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Table 1. Baseline characteristics in hip protectors group ,control group, and all subjects

Hip protectors Pvalu
T Control group Total o
(21 subjects in (21 subjects in
26 nursing 17 nursing
homes) homes)
e Mean SD'or Mean SD'or Mean SD'or
Characteristic or ©0) or ) or %)
(No) o (No) * (No) .
Age 86.9 6.7 85.3 6.4 86.1 6.5 0.442
Height(em) 146.6 6.7 1424 7.2 1445 7.2 0.056
Weight(kg) 46.6 8.9 44.4 T2 45.5 80 0.384
Body-mass index 21.6 3.6 22.0 3.4 21.8 3.6 0.782
History of hip fracture 3 (4.3 (8) (38.1) (11) (26.2) 0.132
Fall in the past vear (5) (23.8) (10) (47.6) (15) (85.7) 0.156
Total number of
complicating 1.8 1.2 2.1 1.2 2.0 1.2 0.366
conditions
MMSE! 22.0 4.3 22.3 4.5 22.2 4.4  0.862
FIM® motor items 71.6 14.8 64.3 9.4 68.0 12.8  0.064
Falls Efficacy —— & e
Scale(FES) 34.8 24.8 45.0 24.3 39.9 24.8 0.185
SF-8/
Physical Component 4,0 119 451 103 446 106 0.740
Score (PCS) £ ’ ' ' ' ; ’
Mental Component "
Score (MCS ) 52.6 6.9 49.5 8.8 51.1 8.0 0.213

Physical Activities'

Steps 909.8 597.1 829.9 984.7 878.7 7T44.0 0.832

*statistically significant with t test or x2 test
"standard deviation
iMini-Mental State Examination
§Functional Independence Measure
MOS 8-Item Short-Form Health Survey
YPhysical Activities I FIMB LL Looky 7 F a7 27 —RE 11 44, o ba—LBE T B OZME
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Table 2. Change in FES, PCS, MCS and steps in hip protector and control groups

Hip protectors group
(21 subjects in 26 nursing homes)

Baseline 3 months
Mean SD'  Mean SD!
FES! 34.8 24.8 41.9 22.9
SF-8
PCS® 44.0 112 437 116
MCS"’ 52.6 6.9 54.1 6.6
1Physi.ca.l Activities

Steps 909.8

597.1 1299.0 1399.5

6 months 12 months
Mean SDT Mean SD'
40.0 21.3 41.7 21.4 0.202

Pvalue

47.6 8.4 47.4 7.7 0.209
50.8 7.3 53.2 4.8 0.298

1022.1 998.2 1091.8 973.8 0.554

Control group
(21 subjects in 17 nursing homes)

Baseline 3 months
Mean SD' Mean SD'

FES' 45.0 24.3 46.6 18.7
SF-8

PCS*? 451 103 475 5.9

MCS” 49.5 8.8 50.7 6.3
}’hyaical Activities

Steps 829.9 984.7 758.4 8475

6 months 12 months
Mean SD' Mean SD'
43.5 20.5 47.9 22.0 0.824

Pvalue

44.8 7.8 46.6 5.8 0.526
51.9 6.2 51.4 6.1 0.536

810.6 1234.8 926.9 1237.9 0.568

*statistically significant with repeated measures ANOVA

Tstandard deviation
iFalls Efficacy Scale

§Physical Component Score
"Mental Component Score
“Physical Activities [ FIM5 U Loy 7 7 u7s4—if 11 4, avba— i 7 4 O3 50E
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Table 3 . Change in FES, PCS, MCS and steps in hard type of hip protector and soft
tyvpe of hip protector

Hip protectors group: ##7{t#
(9 subjects in 14 nursing homes)

Baseline 3 months 6 months 12 months
Mean SD' Mean SD' Mean SD' Mean SD' Fyalos

FES! 42.9 28.7 49.8 22.4 48.0 25.1 43.3 24.8 0.430
SF-8

PCS* 40.8 121 38.1 12.7 43.7 10.5 44.5 8.8 0.434

MCS’ 52.1 7.2 53.0 9.1 50.8 8.4 53.0 4.3 0.882
Physical
Activities'

Steps 9445 8948 7225 5414 6623 556.6 630.5 256.9 0.819

Hip protectors group: i FL#E
(12 subjects in 12 nursing homes)

Baseline 3 months 6 months 12 months Pvalue
Mean SDt Mean SDt Mean SDt Mean SDfY

FES' 288 208 35.9 22.3 34.1 16.6 40.5 19.5 0.212
SF-8

PCS? 46.5 10.3 47.9 9.1 50.5 5.3 49.5 6.4 0,496

MCS’ 53.0 6.9 54.9 4.2 50.7 6.8 53.4 5.4 0.295
Physical
Activities!

Steps 890.0 4389 16284 1664.1 1227.7 1170.5 1355.4 1150.8 0.392

*statistically significant with repeated measures ANOVA
"standard deviation

‘Falls Efficacy Scale

fPhysical Component Score

‘Mental Component Score

“Physical Activities i FIM5 LL EOREFTHE 4 4 @TTHE 7 4025



Table 4

. Change in FES, PCS, MCS and steps in MMSE=21and MMSE =20

Hip protectors group  MMSE21RLEL E
(13 subjects in 26 nursing homes)

‘Baseline 3 months 6 months 12 months Pvalue
Mean  SD'  Mean  SD'  Mean  SD'  Mean  SD'
FES? 38.8 26.8 411 254 42.2 254 38.9 24.4 0.797
SF-8
PCS® 430 111 427 12.7 459 9.2 47.2 8.6 0.382
Mcs! 52.6 6.0 53.3 74 51.8 7.5 53.6 37 0.855
Physical Activities'
Staps B37.29 686.72 BO6.14 48993 B32.14 399.39 99443 1033.63 0.645
Hip protectors group MMSE20&LLF
(8 subjects In 26 nursing homes) .
Baseline 3 months 6 months ' 12 months ) Puialin
Mean sp' Mean sp' Mean sD Mean = e
FES! 28.4 213 431 19.6 36.6 128 46.3 15.9 0.074
SF-8
pcss 45.7 11.8 45.4 10.1 50.3 6.6 47.6 6.7 0.588
mes! 52.7 8.5 85.3 5.3 49.1 71 52.7 6.6 0.275
Physical Activities®
Steps 1036.8 428.7 2161.5 2118.9 1704.5 1423.5 1262.3 981.4 0.288
Conlrol group  MMSEZ21 B EAE
(12 subjects in 17 nursing homes)
Baseline 3 months 6 months ] 12 months . Pvakie
B Mean  SD' Mean sp' Mean SD'  Mean sp'
FES? 55.7 233 51.8 17.9 428 16.7 53.6 21.2 0.247
SF-8
pCst 40.0 10.8 45.1 5.1 46.6 B.4 46.0 45 0177
mes! 48.7 113 50.1 7.3 50.6 7.4 49.6 6.2 0.905
Physical Activities!
Steps 1085.0 1289.5 B94.5 1071.6 1164.8 1626.1 1321.5 1589.1 0.329
Control group MMSE20#EL F
(9 subjects in 17 nursing homes) B
Baseline 3 months 6 months ' 12 months . Biailie
Mean sp’ Mean sp’ Mean sD Mean sD
FES? 30.9 18.4 39.7 18.4 44 6 258 40.2 21.8 0.210
SF-8
pcst 521 31 50.7 56 425 6.4 47.5 74 0.003*
Mmcs! 50.7 3.9 51.5 49 53.6 3.8 53.8 54 0.228
Physical Activities'
Steps 489.7 332.9 577.0 588.1 338.3 149.6 400.7 287.7 =

