

FoREAFFIEKE B F @R e EHEFHRER -
2. 7E4t#R (activation) :

Flafp £# LA HEFI AR R @ L > FRMER > BTl R
Kot A T 2R dhREZRSILMRYGATEE T &0
(preosteoclast) @45 & R & o
3. & #R (resorption) :

AT AR R tm e ALtk > SR ERF el 0 £ F R @YK > LRERF
R\ AR F e iR o RS ASI L E A FEAR S RIARIF L

1R -



4. # s B (formation) -

L B e ieik gt 0 EANFT @ IR T 0 MERT e i E MERK
WL Fmia s b BT EEF @B ZR Y FABIER -
5. #&4b ¥y (mineralization) :

BEH AT mBERT > RBTES  RRNERT  BTADE

=

BBl > FRBREFILRE S B FelR P F4T—

BFZ8ER -
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Fig. 1 Bone remodeling (Parfitt, 2001)

A cartoon of a BMU showing the various stages of cellular activity that
it passes through temporally. For simplicity of illustration, the cartoon shows
remodeling in only two dimensions, whereas in vivo it occurs in three
dimensions, with osteoclasts continuing to enlarge the cavity at one end and
osteoblasts beginning to fill it in at the other end. At the beginning of the
sequence, lining cells on the surface of bone become activated and retract.
Osteoclasts are recruited to the active site from precursors in bone marrow or
from circulating precursors, and these excavate a resorption cavity, the
furthermost extension of which becomes bounded by a sclerotic border called
the cement line. The resorption phase requires only about 2—4 weeks to
complete and is terminated when the osteoclasts disappear by apoptosis. After
a brief reversal phase, the resorption cavity becomes lined by osteoblasts. The
osteoblasts secrete osteoid that, after a lag period, mineralizes to form new
bone. Over a period of some 4-6 months, the formation phase refills the

resorption cavity with bone to form a completed osteon.



(2) £:F tm e

BRF iR S T RIRA T RN X EA% M (monocyte) ©
B4 4a i B B "% %m i (macrophage) > & H AT 5e4y (Teitelbaum, 2000) > 42
Evftmfa b Athfrémfady@ey » FERAR e T+REF
Breg 724 (Udagawa et al, 1990) o &:@E/b44 D3R —lmfg Ny
(cytokines) » 4w/~ & & -1 (interleukin-1 ; IL-1) ~ /& & -6 (interleukin-6 ;
IL-6) ~ #4% 4 Kk B F-B (transforming growth factor-p ; TGF-p) ~ R& % 3% 7
E -+ (tumor necrosis factor ; TNF) % #li%% > s ibRirFéafo AT & > &
ZREmb Mk (Fig.2)  RibthFlaft— oA S E Rafe - I
W E AR #420~50mm > S 3~584% > FEE MR (ko B FAKAR E RILT)
=T &R 2048 LA L ey Az o

Rzt 0 % F el & # B M-CSFILARANKL » K 24k F 4a

BT e &% (Yao etal., 1998)(Fig. 3) »
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Fig. 2 . Osteoclast formation (Boyle et al., 2003)

Hormonal control of bone resorption. Schematic representation of the
mechanism of action of a, pro-resorptive and calcitropic factors; and b,
anabolic and anti-osteoclastic factors. RANKL expression is induced in
osteoblasts, activated T cells, synovial fibroblasts and bone marrow stromal
cells, and subsequently binds to its specific membrane-bound receptor RANK,
thereby triggering a network of TRAF-mediated kinase cascades that promote
osteoclast differentiation, activation and survival. Conversely, OPG
expression is induced by factors that block bone catabolism and promote
anabolic effects. OPG binds and neutralizes RANKL, leading to a block in

osteoclastogenesis and decreased survival of pre-existing osteoclasts.
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Fig. 3 : Osteoblast-osteoclast interaction (Abul K. Abbas, 2009)

Paracrine molecular mechanisms that regulate osteoclast formation and
function. Osteoclasts are derived from the same stem cells that produce
macrophages. Osteoblast/stromal cell membrane—associated RANKL binds to
its receptor RANK located on the cell surface of osteoclast precursors. This
interaction in the background of macrophage colony-stimulating factor
(M-CSF) causes the precursor cells to produce functional osteoclasts. Stromal
cells also secrete osteoprotegrin (OPG), which acts as a decay receptor for
RANKL, preventing it from binding the RANK receptor on osteoclast
precursors. Consequently, OPG prevents bone resorption by inhibiting

osteoclast differentiation.
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FRATRABERN AR RAZ S NEasFEHE  #
AT Htmp st o BN ERERN BN > AR R BE R ko
B4 M 5% B2 B (acid phosphatase) ~ %& & Bg (proteases) A R H 475 B 52
(lysosomal) B % ° ¥ 5 8 #7424k (Chambers, 2010) -

RANKL % TNF superfamily&) ik, 8 - @ #14a e & @ag#< 5 (RANK)
&4 {23830 8 44 TRAF (TNFR associated factors) 1~2~3~524 & 6 (Darnay
et al., 1998) - RNAK & 8§ TRAF6fuNF-kB3% & % &5 - ;E/LNF-«xB/EME - M

TRAF2 g /& 1LINKE £ o 3t H RANKL#, ¢ 7F/ENF-xB ~ INK ~ p38 2L &
MAPK (p44/p42 mitogen activated protein kinase) (Darnay et al., 1998; Lee
etal., 1997)(Fig. 4)

-

R 8 4 B B F SRR Ak dm BB TE AR B4 M R 1 R PR B b5 =T LA Hp

RANKL:R BARIE > 37T sAdphl ek Féapo W AR E B E R LA L -
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Fig. 4 : RANK/RANKUL signaling pathway (Darnay et al., 2007)

RANKL induces the differentiation of osteoclast precursor cells and
stimulates the resorption function and survival of mature osteoclasts. The
TRAF (TNF Receptor-Associated Factor) adaptor proteins play an important
role in the initial event of the signal transduction pathway induced by RANK.
TRAFs 1, 2, 3, 5 and 6 bind through the conserved TRAF domain to RANK
(Galibert et al., 1998). Among the TRAF proteins, TRAF6 is critical for
RANK signaling in osteoclasts. TRAF proteins may act by transmitting the
RANK signal to downstream targets that include NF-kappaB (Nuclear
Factor-kappa B) and JNK (c-Jun N-terminal kinase). NF-kappaB is retained
in the cytoplasm as a complex with the inhibitory I-KappaB (Inhibitor of
Kappa Light Chain Gene Enhancer in B-Cells) protein in unstimulated cells.
Stimuli that activate NF-kappaB induce the activation of IKKs (I-KappaB
Kinases), resulting in the  phosphorylation and  subsequent
proteasome-mediated degradation of I-KappaB. The liberated NF-kappaB
then enters the nucleus where it binds to DNA target sites. Events that occur
after RANK stimulation in differentiated osteoclasts or osteoclast precursor
cells include the phosphorylation and degradation of I-kappaB-Alpha and the
nuclear translocation and DNA binding of the NF-kappaB proteins p50, p52,
and p65 (Jimi et al., 1999). Other intracellular adaptor proteins that interact
with TRAF proteins and regulate the function of TRAF in osteoclasts are
TAKI1 (TGF-Beta Activated Kinase) and NIK (NF-KappaB-Inducing Kinase).
XIAP (Xenopus Inhibitor of Apoptosis) and cIAP are downstream targets of
NF-kappaB in osteoclast survival pathway. Members of all three MAPK
(Mitogen Activated Protein kinase) families, ERK (Extracellular signal
Regulated Kinase), JNK, and p38, are activated by RANK in osteoclasts or
osteoclast precursors (Jimi et al., 1999). JNK1, and not INK2, is important for
efficient osteoclast differentiation. The upstream targets of JNK in RANK
signaling include MKK?7. The dominant-negative MKK6 regulates p38
activity and osteoclastogenesis. Raf is implicated in the activation of ERK via
signal transduction involving CD40, a TNFR family receptor that shares
similar signaling characteristics as RANK (Kashiwada et al., 1998). The
TAKI1/TAB2 activity that induces JNK and p38 activation is downstream of
TRAF6 in the RANK-signaling pathway. The downstream targets of ERKs
and JNKs include the transcription factor Activating Protein-1, a dimmer
composed of c-Fos and c-Jun protein. ERK induce and activate c-Fos and
NFAT(Nuclear Factor of Activated T-Cells) by phosphorylating Elk1, which

