Table 2. Effect of PDYS0OSY or SPOO0I2S on the enhancement by
PDGF-BB of FGF-2-stimulated VEGF release in MCIT3-E ] cells

Inhibitor PDGE-BB FGE-2 VEGF (pg/ml)
= - - <78

- - 1R + d)

- + = <R

- . - 2910 £ 155"
PDYNsM = - <718
PDURs0M - + 52§ & 3=
PDYRSIN . = <78
PS50 + + 1205 £ 120"
SPo0123 - - <78
SPHINIT2S + 629 £ 3y
SP6iN 25 + - <18

SPeid1 25 + 1124 4 Y5ess

The cultured cells were pretreated with 30 pM PDYR0SY. 10 uM
SPO00I2S or vehicle for 6O min. and then incubated with 30 ng/ml
PDGE-BB or vehicle for 60 min. The cells were subsequently stimu-
lated by 70 ng/ml FGF-2 or vehicle for 24 h. Each value represents the
meun = SEM of triplicate determinations. Similar results were obtained
with two additional and different cell preparations. *F < 0.05, com-
pared to the control: ** P < (L05. compared to the value of FGF-2 alone:
“EEP < 005, compared 1o the value of FGF-2 with PDGF-BB
pretreatment

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 kinasc [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.
AG 1295 reportedly inhibits the PDGF effects in Swiss 3T3
cells and in porcine aorta endothelial cells with 50% inhibi-
tory concentrations below 5 and 1 pM, respectively [30).
Thus. it seems that our present resull is consistent with the
previous report. In addition. we found that AG1295 truly
attenuated the PDGF-BB-induced phosphorylation of
PDGF receptor-p 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-E1 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 itself had little effect on VEGF release
up to 24 h, Thus. it is likely that the simultaneous stimula-
tion with PDGF and FGF-2 could reproduce the enhance-
ment of VEGF release, although the time course should be
influenced.

We next investigated the mechanism of PDGF-BB
underlyving the potentiation of VEGF release in MC3T3-E1
cells. In our previous studies [17.18]. we have shown that
p44/pa2 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-stimulated VEGF release

33

FGF-2

~receptor

7 .\\

o

pd4/pa2 MAPK

™\

SAPK/JNK

PDGF-BB

VEGF release

Fig. 5. Schematic illustration of the signaling pathways of VEGF
release stimulated by FGF-2 and PDGF-BB in osteoblasts, FGF-2,
fibroblast growth factor-2: MAPK, mitogen-activated protein kinase:
SAPKANK. stress-activated protcin kinase/c-Jun N-terminal kinase:
PDGF-BA. plateler-derived growth factor-BB: VEGF, vascular endo-
thelial growth factor: + amplification

in these cells. However, PDGF-BB lailed 1o strengthen
the phosphorylation of p44/p42 MAP Kinase and SAPK/
IJNK. Therefore, it scems unlikely that PDGF-BB signaling
pathway upregulates the FGF-2-stimulated release of
VEGF at a point upstream from pd4/p42 MAP kinase or
SAPK/INK in osteoblast-like MC3T3-El cells. On the
other hand. we showed that PDY80SY [21] 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 SPH(0125 pretreatment; however, the enhancement
decreased less than 100% with SP600125. 1t is likely that
SP600125 not only inhibits the effect of FGF-2 on VEGF
release but also reduces the enhancement by PDGF-BB.
Therefore, our findings suggest that PDGF-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-sumulated VEGF
release as an amplifier at a point downstream from pdd/p42
MAP kinase and SAPK/INK in osteoblast-like MC3T3-E1
cells, The potential mechanism of PDGF-BB in FGF-2-
stimulated VEGF release in osteoblasts shown here is sum-
marized in Fig. 5. Further investigations are necessary 10
clarily 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 [10]. 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 specific mitogen ol vascular endothelial
cells |11, our results lead us to speculate that PDGF-BB-
amplified VEGF levels act as a positive feedback regulator
of the microvasculuture development in bone. Moreover, it
has been reported that VEGF is involved in trabecular bone
formation and expansion of the hypertrophic chondrocyte
zone in epiphyseal growth plate of mouse [12]. supporting
the sipniticancee of VEGF in bone metabolism. The mito-
penic activities of PDGF and its release by platelets suggest
i pivotal role in wound healing and bone fracture repair
23] In addition, PDGF is well recognized to be expressed
by avaniety of malignant cells including osteosarcoma cells.
suggesting the involvement of tumorigenesis [23]. Tt has
been reported that FGF-2 svathesized by osteoblasts is
vmbedded in bone matrix [2,3]. Taking these findings into
dccount, it is probable that PDGF-BB-cnhanced VEGF
release in the presence of FGF-2 from 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 hone
repair or the pathogenesis of osteosarcomas. Additionally,
in this studh . we imvestigated the effect of PDGF-BB on the
FGE-2stmulated VEGF release utilizing osteoblast-like
MOATA-E | cells only. Therefore, to confirm the generaliza-
ton of our lindings shown here. further investigations in
other osteoblast cell lines are required.

In conclusion, our results strongly suggest that PDGF-
BB potentiates FGF-2-stimulated VEGF release at a pomt
downstream from p44/p42 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 p38
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
exactmechanismolll-6and theeffectsof (= }-epi-
gallocatechin gallate (EGCG), one of the major
green tea flavonoids, on the synthesis of IL-6.

Introduciion

Y

Compounds in foods such as vegetables and fruits
have beneficial properties to human beings.
Among them, it has been reported that fMavo-
noids possess antioxidative, antibacterial, 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]. 1t is well
recognized that two functional cells, osteoblasts
and osteoclasts, strictly regulate bone metabo-
lism, the former being responsible for bone for-
mation and the latter for bone resorption |3]. The
formation of bone structures and bane remode-
ling results from the coupling process, that is,
bone resorption by activated osteoclasts with
subseguent deposition of a new matrix by osteo-
blasts, In bone metabolism, it has been shown
that catechin suppresses bone resorprion (4]
As for osteoblasts, it has been shown that cate-
chin stimulates alkaline phosphatase activiry, a
mature osteablast phenotype, and reduces apop-
tosis in osteablast-like MC3IT3-E1 cells |5]. It has
recently been reported that EGCG increases the
formation of mineralized bone nodules and alka-
line phosphatase actvity in human osteosarcoma
5a08-2 cells while it decreases Runx 2 [6]. We

Horm Metab Res 2008; 40, 674-678

-361 -

i ). Y

PDY8059, an inhibitor of MEK, but not SP600125,
an inhibitor of stress-activated protein kinase/
c-Jun N-terminal kinase, suppressed FGF-2-stim-
ulated IL-6 synthesis. EGCG significantly reduced
the IL-6 synthesis sumulated 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 osteablasts.

