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Effects of Go6976, bisindolylmaleimide 1, or calphostin C on the
FGF-2-mduced phosphorylation of p70 S6 kinase in MC3T3-
E1 cells

We nexe examined the effects of protemn kinase € inhibitors

on the FGF-2-induced phosphorylation of p70 S6 kinase in
MC3T3-E1 cells. The FGF-2-induced phosphorylauon of
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Figure 4 Effects of Go6976 or hisindolylmaleimide | on the TPA-
induced phosphorylation of p70 56 kinase in MC3T3-E1 cells. The
cultured cells were pretreated with various doses of Go6976 (A) or
30 puM hisindolylmaleimide 1. (B) for 60 min, and then stimulated by
0-1 uM TPA or vehicle for 20 min. The extracts of cells were
subjected to SDS-PAGE with subsequent western blot analysis with
antibodies against phospho-specific p70 56 kinase or p70 56 kinase.
(A and B) The histogram shows quantitative representations of the
levels of FGF-2-induced phosphorylation obtained from laser
densitometric analysis of three independent experiments. Each
value represents the mean+s.e.m. of triplicate determinations from
three independent cell preparations. Similar results were obtained
with two additional experiments. *P=0-0001, compared with the
control. **P<0-005, compared with the value of TPA alone
***P<0-0005, compared with the value of TPA alone.
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p70 SO kinase was markedly auenuated by Go6976 or
bisindolylmaleimide 1 (Fig. 5A and B). Furthermore,
calphosun C, an inhibitor of protein kinase C (Kobayash
et al. 1989), sigmficantly suppressed the FGF-2-induced
phosphorylation of p70 S6 kinase (Fig. 5C). Finally, we
confirmed that the suppressive effects of these inhibitors were
dose dependent.

Discussion

In our previous study, we showed that FGF-2 stimulated the
IL-6 synthesis tme dependently up to 48 h, and the effect was
dose dependent between 1 and 30 ng/ml (Kozawa et al.
1997a). In thus study, we nvestgated whether p70 S6 kinase
functions in the FGF-2-stimulated 1L-6 synthesis or not in
these cells. Rapamycin, a specific inhibitor of p70 S6 kinase
(Kuo eral. 1992, Price et al. 1992), sigmficantly amphified the
FGF-2-stimulated synthesis of 1L-6 in MC3T3-E1 cells. We
found that rapamyain enhanced the FGF-2-sumulated 1L-6
synthesis also in primary cultured mouse osteoblasts, These
findings suggest that suppressive effect by p70 S6K on the
FGF-2-sumulated [L-6 synthesis is not specific in a clonal
osteoblast-like MC3T3-El cells but it is common in
osteoblasts. We previously found that rapamyen strongly
attenuated the FGF-2-induced phosphorylauon of p70 S6
kinase (Takai er al. 2007h). In addition, the FGF-2-sumulated
IL-6 synthesis was enhanced by downregulation of p70 56
kinase by siRNA in MC3T3-El. These results strongly
suggest that FGF-2-activated p70 56 kinase suppresses the
FGF-2-stimulated [L-6 synthesis. Therefore, it is possible that
p70 S6 kinase signaling activated by FGF-2 negatively
regulates the FGF-2-induced over-synthesis of IL-6
osteoblast-like MC3T3-E1 cells,

It 15 generally recognized that 1) the activity of p70 S6
kinase 1s regulated by multiple phosphorylation evenes (Pullen
& Thomas 1997) and 2) phosphorylation at Thr389 most
strongly correlates with p70 S6 kinase activity among the
phosphorylavon sites (Pullen & Thomas 1997), In the present
study, we demonstrated that TPA ame-dependently induced
the phosphorylanon of p70 S6 kinase at Thr389 in osteoblast-
like MC3T3-E1 cells using phospho-speaific p70 56 kinase
(Thr389) antibodies. In addition, the TPA-induced phos-
phorylanon of p70 $6 kinase was markedly awenuvated by
Goh976, a potent inhibitor of protein kinase C. Furthermore,
we found that bisindolylmaleimide 1, another protein kinase
C. inhibitor, suppressed the p70 56 kinase phosphorylation.
Based on these results, it is most likely that p70 S6 kinase
activation occurs via the activation of protein kinase C in
osteoblast-like MC3T3-E1 cells,

We have previously reported that FGF-2 induces the
activation of protein kinase C via phosphoinositide hydrolysis
and phosphatdylcholine hydrolysis in  osteoblast-like
MC3T3-E1 cells, resulting in the negative regulation of the
FGF-2-stimulated [L-6 synthesis (Suzuki et al. 1996, Kozawa
et al. 19974). Taken together, our findings led us to speculate
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that protein kinase C functons at a peint upstream from p70
S6 kinase n the FGF-2-regulated IL-6 synthesis in MC3T3-
El cells. We showed here that the phosphorylated levels of
FGF-2-induced p70 56 kinase were markedly reduced by
Go6976 and bisindolylmaleimide 1. In addition, we demons-
lrJlL'Li |J'.ll: fdlpllllﬁlln l_:. :lnoll'u‘_'r n’PC ]nhlh“llr {)l- pf{lleln
kinase C, suppressed the FGF-2-induced phosphorylanon of
p70 86 kinase. Taking our findings into account as a whole, it
1s probable that p70 S6 kmnase acts as a negative regulator at 2
point downstream from protein kinase C in the FGF-2-
sumulated IL-6 synthesis in osteoblast-like MC3T3-E1 cells.