*statistically significant with repeated measures ANOVA
*standard deviation
tFalls Efficacy Scale
§Physical Component Score
Mental Component Score
“Physical Activities (% FIM5 L4 LoORUTTIE 4 4 #CUHE 7 4 O 205

.45 -



E. &
PR MBIty T T aT a8 —
BHICLIHEE., BEBMEL ToixE A
CE . QOL, Srikikihikey 3,6 »H Iz
fix, 12 » H ETORENRE(ELREIL
i
ey 7 7 aT s s —i, avha— Ll inE
HE% &, QOL, HEOH BERELITHE
nighots,
cby 7T aT 2 — R, RS
FTERMLCL RS RG220,
{EH Ly 7 7 oF 22 —ofMBO RS
rWEEZ bR,
il RS BV T, ey T T uT sy
— O HAMEE L QOL, &Gtz
Ui Ty AE S e LTSI OPVIE R4 otoY 48
Tehats,

F. i %#

1. lCRF

© IR T, SEMNEE, KEE,
i, BURZTOE, IRE B S A
T W A WA B 220 F R (Falls
Efficacy Scale: FES) (Z ¥l 7 SE[H],
W 1 2 B . 19(4). 2008 (in
press)
& ACATE, NEER FT-. Single task v
7 G EE]- Dual task 47 B
WEHI NN 2 L & MU (W G T
(THHEEIREL OB, £ 5 R S
CRe et A 20 CHE.1-7, 2009,
SEAEHIT, MERET. GmElcs
BI85 AL fin oo B~ i 45 <
FoALKEIL T~ i RKPES

PRl o b s R S0 4E.1-9. 2009.

-46 -

2. ¥2ETORK
JIETEA, INEER & 1. Hhbk(E(E otk
it i #7 O LB QOLI M54 7
Ok, B240 i AL A A
K. &iRiti. 2008. 10.
MNEETERL, IER F T ke (R
FOFEE ST HENOR. &
24[EI R LR SRR I R E. &R
ifi. 2008. 10.
IR E T, SRR, RBE, fEm
Bz, WREHE, BH B ey77o7
25— I LD MM A% ke M o
i 244 . Quality of Life(QOL) %
{b. W T P50 IE 42 S5 S [EI B2
2. WU 2008. 10.



MEREORTICET I —KE

3]

=1
'

10.

11.

Tokuda H, Takai S, Hanai Y, Harada A, Matsushima-Nishiwaki R, Kato H, Ogura S,

Kozawa O. Potentiation by platelet-derived growth factor-BB of FGF-3-stimulated
VEGF release in osteblasts. J Bone Miner Metab 26: 335-341, 2008.

Tokuda H, Takai S, Hanai Y, Matsushima-Nishiwaki R, Yamauchi Y, Harada A,
Hosoi T, Ohta T, O Kozawa. (-)-Epigallocatechin Gallate Inhibits Basic Fibroblast

Growth Factor-stimulated Interleukin-6 Synthesis in Osteoblasts . Horm Metab Res
407 674-678, 2008.

Kuno M, Takai S, Matsushima-Nishiwaki R, Minamitani C, Mizutani .J, Otsuka T,
Harada A, Adachi S, Kozawa O, Tokuda H. Rho-kinase inhibitors decrease
TGF-B-stimulated VEGF synthesis through stress-activated protein kinase/c:Jun
N-terminal kinase in osteoblasts. Biochemical pharmacology 77(2): 196-203, 2009.
Kato C, Ida K, Kawamura,M Nagava M, Tokuda H. Tamakoshi A, Harada A.
Relation of falls efficacy scale (FES) to quality of life among nursing home female
residents with comparatively intact cognitive function in Japan. Nagoya J. Med.
Sei. 700 19-27, 2008,

JRES, PR, AEEZ. MOED., KERE, ETEIES, FIF. oiGE TS
Proo ABETGREZ BT % MR FPE 2 E A BRREIEAARE 43(4): 303-308, 2008.
IS E T, R, ERB, fmiGes, BRAEE, FE ¥ riad L tEdi
HEOEE B % HERE (Falls Efficacy Scale : FES) (Bl F 5HA.  lEh#E
Ll (FIRIH)

JRH by 7 7uFs #—0FH PR R ARELSMEGE 137 : 2286, 2009.
LS Mgl ARl ShARMEME EME WS - EHEONIENL T I E T
AAEAMiZMEsE 137 : 2235-2247, 2009.

SRR, M AHIEN, = ARBE O, A ARE. S HEICEB T D Ml A HURIE D169, Geriat
Med 46(3): 905-917, 2008.

Takai S, Hanai Y, Matsushima-Nishiwaki R, Minamitani C, Otsuka T, Tokuda H,
Kozawa 0. p70 S6 kinase negatively regulates FGF-2-stimulated IL-6 synthesis in
osteoblasts! function at a point downstream from protein kinase C. J. Endocrinol.
197 131-137, 2008.

Hayashi K, Takai S, Matsushima-Nishiwaki R, Hanai Y, Kato K, Tokuda H,

Kozawa 0. (-)-Epigallocatechin gallate reduces transforming growth factor

-47-



16.

18,
19.

20.

Zls

22

B-stimulated HSP27 induction through the suppression of stress-activated protein
kinase/c-Jun N-terminal kinase in osteoblasts. Life Sci. 82! 1012-1017, 2008,

. Kato H, Takai S, Matushima-Nishiwaki R, Adachi S, Minamitani C, Otsuka T,
Tokuda H., Akamatsu S, Doi T, Ogura S, Kozawa O. HSP27 phosphorylation is

correlated with ADP-induced platelet granule secretion. Arch. Biochem. Biophys.
475: 80-86, 2008.

. Minamitani C, Otsuka T, Takai S, Matsushima-Nishiwaki R, Adachi S, Hanai Y,
Mizutani oJ, Tokuda H, Kozawa O. Involvement of rho-kinase in prostaglandin
Fzostimulated interleukin-6 synthesis via p38 mitogen-activated protein kinase in
osteoblasts. Mol. Cell. Endocrinol. 291: 27-32, 2008.

. Minamitani C, Takai S, Matsushima-Nishiwaki R, Hanai Y, Otsuka T, Kozawa O,
Tokuda H. Raloxifene-induced acceleration of platelet aggregation. Intern. Med. 47:
1523-1528, 2008.

. Tokuda H. Takai S, Matsushima-Nishiwaki R, Hanai Y, Adachi S, Minamitani C,

Mizutani J, Otsuka T, Kozawa 0. Function of Rho-kinase in prostaglandin

Do-induced interleukin-6 synthesis in osteoblasts. Prostaglandins Leukot. Fatty

Acids. 79: 41-46, 2008.