have recently reported that catechin amplifies
prostaglandin F;z-stimulated synthesis of vascu-
lar endothelial growth factor in these cells |7).
However, evidence about the effects of catechin
on osteoblasts is not sulficiently 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 one of the most potent osteoclastogenic
factors [10,11]. Bone resorption 15 mediated by
the increased local production of inflammatory
cytokines such as tumor necrosis factor-» and
IL-1. In ostepblasts | 12-14], it has been reported
that bone-resorptive agents such as tumor necro-
sis factor-z and IL-1 stimulate the synthesis of IL-
6. As for bone metabolism, IL-6 has been shown
o stimulate bone resorprion and induce osteo-
clast formation [10-12,15]. Therefore, evidence
is accumulating thar IL-6 secreted from osteo-
blasts plays a key role as a downstream effector
of bane-resorptive agents. In our recent studies
[16], we have reported that basic fibroblast
growth factor (FGF-2) stimulates 11-6 synthesis
at least in part through p38 MAP kinase, a mem-
ber of the MAP kinase superfamily | 17). in osteo-



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

In the present study. we investigated the effects of (- }-epigallo-
catechin gallate (EGCG), one of the major green tea flavonoids, on
FGF-2-stimulated IL-6 synthests in osteoblast-like MC3T3-E1 cells
and the mechanism underlying it. Here we show that EGCG
reduces FGF-2-stimulated IL-6 synthesis at least partly via attenu-
anon of pd4/p42 MAP kinase and p38 MAP kinase in these cells,

"Fateeialy and Methos!

FGF-2 and IL-6 ELISA kits were purchased from R&D Systems,
Inc. (Minneapolis, MN), EGCG was obtained from Calbiochem-
Novabiochem Co. (La Jolla, CA). Phospho-specific p44{p42 MAP
kinase antibodies, pd4/p42 MAP kinase antibodies, phospho-
spectfic 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, |apan). Other materials and
chemicals were obtained from commercial sources.

The cloned osteoblast-like MC3T3-E1 cells, which were derived
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) containing 10 % fetal calf serum
(FCS)at 377 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 (5= 10%/dish) in »=-MEM containing 10%
FCS. After five days, the medium was exchanged for »-MEM con-
taining 0.3% FCS. The cells were used for experiments after 48
hours.

v iot Haty
The cultured cells were stimulated by FGF-2 in | ml »-MEM con-
taiming 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 various doses of EGCG for 60 minutes.

4% i Western
The cultured cells were stimulated by FGF-2 in +MEM containing
0.3% 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 Tris/HCI, pH
6.8, 2% sodium dodecyl sulfate (SDS), 50mM dithiothreitol, and
10% glycerol. The cytosolic fraction was collected as a supematant
after centnfugation ar 125000=g for 10 minutes at 4°C. SDS-
polyacrylamide gel electrophoresis (PAGE) was performed by Lae-
mmii [20] in 10% polyacrylamide gel. Western blotting analysis
was performed as described previously |21] by using phospho-
specific pd4/p42 MAP kinase antibodies, p44/p42 MAP Kinase
antibodies, phospho-specific p38 MAP kinase antibodies, or p38
MAP kinase antibodies, with peroxidase-labeled antibodies raised
1 goat against rabbit 12G 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
EGCG for 60 minutes.

Wottine

-
o

IL-6 (x10'pg/ml)
/
@ %

EGCG (uM)

Fig. 1 Effect of EGCG on the FGF-2-stimulated IL-6 synthesis in MC373-
E1 cells. The cultured cells were pretreated with various doses of EGCG Tor
6Omin and then stimulated by 70ng/mi FGF-2 or vehucle for 24 h. Each value
represents the mean ¢ SUM of tnphicate determinations. Similar results were
obtained with two additional and different cell preparations, p<0.05
compared with the value of FGE-2 alone,

Determination

The absorbance ol enzyme immunoassay samples was mea-
sured at 450nm with the EL 340 Bio Kinetic Reader (Bio-Tek
Instruments, Inc., Winooski, VT). A densitomernc 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.

datistical analys:

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

Hosunits
it tvol EGCL on | 5k-2 shinaldted IL-6 syinthesiy in
L3T3-ET cells

We previously found that FGF-2 stimulates IL-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 1yM and 30uM (< Fig, 1). EGCG (30,M)
caused about a 40% reduction in the FGF-2 effect. We confirmed
that the viability of the cells incubated at 37°C for 24 hours in
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Table 1 Elfect of PDIBOSY or SPE00125 on FOF-2-stimulated IL-6 synthesis
INMCIT-ET cells

Inhibitors FGF-2 IL-6 (pgfmil)

- = 2625

- 127551

PO9R059 27:10

PDSROS9 * 929:85"°

SP600125 - 25:10

SPH00125 [ 1350449

Ihe cultured cells were pretreated wath 50 M PDSS0SS, 10 .M SPE00 125, or vebicle
for 60 munytes and then stimulated by FOng/ml FOT-7 for 24 hours. Each value
tepresents the mean + SEM ol triphcate determingtinns. Similar results were nbtaned
wath two additsonal and different vell preparations

“p<0.05 compared with the valpe of control

** p<0.05 vompared with the value of FGF-2 alone

the presence of 30 M EGCG was more than 90% compared with
that of the control cells. To determine whether EGCG could affect
cell proliferation, we counted cell numbers before and after the
24-hour incubation with 30,,M EGCG. We confirmed that EGCG
did not affect the cell number at a dose of 30 M. These findings
suggest that EGCG at 30uM hardly affects the viability or the
proliferation of osteoblast-like MC3T3-E1 cells after up 10 24
hours” incubation
DOA0HS and SPLOO1 25 on FGEH-2- stimulat
g iy D 30 §oells

Inour 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 aiready demonstrated that FGF-2 acti-
vaites p44/p42 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 1L-6 synthesis, we next examined
the effects of PDI805Y, a specific inhibitor of MEK upstream
kinases that activates p44/p42 MAP kinase | 24|, and SP600125, a
specific inhibitor of SAPK/INK [25], on IL-6 synthesis, PD98059
(50 M) 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 M) in these cells (Table 1).

ot (e PG indoc: d phiosphiorgiali on

In order to clarify the inhibitory 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 phosphorylation of
p44{pd2 MAP kinase and p38 MAP kinase. EGCG markedly
reduced the FGF-2-induced phosphorylation of p44/p42 MAP
kinase (= Fig. 2). According to the densitometnic analysis, EGCG
caused abour 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
FGF-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 an the phosphorylation of p38 MAP kinase induced
by FGF-2 In MC3T3-E1 cells. The cultured cells were pretreated with 100,M
EGCG or vehicle for 60 min and then stimulated by 70ng/ml FGF-2 or vehicle
for 10min, The extracts of cefls were subjected to 505-PAGE with subsequent
Western  blotting  analysis with antibodies against phospho-specific
PIB MAP kinase of p3R MAP kinase. The histogram shows quantitative
representations of the levels of FGF-2-induced phosphorylation obtained
from laser densitometric analysis of three independent experiments. tach
value represents the mean « SEM of triplicate determinations. Similar results
were abtained with twa additional and different cell preparations. “p<0.05
compared with the value of TGF-2 alone.