It is generally recognized that the p70 86 kinase pathway
plays an imporzant role in various cellular funcrions, especially
cell cycle progression (Pullen & Thomas 1997). Based on our
results, it 15 probable that the p70 $6 kinase pathway n
osteoblasts has a prvotal role in the control of the producton
of IL-6, one of the key factors in bone remodeling. In our
previous study (Takai er al. 20074), we showed that p70
56 kinase downregulates platelet-derived growth factor-
BB-sumulated IL-6 synthesis in osteoblast-like MC3T3-E1
cells. Sinee IL-6 1s one of the most potent sumulators of
osteoclast acuvity (Kwan et al. 2004), our results lead us to
speculate that p70 56 kinase signaling acuvated by growth
factors such as FGF-2 and platelet-derived growrh factor-BB
i osteoblasts acts as a key regulator to suppress over-
synthesizing 1L-6, resulting in the preventon of excess bone
resorption in the process of bone remodeling. Therefore, the
p70 56 kinase pathway in osteoblasts might be considered to
be a new candidate as a molecular target of bone resorpuon
concurrent with various bone diseases. On the other hand
we have recently reported that p70 S6 kinase acts as a negatve
regulator in the FGF-2-stmulated synthesis of VEGF factor
in MC3T3-E1 cells (Takai er al. 2007h). 1t 1s well recogmzed
that VEGF 1s angiogenic growth factor specific for vascular
endothelial cells that provide microvasculature indispensable
for bone remodeling (Erebacher et al. 1995, Fermaa &
Davis-Smiyth 1997). Taking our findings into account as a
whale, p70 S6 kinase might play a central role in bone
metabolism through the fine-tuming of the local factor
network. Further investigation is required to clarify the
exact role of p70 56 kinase in bone metabolism.

Figure 5 Effccts of Goe976, bisindolylmaleimide |, or calphostin
C on the FGF-2-induced phosphorylation of p70 56 kinase in
MC3ITI-E1 cells. The cultured cells were pretreated with 3 uM
Gob976 (A), 30 pM bisindolylmaleimide | (B), or 0-7 uM calphostin
C (C) for 60 min, and then stimulated by 0-1 pM TPA or vehicle for
20 min, (A-C) The extracts of cells were subjected to SDS-PAGE
with subsequent western blot analysis with antibodies against
phospho-specific p70 $6 kinase or p70 S6 kinase. The histogram
shows quantitative representations of the levels of FGF-2-induced
phuspharylation obtained from laser densitometric analysis of three
independent experiments. Each value represents the mean+s.e.m
of triplicate determinations from three independent cell
preparations. Similar results were obtained with two additional
experiments. *P=0-0001, compared with the control. **P<0-005,
compared with the value of FGF-2 alone.
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In conclusion, our resuls swongly suggest that p70 S6
kinase funcuons at a pomnt downstream of protemn kinase €
and limits FGF-2-stimulated IL-6 synthesis in osteoblasts,
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ABSTRACT

We previously reported that rransforming growth factor-f (TGF-fA) stimulates heat shock protein 27 (HSP27)
induction through p38 mitogen-activated protein (MAP) kinase and extracellular signal-regulated kinase 1/2
(ERK1/2) in osteoblast-like MC3T3-E1 cells. In the present study, we investigated whether (-)-
epigallocatechin gallate (EGCG), the major polyphenol found in green tea. affects the TGF-p-stimulated
induction of HSP27 in these cells, and its underlying mechanism. EGCG significantly suppressed the HSP27
induction stimulated by TGF- in a dose-dependent manner between 10 and 30 pM without affecting the
HSP70 levels. TGF-{4 with or without EGCG did not affect the advanced oxidation protein products. The TGF-
ji-induced phosphorylation of p38 MAP kinase and ERK1/2 was not affected by EGCG. SP600125, a specific
inhibitor of stress-activated protein kinase (SAPK)fc-Jun N-terminal kinase (JNK), markedly reduced the
HSP27 expression induced by TGF-+3. EGCG significantly suppressed the TGF-fi-induced phosphorylation of
SAPK/INK without affecting the phosphorylation of Smad2. EGCG attenuated the phosphorylation of bath
MKK4 and TAK1 induced by TGF-{». These results strongly suggest that EGCG suppresses the TGF-j-
stimulated induction of HSP27 via the attenuation of the SAPK/JNK pathway in osteoblasts, and that this

effect is exerted at a point upstream from TAKI.

© 2008 Published by Elsevier Inc.