Yamauchi J, Takai S, Matsushima-Nishiwaki R, Adachi S, Minamitani C, Natsume

H, Mizutani J, Otsuka T, Takeda J, Harada A, Kozawa O, Tokuda H. Tacrolimus

but not cyclosporine A enhances FGF-2-induced VEGF release in osteoblasts. Intern.

J. Mol. Med. 23: 267-272, 2009.

7. Sumi Y, Miura H, Nagava M, et al. Relationship between oral function and general

condition among Japanese nursing home residents. Archives of gerontology and
Geriatries 48: 100-105, 2009.

Mo, EREE, fh. ERE O KBS,  UNEBRBmHNEELE 245 3-8, 2008.
RRE, BE. KB VE « VE O&hf= =% > ¥ ERRE. Journal of Clinical
Rehabilitation 17: 479-484, 2008.

EREM. @iaonigE ey T—2al KNRBER  ZHIERO DO
HowH A4 K 139145, WAfE ¥R 2008,

U, RREU. BATHEE KRR RIER O DO EBEBEA A 5861,
[BIAFE #IR 2008.

CBREEE, BHE  @REFERICET S HEERE S BT T BEAR 27: 781-87,

.48 -



23.

24,
25.

26.

27.

28.

29.

2008.

BRAE,  JEHE,  f - ERO TR - EREOBE ik @R (2 v 7T o
Ty —ie YO H % ET) THE BONE 22:387—89, 2008.

WRERE. X IrDEiEfE. CHHERERSRE 70 196-202, 2008.

MRS, K. 6 - B o4 A4 A= R, CLINICAL CALCIUM 18
754-60, 2008.

BREE. EMEREICLIS BAONSERETaT LA &G - B - EEE TH-
medicina 45: 1226-29, 2008.

WREE. GETHCHT3IAEYTF—Yar—btoy77u7 24—t LoRITT
4% &ir— THE BONE 22: 499-502, 2008.

HARAE, MEEET. Singole task ¥+ FRUGKERM] » Dual task ¥ > 7 RUGHK
OMIBZEAL & ke (@i 1= 31T DiaEIE L O, 4 & BT E PR 7R A
Hedwcik 1-7, 2009.

WAL, WEEET. ®SEEICBT W87 v R LiGEloO i~ 37 o A
EH# LT~ AEEKFEFMRE TR CHE 1-9, 2009.

-49.-



HHZEERRDOTIITS) - Bl



J Bone Miner Metab (2008) 26:335-34)
DO T T S00774-007-08249- 5

50 Springer 2008

ORIGINAL ARTICLE

Haruhiko Tokuda - Shinji Takai - Yoshiteru Hanai
Atsushi Haradu - Rie Matsoshima-Nishiwaki
Hisaaki Kato - Shinji Ogura - Osamu Kozawa

Potentiation by platelet-derived growth factor-BB of FGF-2-stimulated VEGF

release in osteoblasts

Recewed: June 28 2007 /| Accepted: November 15 2007

Abstract We previously reported that basic fibroblast
growth factor (FGF-2) stimulates the release of vascular
endothelial growth factor (VEGF) via p44/p42 mitogen-
activated protein (MAP) kinase and stress-activated protem
kinase/c-/un N-terminal kinase (SAPK/INK) in osteoblast-
like MC3T3-E1 cells. In the present study. we investigated
the effect of platelet-derived growth factor-BB (PDGF-BB)
on FGF-2-induced VEGF release in MC3T3-El1 cells.
PDGE-BB significantly enhanced the FGF-2-stimulated
VEGF release. The amplifying effect of PDGF-BB was
dose dependent in the range between (.1 and 30 ng/ml.
AG1295, a selective inhibitor of PDGF receptor kinase.
which reduced the autophosphorylation of PDGF receptor-
B. suppressed the enhancement by PDGF-BB without
affecting the FGF-2 effect, PDGF-BB failed to strengthen
the FGF-2-induced phosphorylation of p44/p42 MAP kinase
or SAPK/JNK. The amplification by PDGF-BB of FGF-2-
stimulated VEGF release was reduced by PDY80SY, a spe-
cific inhibitor of MEK. or SPa00125, a specific inhibitor of
SAPK/INK. These results strongly suggest that PDGF-BB
potentiates FGF-2-stimulated VEGF release at a point
downstream [rom p44/p42 MAP kinase and SAPK/INK in
osteoblasts.
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Introduction

Bone metabolism is strictly regulated by twa functional
cells, osteoblasts and osteoclasts, which are responsible for
hone formation and bone resorption, respectively [1]. It has
been shown that osteoblasts synthesize basic fibroblast
growth factor (FGF-2), and FGF-2 is embedded in bone
matrix [2,3]. FGF-2 expression in osteoblasts is detected
during fracture repair [4]. Therefore. it is recognized that
FGF-2 may play a pivotal role in fracture healing, bone
remodeling, and osteogenesis [5]. We have previously
reported that FGF-2 autophosphorylates FGF receptors |
and 2 among four structurally related high-affinity recep-
tors, possessing an intrinsic protein tyrosine Kinase activity
in osteoblast-like MC3T3-El cells [6]. In addition, we
reported that FGF-2 stimulates induction of heat shock
protein 27 in these cells [7].

Bone remodeling carried out by osteoblasts and osteo-
clasts is accompanied with angiogenesis and capillary out-
growth [8,9]. Because capillary endothelial cells provide the
microvasculature during bone remodeling. it is generally
recognized that the activities of osteoblasts, osteoclasts, and
capillary endothelial cells are closely coordinated and regu-
late bone metabolism [10]. These functional cells are con-
sidered to influence one another via humoral factors as well
as by direct cell-to-cell contact. It is well known thal vascu-
lar endothelial growth factor (VEGF) is an angiogenic
growth factor highly specific for vascular endothelial cells
[11). As for bone metabolism. it has been shown that inac-
tivation of VEGF causes complete suppression of blood
vessel invasion concomitant with impaired trabecular bone
formation and expansion of hypertrophic chondrocyle zone
in mouse tibial epiphyseal growth plate [12]. Evidence is
accumulating that osteoblasts among bone cells produce
and secrete VEGF in response lo various physiological
agents [11.13=15]. We have previously shown that FGF-2



stimulates VEGF release in osteoblast-like MC3T3-E|
cells, and that among the mitogen-activated protein (MAP)
kinase superfamily [16]. p4d/p42 MAP kinase and stress-
activated protein kinase/e-Jun N-termmnal kinase (SAPK/
INK) act as positive regulators in the VEGF release [17.18].
These findings led us o speculate that VEGF secreted from
osteoblasts may play a pivotal role in the regulation of bone
metabolism | 10.19]. However. the exact mechanism under-
Iving VEGF synthesis and its release in osteoblasts remains
to be claritied.