[Miscussion

In the present study. we demonstrated that EGCG significantly
reduced the FGF-2-stimulated IL-6 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 proliferation. differentiation, and sur-
vival in a variety of cells | 17]. Three major MAP kinases, p44/p42
MAP kinase, p38 MAP kinase, and SAPK/|NK, are known as cen-
tral elements used by mammalian cells to transduce the diverse
messages | 17]. We have previously shown that p38 MAP kinase
15 involved in FGF-2-stimulated IL-6 synthesis in MC3T3-E1 cells
[16]. In addition, we already demonstrated that FGF-2 activares
p44[p42 MAP kinase and SAPK/|NK as well as p38 MAP kinase in
these cells [22,23]. In this study, PD98059 [24] but not SP600125
125] suppressed FGF-2-stimulated 1L-6 synthesis It appears that
the inhibitor SP600125 increases FGF-2-stimulated IL-6 levels
(Table 1). However. the p-value was 0.11, compared with the
value of FGF-2 alone, Thus, we could not find any statistical dif-
ferences. We have shown that 10 sM SP600125 markedly atten-
uates the FGF-2-induced phosphorylation of SAPK/[JNK [22].
Therefore, it seems unlikely that SAPK[INK is involved 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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Fig. 3 Effect of EGCG on the phospharylation of p44pa2 MAP kinase
induced by FGF-2 in MC3T3-E1 cefls. The cultured cells were pretreated
with 100 M EGCG or vehicle for 60min and then stimulated by 70ng/mi
FGF-2 or vehicle for Imin. The extracts of cells were subjected o 505-
PAGE with sub: t Western bl g analysis with antibodies against
phospho-specific p4d/p42 MAP kinase or pddpa2 MAP kingse. The
nistagram shows quantitative representations of the levels of FGF.2-
induced phosphorylation obtained from laser densitometric analysis ol
three independent experiments. Fach valye represents the mean « SEM of
tnplicate determinations. Similar results were obtained with two additional
and different cell preparations. *p<0.05 compared with the valye of FGF-2
alone

on our findings it is most likely that FGF-2 stimulates IL-6 syn-
thesis via p44/p42 MAP kinase and P38 MAP kinase, but not via
SAPK/INK, among the MAP kinase superfamily in osteoblast-like
MC3T3-E1 cells.

We next investigated the involvement of P44/p42 MAP kinase
and p38 MAP kinase in the suppressive effect of EGCG in MC3T3-
E1 cells. Here we showed that EGCG significant ly attenuated the
FGF-2-induced phosphorylation of p44/p42 MAP kinase. In addi-
tion, the FGF-2-induced phosphorylation of p38 MAP kinase was
markedly suppressed by EGCG. These results suggest that EGCG
downregulates the FGF-2-stimulated activation of both pad/pa2
MAP kinase and p38 MAP kinase. Taking our findings into
account, it 1s most likely that EGCG inhibits FGF-2-stimulated IL-
G synthesis via suppression of the p44/p42 MAP kinase pathway
and the pi8 MAP Kinase pathway in osteoblast-like MC3T3-E)
cells. We recently reported that EGCG suppresses endothelin-1-
stimulared IL-6 synthesis via suppression of the p44/p42 MAP
kinase pathway in osteoblasts [26]. However. EGCG shows little
effect on the p38 MAP kinase pathway stimulated by endothelin-
1. which is quite different from that stimulated by FGF-2. There-
fore, it is likely that the effects of EGCG on MAP kinases depend
upon rhe species of stimuli. Further investigation is necessary to
clarify the detailed mechanism of catechin underlying the sup-
pression of 1L-6 synthesis in osteoblasts.

Tokuda H et al Eifect of Catechin on Osteoblasts,

Itis generally known that IL-6, which is synthesized from osteo-
blasts, regulares a variety of hone cell functions [10). In bone
metabolism, IL-6 secreted from osteoblasts acts as an autocrine]
paracrine factor. which induces osteoclast formation and stimu-
lates 1ts bone-resorption activity | 11,12, On the other hand, it
has been reported that catechin exerts an inhibitery effect on
bone resarption [4]. Additionally, it was recently shown that cat-
echin increases cell viability of osteoblast-like MC3T3-E1 cells
and alkaline phosphatase activity, a marker of the mature osteo-
blast phenotype, and that apoptosis of these cells is suppressed
by catechin [5]. Moreovet, catechin reportedly induces apoptotic
cell death of osteoclasts 27| Taking our results into account as
4 whole, in bone metabolism it is probable that catechin potently
antagonizes bone resorption through the suppression of IL-6
synthesis in osteoblasts, resulting in the attenuation of asteo-
clastogenesis and its bone-resorbing activity, in addition ro the
induction of osteoclast apoptosis and the reduction of osteoblast
apoptosis, In the present study, we found that EGCG suppresses
FGF-2-stimulated IL-6 synthesis at a dose over 3 M. It has been
reported that the pharmacokinetics of EGCG in human volun-
teers taking a single dosage of 1600mg/day shows a rapid
absorption with a maximum plasma concentration value of
11.08 »M and thar the time to reach maximum plasma concen-
tration 15 2.2 hours, with the terminal elimination half-life
ranged between 1.9 and 4.6 hours [28]. It seems that the concen-
tration of EGCG used in the present in vitro study is likely to be
achievable in vivo. Therefore, it is possible that intake of cate-
chin-containing beverages such as green tea could prevent the
progression of postmenopausal osteoporosis. Further investiga-
tion is required to elucidate the exact role of catechin in bone
merabolism.

In conclusion, our present results strongly suggest that catechin
inhibits the FGF-2-stimulated synthesis of IL-6 at Ieast partly via
suppression of the p44/p42 MAP kinase pathway and the p38
MAP kinase pathway in osteoblasts.
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ABSTRACT

We have previously reported that transforming growth factor-p (TGF-) stimulates the
synthesis of vascular endothelial growth factor (VEGF) through p44/p42 mitogen-activated
protein (MAP) kinase, p38 MAP kinase and stress-activated protein kinase/c-Jun N-terminal
kinase (SAPK/JNK) in osteoblast-like MC3T3-El cells. In order to investigate whether Rho-
kinase is involved in the TGF--stimulated VEGF synthesis in these cells we examined the
effects of Rho-kinase inhibitors on the VEGF synthesis. TGF- time-dependently induced the
phosphorylation of myosin phosphatase targeting subunit (MYPT-1) which is a well known
substrate of Rho-kinase. Y27632 and fasudil, Rho-kinase inhibitors, significantly reduced the
TGF-p-stimulated VEGF synthesis as well as the MYPT-1 phosphorylation. ¥27632 and
fasudil failed 1o affect the TGF-p-induced phosphorylation of p44/p42 MAF knase, p38
MAP kinase or Smad2. On the contrary, Y27632 as well as fasudil markedly suppressed the
TGF-g-induced phosphorylation of SAPK/JNK. Taken together, our results strongly suggest
that Rho-kinase regulates TGF-p-stimulated VEGF synthesis via SAPK/INK activation in
osteoblasts.