Introduction

Heat shock proteins (HSP) are induced in cells in response to the
biological stress such as heat stress and chemical stress (Hendrick and
Hartl, 1993). HSPs are classified into high-molecular-weight HSPs such
as HSP90 and HSP70, and low-molecular-weight HSPs based on their
apparent molecular sizes. Low-molecular-weight H5Ps with molecular
masses from 10 to 30 kDa, such as HSP27 and aB-crystallin share high
homology in amino acid sequences, the “a-crystallin domain®
(Benjamin and McMillan, 1998; Inaguma et al., 1993). Though the
functions of the low-molecular-weight HSPs are known less than
those of the high-molecular-weight HSPs, it is generally believed that
they may have chaperoning functions like the high-molecular-weight
HSPs (Benjamin and McMillan, 1998; Inaguma et al,, 1993), The HSP27
activity has been shown to be regulated by post-translational
modification such as phosphorylation (Gaestel et al., 1991; Landry
et al.. 1992). Under unstimulated conditions. HSP27 exists as a high-
molecular weight aggregated form. It is rapidly dissociated as a result

* Corresponding author. Tel.: +B1 58 230 6214; fax: +81 58 230 6215
E-mail address: okozawa@gifu-v.ac)p (0. Kozawa).

0024-3205/% - see front matter © 2008 Published by Elsevier Inc.
¢01:10,1016/3.115.2008.02.017

of phosphorylation (Kato et al. 1994: Rogalla et al. 1999). The
phosphorylation-induced dissociation from the aggregated form
correlates with the loss of molecular chaperone activity (Kato et al.,
1994; Rogalla et al., 1999). The bone metabalism is regulated by two
functional cells, osteoblasts and osteoclasts, responsible for bone
formation and bone resorption, respectively (Nijweide et al., 1986).
The formation of bone structures and bone remodeling results from
the coupling process, bone resorption by activated osteoblasts with
subsequent deposition of new matrix by osteoblasts. In osteoblasts, it
has been shown that down-regulation of proliferation is accompanied
by a transient increase of the HSP27 mRNA expression (Shakoori et al.,
1992). In addition, heat-stimulated induction of HSP27 is reportedly
facilitated by estrogen (Cooper and Uoshima, 1994). However, the
exact role of HSP27 in osteoblasts remains to be clarified.

It is well-known that transforming growth factor-f3 (TGF-f)
regulates cell growth, differentiation and extracellular matrix produc-
tion (Massague et al., 2000). TGF-3, which is abundantly stored in
bone matrix tissue, stimulates the recruitment and proliferation of
osteoblasts (Bonewald, 2002), The intracellular signaling of TGF-f3 is
initiated following ligand binding to the TGF-{A type Il receptor, which
activates TGF-J3 type | receptor (Miyazono et al., 2000). The activated
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type | receptor phosphorylates Smad2 and Smad3, thus resulting in
their translocation into the nucleus where they can bind to DNA in the
promoters of TGF-{4 target genes (Miyazono et al., 2001). In addition to
the Smad signaling pathway, other signaling pathways such as the
mitogen-activated protein (MAP) kinase superfamily have recently
been shown to mediate TGF-J3 signaling (Miyazono et al, 2001} Three
major MAP kinases, namely extracellular signal-regulated kinase 1/2
(ERK1/2), p38 MAP kinase, and c-Jun N-terminal kinase, are known to
be the central elements used by mammalian cells to transduce the
diverse messages (Kyriakis and Avruch, 2001). TGF-}-activated kinase
(TAK1). a member of the MAP kinase kinase kinase family, has been
identified as an upstream kinase of MAP kinase (Yamaguchi et al., 1995).
The kinase activity of TAK1 is stimulated by TGF-} in osteoblast-like
MC3T3-E1 cells (Yamaguchi et al, 1995). In our previous study
(Hatakeyama et al., 2002), we showed TGF-} to stimulate the induction
ol HSP27 via p38 MAP kinase and ERK1/2 in osteoblast-like MC3IT3-E1
cells. However, the precise roles of the MAP kinase superfamily in the
TGF-f4 signaling system in osteoblasts remain to be clarified,
Compounds in foods such as fruits and vegetables possess
beneficial properties for human beings. Among them, flavonoids
reportedly show antioxidative, antiproliferative and proapoptotic
effects (Jankun et al., 1997; Harbourne and Williams, 2000). Catechins
are one of the major flavonoids, which are present in various species of
plants such as tea (Harbourne and Williams, 2000). In bone
metabolism, catechin has been reported to suppress bone resorption
(Delaisse et al., 1986). As for osteoblasts, it has been shown that
catechin stimulates alkaline phosphatase activity, a mature osteoblast
phenotype and reduces bone-resorptive cytokine production in
osteoblast-like MC3T3-E1 cells (Choi and Hwang, 2003). However,
the exact role of catechin in osteoblasts has not yet been clarified,
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Fig. 1. The effect of ECCC on the TGF-fi-stimulated HSP2T induction in MC3T3-E1 cells.
The cultured cells were pretreated with 30 pM ECCG for 60 min, and then stimulated
with 10 ng/ml TGF- for 12 h, The extracts of cells were subjected to SDS-PAGE with a
subsequent Western blotting analysis with antibodies against HSP27, HSP70 or [i-actin.
The histogi shows i ions of the levels of TGF-f-induced
HSP27 obtained from the laser de of three independent experi-
ments. Each value represents the mean:5EM of triplicate determinations, Similar
results were obtained with two additional and different cell preparations. *p<0.05, in
comparison to the control. **p<0.05, in comparison to the value of TGF-f4 alone