Platelet-derived growth factor (PDGF) s a mitogenice
tactor. which mainly acts on connective tissue cells [20.21],
PDGF occurs as five different soforms [21]. PDGF 1so-
torms were initially 1solated from human platelets. but have
been shown to be synthesized and released from a variety
of cell types including osteosarcoma and osteoblasts
[20.22.23]. As for bone metabolism. PDGF-BB reportedly
stimulates osteoblast proliferation and induces bone resorp-
tion |23]. Itis recognized that PDGF. released during plate-
let aggregation, plavs an important role in fracture healing
as a systemic factor and that PDGF also regulates bone
remodeling as a local factor [23]. We have previously
reported that PDGF-BB activates phosphatidvicholine-
hydrolyvzing phospholipase D via tvrosine kinase activation.
resulting in protem Kinase ©C achivation in osteoblast-like
MOITE-ED cells [24]). In addinon. we recently showed that
phosphatidy linositol - 3-kinase  negatively  regulates  the
PDGF-BB-stimulated interleukin-6 synthesis in these cells
[25]. However, the exact role of PDGF-BB in osteoblasts
has not vet been fully clarified,

In the present study, we investigated the effect of PDGF-
BB on FGF-2-stimulated VEGF release in osteoblast-like
MC3T3-E| cells. We here show that PDGF-BB upregulates
FGF-2-stimulated VEGF release in MC3T3-E1 cells. and
that PDGF-BB acts at a point downstream from p44/p42
MAP kinase and SAPK/INK,

Materials and methods

Aiternls

FGF-2. PDGF-BB. and mouse VEGF enzyme immunoas-
sav kit were purchised from R&D Systems (Minneapolis,
MN. USA). AGI1295 (6.7-dimethyl-2-phenylquinoxaline).
PDY805Y. and SP6UO125 were obtained from Calbiochem-
Novabiochem (La Jolla. CA. USA). Phospho-specific
PDGF receptor-f§ antibodies. PDGF receptor-f antibodies,
phospho-specific p44/p42 MAP kinase antibodies. pd4/p42
MAP kinase antibodies. phospho-specific SAPK/INK anti-
bodies, and SAPK/INK antibodies were purchased from
Cell Signaling (Beverlv. MA, USA). The FECL Western
blotting detection system was purchased from Amersham
Biosciences (Piscataway. NI, USA). Other materials and
chemicals were obtained from commercial sources. AG 1293,
PDYRO59. and SP6(NI23 were dissolved in dimethyl sulfox-
ide (DMSO). The maximum concentration ol DMSO was
0:1%. which did not affect the assay for VEGF or Western
blot analvsis.

Cell culture

Cloned osteoblast-like MC3T3-E1 cells. which have been
derived from newborn mouse calvaria [26], weére maintained
as previously described [27]. Briefly, the cells were cultured
in e-mmmum essenbial medium (a-MEM) containing 10%
fetal calf serum (FCS) at 37°C in a humidified atmosphere
of 3% CO,/95% air. The cells were seeded into 35-mm- (5
x 10%) or 90-mm- (5 x 10°) diameter dishes in «-MEM con-
taining 10% FCS. After 5 days. the medium was exchanged
for a-MEM contamning (1.3% FCS. The cells were used for
experiments after 48 h. When indicated. the cells were pre-
treated with AG1295, PDYS059. or SP600123 for 60 min.

VEGF assay

The cultured cells were pretreated with PDGF-BB for
60 min. and then stimulated by various doses of FGF-2 in
1 mlo-MEM contaiming (.3% FCS for the indicated periods.
When indicated. the cells were pretreated with AG1295,
PDYS03Y, or SP600125 for 60 min. The conditioned medium
was collected a1 the end of the incubation, and the VEGF
concentration was measured by enzyme-linked immunoas-
say (ELISA) kit.

Western blot analysis

The cultured cells were sumulated by FGF-2 or PDGF-BB
in a-MEM contaiming (.3% FCS for the indicated periods.
The cells were washed twice with phosphate-buffered
saline and then lysed. homogenized. and sonmicated in a
lysis buffer containing 62.5mM Tns/HCL pH 6.8. 2%
sodium dodecyl sulfate (SDS). 50 mM dithiothreitol, and
10% glycerol. The cytosolic fraction was collected as a
supernatant after centrifugation at 125000 g for 10 min at
4°C. Sodium dodecyl sullate (SDS)-polyacrylamide gel
electrophoresis (PAGE) was performed by Lacmmli [28]
in 10% polyacrylamide gel. Western blotting analysis was
performed as described previously [29] by using phospho-
specific PDGF receptor-f antibodies. PDGF receptor-p
antibodies. phospho-specific p44/p42 MAP Kinase anti-
bodies. p44/p42 MAP kinase antibodies. phospho-specific
SAPK/INK antibodies. or SAPK/INK antibodies. with per-
oxidase-labeled antibodies raised in goat against rabbit IgG
being used as second antibodies. Peroxidase activity on the
polyvinylidene fuoride (PVDF) sheet was visualized on
X-ray film by means of the ECL Western blotting detection
svstem. When indicated. the cells were pretreated with
PDGF-BB for 60 min.

Determimation

The absorbance of enzyme immunoassay samples was mea-
sured at 450 nm with EL 340 Bio Kinetic Reader (Bio-Tek
Instruments. Winooski, VT, USA). The densitometric anal-
vsis was performed using Molecular Analyst/Macintosh
(Bio-Rad Laboratories. Hercules, CA. LISA).
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Statistical analysis

The data were analyzed by analysis of variance (ANOVA))
followed by the Bonferromi method for multiple compari-
sons between pairs, and a /? < 0.05 was considered signifi-
cant. All data are presented as the mean = SEM of triplicaie
determinations. Each experiment was repeated three times
with similar results.

Effect of PDGF-BB on FGF-2-induced VEGF release in
MC3T3-El cells

PDGF-BB, which by itself did not affect the VEGF levels,
significantly potentiated the FGF-2-stimulated VEGF
release in a time-dependent manner in osteoblast-like
MC3T3-EI cells (Fig. 1). The amplifying effect of PDGF-
BB on the VEGF release was dose dependent in the range
between 0.1 and 30 ng/ml (Fig. 2). PDGF-BB (30 ng/ml)
caused about 200% enhancement of the FGF-2 effect on
VEGF release.

Effect of AG1295 on the amplification by PDGF-BB of
the FGF-2-induced VEGF release in MC3T3-E| cells

PDGF receptor has an intrinsic protein tyrosine kinase
activity |20]. To elucidate whether the upregulating effect

[
=]

VEGF (x10° pg/ml)

10

024 8 12 24
Time ()

Fig. 1. Elfcet ol platelet-derived growth fuctor-BB (PDGF-BB) on
fibrablast growth factor (FGF)-2-stimulated vascular endothelial
growth factor (VEGF) synthesis in MCIT3-E| cells. The cultured cells
were pretreated with 30 ng/ml PDGF-BB (A, &) or vehicle (@, O) for
60 min. and then stimulated by 70 ng/ml FGF-2 (@, &) or vehicle (O,
A4) for the indicated periods. Each value represents the mean £ SEM
of triphcate determinations. Similar results were obtained with two
additionul and different cell preparations. *P < 0.05. compared 1o the
value of FGF-2 alone
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of PDGF-BB on FGF-2-induced VEGF release is mediated
through the activation of PDGF recepror kinase in MC3T3-
El cells. we examined the effect of AGI295, a specific
mhibitor of PDGF-recepror kinase [30], on the enhance-
ment by PDGF-BB. AG1295 significantly suppressed the
amplificavion by PDGF-BB of FGF-2-induced VEGF
release whereas it had no effect on the FGF-2-induced
VEGF release (Table 1). We found that AG1295, which by
itsell had little effect on the phosphorylation of PDGF
receptor-f, actually attenuated the PDGF-BB-induced
phosphorylation of PDGF receptor-p (Fig. 3).