13



is a part of a TCF (Ternary Complex Factor), while JNK increase Activating
Protein-1 transcriptional activity through the phosphorylation of c-Jun.
Another transcription factor MITF (Microphthalmia-Associated Transcription
Factor) is a target of p38 in the RANK-signaling pathway in osteoclasts
(Mansky et al., 2002). Src act as a mediator of the RANK to PI3K
(Phosphatidylinositol-3 Kinase)/Aktl signal in osteoclasts. Among the many
molecules downstream of Src, PYK2 (Protein Tyrosine Kinase-2) and c-Cbl
are implicated in osteoclast adhesion signaling and bone resorption function.
Additionally, the association of the actin-binding protein gelsolin with PI3K
is important in actin filament formation in osteoclasts (Chellaiah et al., 1998).
Src and PI3K function at the point where RANK and adhesion signals
converge, transmitting the signals for proper actin cytoskeletal organization
that facilitates resorption activity of osteoclasts.
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(3) FE#HFE (osteoporosis)

FHERBRER—ERFERARIALTEFLFR > BT MEEHX
FRREEGE  FRFIEAE R ey ER (1991)(Fig. 5) - CayE AR
—BA A B > BIERREM  FRERERME  BAREARE 0 2
RIS — B 0 R BR A EEARR o

HH R AT REAER BT RAER R ERGER A RE

RATHREFETTENRK Bl BEAZKA - LRIEYH i E
%2 El B2 (corticosteroids) 2k 4% & M % 47  (anti-epileptic agents) %
(Goltzman, 2002) -

RATBRA Y8BT EmAR Ry o585 B4 (bisphosphonates)

i
sy
v

% 4% % (calcitonin) LA R sk % (estrogen) o & A¥p 4] F RUAE A &9 %
# (Rodan and Martin, 2000) e

BREBHOEEZRSA THAY (organic marix) 1§ (bone mineral)
MAIY > EFHEATREENLAIREEY  ERFLOAEFRE

BERER D AT ERA -

1% B8 % 58 % & (bone mineral density ; BMD) > [ 44 FsBR kR E » B

1. B8 # & (osteopenia) : B 38 % B RN — A% & 38 L4 M T 34 {4 &4
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1~2.5 fAAR B £ o
2. BERBIE W FHREEMBN—BFRLEPFHEARE 2S5 EFEE -
3. REME Y 8% (established osteoporosis) : & 58 25 B ARN — Ak 548

LI EAB D25 EAZEE  EBA %R FIH (Kanis etal.,, 1994) o

Osteoporosis

.9 Deterioration of
! vertebral support

EADAM, Inc

Fig. 5 . Osteoporosis (A.D.A.M., Inc.)

GHRETERBER LR T ERARASSR  BREHRY 1,500 £ 1
W45 > R A Létea Do AR R — SR B EMRIK - 2 HRE
FEBI ARTY > THRAEHBLBIE > 4o 8% 54t (fosamax) > sh#
Tiphleh T oo B LB EHERK  EARA SRR BEEY
RE S FUL > TREBRKBELFH > BERELRF - FHBAMTAZE
Bl o FE4580E 0 F REBK - M BB ey aER &Y > 2Rk EE A

BER A R e
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) EF=pRiEa
1. s MskEs A5 (alkaline Phosphatase ; ALP) :

BRI EL R A —FE T B XA 65kDati R G 0 BA ARG IE A5 EE T 0
REA1 o AL BEE ~ BTRR ~ BRRF AR o Mmik B e iR N ) ke b A L BE 9
% R ARG E MBS 0 EA RRELET > RUEFT AT RSB
f2 P AT X AT 0 sbsh > BT EARBREE (Sunetal, 1997) - Bk
EFBABASRAER T o BB T M A B T R A 5 AE » T

Rk F fa B AR AE 0 SR AR AR IR B ARR JL (Gundberg, 2000) -

2. B A& &-2 (bone morphogenetic protein-2 ; BMP-2) :

BMP-2 & 5 # s % & (bone morphogenetic proteins ; BMPs) 7 &% 5g,
Bz —> 5 FE#% 30kDa &B7» TGF-P 7% - L BRI > 25k
ICE BT ERERE > A EFHANEE > Mmitk&k Gl BMPs (Urist,
1965) - BRT S EH &G E VA 154 (Table. 1) H 5 = A FH &
FAFETENARMERBR > CAFS MR T Qs Rt (inviro) &
BATR (nvio) BE » F_AEFHREEGEAABENGR T @5 T/F
o BRMCAFLUXRET LN T oK R A E@maks (Samee et

al., 2008; Wang et al., 2004) -
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R AR RATR AL S R AR R E G o & TGF-B 5545 % &
BMP-1
9] B hIF TGF-B FHEM B -

BMP-2 | 424 B R R R TR AR 0 ) B & 248 1% B dm i Ak

BMP-3 | 4245 B BT Ak,

BMP-4 |¥1% 5 - Wi BREA &R > BITEIIERA M

BMP-5 | #N & FHEF AEKNTE B

BMP-6 | A A& ¥

BMP-7 | #7 i B el o b B BB B 1545 5H M

BMP-8 |#HEFHBEKEFHERA S

BMP-15 | # R ALFEN > THAEIFF751E

Table. 1 : BMPs families

3. F45% (osteocalcin ; OC) :
B EAEBREEEG T4 S58kDa s glafgs i B
TEANFR@BPINEE BP0 B ENRIERN » B L F 45

FHZERBE B RGRE > TEFA R FHRIEE -

4. ¥ §7%& & (osteopontin ; OPN) :

EFEOAT@BE LARRILysHEBE S - FTEHNA 65 kDa
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(Katakam et al., 2005) » 4% #4BR1b1% > FBERL E MmN > ik 5B
REGIFARE Y > #FFa®&NEE (Ishijima et al., 2007) - #F &G
NS A B R -H AR ES - R P A Bk BE (Arg-Gly-Asp) = EBKF 7] » sb3RAL T
B 4 0 It 2 4 5 4848 £ (Denhardt et al., 2001; Ishijima et al., 2007) » A
TAE AR EATRMIE > FEXFE LR T ek BB ER AR
W B 1% 0 & R By ik BEALEAT B RAE A (Kitahara et al.,, 2003;
Nomura and Takano-Yamamoto, 2000) > B A7 ¥t i% 5 & G415 A it 5 fa e
SEhF fa e 2 3 ) R BA#E (Ishijima etal., 2007) °

LT 4 BEAAHALEFTEBRYIHATEZNTERS N FTEBY
FEIEAREZA - AFABEZAHNEIL ) HRBFT @b R ik
RAZAREROBES - Bt RATRRATIL 4 &G BAHLEF &

BB R E) A e AT

5) EAxE

B R/%ER (Fig. 6) 78 & 7-isopropoxyisoflavone » A& & H 72 8k H R &Y
KRR EZELTAY (Gennari et al., 1998) - #HAAHNREE A L@
%o Bl A Ve R %8R hwd % B 5B (genistein) (Tsuda et al., 1986) °
PI98BF LB AR UM BT EHRENIETRELEY  /FA B 7

% (Agnusdei et al., 1995; Ushiroyama et al., 1995) -
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Fig. 6 : Ipriflavone (Wikipedia)

(6) EAREHNF BV RZY
MR FIEE 0 RARET R E el iE > B AR R MR ER
FOELT RS FeieyEM% (Argmandi et al., 2000; Miyauchi et al.,
1996) i B A2 £ 67 YRR T AE2A Bl FH R ket (Civitell,
1997) - —L FBRBEAEBT AT EHRK T > TR F YRk (Reginster,
1993) « A#AH ZMA T T » I E R FE T RS B3 H B 69 BRI
EAREFHRR > HEFELHFEA (Yaoetal, 2007) -
HEARFHER % 0 R200mg) £ AFEER =R T A H TR
Y AER (Adami et al., 1997; Agnusdei et al., 1989; Gennari et al., 1997,
Gennari et al., 1998; Ohta et al., 1999) » B 3% o §# s 4F A (Benvenuti et
al., 1991) > mABFLZAOFLY > THERBFERAHHA %L (Adami et al,
1997; Agnusdei et al., 1997) o
B RFELTERRGTA ARG T » THA SRR EREN
i o 2 A R (Fig. 7) o €77 SR ha B 4569 435 > 3518 5 A% - 2