™

(=]
LA

1013

EGCG (uM)
TGF-B (10 ng/mi)

2

-

Fold increasa

0
EGCG (M)
TGF- (10 ng/mi)

30
+

0
+

10

10
+

Fig. 2 The effect of EGCG on the TCF-ji-induced phosphorylation of ERK1/2 in MC3T3-
El cells. The cultured cells were pretreated with various doses of ECCG (0. 10, and
30 pM) for 60 min, and then stimulated by 10 ng/m! TGF-j3 or vetucle for 120 min. The
extracts of cells were subjected to SDS-PAGE with a Western bk
analysis with antibodies against phospho-specific ERK1/2 or ERK1/2. The histogram
shows quantitative representations of the levels of TCF-j-induced phosphorylation
obtained from the laser densitometric analysis of three independent experiments. Each
value represents the mean:SEM of triplicate determinations. Similar results were
obtained with two additional and different cell preparations.

In the present study, we investigated the effect of (~)}-epigalloca-
techin gallate (EGCG), one of the major green tea flavonoids
(Harbourne and Williams, 2000). on the TGF-{*-stimulated induction
of HSP27 and the mechanism in osteoblast-like MC3T3-E1 cells. We
herein show that EGCG suppresses the TGF-j3-stimulated induction of
HSP27 via inhibition of the SAPK/JNK pathway but not the p38 MAP
kinase pathway or the ERK1/2 pathway in these cells,

Materials and methods
Materials

TGF-{4 and HSP27 antibodies were obtained from R&D Systems, Inc.
(Minneapolis, MN). [s-actin antibodies were purchased from Sigma
Chemical Co. (St. Louis, MO). EGCC (>99%) and SP600125 were
obtained from Calbiochem-Novabiochem (La Jolla, CA). The advanced
oxidation protein products (AOPP) assay kit was obtained from
Immunodiagnostic Co., Bensheim, Germany. Phospho-specific ERK1/
2 antibodies, ERK1/2 antibodies. phospho-specific p38 MAP kinase
antibodies, p38 MAP kinase antibodies, phospho-specific SAPK/JNK
antibodies, SAPK/JNK antibodies, phospho-specific Smad2 antibodies.
Smad2 antibodies, phospho-specific MKK4 antibodies, MKK4 anti-
bodies, phospho-specific TAK1 antibodies and TAK1 antibodies were
purchased from Cell Signaling Technaology, Inc. (Beverly, MA). An ECL
Western blotting detection system was obtained from Amersham
Japan (Tokyo, Japan). All other materials and chemicals were obtained
from commercial sources. SP600125 was dissolved in dimethyl
sulfoxide. The maximum concentration of dimethyl sulfoxide was
0.1%, which did not affect the Western blot analysis.

Cell culture

Cloned osteoblast-like MC3T3-E1 cells derived from newborn
mouse calvaria (Sudo et al., 1983) were maintained as previously
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described (Kozawa et al., 1997). Briefly, the cells were cultured in a-
minimum essential medium (a-MEM) containing 10% fetal calf serum
(FCS) at 37 °C in a humidified atmosphere of 5% C0,/95% air. The cells
were seeded into 90-mm diameter dishes (25x10%/dish) 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. When indicated, the cells were pretreated with various doses of
EGCG (0. 10 and 30 uM).