Effects of PDGF-BB on the FGF-2-induced
phosphorylation of p44/p42 MAP kinase or SAPK/INK in
MC3T3-EI cells

We have previously shown that p44/p42 MAP Kinase and
SAPK/INK play roles as positive regulators in the FGF-
2-stimulated VEGF release in osteoblast-like MC3T3-EI
cells [17.18]. To clarify whether the enhancement by PDGF-
BB of the FGF-2-stimulated VEGF release i1s an event
via activation of pd4/p42 MAP kinase or SAPK/INK in
these cells. we next examined the effect of PDGF-BB on
the FGF-2-induced phosphorylation of pd44/p42 MAP
kinase or SAPK/INK. However. PDGF-BB failed to affect
the FGF-2-induced phosphoryvlation of pd4d/pd2 MAP
kinase (Fig. 4). In addition. the FGF-2-induced phosphory-
lation of SAPK/JNK was not enhanced by PDGF-BB (data
not shown).

VEGE (x10? pg/ml)
8

10

DJF——O=——O—O—O—-O—-—-—I

0 0.1 1 3 10 30
PDGF-BB (ng/ml)

Fig. 2. Dose-dependent effect of PDGF-BB on FGFE-2-stimulated
VEGF synthesis in MC3T3.E1 cells. The cultured cells were pretreated
with various doses of PDGF-BB for 60 min, and then stimulated by
70 ng/ml FGF-2 (@) or vehicle () for 24 h. Each value represents the
mean = SEM of triplicate determinations. Similar results were obtained
with two additional and different cell preparations. *P < 0L0S, com-
pared to the value of FGF-2 alone
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Table 1. Effect of AGI1295 on the enhancement by PDGF-BB of FGF
2-stimulated VEGF release in MC3TAEI cells

AGI295 PGE-BB FGI-2 VEGF (pe/ml)
- - 78
+ 1916
X
+ + 1335+ 141
- =78
o + 1158 4 75
- + - <78
+ + 35200+ 135

The cultured cells were pretreated with 0.7 uM AG1295 or vehicle lor
nn. and then incubated with 30 ng/'ml PDGF-BB or vehicle for
MEmin. The cells were subsequently stimulated by 70 ng/ml FGF-2 or
sehiche tor 24 b, Each value represents the mean £ SEM of triplicate
determinations. Similar results were obtained with two additional and
ditterent cell preparations. *P < (005, compared to the control: **F <
HA5, compared 1o the value of FGFE-2 alone: *** P < D05, compared 1o
the value of FGF-2 with PDGF-BB pretreatment

PDGF-BB. platelet-derived growth factor-B: FGF-2. fibroblast growth
factor 22 VEGF, vascular endothelial growth factor

PDGF receptor f§ " -l ey =

phospho-PDGF receptor f§ Fmrmas

Lane 1 2 3 4
AG1295 - - + +
PDGF-BB - + - +
20— -
:
£ 100| % 1
=
(=]
w
a !
Lane 1 2 3 4

Fig. 3, Efteet of AGI295 on the PDGF-BB-induced autophosphoryla-
non of PRDGE receptor-ff in MC3T3-E1 cells. The cultured cells were
pretreated with (0.7 g5 AG 1295 or vehicle for 60 min, and then stimu-
lated by 30 ng/ml PDGF-BB or vehicle for 60 min. The extracts of cells
were subjected 10 SDS-PAGE with subsequent Western blotting anal-
vsis with antibodies against phospho-specific PDGF receptor-p or
PDGF receptor-f. The histogram shows quantitative representations
ol the levels of PDGF-BB-induced phosphorylation obtained from
luser densitometric analysis of three independent experiments. Each
vilue represents the mean + SEM of triplicate determinations. Similar
results were ohtined with two additional and differem cell prepara-
tions. “ 7 < 003, compared 1o the value of PDGF-BB alone

Effects of PDY803Y or SP600125 on the amplification by
PDGF-BB of the FGE-2-induced VEGF release in
MC3T3-EI cells

We further examined the etfect of PDY803Y, a specific
inhibitor of MEK1/2, upstream kinases that activate p44/

Phospho-p44/p42

p44/pa2

o
P B
Lane 1 2

PDGF-BB  — -
FGF2  — +

;|+w|.

e Ne

300 |

200 |

100

Fold increase

0
Lane 1 2 3 4

Fig. 4. Effect of PDGF-BB on FGF-2-induced phosphorylation of pdd
p42 MAP kinase in MC3TR-E1 cells. The cultured cells were pre-
treated with various doses of PDGF-BB for 60 min. and then stimu-
lated by 30 ng/ml FGF-2 or vehicle for 20 min, The extracts of cells
were subjected to SDS-PAGE with subsequent Western blotting anal-
ysis with antibodies against phospho-specific p44/pd2 MAP Kinase or
pdipd2 MAP Kinase. The histogram shows guantitative represen
tations of the levels of FGF-2-induced phosphorvlation obtained
from laser densitometric analysis of three independent expeniments
Each value represents the mean = SEM ol triplicate determinations
Similar results were obtained with two additional and different cell
preparabions

p42 MAP kinase |31]. on the enhancement by PDGF-BB.
PDYS05Y significantly suppressed the enhancement by
PDGF-BB of the FGF-2-induced VEGF release in addition
1o the effect of FGF-2 alone. In addition, SPaO0125. a spe-
cific SAPK/INK inhibitor [32], also reduced the enhance-
ment by PDGF-BB of the VEGF release (Table 2).

Discussion

In the present study, we demonstrated that PDGF-BB.
which by itself had no effect on the levels of VEGF. sig-
nificantly enhanced FGF-2-stimulated VEGF release
osteoblast-like MC3T3-E| cells. FGF-2 significantly elicited
VEGF release within 2 h after the stimulation, and the
enhancement by PDGF-BB was also observed within 2 h.
On the other hand, the levels of VEGF release induced by
FGF-2 and the enhancement by PDGF-BB were stepped
up after 8 h and sustained until 24 h after the stimulation
It is possible that both transcriptional processes and post-
transcriptional reactions are involved in the VEGF release
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Table 2. Effecr of PDURGSY or SPHNOI2S on the enhuncement by
PDGEF-BB of FGE-2-sumulited VEGF release in MCIT3-E| cells

Inhibitor PDGF-BB FGF-2 VEGF (pg/ml)
- <78

- - ' 16s = 40

+ <] 8
- + + 2910 £ 155
PDYsAM - - <78
PDYKS(Y - i 21 £
PDISSOY + - <78
PDYSSIK - . 1205 + 121
SPOiN2S - - <78
SPRNN 25 4 HY + IR
SPoUOL2S + - <78
SPol0125 + + 1124 4 950+

The culwred cells were pretreated with 30 pM PDYROSY. 10 uM
SPOOOI2S or vehicle for 6 min, and then incubated with 30 ng/ml
PDGE-BB or vehicle for 6l min. The cells were subsequintly stimu-
lated by 70 ng/ml FGF-2 or vehicle for 24 h. Each value represents the
mean = SEM of triphicate determinations. Similar results were obtained
with two addinonal and different cell prepurations. *P < 005, com.
pared 1o the control; ** P < (0105, compured to the value of FGF-2 alone,
SRR« 005, compared 10 the value of FGF-2 with PDGF-BB
pretrestment

induced by FGF-2 and its enhancement by PDGF-BB in
osteoblasts.