1" 2008 Elsevier Inc. All rights reserved

1. Introduction

endothelial cells [1]. The bone metabolism is regulated mainly
by two functional cells, osteoblasts and osteoclasts, responsible

Vascular endothelial growth factor (VEGF) is a potent mitogen for bone formation and bone resorption, respectively [2]. During
displaying high specificity for vascular endothelial cells [1] bone remodeling, the microvasculature is provided by capillary
VEGF, produced and secreted from a vanety of cell types, endothelial cells. It is currently recognized that the activities of
increases capillary permeability and stimulates proliferation of osteoblasts, osteoclasts, and capillary endothelial cells are

* Corresponding author at: Department of Clinical Laborartory, National Hospital for Geriatric Medicine, National Center for Geriatrics and
Gerontology, Obu 474-8511, Japan. Tel: +81 562 46 2311, fax: +81 562 46 8396
E-mail address: tokuda@ncgg go.jp (H. Tokuda)
0006-2952/% - see front matter « 2008 Elsevier Inc. All rights reserved
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closely coordinated and regulate bone metabolism [3], These
functional cells are considered to influence one another via
humaral factors as well as by direct cell-to-cell contact. As for
bone metabolism, it has been reported that an inactivation of
VEGF causes complete suppression of blood vessel invasion
concomitant with impaired trabecular bone formation and
expansion of hypertrophic chondrocyte zone in mouse tibial
epiphyseal growth plate [4] Evidence is accumulating that
osteoblasts among bone cells produce and secrete VEGF in
response to various physiological agents such as insulin-like
growth factor- and bone morphogenetic protein [4]. In our
previous studies [5,6], we have reported that transform growth
factor-p (TGF-g) stimulates VEGF synthesis in osteoblast-like
MC3T3-E1 cells, and that the synthesis is positively regulated by
p44/p42 mitogen-activated protein (MAP) kinase, p38 MAP
kinase and stress-activated protein kinase/c-Jun N-terminal
kinase (SAPK/JNK), members of the MAP kinase superfamily [7].
Based on these findings, VEGF secreted from osteoblasts may
couple angiogenesis to bone formation by adjusting the
angiogenic response to osteoblastic activity [4]. It is currently
recognized that VEGF is a major regulator of bone growth and
repair. However, the exact mechanism underlying VEGF
synthesis in osteoblasts and its release from these cells is not
precisely clarified.

It is generally recognized that Rho and the down-stream
effector, Rho-associated kinase (Rho-kinase) play important
roles in a variety of cellular functions such as cell motility and
smooth muscle contraction [8-10]. Regarding about osteo-
blasts, it has been demonstrated that Rho and p38 MAP kinase
are involved in the endothelin-1-induced expression of
prostaglandin endoperoxide G/H synthase mRNA in osteo-
blasts [11). In addition, it has been shown that the Rho/Rho-
kinase pathway stimulates osteoblast proliferation whereas it
inhibits osteoblast differentiation [12]. In our previous study
[13], we have reported that Rho-kinase functions as a positive
regulatorin endothelin-1-induced synthesis of interleukin-6, a
potent bone resarptive agent, in osteoblast-like MC3T3-E1
cells. However, the exact role of Rho-kinase in osteoblasts has
not yet been fully elucidated.

In the present study, we investigated the involvement of
Rho-kinase in the TGF-p-stimulated VEGF synthesis in
osteoblast-like MC3T3-E1 cells. We here show that Rho-kinase
regulates TGF-B-stimulated VEGF synthesis through SAPK/|NK
activation in these cells,

SAPK/INK antibodies, phospho-specific Smad2 antibodies and
Smad2 antibodies were purchased from Cell Signaling, Inc.
(Beverly, MA). ECL Western blotting detection system was
purchased from Amersham Biosciences (Piscataway, NJ). Other
matenials and chemicals were obtained from commercial
sources. Y27632 was dissolved in dimethyl sulfoxide. The
maximum concentration of dimethyl sulfoxide was 0.1%, which
did not affect the assay for VEGF or Western blot analysis.

2.2, Cell culture

Cloned osteoblast-like MC3T3-E1 cells derived from newborn
mouse calvaria [14] were maintained as previously described
[15). Briefly, the cells were cultured in o-minimum essential

dium («-MEM) containing 10% fetal calf serum (FCS)at 37 C
in a humidified atmosphere of 5% C0,/95% air. The cells were
seeded into 35-mm (5 = 10%/dish) or 90-mm (25 = 10%/dish)
diameter dishes in o-MEM containing 10% FCS. After 5 days,
the medium was exchanged for a-MEM containing 0.3% FCS.
The cells were used for experiments after 48 h.

2.3.  VEGF assay

The cultured cells were pretreated with various doses of
Y27632 or fasudil for 60 min, and then stimulated by 5 ng/ml
TGF-@ or vehicle in the presence of inhibitors in 1 ml of a-MEM
containing 0.3% FCS for 48 h. The conditioned medium was
collected at the end of the incubation, and the VEGF
concentration was measured by ELISA kit.

2.4.  Western blot analysis

Western blotting analysis was performed as described pre-
viously [16] as follows. The cultured cells were pretreated with
various doses of ¥27632 or fasudil for 60 min, and then
stimulated by TGF-B in the presence of inhibitors in o-MEM
containing 0.3% 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
62.5 mM Tris-HCl; pH 6.8, 3% sodium dodecyl sulfate (SDS),
50 mM dithiothreitol and 10% glycerol. The cytosolic fraction
was collected as a supernatant after centrifugation at
125,000 = g for 10 min at 4 "C. SDS-polyacrylamide gel electro-
phoresis (PAGE) was performed according to Laemmili [17] in
10% polyacrylamide gel. The protein (20 ug) was fractionated
and transferred onto an Immun-Blot PVDF Membrane (Bio-

z Materials and methods
2.1.  Materials

TGF-g and mouse VEGF enzyme immunoassay (ELISA) kit were
purchased from R&D Systems, Inc. (Minneapolis, MN). Y27632
was obtained from Calbiochem-Novabiochem Co. (LaJolla, CA).
Hydroxyfasudil (fasudil) was purchased from Sigma (St. Louis,
MO) Phospho-specific MYPT-1antibodies were purchased from
Upstate (Lake Placid, NY). MYFT-1 antibodies were obtained
form Santa Crus Biotechnology, Inc. (Santa Crus, CA). Phospho-
specific p44/p42 MAP kinase antibodies, p44/p42 MAP kinase
antbodies, phospho-specific p38 MAP kinase antibodies, p38
MAP kinase antibodies, phospho-specific SAPK/JNK antibodies,

Rad, Hercules, CA). Membranes were blocked with 5% fat-free
dry milk in Tris-buffered saline-Tween (TB5-T; 20 mM Tris-
HCl, pH 7.6, 137 mM NaCl, 0.1% Tween-20) for 2h before
incubation with the primary antibodies. The rabbit polyclonal
phospho-specific MYPT-1 antibodies, MYPT-1 antibodies,
phospho-specific p44/p42 MAP kinase antibodies, p44/p42
MAP kinase antibodies, phospho-specific p38 MAP kinase
antibodies, p38 MAP kinase antbodies, phospho-specific
SAPK/INK antibodies, SAPK/JNK antibodies, phospho-specific
Smad? antibodies or Smad2 antibodies were used as primary
antibodies. Peroxidase-labeled antibodies raised in goat
against rabbit IgG were used as second antibodies. The first
and second antibodies were diluted at 1:1000 with 5% fat-free
dry milk in TBS-T. Peroxidase activity on the membrane was
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visualized on X-ray film by means of the ECL Western blotting
detection system.