Western blot analysis

The cultured cells were stimulated by 10 ng/ml TGF-i2 or vehicle in
serum-free a-MEM for the indicated periods. The cells were washed
twice with phosphate-buffered saline and then lysed, homogenized,
sonicated, and immediately boiled in a lysis buffer containing
62.5 mM Tris/Cl, pH 6.8, 2% sodium dodecyl sulfate (SDS), 50 mM
dithiothreitol, and 10% glycerol. The sample was used for the analysis
by Western blotting. SDS-polyacrylamide gel electrophoresis (PAGE)
was performed by the method of Laemmli (1970) in 10% polyacryla-
mide gel. The Western blot analysis was performed as described
previously (Kato et al, 1996), using HSP27 antibodies, (3-actin
antibodies, phospho-specific ERK1/2 antibodies, ERK1/2 antibodies,
phospho-specific p38 MAP kinase antibodies, p38 MAP kinase
antibodies, phospho-specific SAPK/|NK antibodies, SAPK/INK antibo-
dies. phospho-specific Smad2 antibodies, Smad2 antibodies, phospho-
specific MKK4 antibodies, MKK4 antibodies, phospho-specific TAK1
antibodies or TAK antibodies, with peroxidase-labeled antibodies
raised in goat against rabbit IgG being used as second antibodies. The
peroxidase activity on PVDF membranes was visualized on X-ray film
by means of the ECL Western blotting detection system and it was
quantitated using the NIH image software program. All of the Western
blot analyses were repeated at least three times in independent
experiments.
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Fig. 3. The effect of EGCG on the TGF-{-induced phasphorylation of p38 MAP kinase in
MC3T3-E1 cells. The cultured cells were pretreated with various doses of EGCG (0, 10,
and 30 uM) for 60 min, and then stimulated by 10 ng/ml TGF-jA or vehicle for 120 min
The extracts of cells were subjected to SDS-PAGE with a subsequent Western blofting
analysis with antibodies against phospho-spexific p38 MAP kinase or p38 MAP kinase.
The histog shows qu repre ions of the levels of TGF-j\-induced
phosphorylation obtained from the laser densitometric analysis of three independent
experiments. Each value represents the mean £ SEM of triplicate determinations, Similar
results were ob d with rwo additional and different cell preparations.
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Fig. 4. The effect of SPG00125 on the TCF-{\-stimulated HSP27 induction in MCIT3-E1
cells. The cultured cells were pretreated with 20 pM SP600125 for 60 min, and then
stimulated with 10 ng/ml TGF-* or vehicle for 12 h. The extracts of cells were subjected to
SDS-PAGE with a subsequent Western blotting analysis with antibodies against HSP27 or
|t-actin. The histogram shows quantitati p ations of the levels of TGF-ji-
induced HSP27 obtamed from the laser densitometric analysis of three independent
experiments. Each value represents the mean £ SEM of triplicate determinarions. Similar
results were obtained with two additional and different cell preparanions. *p<0.05, in
comparison 1o the control. **p<0.05, in comparison to the value of TGF-|t alone.

AOPP assay

The cultured cells were pretreated with various doses of EGCG (0,
10 and 30 pM) for 60 min, and then stimulated by 10 ng/ml TGF-{ or
vehicle for 12 h. The cell lysates were prepared according to the
manufacture's instructions, and the AOPP contents of cell lysates were
measured using an AOPP assay kit.

Statistical analysis

The data were analyzed by ANOVA followed by the Bonferroni
methad for multiple comparisons between pairs. and a p<0.05 was
considered significant. All data are presented as the mean+SEM of
triplicate determinations.

Results
Effect of EGCG an the TGF-js-stimulated HSP27 induction in MC3T3-E1 cells

We examined the effect of EGCG on the TGF-{3-stimulated induction
of HSP27. EGCG significantly reduced the TGF-{i-induced levels of
HSP27 (Fig. 1), EGCG (30 uM) caused about 60% reduction in the TGF-f4-
effect. We have previously shown that TGF- does not affect the levels
of HSP70, a high-molecular-weight HSP, in osteoblast-like MC3T3-E1
cells (Hatakeyama et al., 2002). EGCG had little effect on the levels of
HSP70 (Fig. 1). We confirmed that the viability of the cells incubated at
37 *Cfor 24 h in the presence of 30 pyM ECCG was more than 90% in
comparison to that of the control cells (Tokuda et al., in press),

Effect of TGF-{4 with or without EGCG on AOPP contents in MC3T3-E1 cells
It is well-known that flavonoids show an antioxidative effect

(Jankun et al., 1997; Harbourne and Williams, 2000). To clarify whether
the antioxidative effect is involved in the suppression by EGCG of HSP27
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induction stimulated by TGF-{%. we investigated the effect of TGF-% on
the formation of AOPP with or without EGCG in osteoblast-like MC3T3-
El cells. TGF-p5, with or without EGCG had no effect on the AOPP
contents (not detectable under the experimental condition at all;
<0.044 mM Trox).

Effects of EGCG on the TGF-f3-stimulated phosphorylation of ERK1/2 and
p38 MAP kinase in MC3T3-E1 cells

In our previous study { Hatakeyama et al., 2002), we demonstrated
that the activation of ERK1/2 and p38 MAP kinase at least in part
mediate the TGF-2-stimulated induction of HSP27 in osteoblast-like
MC3T3-E1 cells. Therefore, we next examined the effect of EGCG on
the TGF-jA-stimulated phosphorylation of ERK1/2. However, EGCG did
not affect the TGF-{*-induced phosphorylation of ERK1/2 in MC3T3-E1
cells (Fig. 2).

In addition, EGCG failed to influence the TGF-f-induced phosphor-
ylation of p38 MAP kinase (Fig. 3).