We next examined the effect of AG1295, a specific inhib-
itor of PDGF receptor kinase [30], on the amplification by
PDGF-BB. AGI295 significantly reduced the PDGF-BB-
induced enhancement of VEGF release without affecting
the FGF-2-stimulated VEGF release. AGI295 (0.7 uM)
caused about 40% inhibition of the PDGF-BB potentiation
on FGF-2-induced VEGF release in MC3T3-El cells.
AGI1295 reportedly inhibits the PDGF effects in Swiss 373
cells and in porcine aorta endothelial cells with 50% inhibi-
tory concentrations below 5 and 1 uM. respectively |30].
Thus, it seems that our present result 1s consistent with the
previous reporl. In addition, we found that AG1295 truly
attenuated the PDGF-BB-induced phosphorylation  of
PDGEF receptor-f in these cells. Taking these findings into
account. it is most likely that the activation of PDGF
receptor potentiates the FGF-2-stimulated VEGF relcase
in osteoblast-like MC3T3-El cells. Indeed. we did not
exchange the medium at the start of FGF-2 stimulation: in
turn, PDGF existed in the medium during the stimulation
by FGF-2 under the experimental conditions. As indicated,
the pretreatment with PDGF was 60 min before the stimu-
lation, and PDGF by itsell had little effect on VEGF release
up to 24 h. Thus, it is likely that the simultancous stimula-
tion with PDGF and FGF-2 could reproduce the enhance-
ment of VEGE release. although the time course should be
influenced.

We next investigated the mechanism of PDGF-BB
underlying the potentiation of VEGF release in MC3T3-F|
cells. In our previous studies [17.18]. we have shown that
p44/p42 MAP kinase and SAPK/INK act as positive regula-
tors in FGF-2-induced VEGF release. Thus, we tried 1o
clarify the relationship between PDGF-BB signaling and
these MAP kinases in the FGF-2-sumulated VEGF release

33

FGF-2

receptor
// g '\-\‘ &

= R

p44/p42 MAPK SAPK/JNK

PDGF-BB

VEGF release

Fig. 5. Schematic illustration of the signaling pathways of VEGF
release stimulated by FGF-2 and PDGF-BR in osieoblasts. FGF2,
tibrablast growth factor-2. MAPK, mitogen-activated protein Kinase,
SAPRANK, stress-activated protein kinase/c-Jun N-terminal kinasc,
PDGE-BA. plaelet-derived growth factor-BB: VEGFE, vascular ¢ndo-
thelial growth factor: +. amplitication

in these cells, However. PDGE-BB lailed to strengthen
the phosphorylation of p44/p42 MAP Kinase and SAPK/
INK. Therefore. it scems unlikely that PDGE-BB signaling
pathway upregulates the FGF-2-stimulated release of
VEGF at a point upstream from pdd/ipd2 MAP kinase or
SAPK/INK in osteoblast-like MC3T3-El cells. On the
other hand. we showed that PDY805Y |31] and SP600125
[32] markedly reduced the amplification by PDGF-BB of
FGF-2-induced VEGF release. PDGF-BB caused about
200% enhancement of FGF-2-induced VEGF release
without SPA00125 pretreatment: however. the enhancement
decreased less than 100% with SP600125. 1t is likely that
SPA0NO12S not only inhibits the effect of FGF-2 on VEGF
release but also reduces the enhancement by PDGF-BB.
Therefore. our findings suggest that PDGE-BB upregulates
the FGF-2-stimulated VEGF release at a point downstream
from SAPK/INK. Based on our findings, it is probable
that PDGF-BB upregulates the FGF-2-stimulated VEGF
release as an amplifier at a pont downstream from pd4/p42
MAP kinase and SAPK/INK in osteoblast-like MC3T3-El
cells. The potential mechamsm ol PDGF-BB in FGF-2.
stimulated VEGF release in osteoblasts shown here is sum-
marized in Fig. 5. Further investigations are necessary 1o
clarify the exact mechanism of PDGF-BB in the amplifica-
tion of VEGF synthesis in osteoblasts,

It is well recognized that angiogenesis and capillary out-
growth are essential for bone remodeling [101]. Our present
findings indicate that PDGF-BB signaling in osteoblasts
plays an important role in the control of the release of
VEGF, one of the potent key factors of bone metabolism,

.
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Because VEGF is a specilic mitogen of vascular endothelial
cells [11]. our results lead us 1o speculate that PDGE-BB-
amplifiecd VEGF levels act as a positive fecdback regulator
of the microvasculature development in bone. Morcover. it
has been reported that VEGF is involved in trabecular bone
formation and expansion of the hypertrophic chondroevie
zone in epiphyseal growth plate of mouse [12], supporting
the sizniticanee of VEGF in bone metabolism. The mito-
genic activibes of PDGF and its release by platelets suggest
a pivotal role in wound healing and bone fracture repair
[ 23] In addinon, PDGF is well recognized 1o be expressed
by avancty of malignant cells including osteosarcoma cells,
sugeesting the involvement of tumorigenesis 23] 1t has
been reported that FGF-2 svathesized by osteoblasts is
embedded in bone matrix [2.3]. Taking these findings into
account. it is probable that PDGF-BB-enhanced VEGF
release in the presence of FGF-2 [rom osteoblasts plays a
crucial role in the process of bone remodeling or tumori-
genesis via upregulating the proliferation of capillary endo-
thelial cells. It is possible that PDGF-BB cooperatively
enhances FGF-2-induced VEGF release. essential for the
development of microvasculature in the process of bone
repair or the pathogenesis of osteosarcomas. Additionally,
in this study s we investigated the effect of PDGF-BB on the
FGE-2Z-stimulated VEGF release utilizing osteoblast-like
MOSTE-E eells only. Therefore, to confirm the generaliza-
tion ol our lindings shown here, further investigations in
ather osteoblast cell lines are required.