2.5 Determination

The absorbance of enzyme immunoassay samples was
measured at 450 nm with EL 340 Bio Kinetic Reader (Bio-Tek
Instruments, Inc,, Winooski, VT). The densitometric analysis
of the bands on the film was performed using Molecular
Analyst/Macintosh (Bio-Rad Labaratories, Hercules, CA).

2.6 Statistical analysis

The data were analyzed by ANOVA followed by the Bonferroni
method for multiple compansons between pairs, andap < 0.05
was considered significant. All data are presented as the
mean = 5.D. of tnplicate independent determinations. Each
experiment was repeated three times with similar results

3. Results

3.1.  Effects of TGF-8 on the phosphorylation of MYPT-1 in
MC3T3-E1 cells

Myosin phosphatase targeting subunit (MYPT-1), which is
a component of myosin phosphatase, is well known as a
phospho-MYPT-1 = - = == = —= = ..
MYPT-1 i it == o o ob [
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Fig. 1 - Effect of TGF-p on the phosphorylation of MYPT-1in
MC3T3-E1 cells. The cultured cells were stimulated by

3 ng/ml TGF-p for the indicated periods. The extracts of
cells were subjected to SDS-PAGE with subsequent
Western blotting analysis with antibodies against
phospho-specific MYPT-1 or MYPT-1. The histogram
shows g itative repr i of the levels of TGF-3-
induced phosphorylation obtained from laser
densitometric analysis of three independent experiments.
Each value represents the mean + 5.D. of triplicate
independent determinations. Similar results were
obtained with two additional and different cell
preparations. “p < 0.05, compared to the value of control.

phospho-MYPT-1 = Wl v W w» +==- °°

WP e e B8 o & of 8
tane 1 2 3 4 5 6 7 8

Y27632(uM) — — 1 1 3 3 10 10
TGFg — + — + — + —

Fig. 2 - Effect of ¥27632 on the TGF-B-induced
phosphorylation of MYPT-1 in MC3T3-E1 cells. The
cultured cells were pretreated with various doses of
Y27632 for 60 min, and then stimulated by 3 ng/ml TGF-p
or vehicle for 60 min. The histogram shows quantitative
representations of the levels of TGF-f-induced
phosphorylation obtained from laser densitometric
analysis of three ind i Each value
represents the mean + S.D. of tripli independent
determi i Similar r Its were obtained with two
additional and different cell preparations. “p < 0.05,
compared to the control. "'p < 0.05, compared to the value
of TGF-p alone.

down-stream substrate of Rho-kinase [9,18]. In order to clarify
whether TGF-p activates Rho-kinase in osteoblast-like MC3T3-
E1 cells, we examined the effect of TGF-B on the phosphoryla-
tion of MYFT-1, TGF-p markedly elicited the phosphorylation
of MYPT-11n a time-dependent manner (Fig. 1). The effect of
TGF-p on the phosphorylation of MYPT-1 reached its max-
imum at 60 min, sustained up to 100 min, and decreased
thereafter (Fig. 1)

We confirmed that Y27632, a specific inhibitor of Rho-
kinase [10], suppressed the TGF-p-induced phosphorylation
levels of MYPT-1 in a dose-dependent manner in the range
between 1and 10 uM (Fig. 2). In addition, we found that fasudil,
another inhibitor of Rho-kinase [10], attenuated the TGF-j2-
induced levels of MYPT-1 phospharylation (data not shown)

3.2.  Effects of Y27632 or fasudil on the TGF-g-stimulated
VEGF synthesis in MC3T3-E1 cells

We previously showed that TGF-p stimulates VEGF synthesis
in osteablast-like MC3T3-E1 cells [5]. In order to investigate the
involvement of Rho-kinase in the TGF-B-induced synthesis of
VEGF in MCA3T3-E1 cells, we next examined the effect of
Y27632 on the synthesis of VEGF induced by TGF-B. Y27632,
which by itself had little effect on the VEGF levels, significantly
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Fig. 3 - Effect of Y27632 on the TGF-p-induced VEGF
synthesis in MC3T3-E1 cells, The cultured cells were
pretreated with various doses of Y27632 for 60 min, and
then stimulated by 5 ng/ml TGF-j8 or vehicle for 48 h. Each
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Fig. 4 - Effect of fasudil on the TGF-p-induced VEGF
synthesis in MC3T3-E1 cells. The cultured cells were
pretreated with various doses of fasudil for 60 min, and
then stimulated by 5 ng/ml TGF-§ or vehicle for 48 h, Each
value represents the mean + 5.D, of triplicate independent
deter Similar Its were ol d with two

£ and

value represents the mean = 5.D. of triplicate i dent
determinations. Similar results were obtained with two
additional and different cell preparations. *p < 0.05,
compared to the value of TGF-! alone.

suppressed the TGF-B-induced synthesis of VEGF (Fig. 3). The
inhibitory effect of ¥27632 was dose-dependent in the range
between 0.1 and 10 uM. Y27632 (10 uM) caused approximately
50 % inhibition in the TGF-p-effect
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additional and different cell preparations. *p < 0.05,
compared to the value of TGF-p alone.

Fasudil as well as Y27632, which alone failed to affect the
VEGF levels, inhibited the TGF-p-stimulated VEGF synthesis in
MC3T3-E1 cells (Fig. 4). The effect of fasudil on the VEGF
synthesis was dose-dependent in the range between 0.1 and
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Fig. 5 - Effects of Y27632 or fasudil on the TGF-fi-induced phosphorylation of p44/p42 MAP kinase in MC3T3-E1 cells. The
cultured cells were pretreated with various doses of Y27632 (A) or fasudil (B) for 60 min, and then stimulated by 5 ng/ml TGF-§
or vehicle for 120 min. The histogram shows quantitative representations of the levels of TGF-ji-induced phosphorylation
obtained from laser densitometric analysis of three independent experiments. Each value represents the mean * S.D. of
triplicate independent determinations. Similar results were obtained with two additional and different cell preparations.
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Fig. 6 - Effects of Y27632 or fasudil on the TGF-p-induced phosphorylation of p38 MAP kinase in MC3T3-E1 cells, The
cultured cells were pretreated with various doses of Y27632 (A) or fasudil (B) for 60 min, and then stimulated by 5 ng/ml
TGF-§ or vehicle for 120 min. The histogram shows quantitative representations of the levels of TGF-p-induced
phosphorylation obtained from laser densitometric analysis of three independent experi Each value represents the
mean + 5.D. of triplicate independent determinations. Similar results were obtained with two additional and different cell

preparations.