Effect of EGCG on the TGF-f3-induced phosphorylation of SAPK/INK in
MC3T3-E1 cells

It is generally recognized that SAPK/INK is one of the MAP kinase
superfamily (Kyriakis and Avruch, 2001}. We have previously reported
that SAPK/JNK plays a role in the TGF-f-stimulated synthesis of
vascular endothelial growth factor in osteoblast-like MC3T3-E1 cells
(Kanno et al, 2005). In order to investigate whether SAPK/[]NK is
involved in the EGCG-induced suppression of H5P27 induction in
MC3T3-E1 cells, we next examined the effect of SP600125, a highly
specific inhibitor of SAPK/JNK (Bennett et al., 2001), on the TGF-[\-
stimulated HSP27 induction. SP600125 markedly suppressed the
levels of TGF-f3-induced HSP27 (Fig. 4).
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Fig. 5. The effect of EGCG on the TGF-P-induced phosphorylation of SAPK[INK in
MC3T3-E1 cells. The cultured cells were pretreated with various doses of EGCG (0. 10,
and 30 pM) for 60 min. and then stimulated by 10 ng/ml TGF-A or vehicle for 120 min.
The extracts of cells were subjected to SDS-PAGE with a subsequent Western blotting
analysis with antibodies against phospho-specific SAPK/JNK or SAPK/JNK. The
histogram shows quantitative representations of the levels of TGF-f-induced
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Fig. 6. The effect of EGCC on the TGF-t-induced phosphorylation of Smad2 in MC3T3-E1
cells. The cultured cells were pretreated with various doses of EGCG (1, 10, and 30 pM)
for 60 min. and then stimulated by 10 ng/ml TGF-f or vehicle for 120 min. The extracts
of cells were subjected to SD5-PAGE with a subsequent Western blotting analysis with
antibodies against phospho-specific Smad2 or Smad2. The histogram shows quantita-
tive representations of the levels of TGF-fi-induced phosphorylation obtained from the
laser densi tric analysis of three P experiments. Each value represents
the mean :SEM of triplicate determinations, Similar results were obtained with two
additional and different cell preparations.

In order to clarify whether the SAPK/]NK pathway is involved in the
suppressive effect of EGCG on the HSP27 induction, we examined the
effect of EGCG on the TGF-fi-induced phosphorylation of SAPK/INK.
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Fig. 7. The efect of EGCC on the TGF-f-mnduced phospharylation of MKK4 in MCIT3-E1
cells. The cultured cells were pretreated with various doses of EGCC (1,10, and 30 pM)
for 60 min, and then stimulated by 10 ng/ml TGF-fs or vehicle for 120 min The extracts
of cells were subjected to 5D5-PAGE with a subsequent Western blotting analysis with
antibodies against phospho-specific MKK4 or MKK4, The histogram shows quantitative
representations of the levels of TGF-{-induced phosphorylation obtained from the laser

phospharylation obtained from the laser densitometric analysis of three independ
experiments. Each value represents the mean £ SEM of triplicate determinarions. Similar
results were obtained with two additional and different cell preparations. *p<0.05, in
comparison (o the control, **p<0.05, in comparson (o the value of TCF44 alone,

tric analysis of three independent Each value rep the
mean +SEM of triplicate determinations. Similar results were obtained with two
additional and different cell preparations. *p<0.05, in comparison to the control
**p<0.05, in comparison to the value of TGF-{4 alone
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Fig. 8. The effect of EGCC on the TCF-j*-induced phosphorylation of TAK1 in MC3T3-E1
cells. The cubtured cells were pretreated with various doses of EGCG (1, 10, and 30 uM) for
60 min, and then stimulated by 10 ng/ml TGF-4 for 120 min. The extracs of cells wene
subjected to SDS-PAGE with a submequent Western blotting .lmlms with antibodies
against phospho-specific TAK1 urTMH The shows
of the levels of TGF-{i-ind ylation ot &um the laser densitometric
analysis of three independent experiments. Each value represents the mean:SEM of
triphcate determinations. Similar results were obtained with two additional and different
cell preparations, *p< 0,05, in comparison to the value of TGF- alone.

EGCG significantly attenuated the TGF-ji-induced phosphorylation of
SAPK/[INK in a dose-dependent manner (Fig. 5). EGCG (30 pM) caused
about an 80% reduction in the TGF-{-effect.

Effect of EGCG on the TGF-j+induced phosphorylation of Smad2 in
MC3T3-E1 cells

It is well-known that TGF-{3 employs Smad proteins such as Smad2
and Smad3 as the intracellular mediator of signaling (Miyazono et al,,
2000). We therefore additionally examined the effect of EGCG on the
TGF-{s-induced activation of Smad2. However, EGCG had no effect on the
TGF43-induced phosphorylation of Smad2 (Fig. 6). Therefore, it seems
unlikely that EGCG acts at a point upstream of Smad2 in these cells.

Effects of EGCG on the TGF-ji-induced phosphorylation of MKK4 and
TAK1 in MC3T3-E1 cells

It is generally recognized that SAPK/JNK is regulated by the
upstream kinases, MKK4 as MAP kinase kinase and TAK1 as MAP
kinase kinase kinase in the signaling of TGF-% (Yamaguchi et al., 1995).
We thus further examined the effects of EGCG on the phosphorylation
of MKK4 and TAK1 induced by TGF-} in osteoblast-like MC3T3-E1
cells. EGCG significantly reduced the phosphorylation of MKK4
induced by TCF-f4 (Fig. 7). TGF--induced phosphorylation of TAK1
was also attenuated by EGCG (Fig. 8). It is likely that EGCG regulates
TGF-p-stimulated SAPK/INK activation at a point upstream from TAK1,