In conclusion, our results strongly suggest that PDGF-
BB potentiates FGF-2-stimulated VEGF release at a point
downstream from pdd/pd2 MAP kinase and SAPK/INK in
osteoblasts,
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We previously showed that basic fibroblast
growth factor (FGF-2) activates the mitogen-
activated protein (MAP) kinase superfamily in
osteoblast-like MC3T3-E1 cells and that p3i8
MAP kinase functions as a positive regulator in
the FGF-2-stimulated synthesis of interleukin-6
(IL-6), a potent bone-resorptive agent, in these
cells. In the present study, we investigated the
exactmechanismoflL-6andtheeffectsof (| = }-epi-
gallocatechin gallate (EGCG), one of the major
green tea flavonoids. on the synthesis of IL-6.

Introduction

v

Compounds in foods such as vegetables and fruits
have beneficial properties to human beings,
Among them, it has been reported that flavo-
noids possess antioxidative, antibactenal, and
antitumor effects [1,2]. Catechins are ane of the
major flavonoids, which are present in various
species of plants such as green tea [2]. It 1s well
recognized that two functional cells, osteoblasts
and osteoclasts, strictly regulate bone metabo-
lism, the former being responsibie for bone for-
mation and the latter for bone resorption [3]. The
formation of bone structures and bone remode-
ling results rom the coupling process, that is,
bone resorption by activated osteoclasts with
subsequent deposition of a new matrix by osteo-
blasts. In bone metabolism, it has been shown
that catechin suppresses bone resorption |4],
As for asteoblasts, it has been shown that cate-
chin stimulates alkaline phosphatase activiry, a
mature osteoblast phenotype. and reduces apop-
tosis in osteoblast-like MC3T3-E1 cells [5]. It has
recently been reported that EGCG increases the
formarion of muineralized bone nodules and alka-
line phosphatase activity in human osteasarcoma
5a08-2 cells while it decreases Runx 2 [6]. We
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PD98059, an inhibitor of MEK, but not SP600125,
an inhibitor of stress-activated protein kinase/
¢-Jun N-terminal kinase, suppressed FGF-2-stim-
ulated IL-6 synrhesis, EGCG significantly reduced
the IL-6 synthesis stimulated by FGF-2 in a dose-
dependent manner. EGCG attenuated the FGF-2-
induced phosphorylation of p44/p42 MAP kinase
and p38 MAP kinase. These results strongly sug-
gest that EGCG inhibits the FGF-2-stimulated
synthesis of IL-6 at least partly via suppression
of the p44/p42 MAP kinase pathway and the p38
MAP kinase pathway in osteoblasts.

have recently reported that catechin amplifies
prostaglandin Fyx-stimulated synthesis of vascu-
lar endothelial growth factor in these cells [7].
However, evidence abourt the effects of catechin
on osteoblasts is not sufficiently accumulated.

Interleukin-6 (IL-6) is a multifunctional cytokine
that has eminent physiological effects on a wide
range of functions, such as promoting B-cell dif-
ferentiation and T-cell activation and inducing
acute-phase proteins |8-11). In bone metabolism,
IL-6 is ane of the most potent osteoclastogenic
factors [10,11]. Bone resorption 1s mediated by
the increased local production of inflammatory
cytokines such as tumor necrosis factor-» and
IL-1. In psteoblasts |12-14], it has been reported
that bone-resorptive agents such as tumor necro-
sis factor-x and IL-1 stimulate the synthesis of IL-
6. As for bone metabolism, IL-6 has been shown
to stimulate bone resorption and induce osteo-
clast formation [10-12,15]. Therefore, evidence
15 accumulating that IL-6 secreted from osteo-
blasts plays a key role as a downstream effector
of bone-resorptive agents. In our recent studies
[16]. we have reported that basic fibroblast
growth factor (FGF-2) stimulates [L-6 synthesis
at least in part through p38 MAP kinase. a mem-
ber of the MAP kinase superfamuly [17]. in osteo-



blast-like MC3T3-E1 cells. However, the exact mechamsm of
FGF-2 underlying 1L-6 synthesis in osteoblasts remains ro be
clarified,

In the present study. we investigated the effects of (- -epigallo-
catechin gallate (EGCG), one ol the major green tea Navonoids, on
FGF-2-stimulated IL-6 synthesis in osteoblast-like MC3T3-E1 cells
and the mechamsm underlying . Here we show that EGCG
reduces FGF-2-stimulated IL-6 synthesis at least partly via attenu-
ation of p44/p42 MAP kinase and p38 MAP kinase in these cells

and frethonr

FGF-2 and 1L-6 ELISA kits were purchased from R&D Sysiems,
Inc. (Minneapolis, MN), EGCG was obtained from Calbiochem-
Novabiochem Co. (La Jolla, CA). Phospho-specific p44/p42 MAP
kmnase antibodies. p44/pd2 MAP kinase antibodies, phospho-
specific p38 MAP kinase antibodies, and p38 MAP kinase anti-
bodies were purchased from Cell Signaling Technology |Beverly,
MA). The ECL Western blotting detection system was purchased
from Amersham Japan (Tokyo, Japan). Other materials and
chemicals were obtained from commercial sources.

The cloned osteoblast-like MC3T3-E| cells, which were derved
from newborn mouse calvaria [ 18], were maintained as previ-
ously described [19]. Briefly, the cells were cultured in z-mini-
mum essential medium (2-MEM) contaning 10% fetal calf serum
[FCS) at 37 " Cin a humidified atmosphere of 5% C0,/95% air. The
cells were seeded into 35-mm diameter dishes (5% 104/dish) or
90-mm diameter dishes [5x10"/dish) in s-MEM containing 10%
FCS. After five days, the medium was exchanged for »-MEM can-
raining 0.3% FCS. The cells were used for experiments after 48
hours,

v o Ity
The cultured cells were stimulated by FGF-2 in 1ml 2-MEM con-
taming 0.3% FCS and then incubated for the indicated penods.
The conditioned medium was collected. and IL-6 in the medium
was then measured by an IL-6 ELISA kit When indicated, the cells
were pretreated with vanous doses of EGCG for 60 minutes.

it tf Woestern blating
The cultured cells were stimulated by FGF-2 in »-MEM contaiming
0.4% FCS for the indicated periods. The cells were washed twice
with phosphate-buffered saline and then lysed, homogenized,
and sonicated in a lysis buffer containing 62.5mM Tnis/HCI, pH
6.8, 2% sodium dodecyl sulfate (SDS), 50mM dithiothreitol, and
10% glycerol. The cytosolic fraction was collected as a supernatant
after centrifugation at 125000+ g for 10 minutes at 4°C. SDS-
polyacrylamide gel clectrapharesis [PAGE ) was performed by Lae-
mmli [20] in 10% polyacrylamide gel. Western blotting analysis
was performed as described previously [21] by using phospho-
specific p44/p42 MAP kinase anubodies, p44/p42 MAP kinase
antibodies, phospho-specific p38 MAP kinase antibodies, or p38
MAP kinase antibodies, with peroxidase-labeled antibodies raised
n goat against rabbit 1gG being used as second antibodies. The
peroxidase activity on PVDF membrane was visualized on X-ray
film by means of the ECL Western blotting detection system.
When indicated, the cells were pretreated with various doses of
ECCG for 60 minutes.
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Fig. 1 Effect of EGCG on the FGF-2-stimulated IL-6 synthesis m MC3T3-
£1 cells. The cultured cells were pretreated with vanous doses of EGCG for
B0 min and then stimulated by 70ng/mi FGE-2 or vehicle for 24 h. Each value
represents the mean « SEMof triplicate determinations. Similar results were
abtained with two additional and different ool preparations.  p<0.05
compared with the value of 1G1-2 alone,

Determinationgs

The absorbance of enzyme immunodssay samples was mea-
sured at 450nm with the EL 340 Bio Kinetic Reader (Bio-Tek
Instruments, Inc., Wincoski, VT). A densitometric analysis was
performed using the Molecular Analyst/Macintosh software
program (Bio-Rad Laboratories, Hercules, CA). The cell viability
was assessed by the trypan blue dye exclusion test.