LR aiE 0 R B E BRI A TR RBRE (Ji et al, 2005;
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Kim et al., 1997) -

(7) EREE4s74 Y (ipriflavone analogues)

ERREEIMFERAERD » 2 TERYPRA - 25X F LIFayaE

~

Ao 2848 HRe s RERIKR - BHERLBRA=ZR ThEREH
T - ERMIEHEREZ > —RAEFSRRA - BARERL  H
WARBT - Bib BFREREARTAHEE SRV ERRTRATEY
RBIRZE AP H T ta B REIRE S » IR B RIR > B lae - B

i A%y (Table. 2) o
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R1 R2

Ipriflavone phenyl isopropyl | 7-isopropoxy-3-phenylchromone

Formononetin | 4-methoxyphenyl OH 7-Hydroxy-3-(4-methoxyphenyl)chromone

Genistein 5,7-dihydroxy-3-(4-hydroxyphenyl)
JFL-127 4-chlorophenyl OCHj3; | 4-methoxy-3-(4-chlorophenyl)chromone
JFL-142 4-methoxyphenyl | OCH; | 4-methoxy-3-(4-methoxyphenyl)chromone
JFL-144 4-fluorophenyl OCH; | 4-methoxy-3-(4-fluorophenyl)chromone

Table. 2 : Ipriflavone analogues
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FHAREAGNBRG T H EhFafERERIL ERTRH R
ML B G —FERR - FERROFARERBA - ZREOTER

AR AAEHFTHOBELEDRER wHABELZHBE WA > F

\\\

ok Bk RIS T R el B AR 0 AR RAE R BHIE » &
BERZH A ERZ— o

FRA—BAEREMAZTNAE  LARMBEAHELER > 0F
BREBRFHE > TRETREFBEIERNBE BT ERR ik - AR

1835 R FRARTERERTE S ALHAL FE E85F2L025~1

R ERE MAMAEFH B EARLARE W MWEFF 25%  F
HRFZO R B EEETEE - FREBARATE - 26 A RSEZEHF

FREARM (BRA&A 1997) -

RiEE R F %% € (national osteoporosis foundation ; NOF) &4
FAEE 02005 FEBRAA 4400 BEALBFEHARRENRET HP&H
1000 ¥ A2 BT & F 8 5i50E © 3400 ¥ AH B4 28169 M A2 - RIEL
s+ E R EE T S0 R IH—AFTRFTERREMTRFITHKREA

12 mBAK 1A mERERF & B2t ma B 5m s en

23



—FART HNABRIANTHELELERET TN ELEBR 6 BAMARE
Ao MABRERIHIE 2005 £ ERNAFT YRS E R EEBE

BB BEEERASE190EE T BT HRNBTRAETHULE

—~HRXEH

(1) FFABRFESTAEY > AT A IPHERF fm B 69 7 A,

Q) WA EAREASTAEY » & TR LR RIPH 4R F fa B 69T AR,
Q) HKABARAFESITAEY  REHN BT 0BATE

4 HARARFITAEY  REHETFRENWERGMA ERVE -

=~ HRERE

=

2‘\

REALT AN 0 FTAE @ 4 4 H] p38 ~ INK + ERK ;A& NF-xB &9
BRI B E e ETRHNE T s ERYE 0 M

’J EQE:'\,'E‘ ﬁ? /JIL%%— ?E Fﬁé’]’ﬁ;ﬂ%
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F=F MHBEFX%

— ~ XA EAH
(1) & SE%%E
1. ##Z %% (pippetman)

2. T RR/E SN KK EE (UV/Visible spectrophotometer DU-800,
Beckman Coulter, USA)
3. % heEE £ %% » H74& (triad LT, Dynex Technologies, Inc, UK)

4, BB F (gel analysis system, EverGene Biotechnology, UK)

)

. PCR #Au#t 4% (robocycler temperature cycler ; Stratagene, La Jolla, CA)

6. Bp B B & B % 44 R JE 3% (applied biosystems stepone ; Applied
Biosystems Inc, CA, USA)

=

% ghie o E 3T (multi-spectrophotometer)

®

a3 & 45 (incubator)

Nel

. Dual-energy Xray absorptiometer (DEXA) XR-26 (Norland, Fort Atkinson,
WI)

BIueBré'zStu_di

() BBS 2008 All rights reserved

25



2) Ttk (cell line)
1. 2R E"% % ek (a mouse macrophage cell line ; RAW264.7)
2. ¥a:% Ftafetk (the human osteoblast-like cell line ; MG-63)

3. 2R F@mistk (amouse osteoblastic cell line ; MC3T3-E1)

(American Type Culture Collection)

(3) 4ap3z % (cell culture)

1. Dulbecco’s modified eagle medium (DMEM)
2. Alpha minimal essential medium (a-MEM)
3. Fetal bovine serum (FBS)

4. Penicillin/streptomycin (P/S)
5. mpir A m

(Invitrogen Corpoation, California, USA)

(4) £2F taf /6B 8 (osteoclast differentiation assay)

1. M-CSF

2. RANKL
(Minneapolis, R&D Systems, MN, USA)

3. Tartrate-resistant acid phosphatase (TRAP) Kit 387-A
(Sigma-Aldrich, St. Louis, MO, USA)

5) BPF B & 882 44 R & (real-time polymerase chain reaction ;

Real-time PCR)
1. TRIzol

2. DEPC
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3 RNA # cDNA 4 %

(Invitrogen Corpoation, California, USA)
4. Isopropanol
5. Chloroform
(J.T Baker, NJ, USA)
6. Oligo dT
7. ALP primer
8. BMP-2 primer
9. OC primer
10. OPN primer
(MDBio Inc, Taiwan)

(6) #&F B2 E’E (western blotting)

1. Acrylamide

2. BCA™ protein assay kit
(Pierce, IL, USA)

3. 0.5M Tris buffer

4. 1.5M Tris buffer

5. PMSF

6. Naz; Vo,

7. Aprotinin

8. NaF

9. Tween20

10. Glycine

11. Tetramethylethylenediamine (TEMED)
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(Amresco Inc, Ohio, USA)
12. Ammonium persulfate (APS)
13. PVDF (Immobilon-p)
(Millipore, MA, USA)
14. ECL

15. Western blot develop & replenisher

16. Western blot fix & replenisher

17. BioMax light film
(Kodak Inc, NY, USA)

(7) Bx#BEes % 54 £ (electrophoretic mobility shift assay ; EMSA)
1. BCA™ protein assay kit
2. ¥ H m 8k kit

3. EMSA kit
(Thermo, MA, USA)

(8) #L#& (antibody)
1. p-JNK
2.p-38
3. p-ERK
4. p-IKKa/p
5. p-IxBa
6. p-p65
(Cell signal, MA, USA)
7. Anti-mouse

8. Anti-rabbit
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9. JNK
10. p38
11. ERK
12. IKKo/p
13. IxkBa
14. p65
(Santa cruz Biotechnology Inc, CA, USA)

9) #mpeig i’k (cell transfection)

1. Lipofectamine 2000
(Invitrogen Corpoation, California, USA)
2. Luciferase assay kit

(Promega, WI, USA)

(10) H 4% 5 (others)

1. Tris
. Tris-HCl
. SDS

. Glycerol

2

3

4

5. B-mecaptoethanol
6. Bromophenol blue
7. NaCl

8. EDTA

9. HCI

(Amresco Inc, Ohio, USA)
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10. Ipriflavone
11. Formononetin

12. Genistein

(Sigma-Aldrich, St. Louis, MO, USA)