Discussion
In the present study, we first demonstrated that EGCG significantly

suppressed the TGF-pi-stimulated induction of HSP27, a low-mole-
cular-weight HSP, in osteoblast-like MC3T3-E1 cells. We found that

TGF-f4 with or without EGCG had no effect on the AOPP contents. It
therefore seems unlikely that oxidative damage is induced by TGF-j3
under the experimental condition or that the antioxidative effect of
EGCG is involved in the reduction of TGF-j-stimulated HSP27
induction in osteoblasts. In addition, the level of H5P70 has also
been reported to be very high also in the control group without TGF-{3.
As a result, it seems that HSP70 plays a role as a house-keeping
molecule in osteoblast-like cells.

We next investigated the mechanism of EGCG underlying the
inhibitory effect on the TGF-p-stimulated HSP27 induction. It is well
recognized that the MAP kinase superfamily plays an important role in
a variety of cellular functions including proliferation, differentiation,
and cell death in various cells (Kyriakis and Avruch, 2001). Three
major MAP kinases such as ERK1/2, p38 MAP kinase and SAPK/INK are
known to be central elements used by mammalian cells to transduce
the diverse messages. We have previously shown that ERK1/2 and p38
MAP kinase act as positive regularors in the TGF-p-stimulated
induction of HSP27 in osteoblast-like MC3T3-E1 cells (Hatakeyama
et al., 2002). In the present study, EGCG failed to affect the TGF-3-
induced phosphorylation of ERK1/2. In addition, EGCG had little effect
on the TGF-ji-induced phosphorylation of p38 MAP kinase. Taking our
findings into account, it seems unlikely that the EGCGC-induced
suppression of TGF-j-stimulated induction of HSP27 is due to the
inhibition of ERK1/2 and p38 MAP kinase in osteoblast-like MC3T3-E1
cells.

SAPK/INK is a member of the MAP kinase superfamily in addition
to ERK1/2 and p38 MAP kinase (Kyriakis and Avruch, 2001). Therefore,
we nextr investigated the correlation between the EGCG-induced
inhibition of HSP27 levels and SAPK/JNK in osteoblast-like MC3T3-E1
cells. We have already reported that TGF-# stimulates the activation of
SAPK/INK in these cells (Kanno et al., 2005). In the present study, we
showed that the TGF-{i-stimulated levels of HSP27 were significantly
reduced by SP600125 (Bennett et al,, 2001), Therefore, these results
suggest that SAPK/|NK is involved in the TGF-5-stimulated levels of
HSP27 in these cells. In addition, EGCG markedly suppressed the TGF-
ib-induced phosphorylation of SAPK/INK. Taking our findings into
account, it is most likely that the inhibition by EGCG in the TGF-{-
stimulated induction of HSP27 is mediated through the suppression of
the SAPK[INK pathway in the osteoblast-like MC3T3-E1 cells. On the
other hand, we herein showed that EGCG hardly affected the TGF-{-
induced Smad2 phosphorylation, suggesting that EGCG does not act at
a point upstream of Smad2-mediated signaling in osteoblasts. We
furthermore found that EGCG significantly reduced the phosphoryla-
tion of both MKK4 and TAK1 induced by TGF-3 in these cells. Based on
our findings, it is most likely that EGCG regulates TGF-f3-stimulated
SAPK/JNK activation at a point upstream from TAK1.

Osteoporosis is one of the major problems regarding the health of
elderly persons in the advanced countries. It is recognized that tea
drinkers appear to have a low risk of osteoporosis (Siddiqui et al,
2004). Catechin is one of the major flavonoids contained in various
species of plants including tea (Harbourne and Williams, 2000).
Regarding the bone metabolism, catechin has been reported to
suppress bone resorption (Delaisse et al., 1986). As for osteoblasts, it
has been shown that catechin stimulates alkaline phosphatase
activity, a mature osteoblast phenatype, and reduces bone-resorptive
cytokine production in osteoblast-like MC3T3-E1 cells (Choi and
Hwang, 2003). Taking our present findings inte account, catechin
could therefore affect the osteoblast function through the modulation
of HSP27 induction stimulated by the local factors. such as TGF-
resulting in the modulation of bone metabolism toward the beneficial
for prevention of bone loss.

On the other hand. the pharmacokinetics of EGCG in human
volunteers taking a single dosage of 1600 mg/day showed a rapid
absorption, with a maximum plasma concentration value of 11.08 uM
(=3392 ng/ml); the time to reach maximum plasma concentration was
2.2 h, and the terminal elimination half-life ranged between 1.9 and
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4.6 h (Ullmann et al,, 2003). Moreover, it has been reported that 10-
day repeated administration of oral doses of EGCG of up to 800 mg/
day is safe and well tolerated (Ullmann et al, 2004), We herein
showed thar the inhibitory effect of EGCG on TGF-i2-stimulated HSP27
induction was significantly observed at 10 uM. It is thus probable that
the concentration of EGCG physiologically reaches that which
promotes the effect shown here. In addition, the plasma concentration
of EGCG required for cancer prevention or anti-inflammatory effects
has been shown to range from over 10 pM to 50 uM (Lambert and
Yang. 2003: Wheeler et al., 2004; Aktas et al,, 2004). In regard to the
efficacy of EGCG, our present findings seem to be consistent with
these previous observations. Although the physiological significance
of HSP27 in osteoblasts has not yet been clarified, it is probable that
EGCG-induced suppression of the SAPK/JNK pathway plays a pivotal
effect on bone metabolism via reducing the levels of HSP27 in
osteoblasts. Our present findings are thus considered to provide new
insight into the pharmacological effects of catechin on bone
metabolism. Further investigations are needed to elucidate the precise
role of catechin in the bone metabolism.