(A] phospho-SAPKIINK =l (B) phaspho-SAPK/NK S =3
SAPKNK __ T T T T T T A e
ke 1 2 & & &6 78 lane 1 2 3 4 5 6 7 B
Y27632{(uM) 0 ©0 1 1 3 3 10 10 tasudil (uM) ¢ 0 1 1 3 3 10 10
TOEE — & — & = & = & YGF D e e
5
4
8 b
o £
g3 g
3 3
g 2 &
1
0
lane 1 2 3 4 5 & 7 B lane 1 2 3 4 5 6 7 B

Fig. 7 - Effects of Y27632 or fasudil on the TGF--induced phosphorylation of SAPK/JNK in MC3T3-E1 cells, The cultured cells
were pretreated with various doses of Y27632 (A) or fasudil (B) for 60 min, and then stimulated by 5 ng/ml TGF- or vehicle
for 120 min. The histogram shows quantitative representations of the levels of TGF-f-induced phosphorylation obtained
from laser densitometric analysis of three independent experiments. Each value represents the mean + S.D. of triplicate
independent determinations. Similar results were obtained with two additional and different cell preparations. “p < 0.05,
compared to the control. **p < 0.05, compared to the value of TGF-f alone.
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10 uM. Fasudil (10 uM) caused about 80% inhibitions in the
TGF-p-effect. There were not any differences between Y27632
or fasudil-treated cells and control cells in appearance
through the experiments.

3.3.  Effects of Y27632 or fasudil on the TGF-g-induced
phosphorylation of p44/p42 MAP kinase, p38 MAP kinase
and SAPK/JINK in MC3T3-E1 cells

Itis generally recognized that three MAP kinases, p44/p42 MAP
kinase, p38 MAP kinase and SAPK/JNK are known as central
elements used by mammalian cells to transduce the various
messages of a vanety of agonists [7,19]. We have previously
reported that TGF-p stimulates the synthesis of VEGF via p44/
p42 MAP kinase, p38 MAP kinase and SAPK/|NK in osteoblast-
like MC3T3-E1 cells [5,6). In order to clarify whether the
suppressive effects of Rho-kinase inhibitors on the TGF-p-
stimulated VEGF synthesis are dependent on the activation of
three MAP kinases in MC3T3-E1 cells, we next examined the
effectof Y27632 on the TGF-B-induced phosphorylation of p44/
p42 MAP kinase. However, Y27632 did not affect the TGF-p-
induced phosphorylation of p44/p42 MAP kinase in the range
between 1 and 10 uM (Fig. 5A). Additionally, fasudil had little
effect on the phosphorylation levels of p44/p42 MAP kinase
(Fig. 5B). Furthermore, the TGF-f-induced phosphorylation of
P38 MAP kinase was not suppressed by Y27632 (Fig. 6A) and
fasudil in the range between 1 and 10 uM (Fig. 6B).

On the contrary, Y27632 markedly suppressed the TGF-B-
induced phosphorylation of SAPK/JNK (Fig. 7A). One micro-
mole of Y27632 elicited almost complete inhibition in the TGF-
p-effect. Fasudil as well as Y27632 reduced the TGF-g-induced
levels of phosphorylated-SAPK/JNK (Fig. 78). The inhibitory

effect of fasudil was dose-dependent in the range berween 1
and 10 pM.

3.4.  Effects of Y27632 or fasudil on the TGF-g-induced
phosphorylation of Smad2 in MC3T3-E1 cells

It is well established that Smads such as Smad2 and Smad3 are
principal mediators of intracellular signals from the receptors
for TGF-B to the nucleus [20,21]. Therefore, we examined effect
of Y27632 on the TGF-f-induced phosphorylation of Smad2 in
MC3T3-E1 cells. However, Y27632 failed to affect the TGF-B-
induced phosphorylation levels of Smad2 in the range
between 1 and 10 uM (Fig. 8A). Fasudil as well as Y27632
had little effect on the TGF-f-induced phosphorylation of
Smad2 (Fig. 8B).

4, Discussion

In the present study, we showed that TGF-p time-dependently
induced the phosphorylation of MYPT-1 in ostecblast-like
MC3T3-E1 cells, using phospho-specific MYPT-1 (Thr850)
antibodies. MYPT, a myosin-binding subunit of myosin
phosphatase, which regulates the interaction of actin and
myosin, is well known to be a downstream target of Rho-
kinase (14,23, Additionally, we found that ¥27632 and fasudil,
inhibitors of Rho-kinase [16], truly reduced the TGF-p-induced
phosphorylation of MYPT-1. Based on these findings, it is most
likely that TGF-p elicits the activation of Rho-kinase in
osteoblast-like MC3T3-E1 cells.

We next investigated the involvement of Rho-kinase in the
TGF-@-stimulated VEGF synthesis in osteoblast-like MC3T3-E1
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cells. Y27632, a specific inhibitor of Rho-kinase [16), which
alone did not affect the basal levels of VEGF, significantly
reduced the TGF-p-stimulated synthesis of VEGF This finding
suggests that the TGF-B-activated Rho-kinase is implicated as
a positive regulator in the VEGF synthesis in these cells. In
addition, we showed that the VEGF synthesis stimulated by
TGF-p was markedly inhibited by fasudil, another inhibitor of
Rho-kinase [16]. Therefore, our results suggest that TGF-p
stimulates the activation of Rho-kinase in osteoblast-like
MC3T3-E1 cells, resulting in up-regulation of VEGF synthesis.

Itis currently recognized that TGF-B exerts the effects on a
variety of biological functions via Smad-independent signal-
ingin addition to Smad-dependent signaling [20,21). The MAP
kinase superfamily such as p44/p42 MAP kinase, p38 MAP
kinase and SAPK/JNK function as central elements used by
mammalian cells to transduce the various messages [7,19].
With regard to VEGF synthesis in osteoblasts, we have
previously reported that the activation of major three MAP
kinases such as p44/p42 MAP kinase, p38 MAP kinase and
SAPK/INK 15 involved in the TGF-p-stimulated VEGF synthesis
in ostecblast-like MC3T3-E1 cells [5,6]. Thus, we next
investigated the relationship between Rho-kinase and p44/
p42 MAP kinase in the TGF-g-stimulated VEGF synthesis in
these cells. However, Y27632 or fasudil had little effect on the
TGF-B-induced phosphorylation levels of p44/p42 MAP kinase.
In addition, the TGF-B-induced phosphorylation level of p38
MAP kinase was not influenced by the Rho-kinase inhibitors.
Based on these findings, it seems unlikely that Rho-kinase
affects the TGF-p-stimulated VEGF synthesis through the
modulation of p44/p42 MAP kinase or p38 MAP kinase in
osteoblast-like MC3T3-E1 cells. As shown in Fig. 3, the
maximum effect of Y27632 on the TGF-B-induced VEGF was
observed at 3 uM, but the inhibitory effect was partial. We
examined the dose-dependent effect of Y27632 on the TGF-fi-
induced phosphorylation of MYPT-1, and found that 3 uM
¥27632 significantly reduced the TGF-g-induced phosphoryla-
tion of MYFT-1 without inhibiting the basal levels of MYPT-1
phosphorylation (Fig. 2). In addition, we have recently reported
that fasudil at a dose up to 10 uM hardly affected the basal
levels of MYFT-1 phosphorylation in MC3T3-E1 cells [22). It has
been reported that Y27632 also inhibits other kinases like PKCA
with a similar potency to that for Rho-kinase [23,24]. It is
possible that some differences between Y27632 and fasudil
about the selectivity might be existed in these cells.