=S § ¥y
(1) wmpizh

£ R E s itk —HEM E W a0 35K/ & DMEM 32 %8 F - &%
DMEM &% 4% » huN 3.7 % 695 B 848 (sodium bicarbonate) 3t LA 1 N B
B (HCl) # pH A% % 745 22 022 um 2 iBiE % (filter) :@B7E > 3w
10% B4 4 % (fetal bovine serum) » 100 pg/ml # & ®k/4848 & (P/S)
1% > BPYT{E A - RAW264.7 i 3s & £ 3 % 45 (incubator) W » 3R3iE A 37
T 5%CO, #)2~3 RgK3sh—R o

B Flaiortk 0 A— R EN e A& DMEM 5% ¥ © L%
DMEM e # 1% > he N 3.7 095 B 8493t | N B dg % pH2AE £ 7.2 -
2L 0.22 um 2 iBiE BiBJE 0 Ao 10 % B4 aF 0 100 ug/ml £ B FEAk/
s E R 0 BPTEA o MG-63 ta ot R AMN » AT C 5%
CO, > #3~4 R4k H—K -

ZRiEFlafotkmin b — M E N el AL o-MEM 2 R2K& ¥

RAROHEE > MAN2 Lehsi B 8 mit A 1 N Begs pHEEZE 72 14
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022 um Z i@E BB » FAvA 10 % Ba4-diF > 100 pg/ml #3 R FEik/4k
WE% o BPTAER c MC3T3-El tafinss R 32N BHEA3TC 5%
CO,> #3~4 R#ERIBHE—R -

FRRWAE B B9 BAME N mEnt AR > B 10 A5 tafaid
Hm ¥R o e AR B RABERE > RikKE| 37 CARBSMHEBR G
T ZRFERER RS ERARFEN  BARE Taitaln
B 0 AN 10 254 B3 A P #19 F AH R #F o de L3S RORIR A 4
F45%CO 837 ClEBIZAMTIRE

My AABER AL PO E @I RRRE > w3 B
phosphate buftfered saline (PBS) (0.02 % KH,PO,4 ~ 0.02 % KCI ~ 0.8 % NaCl
B 0.216 % NaHPOy) &%kt =k > HAoA 1 Z5F trypsin (4 0.05 %
tripsin ~ 0.02 % EDTA) > & — % G &5 > b el sz fm K3 - %
trypsin B EPFH mfnth 0 BN 3T CRAEM VTER 2~3 n4s > ok
hm o THABMGERE @b FRES AL > o KT T
A S hmidsk 0 AF B % - mmL %L 0 X 10 EH 4 h
Fmlare AR BeRERBE 15 BAECE P AERES 1500
rpm > 5 54E1% 0 A EEFRBR BNl E e AR FHHRAK
2 2x10° M8 4 /10 A sshm Bk B EEAR AL o

AR Bl hm P E G min AR %RE > AN 3 £



& PBS & &% e dm =k > BAheA 1 5t trypsin > & trypsin & & FF A 48 e
%o BT CAME TR 23 24 A Fibndtmy et
Frta IR %1% 0 oS 10 Yodtn 7% fa i3 &R 3 5] trypsin &M 0 LA R
ikt > B E 1S 2HECE T NEEREC 1500pm > 5 54 0 A
EERASS 0 A FT MR 0 e AAR@ IR (10 % DMSO) 24
4 Bmfa s EARET BMABRENEHZEZRT 80 CAR » REHK

AREBEREAANA -

(2) &7 a2 IEE B

W FEN247L B ¥ 0 ImARANKLR #8 4) - 3R % > R # ot
BRIE AR 0 MA@ AR 0 B ARANKLAv/FR &4 > R4 0 A1 A
TRAP ( tartrate-resistant acid phosphatase) %t %m i, o 25 1wk A% 7 4= i & <] 4%
Rk e o vk FIA3T%RERE T @105 48 > wAFast GBC
solution ~ sodium nitrite solution ~ naphthol AS-BI phosphate solution - acetate
solution & tartrate solutionf% » 737 °C3z & 48 P12 &R N0F o F| A Ba 4518

2 > TRAP-positive ¥ » K318 4% LA £ & 4a fs 2 % F 4m B

) MTT 547 ik
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-Diphenyltetrazoliumbromide) » 4

5 & — B K& M tetrazolium salt » 2 38,5 &, o B 77 fa IR 47 B2 09 I AL BE
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% (dehydrogenase) & & & 1 & % R R &1k 69 K & formazan o F| f & F
DMSO (dimethylsulfoxide) = tAde &5/ > s fE15 69 4 8 48 & ELISA
reader3g B & MG AT oo T > RIEE @I E -

A m BAENIOFLIE F 0w AFFRAE] 0 3B R4S E 0 K Ein R
RAET  AmAS mg/mlIegMTTR RS0 ul » K A37 C3ak4E ¥ UL > %
MTTR &A% > w150 Wl#yDMSO - fFformazaniz #21% > LAELISA reader

& ES570 nm3E BRR KA -

@) AR =g a4 (flow cytimetric analysis)

ey NS FLBE N o A ANFFR S5 0 24 /NBRAR 0 O PBS ik 0 A
trypsin #% 4m B 374 -8k o &S 3000 rpm v 5 44E1% 0 H oL PBS Fik o Bk
3 3000 rpm © 5 4542 o FIA 3 %A BARE g 0 HAN4CKRAE 1 RI%
X PBS #F %k 34w A avB3 intrgrin Hrag (1:100) & JE — 18 /] 8 - & 3000
pm > 5 5484% 0 B H &R 0 3w anti-rabbit secondary IgG (1:100) &
JE— /[NBF o BEE.C 3000 rpm 0 5 45481 0 R M EFR 0 AN PBS 2R
KRR EE - BEA A AKX @1k 1% » L FACSCalibur and Cellquest

software R 5 #f °

(5) tapntg ik

#] A lipofectamine 2000 #2 77k > &40 7| B &2 DNA B8 > (44
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HE44 1 pg/well) # 1.5 ml 3SFF > jwA 50 pl = serum-free
DMEM ; 7 4%t & 404K 2 ug/well &9 lipofectamine 2000 #> 50 pl =
serum-free DMEM ¥ » # & 5 4-4% ; B 50 pl lipofectamine 2000 serum-free
DMEM R4 A& » a5 DNA 4 3 2 serum-free DMEM ¥ - 3448
i FFE 30 48 o LB T RAERRRY 0 U PBS FRL 0 Ao
A 900 pl serum-free DMEM ° 48 % /v A 100 pl % lipofectamine 2000/DNA -
BRRSERMANGE » BREIBEREL BRI G5H » £ 37 CHEE

i%%i‘%g i%% 16~24 /) E%:— °

(6) % B % (luciferase) 7EM R E

H O B el e iR H 38 AR 0 A PBS ik 0 % PBS 4% 0 Ao
80 ul = reporter lysis buffer » $8$e2jmsm fp &R & 1.5 ml 8.0 % > KE KL
RE 10 448 > fEtmfn T2 ITR B & G E B - Ao L 13200
rpm BES 3 4845 B 20 pl 69 E R 3 v A 80 pl &Y luciferase substrate
IR 4 RA UL KRB & & luciferase 75 M 3B 2 A E SHME

B 5 RBE T -

(7 BFEEE
BHEERENARNEESL  AAREREERREN T X > TUA

LR EEEB G EE Y ARSI & &E polyacrylamide E ik 58 >
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B R BG B L > B OARENIABES -

£h b B o N B R R ERAT A4 0 30 4-484% 0 AN RNAKL - 1 /8%
I KK 0 L PBS Fikdir o sw A RIPA buffer 120 pl 45 4m ja 5 A2 > 3K
AKE10 5481% > REJBRTHE 1S mlmERE T » £KERE 30 5
4% > LA 13200 rpm 3.5 4 °C 10 4% » Bl EF&R - BEMY L5ml %=
REF O BR10 Wl 2 —kKk (REFHEE) > £hoA 200 pl B2 R E R ER
[protein assay reagent A+reagentB (50 : 1)] o E# 37 Crt451E A 30 548
% DA R K STOnm AR B o 48 B R AR BIRIRE BB
AGEGQHRE - 30 ug £ 5K G 4 w5 4% sample buffer > A E#
BB S ndEfg o R GEMREKRE S 58K IEAR 10 % SDS-PAGE
Yo#eEaE (100 RETRETER 1 ) BERTZAF B IR S &
# Ep 4% (polyvinylidene fluoride membrane ; PVDF membrane) 5 » 4%