Sottical analys

The data were analyzed by ANOVA followed by the Banferroni
method for multiple comparisons between pairs, and p<0.05
was considered significant. All data are presented as the
medan+SEM of triplicate determinations, Each experiment was
repeated three times with similar results.

Hrespirs

ol GGG o TS stittnatdted -6 syntlesis in
L ot o I | A

We previously found thar FGF-2 stimulates 1L-6 synthesis in
osteoblast-like MC3T3-E1 cells [16]. We first examined the
effects of EGCG on FGF-2-stimulated IL-6 synthesis. EGCG, which
alone had little effect on IL-6 levels, significantly reduced the
FGF-2-stimulated synthesis of IL-6 in a dose-dependent manner
in doses between 1xM and 30u;M (< Fig. 1). EGCG (30pM)
caused about a 40% reduction in the FGF-2 effect. We confirmed
that the viability of the celis incubated at 37°C for 24 hours 1n
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Table 1 Effect of PDIB0SS ar SPE00125 on FGF-2-stimulated IL-6 synthesis
inMEITI-ET ells

Inhibitors FGF-2 IL-6 (pg|ml)
- _ 2625

- ' 12751 517
PDAR059 - 27:10
PO9R0SS + 929:85""
5PRO0125 25:10
SPG0N12YS . 1350+ 49

The cultured cells were pretreated with S0 0 POYRISG, 10 M SPHI01 25, or veshic le
tor GO minutes and then stinwlated by 70ngmi FGF-2 tor 14 hours, Each valus
reprecents the miean + SEM o tnplicate determisations. Semilar results were aotained
wath two additional and different coll preparations

“p <105 compared with the value of control

**p<00.0% compared with the value of FGF-2 alone

the presence of 30 ;M EGCG was more than 90% compared with
that af the control cells, To determine whether EGCG could affect
cell proliferation, we counted cell numbers before and after the
24-hour incubation with 30 4M EGCG. We confirmed that EGCG
did not altect the cell number at 4 dose of 30 M. These findings
suggest that EGCG at 30,4M hardly affects the viability or the
proliferation of ostecoblast-like MC3T3-E1 cells after up to 24
hours' incubation

In owr previous study | 16], we showed that p38 MAP kinase acts
as a positive regulator of FGF-2-stimulated IL-6 synthesis in
MC3T3-E1 cells. We have already demaonstrated that FGF-2 acti-
vates p44/pd42 MAP kinase and stress-activated protein kinase/c-
Jun N-terminal (SAPK[INK) in addition to p38 MAP kinase in
these cells |22,23], Therefore, in order to investigate the involve-
ment of these MAP kinases in IL-6 synthesis, we next examined
the eftects of PDO805Y, a specific inhibitor of MEK upstream
kinases that activates p44/p42 MAP kinase [24), and SP600125. a
specific inhibitor of SAPK/JNK [25), on IL-6 synthesis. PD98059
[504M) significantly suppressed the FGF-2-stimulated synthesis
of IL-6 [Table 1), suggesting that p44/p42 MAP kinase, in addition
to p38 MAP kinase, is involved in FGF-2-stimulated IL-6 synthe-
sis. On the other hand, the FGF-2-induced IL-6 synthesis was
hardly affected by SPGO0125 (10 uM) in these cells (Table 1),

In order to clarify the inmibitory mechanism of EGCG underlying
the FGF-2-stimulated IL-6 synthesis in these cells, we examined
the effects of EGCG on the FGF-2-induced phosphorylarion of
p44/p42 MAP kinase and p38 MAP kinase. EGCG markedly
reduced the FGF-2-induced phosphorylation of p44/p42 MADP
kinase (= Fig. 2). According to the densitometric analysis, EGCG
caused about a 30% reduction in the FGF-2 effect

In addition, EGCG. which by itself had little effect on the phos-
phorylation levels of p38 MAP kinase, significantly suppressed
FGE-2-induced p38 MAP kinase phosphorylation (¢ Fig. 3)
According to the densitometric analysis, EGCG caused about a
70% reduction in the FGF-2 effect.
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Fig.2 Effect of EGCG on the phosphorylation of p38 MAP kinase induced
by FGF-2in MC3T3-E1 cells. The cultured cells were pretreated wath 100 ;M
EGCG or vehicle for 60 min and then stimulated by 70 ng/ml FGF-2 or vehicle
for 10min. The extracts of cells were subjected to SOS-PAGE with subsequent
Western blotting analysis with antibodies against phospho-specific
P38 MAP kinase or p38 MAP kinase. The histogram shows quantitative
representations of the levels of FGF-2-induced phosphorylation obtained
from laser densitometne analysis of three independent experiments. tach
value reprosents the mean « SEM of inplicate determinations. Similar results
wore obtainced with bwa additinnal and different cell preparations. *p<0.05
compared with Lhe value ol TGE-2 alone

Drinerass i

In the present study, we demonstrated that EGCG significantly
reduced the FGF-2-stimulated IL-G synthesis in osteoblast-like
MC3T3-E1 cells. We next investigated the mechanism of EGCG
behind the suppressive effect on IL-6 synthesis. It is well known
that the MAP kinase superfamily plays an important role in cel-
lular functions including prohiferation, differentiation, and sur-
vival in a variety of cells [ 17} Three major MAP kinases, p44/pa2
MAP kinase, p38 MAP kinase, and SAPK/INK. are known as cen-
tral elements used by mammalian cells to rransduce the diverse
messages |17). We have previously shown that p38 MAP kinase
1s involved in FGF-2-stimulated IL-6 synthesis in MC3T3-E1 cells
[16]. In addition, we already demonstrated that FGF-2 activates
p44/p42 MAP kinase and SAPK/INK as well as p38 MAP kinase in
these cells |22.23]. In this study. PD98059 [24] but not SP600125
|25] suppressed FGF-2-stimulated 1L-6 synthesis. It appears that
the inlubuor SPEO0125 increases FGF-2-stimulated IL-b levels
(Table 1). However, the p-value was 011, compared with the
value of FGF-2 alone. Thus, we could not find any statistical dif-
ferences. We have shown that 10 uM SP&00125 markedly atten-
uates the FGF-2-induced phosphorylarion of SAPK/INK |22],
Therefore, it seems unlikely that SAPK/INK is invalved in the
FGF-2-induced IL-6 synthesis in these cells. Although the poten-
tial for some nonspecific effect of PD98059 still remains, based
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