Next, we tned to elucidate the relationship between Rho-
kinase and SAPK/JNK in the TGF-i-stimulated VEGF synthesis
in MC3T3-E1 cells. The TGF-g-induced phosphorylation level
of SAPK/JNK was markedly suppressed by Y27632. Fasudil as
well as Y27632 significantly reduced the phosphorylation
levels. Therefore, it is probable that Rho-kinase regulates the
TGF-p-stimulated VEGF synthesis via SAPK/|NK. On the other
hand, the TGF-g-induced phosphorylation of Smad2? was not
affected by the Rho-kinase inhibitars, ¥27632 and fasudil.
Thus, it seems unlikely that Rho-kinase regulates the TGF-p-
stimulated VEGF synthesis via activation of Smads in these
cells. Taking our findings into account as a whole, our results
strongly suggest that Rho-kinase acts at a point upstream
from SAPK/JNK among the MAP kinase superfamily in the
TGF-p-stimulated VEGF synthesis in osteoblast-like MC3T3-
E1 cells.

It is currently recognized that Rho-kinase plays an
important role in a variety of cellular functions, especially
vascular smooth muscle contraction [8-10]. In bone metabo-
lism, the activation of Rho-kinase reportedly suppresses the
differentiation of osteoblasts and induces their proliferation
[12]. Qur present results show that the Rho-kinase stimulated
by TGF-B in ostecblasts acts as positive regulator in the
synthesis of VEGF. VEGF produced by ostecblasts is a potent
regulator of bone growth and repair, which provide the
microvasculature via capillary endothelium [3.4]. Capillary
network-providing microvasculature is an essential process in
bone remodeling [3]. In addition, it is well known that TGF-B is
synthesized in osteoblasts, stored abundantly in bone matrix
in the latent form, and activated in the bone microenviron-
ment [25]. During bone resorption, TGF-f is released and
stimulates the recruitment and proliferation of ostecblasts
Therefore, our present findings lead us to speculate that TGF-
p-induced VEGF acts as a positive regulator of bone remodel-
ing via the activation of Rho-kinase in osteoblasts. In addition,
the findings that not p44/p42 MAP kinase or p38 MAP kinase
but SAPK/JNK is solely regulated by Rho-kinase, might suggest
the importance of the fine tuning of these MAP kinase-
mediating VEGF synthesis induced by TGF-§ in bone remodel-
ing. However, the exact role of Rho-kinase in osteoblasts is not
precisely known. Further investigations including another
osteoblast population would be necessary to elucidate the
exact roles of Rho-kinase in bone metabolism.

In conclusion, our results strongly suggest that Rho-kinase
inhibitors decrease the TGF-g-stimulated VEGF synthesis via
suppression of SAPK/JNK in osteoblasts.
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ABSTRACT

The purpose of this study was to invesugate the relavon of the Falls Efficacy Scale (FES) to quality
of life (QOL) among nursing home residents. The subjects were 133 insuiutionalized women aged 70
years or older. They had comparatively intact cognitive function, with a Mini-Mental State Examination
(MMSE) score of 15 or more, and could provide sufficient informed consent for a questonngire survey.
We evaluated their age, height, weight, body-mass index, history of hip fracture, history of fallis) within
the past year. complicating conditions, MMSE, Medical Outcomes Study 8-ltem Shon-Form Health Survey
(SF-8). FES. and their subscores for Functional Independence Measure (FIM) motor items (sell care.
sphincter control, transfer, locomotion). There was a significant relationship between the Physical Com-
ponent Summary (PCS) of SF-% and FES. In each subscale, FES showed significant relations that were
espectally close in physical functioning (PF) and role physical (RP), with those relatons proving stronger
than those of the subscores of transfer and locomotion, In conclusion, the present results suggested that
taking gecount of mental confidence 15 important for physical QOL. and that falls self-efficacy. mcluding
not only physical scuvity per se but also menial confidence, should be given prominence in the physical
QOL of the institutionalized elderly.

Key Words: Falls Efficacy Scale, Fear of falling, Quality of life. Institutionalized elderly

INTRODUCTION

Although people live longer as a result of advances in economic development and medicine,
a greater proportion of the population in aging societies is afflicted with chronic disease.
Improving quality of life (QOL) through various interventions is thus a worthy goal. Efforts o
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prevent falls and fall-related trauma are one way to accomplish this goal. Falls and fractures
are the third leading cause of the need for care in Japan, and this trend is particularly marked
in elderly women.” Falls and fractures tend to turn “mobile” elderly into “immobile™ elderly,
and while their impact can significantly change QOL, that impact is not limited to the dircet
physical trauma: there are also long-term psychological effects, such as a fear of falling and
depression.*” Fear of falling was defined by Tinetti er al.¥ as a level of anxiety associated with
falls sufficient to prompt people to avoid certain activities of daily living even though they are
capable of performing them. Fear of falling in the elderly also leads to a downward spiral of
decreased activity, accelerated deterioration of physical functioning, and a narrower range of
activity,™ and overall QOL will also be diminished.

There are two methods of measuring fear of falling: asking people directly about their fear,
and the use of falls self-cfficacy. The lauer is represented by the Falls Efficacy Scale (FES)"
which is a method of assessment that was developed based on the self-efficacy theory proposed
by Bandura.” Although the method of asking directly about fear of falling is a simple one,
neither its reliability nor validity has been sufficiently established. On the other hand, FES has
proved 10 be both reliable and valid.* There have been studies on the relation between FES
and QOL in the community-dwelling elderly.”'” Falls tend to occur more often among clderly
people in Japan living in nursing homes (10-40%) than among those still residing in their own
community (10-20%)."" Among the nursing home elderly who experience many falls,'" the fear
of falling is greater.” and QOL will predictably be further diminished.

If the relation between fear of falling and QOL is strong, then it may be hoped that inter-
ventions to ease fear of falling would contribute to improving QOL. Such interventions among
community-dwelling elderly are reportedly effective in the area of motor ability, particularly
that which focuses on balance.'™ However. there are only a few reports on fear of falling in
the institutionalized elderly™'? due to their often deteriorated cognitive function and physical
infirmity. In Japan there are only reports dealing with motor functions,'™ but no reports that
address the relation between fear of falling and QOL, Therefore, as a first step toward improv-
ing QOL through interventions against fear of falling among the institutionalized elderly, we
have investigated that relation using the FES, the reliability and validity of which have been
adequately demonstrated.