Fa A b ox 3% transfer buffer 42 0 45 E R 2L 4 °C 400

(i

TIEHRED 2 NEp o
BEPME NS S WS ¥4 2 TBS-T &k, blocking buffer 15 ml % % 2 4%
1 JN8F > B A TBS-T ##ey—&4ige 10 ml » 4 C# 1 R —K
(overnight) 4% » X TBS-T /&7t 3 &k » 8%k 10 4% > 32 F 1L TBS-T
MR B HLRE 10 ml A B 10 B TBS-T A%k 3 R » &K
10 #-4% » 2% Auw A enhanced chemiluminescence (ECL) #&1% : Bx ECL A/B

BRA1mlREH % > BY G B K L BEREPEBRANER &
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LARR B JE R B R 2 band 3 -

(8) PP R A ERaR PRI

J7 32 . fe 4T PCR 85 5] 5 18 78] PCR & 415 % R JEXE At K L (BP &
real-time) > #| A AR R B 0 A etk P RSEAR XKH 2 - real-time
PCR T % %% A # & > TagMan & SYBR GreenER™ o K %48 F A8 4 &
& SYBR GreenER™ #4 B 32 o 4 % 3% 3+ — 18 primer > primer #43% 3t & 3479
4Rty DNA 53¢ > =T A R Fpk DNA 464 -

FEXFLE F v 500 pl TRIzol» # R34 @ el T 2EM » RE
ISml 4 Z#E P TBHFES 24 - oA 100 ul 45 (chloroform)
RIZVEZ | n4g > AT RHE I o4 - B EdESE £ 4°C 11000 rpm
B 15 4% o WLFEE LA RBREMNG LS ml L F B 0 Ao 500 pl 89
isopropanol > B FuiR A 0 £ ERFFE 10 442> E2 4 °C 11000 rpm &
3 10 442 © 7T & A RNA pellet U4t = 8 BR300 NS iE B kA5
iAol ml ey 75 CHRBIEEH > BELTHAEU4C 7500 rpm .S 5
o4 AR SEIRIB R M ER ST E S TRT R EAoA 10~30
ul DEPC K =74 RNA - 5 7-80 Cok4s ¥+ o A5 3B ke RNA B 1l
sm £ 99 pl DEPC K % > #] A Beckman DU-800 UV/Visible
spectrophotometer ;B & RNA JE & » i/ & A260/280 /7 1.8~2.0 2 i >

A% RNA @ E4e %Y -
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#% A MMLYV kit 4 RNA # 5% cDNA :
1. A EBHSE P Ao -

dNTP (1 pl) ~ Oligo dT (1 ul) ~ RNA (2 pg) » 24 DEPC &K E 12 pl = 7%
AN PCR # % 65°C 5 4% » 42 RNA denature % » 4 °C 1 248 -

2. 4% F Ao SX first-strand buffer (4 pl) ~ 0.1M DTT (2 pl) = # A PCR #

kR
w2
Q

C254 -

w
S

% 8% A MMLV (1 pl) > A PCR # % 37 °C 50 448 > 70 °C 15
n4E 0 Bp A cDNA o

28 F 7 Ak, cDNA B 1 ul > Aw A primer (R) A& primer (F) & 0.5l »
A 5 ul 2X supermix’ & sz A 13 ul DEPC K- 5§ 4k A&k & Applied Biosystem
StepOne # 4T 95 °C 10 %4814 » BA 95 °C 15 %> » 60 C 1 542 > f# 40 18
3R o PTAT R ZAREHE » R A RAI AT R EIEH] 448 2458 -

Primer 5 %) % -

Human
Human ALP (F) CCA CGT CTT CACA TTT GGTG
Human ALP (R) AGA CTG CGC CTG GTT AGT TGT

Human BMP-2 (F) GGC ATC CTC TCC ACA AAA GA

Human BMP-2 (R) | ACG TCT GAA CAA TGG CAT GA

Human OC (F) GTG CAG AGT CCA GCA AAG GT
Human OC (R) TCA GCC AAC TCG TCA CAG TC
Human OPN (F) CTC CAT TGA CTC GAA CGA CTC

Human OPN (R) CAG GTC TGC GAAACT TCT TAG AT

Human GAPDH (F) | TGA ACG GGAGC TCA CTG G

Human GAPDH (R) | TCC ACC ACC CTG TTG CTG TA

Mouse
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Mouse ALP (F) CAC GGG AGG GTC CTG TACTA

Mouse ALP (R) GGA GGA AGG GAA GAA TCC AG

Mouse BMP-2 (F) AGC AAG GAC GTC GTG GTG CC

Mouse BMP-2 (R) ATT ATT TCG GTG CTC GAAACT ACT

Mouse OC (F) TGA CCT CAC AGA TCC CAA GCC
Mouse OC (R) ATA CCG TAG ATG CGT TTG TAG GC
Mouse OPN (F) AGCAAGAAACTCTTC CAAGCAA
Mouse OPN (R) GTGAGATTC GTCAGATTC ATC CG

Mouse GAPDH (F) | CCA CCC AGA AGA CTG TGG AT

Mouse GAPDH (R) | CAC ATT GGG GGT AGG AACAC

Table. 3 primer sequence

(8) DNA L& G & A4 /) 73k

o B R ER tm 4% 0 AR R AR o BE kit AT e B AR/ 0 BEE R o

Nuclear extract A& G B : 45 6 A A m P E )1 AR % H 0 LA
PBS &%k — =% » A Ao 500 pl PBS & F ém e B £ 1.5 ml &30 2
P o 2L 3000 rpm B 5 54 0 de & PBS 3 30iF 0 A% Ao A 200 pl KA 84
CER 1 2| A il & &9 pellet # - 3t vortex 15 #b4% » ARk P #E 10 4% B
ZhaA 11 pl k48 CER 1144 vortex 5 #048 » Wk PHE 1 nég > %
vortex 5 #4&4% » LA 13200 rpm A kB 5 ndE 0 B EFERE S (e g
8938 5) o Ao 100 pl kA &9 NER # pr F & pellet + - 3% 20 vortex 15 #»
s81% BH KL 45 5480 B 5 15 548 vortex 15 #— R > & 44 2 13200 rpm
B 10 42 > W E EFR (el a) o 7-80 CAR » 1k A B
B - BZEREGERE A 96 FL-FRBAA 10 ul ZE FRER » K=

Jo B /tmie i Ex G kAR > oA 10 pl X =RK (FFI#HFE) » HhiwAR]
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ERBIRIER x> 37 CHA FAEA 30 548 > Uy b hERAZK K
570 nm - AR B ZOERERREBREISANECOLTZRE - U
e B AR AR & 7 Bl &% 0 18T 4T EMSA B8 -

EMSA F 8 @ & RBEB > 21 100 K453 30 24Tk > BB P ek
BB RT > BEZF AR 100 R4FB 30~50 548 o B EN 2
JRIE 4 E (624 0.54% TBE bufferiZ it 1 4-4%) B R4 KX/ NZ PVDFE (%
A methanol ;278 1 5484 » &1L 0.5 TBE buffer ;278 10 55-4%) > A5+
BRARAERE HENLFHBEEEN > RS & R HBE transfer
buffer 4% - 4§ E R A 400 £ 2232 4 C#2Ep 30 48 » 458 L &) DNA-protein
complex # & %] PVDF &£ E - 44 PVDF A UV & B 4t 1200 mJ » 15 4042 >
sbAE A & 4% DNA Bl & cross-link £ PVDF B b o & B¢ 48 20 ml blocking
buffer fuv A 66.7 ul stabilized streptavidin HRP 7 % & T 4% %> & LA washing
buffer " E B TF®R 4R BRS bt B2 U2 &% %% (equilibration

buffer) F#7 5 448 » 2 4% oA ECL B81% -

9) 5p £irrpsirss B F H #i$4’k (ovariectomy-induced osteoporosis)

A B R 5 A B BALB/c N B (4 ; 2228 %) 0 b B B
trichloroacetaldehyde (100 mg/kg) fhB: 4T F 47 > #2448 (sham) R &
ATRE B4R S 0 RUIRIP R -

B HEIEMER > BE R S E R ARFRI L
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B 80P AR 0 RO IP R B 9P S o e 5P ST 3% P SR ORE L R R
BEVRP L e SR TR B — S LRI GO

R AN BOREEL o R 5 R O £ VIR AT (Tsai et al., 2008) » #] A i.p. 5 H R %4

4
ﬁv

B

it

NSt
/

— =R > £ 4533 o 2 1% F| A dual-energy Xray absorptiometer (DEXA) 8]

¥ BMD X & bone mineral content (BMC) °

= »~ Buffer composition

(1) Sample buffer (5X) :

7.81 ml stacking buffer (0.5 mM Tris-HCI, pH=6.8)
2.5 g SDS

14.36 ml glycerol

6.25 ml B-mecaptoethanol

2 mg bromophenol blu

Fm ==k 7K Z 50 ml

(2) SDS-PAGE
5 9% Stacking gel (5 ml) :

3.4 ml H,O

0.83 ml 30 % acrylamide mix
0.63 ml 1.0 M Tris (pH=6.8)
0.05ml 10 % SDS

0.05ml 10 %6 ammonium persulfate

0.005 ml TEMED
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8 96 Stacking gel (5 ml) :

11.5 ml H,O

6.7 ml 30 9% acrylamide mix
6.3 ml 1.0 M Tris (pH=6.8)
0.025ml 10 9% SDS

0.025 ml 10 95 ammonium persulfate

0.015 ml TEMED

12 9% Stacking gel (5 ml) -

8.2 ml H,O

10 ml1 30 96 acrylamide mix
6.3 ml 1.0 M Tris (pH=6.8)
0.25ml 10 9% SDS

0.25ml 10 96 ammonium persulfate

0.01 ml TEMED

(3) EMSA-6 % non-denaturing polyacrylamide gel
21.5 ml H,O

6 ml 30 9% acrylamide mix

3 ml 5X TBE

0.3 ml 10 96 ammonium persulfate

0.015 ml TEMED

(4) RIPA buffer
1 ml lysis buffer

50 mM PMSF
50 mM Naz;Voyu
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10 pg/ml Aprotinin
1 mM NaF

(5) Running buffer (10X)
30.2 g Tris-base

140 g Glycine
10 g SDS
e —RAKZEI1L

(6) Transfer buffer (10X)
30 g Tris

144 g Glycine

Jm—RKZ 1L

(7) Lysis buffer
50 mM Tris pH7.5

150 mM NaCl
10 mM EDTA

1 9% NP-40

0.25 96 deoxycholate

(8) TBS-T (20X)
48.46 g Tris

0.5M EDTA
58.44 g NaCl (pH=7.5)

Jm—RKZ1L
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w9~ ST
AE B 45 R A sigmaplot 43t 3R BE AT 5 AT o BT BRI AT =R
A5 3B B4 R X mean = S.E. & 0 KA student’s £ test 34T EIE 4

# o p<0.05S &t LR TABEEE -
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FwmE &%

— RRARETEDHATHRA L H @R RAW264.7 E 74 bn i 64 4o s
HEROBE

B A THTRERTERTEY BN FHAY % w@ib R RAW264.7
EgmmATEAHM it A@B P ANERTRATEY CuM) &
A& BRPFA MIT RRA @i FiER - BT ER > EAREITAE
o HNEHA L $ @ik RAW264.7 Ev ety ta izt R A BE

(Fig. 8A, B) -

=~ RARELT £ Win B8k F o BT B

tF e i X BP0 B e ln/ B e o R B 0 o B Bl e AT AR
W A7 At A, (bone marrow hematopoietic precursors) o k47 iy A FHE Mk
SDR P HH & F 0 3640k B8 H #hm e 0 48 1x10%4m 24304 ¥ -
ek FmipAr Ry FHA TS @it 0 4 FRANKL (50 ng/ml) 2 &
M-CSF (20 ng/ml) 5R » LA 35 & ok £k F S BT ax, » M A\ 9 4R B 4 i
NA %A B b &AM T A A TRAP XA 4% » K354 Atk B ta
fieL o

# FRANKLArM-CSFH #a E thdh Fra o A R > 22 AL TFER %

BRATA 4 0 BABRHPH] T e F 4 fR 697 A (Fig. 9A) - Fig. 9B 1L H -
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Rl # 69 1% L b £ RAW264.7 E %% 4m By F T A& %] - £ 2x10" 8
RAW264.7E g ¥ » 4 FRANKL (50 ng/ml) A &ZM-CSF (20 ng/ml) °
RAEBE T ERTIRITAY > SKRIETUE R 6T mboeh £ ik 0 2658
FTREATEITAEY 0 HHlERF e ey s (Fig. 9C) -

R & & 3eg 4k 5 a8 F 0 4 % avp3 integrin (Nesbitt et al., 1993) » A7
VA AP 7T SA B avP3 E A AR B e A sk B 9 AR 3T © ERAW264.7 B 74 4a By
F 5 2 FRANKL (50 ng/ml) 2 ZM-CSF (20 ng/ml) » XA&HLFERE
BRATAE Y > SR AR RN @BRERAZovp3RH E - 4 FRANKLUA
M-CSF > 38 % 3% movB3 & L2 - BB RANKL > &4F4F R A REITA
Yo HERYavB3LHE (Fig.9D) -

B L ERERE T > BERARERSTAY » T RipHl k7 e i &Y 7

R ©

=~ B RAFRSTEM¥rH RANKL #7355 % 69 ERK ~ p38 XL & JNK &M
MAPKs (mitogen-activated protein kinase) #,431Em B * ERK ~ p38
UUEINK » #5345 t 0 P RANKLAT SR 4% 69 65 4o B 75 s A B (Tsai
etal., 2008) - & T A2 FE & R w BAST A M 693 B R R BAS - SRAFI A B 2
BE R EMAPKsty &M -
F£RAW264.TE S fmfis F » 4 F R AR 4JFL-142 (0.3 uM) RJFL-144

(0.3uM) » 304484 + # FRANKL (50 ng/ml) » 605484 » W&t o it
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#] B phospho-ERK #. 8¢ ~ phospho-p384i 82 & phospho-JNK #7582 f#4 %, J& 2k
Z o A5 B RANKL & 28 % 3% /wERK ~ p38 R INK#; B 1L - fE &4 45 F &
AR BERAT A4 0 4] T RANKLAT 3% £ 3% vty ERK ~ p38 R INKE M (Fig.

10)

M ~ & A RIS A M FIRANKLA 3% § 6§ NF-kBE

T MAPKs x 4h » ##45 B F NF-«B & 5 gk f tm o AL AF A 2 F
(Bossard et al., 1999) » #r LA SR AM A A & 75 26 275 LA & DNA #1& § 4 44t
715455k 0 BlE NF-xB 7Z 4 -

£ RAW264.7 Evfta i ¥ » 4% %R & JFL-142 (0.3 uM) A& JFL-144
(0.3 uM) » 30 4484 > #F RANKL (50 ng/ml) » 60 54844 * W& fm i
it #] B phospho-IKKo/B #i %% ~ phospho-IkBa 8% & phospho-p65°™° . 4
Rk 25 R o %A% 3 RANKL € 28 % 3% /v IKKo/B -~ IkBa & p65°° w4
BRAb 2SS T ERTERMTEY > 94 T RANKL A7 E 38 o th
IKKao/p ~ IkBa & p65°>°° &1 (Fig. 11A) o

#E > £ RAW264.7T Esfmfin ¥ > & F R K4 JFL-142 (0.3 pM) A
JFL-144 (0.3 uM) » 30 5-4%%% » #F RANKL (50 ng/ml) » 120 5484 » &
£ umpi 0 A A EMSA B8 DNA $1% G &A4h o #1435 RANKL
GREE ¥ NF-xB M 2&5HE&TERTERASTEY > 4] T RANKL
P 3% H 3% ooy NF-xB ;&1 (Fig. 11B) o
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2~ R AR A HIrH RANKL Fr3s 8¢9 NF-xB 7E 4
BTHE—FHE NFxBFH > 2HER[TERITEWOER T > AT
HA9F A kB A BEEFEMBE > BE NF-xB /&% -