METHODS

Subjects

The subjects for this study were 133 institutionalized female elderly with comparatively intact
cognitive function, who had a Mini-Mental State Examination (MMSE) score of 15 or more,
and could provide sufficient informed consent for a questionnaire survey. All subjects were
participants in a broader clinical trial of hip protectors in nursing homes in Aichi Prefecture,
Japan. Inclusion criteria for the clinical trial were: female sex, 70 or more years of age, not
bedridden, and with at least | risk factor for falls or a hip fracture." Those risk factors were:
a history of hip fracture, history of fall(s) in the past year. and complicating conditions that
predispose an elderly person to falls or fractures, i.e., heant disease, hypertension, previous stroke,
diabetes mellitus, parkinsonism, arrhythmia, epileptic seizure, osteoarthritis, rheumatoid arthritis
or a related condition. and eye disease (cataract or glaucoma).

Cross-sectional evaluation irems
This cross-sectional analysis was conducted from November 2004 to November 2005. The
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cross-sectional evaluation items were age, height, weight, body-mass index (BMI), history of hip
fracture, history of fall(s) in the past year, complicating conditions, MMSE," Medical Outcomes
Study 8-Item Short-Form Health Survey (SF-8)." FES. and motor items on the Functional
Independence Measure (FIM).'7

SF-8—QOL was assessed in an interview using the Japanese version of the SF-8.' which
is a shorter version of the SF-36 and is used as a comprehensive and multidisciplinary measure
of health status. The Physical Component Summary (PCS) and Mental Component Summary
(MCS) were calculated using cight subscales: physical functioning (PF), role physical (RP),
bodily pain (BP), general health perception (GH), vitality (VT). social functioning (SF), role
emotional (RE), and mental health (MH). It was reported that PF, RP. BP and GH showed a
strong relation to PCS, and that SF, RE, and MH evidenced a strong relation to MCS. As for
VT, it shows a medium relation to both PCS and MCS. The reliability of the eight subscales
of the Japanese version of the SF-8 is reportedly 0.56-0.87, while that of PCS is 0.77 and that
of MCS 0.73,'%

Falls Efficacy Scale (FES)—The FES was designed to assess the degree of perceived efficacy
at avoiding a fall during each of 10 relatively non-hazardous activities of daily living (Taking a
bath or shower. Reaching into cabinets or closets, Preparing meals that do not require carrying
heavy or hot objects, Walking around the house, Getting in and out of bed. Answering the door
or telephone, Getting in and out of a chair, Getting dressed and undressed, Light housckeeping,
and Simple shopping).” Each response was scored on a scale of 1 (completely confident) to
10 (no confidence), with a high score (possible total point range 10-100) indicating low falls
sclf-cfficacy. The internal consistency was reported to be 0.90 (Cronbach’s @), and the reli-
ability 0.71 (Pearson’s correlation coefficient).” However, since the present study was conducted
with nursing home residents as subjects, the items used were arranged o correspond 1o ADL
in a nursing home setting: walking around the house was cquated with participant walking in
the vicinity of the bed, light housckeeping with cleaning around the bed, and simple shopping
as at stores or stands on the nursing home premises, In order to ascertain the influence of this
modification, nine participants (mean age 85.2 years) were retested after 2 weeks, and internal
consistency or reliability was confirmed (Cronbach’s =091, Pearson’s correlation coefficient =
0.72, p = 0.03).

FIM motor items—ADL was cvaluated using FIM motor items'? comprised of 6 self care
activities (cating, grooming, bathing, dressing (upper body), dressing (lower body). toileting). 2
sphincter control items (bladder management, bowel management). 3 transfer items (transfers to
bed/chair/wheelchair. to toilet, and to tub or shower). and 2 locomotion items (ambulation, stairs).
Four subscores (self care, sphincter control, transfer, locomotion) were calculated. Each item was
graded from fully assisted (1 point) to completely independent (7 points). In the present study,
only ambulation was judged, although ambulation or wheelchair movement indoors was judged
in the original method.'”

Statistical methods

The SPSS 14.0 program was used for all statistical analyses, with less than 0.05 as the level
of significance. Dependent vanables were PCS. MCS, and the subscales, First, we examined
the correlation between dependent variables and other variables [FES. age, BMI, history of hip
fracture, history of fall(s) in the past year, total number of complicating conditions, MMSE. and
the subscores for FIM motor items (self care. sphincter control, transfer. and locomotion)] using
Spearman’s rank correlation coefficient (rho). Next. after adding significant variables to the cor-
relation analysis and age to the multiple regression analysis (method of all possible combinations)
with FES as cxplanatory variables. we calculated the standardized partial regression coefficient
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(B) 1o investigate the strength of the relation between FES and QOL.

As a secondary analysis, 1o determine the fluence of past falls on QOL, a similar multiple
regression analysis was conducted with PCS and MCS as dependent variables for two groups,
one with 60 subjects and one without 73 subjects falls in the past year,

Ethical considerations

All participants gave written informed consent, and their names were coded from the start of
the study through data collection and analysis so that no single individual could be identified.
This study was approved by the Ethics Committees of both the Nagoya University School of
Health Sciences and the National Center for Genatrics and Gerontology.

RESULTS

Informed consent to participate in the hip protector clinical trial was obtained from 342 women
in 35 nursing homes, However, 7 later refused to participate, 12 left the nursing home in which
they were living before the cross-sectional evaluation, 135 had MMSE scores of 15 or less,
and 55, even though their MMSE was above 15, lacked sufficient cognitive ability to provide
informed consent for surveys using questionnaires. The present study was therefore conducted
with the remaining 133 subjects.

The attributes of all 133 subjects were shown in Table 1. As for the results of correlation
analysis. PCS showed significant correlations with FES. the total number of complicating condi-
tions, MMSE, the subscore of transfer, and locomotion. Moreover, all SF-8 subscales and FES
were significantly correlated, and MH was significantly correlated with BMI (Table 2). Table 3
shows the results of multiple regression analysis. PCS and FES showed a significant relation,
while MCS did not. In each subscale, all subscales and FES showed significant relations; these
were especially close between PF and RP. and were stronger than those for the transfer and
locomotion subscores.

In a secondary analysis, the relation of FES to PCS in the group that had fallen in the past
year was slightly weaker than in the group that had not done so (B of fall group= —0.35 vs. B
of no-fall group= -0.38).

DISCUSSION

In the present study, the subjects were 133 institutionalized female elderly with a comparatively
intact cognitive function. Because so many elderly nursing home residents suffer a diminished
cognitive function, it can be difficult to select participants for surveys using questionnaires. Our
subjects were women who scored 15 or higher on MMSE, since it was reported that “for patients
with of MMSE 15, test-retest cocfficients were better (range 0.53-0.90)" in the SF-36." Of the
total 133 subjects, 45.1% had experienced a fall within the past year. A high-risk group with such
a high incidence of falling is predicted 1o have a greater fear of falling than elderly people living
at home,” which further decreases their QOL. However, since the relation of FES to QOL in a
high-risk fall group has not been investigated, we made it the subject of the present study.

The mean FES of nursing home elderly was 45,0 = 22.3, against the 18.56 = 9.04 of those
reported still residing in the community or in intermediate care facilities. That result was in
line with our prediction that the falls self-efficacy of the institutionalized elderly would be lower
than that for those still residents of a community (the lower the falls self-efficacy is. the higher
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