#£ RAW264.7 Bt » #2 4 «B promoter-luciferase » 1 X1% > 4

m\:t

T R AL E R TERFTEY 30 5481 > 4 F RANKL (50 ng/ml) 24 /]v8F>
W% 4 B 3B DS SRR R ARR] E - S AFTEE 3 4 F RANKL #8 % 3% v NF-«B
EME o 4By RANKL - 664 F 2R m 84T A4 > AR H T RANKL

P $% B 3% Ju gy NF-xB &1 (Fig. 12) ¢

u\~

4 R 8+ > ERK ~ p38 ~ INK A & NF-«B R &2 £ 342 - TR R

=3 @ﬂﬂ'/]’i#ﬁ]/ﬁk& B Fﬁm}%@éy\/fbﬂ/ﬁkéi'm‘imﬂﬁéﬁué—ﬁ-ﬂ@»{“‘ °

N RARFMMAYHN R RO RBEETERZY

PEAT @ 69 B B it ko 0 B R BRAT A M H R e B B T AR o A
Ao 5B 0ERRRIMTAY  AEHNET @A LE M
PATF 8983 o

B ATHREZERAFTWAMTAY  HRE TR LTEAAFHG B
Bt f£ MG-63 cells & 3T3cells ¥ 4% 2 & W4T AM (5 uM)2 Rk -
HMFIA MTT RBAZ@p 7 E % - A ERTVTER > ERAFERITEY &

7 MG-63 cells 2 3T3 cells 89 tmpafrd £ LR A %4 (Fig. 13) -
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t - RARFEMAMEF B ERL TR 2EER (ALP)

H AR Flap it riE T @iy o — %l -F o flde
ALP ~ BMP-2 ~ OC:A R OPN > H b &M TRBAFZ LR F » ik
i At ey A% 22 (Lee et al., 1999) o

HEMG-634a 6 ¥ > Au N R R FEST A W24/ 0515 > AR Bp 0 RSB
SR EREALPE M - KFERERRTERITEY > HHIMG-634a s F
ALPEM AR A ZE (Fig. 14A) -

A3T3ta o ¥ 0 w AR R FEPT A 24 0515 > F) A Bp 05 R A B4k 8
RERZALPEN - MV ERER gEALT ALY » #$123T3bfe ¥ » ALP/E

VA B2 hu (Fig. 14B) o

RAREMTEDESRY B 4 f & /4 A (BMP-2)
EMG-634a i ¥ > Au N F RRESTA W24 6% 0 AR B EF R A B
2R JER EBMP-275 1 - KR ERFTEITEY 0 HHIMG-634a
% 0 BMP-27E 14 353 hu (Fig. 15A) o
3Tt ¥ 0 w AR R FEHT A 240515 > F) A Bp 05 R A B4k 8
R R EBMP-27E M o H 145 R & AR BT A4 #33T3 &b + > BMP-2

EVER B3 ho (Fig. 15B) o

- ER

m\¢

BRTEDEFBER TR SIEHER (00)

E‘*
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HEMG-634a e, ¥ > Ao N R R FEATA W24/ 0515 > AR B 05 RSB
SR EREOCEMN - HMBERERATEFSTEY » HHMG-63%E ¥+
OCiE M A s Ao (Fig. 16A) -

£3T34apa F » wANE A FERLTE D24/ N51% > )R Bp i R S Basd 4
RIERZOCEN - KRMBFRE R FELTAY > H3T3@iet - OCEH®

A %3 e (Fig. 16B) -

+ - AARFEMM LA LT EL T oG S/ER (OPN)

FAMG-634afe,F > ju N3 &= ERAT A W24/ 05 1% 0 F) A Bp 8GR A B
S RER FOPNEN - KIMERE B LT EY » #HHIMG-63ta s F
OPNZEM R A % (Fig. 17A) -

F3T3 %l F 0 B R FEFTAE W24/ 0542 > F F B os IR 5 B dd 4
RER ZOPNEM « KB RERZHAITAY > H73T3%k+ » OPNE
M A #4438 Ao (Fig. 17B) o

B ok > AP b S B 448 2 fe i AL AR B9 AZ S T B 4o id 0 B AR A

GER LA S L) A PR S I

+—~AFRUREFTERAFTRTEDERDIPR T E R K
Lin viroBBR T > R CIFERFTERITAEY > FIPHER T 0588
WAk BRB/MBEIE > AinvivoERT » R EHERFREEILE -
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st # A A A s BALB/c/N B 0 B RU1FR F AT 0 RS 0 BT R
R £~ t1rRp £ (ovariectomized) ~ LA B bi e §p £ 4% 4 Fipriflavone -
JFL-142 X JFL-144 (100 pg/kg) » # 2 m A A A IREST (1p.) 9 F KX B2
R&G#E—R > H43:8 - 214 F) ADEXAR #BMCi ABMD -

HAVE I IR P R e BB T R R g & BR % BUA e BMCAE
MmABE AR GP £48 > 4 Fipriflavone ~ JFL-142 R JFL-144 > 5 88 % 3¢ o
#BMC (Fig. 18A) -

B> YIFR OGP £ 4848 A B T R UIrR P £ 0 &K BA E B89 BMD1A
mABE AR GP £48 > # Fipriflavone ~ JFL-142 R JFL-144 > 5 88 % 3¢ o
#BMD{4 (Fig. 18B) *

e B AVF 2| Fvin vitro R BxAB Bl B & R o
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FEFE Wb

BE K AR AR ~ BB K~ BE AR KRR 6 B
X — ZRPBHHNERIPHEERR AERFREE > 2
Fa~ aiEida o TAMEZEELERE (Sung et al, 2009) - £ &% &%
HEE R RORARERWATAY  LEAARIEL > EARWAELA

MERNERE MEATFRCATELETUAESFR > 2L ELAR

D:I
S
=
oo
=

Ao BREFGIER - AT RIEL BARWRELIAGTERA
(Alexandersen et al., 2001) - AT LA S A 65k T ¥ 69 B A REFTAE Y AR A
By A RAre ke e Bk ARMAEBHRARERT > EARE
#7E W P RANKL S B4 ba B i 09 % 5 » M3/ by B A8 28 3 dm fil
UARE ST HER > BAZTEITEDEFIPF T @R - ™
RANKLF7 3% & 689ERK ~ p38 ~ INKA ANF-kBiE 1t » &, &k B A Z0A4TA
H¥pd o ARATEFESTED LR AL P R IR HFGFTERKRAR -
BITFGEAREITEMHN BT @BV ROTE > KMAFRRZE
AR  BPHALTS@BEAE L% UREYWmMBin viod F
RANKL/M-CSF ] # & 4 8 F 4m B - A 09 & REAT » B ARERSTEMAE
S ¥p Bk 4m B AL

MAPK 7 % m, B & B8 &8 (proline) % 32 &) 4 £ & (serine)/ & T &
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B (threonine) %85 » CA ML K ~ LR R@I AT  HEERER
4 A & (Hirai et al., 1983) « FeLshEuy Rl € E LR T R B R B A B
(tyrosine) #9#kEL1L > MMAPK % #% sk, B €45 ERK~p38 A A INK (Berg et al.,
2003; Ducy et al., 2000) - M B A — &5} 7t 35 tH RANKL/RANK % 4-& 7] A2
ERK ~ p381A R INK &y & EE AL - i3 sb ik B AL € 5 506k F 4o i 89 -1t (Berg
et al., 2003; Ducy et al., 2000; Yasuda et al., 1998) - £ K& % > &KFI# A
] G % 78 7 A Y RAW264.7 4 i > 3580 B 3R 7 BRAT A W N AT AR 6% F 4m
MEREWGBE o A3 > £ FRANKL R B YRAW264.7 ta iy &
B R -FERAT A W Ba 2 W HERK ~ p38 R INK &y a5 EE 1L by b 4E R 88T
£ R 7 BT A DA e F e e L R I T RE 2 B A 384 T ERK ~ p38A &
INK#EBR AL P2k © b - £ B 69 7 BE 58 E % e J8 46 T RANKLAvM-CSF3%
RTR > ERAREASTAEMBENR DT @B AR - L6 U EER > &
P4 BT L3R % = B & B & 5 B8R4 | RANK 4 4-2|RANKL i i 1 gy, 0%
##ERK ~ p38 & INK#y3n B 12 & o

NF-«kBEE @it d  HEEREZNA G > FiFaipBE - it
FBEEALE R ATURAETCERN ERBE o AT e R AR
H 25 45 & BB RANKL 3% 5 NF-xB /& M 7 2842 &9 (Bossard et al., 1999) -

db o 4o RFpHINF-kBE M > RFEHDZE T @I /EM > EMmGE T E R

L)

WE - AARABR 0 KIVET R A RISTEY » ERAW 264. Tt ja +



& 4 ] IKKo/B ~ IkBo & p65 9 & B 1L » 25 8A 4 5| RANKLFR 3% # 49 NF-xB
EME o 32 A A 2 JeB-luciferase g L3542 » Bl ENF-xB/EM » &5
HRANKLFAT 4 o (Y NF-kB7E M £ R mBRASTE D Ardps] - A L& RT
DB BARETAMAEE R P o 9 FINF-xBE M & i R ek T
ta BT R A B H AR B A A 8 B Ak ]

FHA ARG ES > hABEM e 1 i3 HRETe
KR RMABRMSR B o EHOBREBRGRAWA > LFTBRAF
BB > TR @ R B B siAE (Tsai et al., 2008) o #4142 R o7 5045
B RARWEITEMELTAG IR RS EGFERREN - Bt

AREATAMREL —BARBRLE - LR LR EEHRERE - BAE

i

W

Bu

R B QIF R AE RS E U RN E B ARE

/

R By 0 B EGIH AT e R &FFE £ (Goltzman, 2002) - {2

RETREENUNE wRRETENTERE D BFFRRLB2%
(Rodan and Martin, 2000) - R H & H S AR B e FERZEFEMAR
&) > 5| koteriparatide > & 7T BARI BRI B &9 AR 0 L5 I AR R ARG R T
B REREBEANTEHRRE - BAMTEAREZARARBNE
T ém B o P A RAE F Y e ik o e B 6 AL 0 RLAE $9 3w B A A A
(Cobb and Goldsmith, 1995; Quinn et al., 1998) - &£ KB #H % > HKIFVERH

g Faiatkt  BRREITAEY  HPNEH5ILIERGALP - BMP-2 -
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OCUL R OPNA Bt & o proAd A L R T 4o » B A ZERFTAY

BB BMAIER > 3 B AE F B A3 Ao B T AR B T IE
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/\ =1

#

AER > BROEFHATH @B RES@E P » AR R FET
A W Re S A FlER B mBaT A, o T B AR BT A 4 A ] TRANKLAT 3§
#9ERK ~ p38 ~ INK ANF-kB&E M o B gk > B 5B FEAFHT A M & HR kD
R RA LGN AERFNEE > AT ERRESERET 0 R

Fo e i B SABERE o
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Fig. 7 Ipriflavone analogues didn’t affect cell viability.

Bone marrow stromal cells or RAW264.7 cells were treated with ipriflavone
analogues (5 uM) for 2 days and cell viability was evaluated by the MTT assay. Note
that ipriflavone analogues did not affect the cell viability of bone marrow stromal
cells and RAW264.7 cells (n=3).
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Fig. 8 Ipriflavone analogues inhibits osteoclastogenesis from bone marrow
stromal cells and macrophages.

Osteoclast precursors were isolated from long bones of adult male SD rats and
plated on a 24-well plate at 1x10° cells/well. Cultured in the presence of M-CSF (20
ng/ml) and RANKL (50 ng/ml) for 7 days. Following TRAP staining, the cells with
more than 3 nuclei were counted (A). Compared with RANKL plus M-CSF,
ipriflavone analogues treatment markedly inhibited the differentiation of osteoclast.
The quantitative data are shown in (B)(n=3). RAW264.7 cells were seeded at 2x10*
and incubated for 5 days with M-CSF (20 ng/ml) and RANKL (50 ng/ml) without or
with ipriflavone analogues. Treatment with ipriflavone analogues inhibited
osteoclastogenesis (n=3)(C). RAW264.7 cells were seeded at 2x10* and incubated
for 5 days with M-CSF (20 ng/ml) and RANKL (50 ng/ml) without or with
ipriflavone analogues. Treatment with ipriflavone analogues inhibited avf33
expression (n=3)(D). Data are presented as mean+S.E. (n=3). * p<0.05 as compared
with control. # p<0.05 as compared with RANKL.
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Fig. 9 Ipriflavone analogues inhibits the RANKL-induced p38 ~ JNK and ERK

activation.

RAW264.7 cells were pretreated with JFL-142 (0.3 uM) and JFL-144 (0.3 uM)
for 30 min, and followed treatment with RANKL (50 ng/ml) for 60 min, than the

p38 ~ INK and ERK phosphorylation was determined by immunoblotting using
phospho-p38 ~ JNK and ERK specific antibody. Note that ipriflavone analogues

inhibits the RANKL-induced p38 ~ JNK and ERK phosphorylation .
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Fig. 10 Ipriflavine analogues inhibits RANKL-induced NF-kB activation.

RAW?264.7 cells were pretreated with JFL-142 (0.3 uM) and JFL-144 (0.3 uM)
for 30 min, and followed treatment with RANKL (50 ng/ml) for 60 min, than the
IKKo/B, IxBa phosphorylation and p65 phosphorylation at Ser536 was determined
by immunoblotting using phospho-IKKa/B, phospho-IkBa and phospho-p65 specific
antibody. Note that ipriflavone analogues inhibits the RANKL-induced IKKo/3
phosphorylation, IkBa phosphorylation and p65 phosphorylation (A). RAW264.7
cells were pretreated with JFL-142 (0.3 uM) and JFL-144 (0.3 uM) for 30 min,
before incubation with RANKL (50 ng/ml) for 2 h. The NF-kB binding activity were
examined by EMSA (B).
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Fig. 11 Ipriflavone analogues inhibits RANKL-induced kB-luciferase.

RAW?264.7 cells were transfected with kB-luciferase expression vector and then
pretreated with ipriflavone analogues for 30 min, before incubation with RANKL (50
ng/ml) for 24 h. Luciferase activity were determined. Data are presented as
mean£S.E. (n=3). * p<0.05 as compared with control. # p<0.05 as compared with
RANKL.
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Fig. 12 Ipriflavone analogues didn’t affect cell viability in osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues (5 uM) for 2
days and cell viability was evaluated by the MTT assay. Note that ipriflavone
analogues did not affect the cell viability of MG-63 cells and 3T3 cells. Data are
presented as meantS.E. (n=3).
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Fig. 13 Ipriflavone analogues slightly increased ALP expression in osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h.
69

ALP mRNA expression was assessed by qPCR (A & B). Data are presented as

mean£S.E. (n=3). * p<0.05 as compared with control.
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14 Ipriflavone analogues slightly

Fig.

osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h.
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BMP-2 mRNA expression was assessed by qPCR (A & B). Data are presented as

mean+£S.E. (n=3). * p<0.05 as compared with control.
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Fig. 15 Ipriflavone analogues slightly increased OC expression in osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h. OC

mRNA expression was assessed by qPCR (A & B). Data are presented as mean+S.E.
71

(n=3). * p<0.05 as compared with control.
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Fig. 16 Ipriflavone analogues slightly increased OPN expression in osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h.

OPN mRNA expression was assessed by qPCR (A & B). Data are presented as

3). * p<0.05 as compared with control.
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Fig. 17 Inhibition of bone loss by ipriflavone analogues in ovariectomized mice.

Female BALB/c mice were given a sham operation or ovariectomized. Mice

were treated with the ipriflavone or JFL-142 or JFL-144 (100 pg/kg) by i.p., than

determined the BMC and BMD by DEXA 3 weeks after surgery (A& B). Data are

presented as mean£S.E. (n=8—10 mice/group). * p<0.05 as compared with sham.

# p<0.05 as compared with ovariectomized-group.
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