Conclusion

Our present results strongly suggest that EGCG reduces the TGF-j-
stimulated induction of HSP27 via the suppression of the SAPK/INK
pathway in osteoblasts, and that this effect is exerted at a point
upstream from TAKI.
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ARTICLE INFO ABSTRACT

Articte history: Adenosine diphosphate (ADP) plays a crucial role in hemostasis and thrombosis by activating platelets.

Received 1 February 2008 ADP has been reported to induce heat-shock protein (HSP) 27 phosphorylation in human platelets. How-
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study, we investigated the mechanisms and the roles of ADP-induced H5P27 phosphorylation in human
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Patelet levels of platelet granule secretion but not with platelet aggregation. Furthermore, the inhibition of either
Phosphorylation the p44/p42 MAPK or p38 MAPK pathways had no effect on ADP-induced platelet aggregation. These

ADP results strongly suggest that the ADP-induced phosphorylation of HSP27 via pd4/p42 MAPK and/or
Cranule secretion P38 MAPK is therefore sufficient for platelet granule secretion but not for plaielet aggregation in humans.

© 2008 Elsevier Inc. All rights reserved.

Platelet aggregation and activation represent the first step in
thrombogenesis. Platelet aggregation plays a central role in the
ievelopment of thrombus formation. Thrombus formation is in-
duced by several agonists that provoke platelet granule secretion
and aggregation. Platelets are reactive to various stimuli and re-
lease the materials stored in the three specific granules; dense
granules, a-granules and lysosomes. Three specific granule popula-
tions store different types of constituents. Dense granules contain
small non-protein molecules such as serotonin (5-HT) and adeno-
sine diphosphate (ADP)' [1). a-Granules contain large adhesive and
healing proteins such as platelet-derived growth factor (PDGF) and
von Willebrand factor [1). However, the detailed mechanism of
platelet granule secretion is not precisely known.

One of the most important and potent agonists, ADP, activates
platelets through P2-receptors {2.3]. The currently available anti-
platelet agents, such as aspirin. show clinical efficacy in the treat-
ment of arterial thrombotic disorders by inhibiting platelet
aggregation |4,5]. ADP is considered to be a weak agonist by itsell
in comparison, for example, with thrombin or collagen [6]: how-

* Comcsponding author. Fax: +81 58 230 6215,
£-mail oddress: okorawa@gifu-aiacjp (0. Kozawa)
' Abbre used: ADP, ine diphosph PDGF, plateict-derived growth
facior; MAPK. mitogen-activated protein kinsse: HSPs, heat-sheck proteins; SAPK/INK .
d jun N inal kinase; PRP, platelet-rich

Sreid-

protein kb e
plasma; PVDF, Immnabllion-P membrane.

00D3-8861/$ - sev front marrer € 2008 Elsevier Inc, ANl rights reverved.
doi:10.1016/j.0b0.2008.04.023

ever, ADP is a necessary cofactor for the normal activation of plate-
lets by other agonists. Low concentrations of ADP potentiate or
amplify the effects of an agonist for platelet activation [7]. Tt was
recently reported that the activation of P2-recepiors lead to both
platelet aggregation and shape change and that P2Y1 or P2Y12
receptor activation by ADP results in the activation of p38 mito-
gen-activated protein kinase (MAPK) or p44/pd2 MAPK, respec-
tively, in human platelet [8,9].

Heat-shock proteins (HSPs) are expressed in both prokaryotic
and eukaryotic cells in response to various rypes of biological
stress, such as heat and chemical stress {10]). HSPs are classified
into high-molecular-weight HSPs and low-malecular-weight H5Ps
based on their apparent molecular sizes. Low-molecular-weight
HSPs with molecular masses from 10 to 30kDa, such as HSP27
and aB-crystallin have high homology in their amino acid se-
quences [11,12]. Though less is known about the functions of the
jow-molecular-weight HSPs than those of the high-molecular-
weight HSPs, it is generally accepted that they may have chaperon-
ing functions like the high-molecular-weight HSPs [11,12]. HSP27
becomes rapidly phosphorylated in response 10 various stresses.
as well as to exposure to cytokines and mitogens [13.14). It is rec-
ognized that HSP27 activity is regulated by post-translational
modifications such as phosphorylation [11.15]. Human HSP27 is
phosphorylated ar three serine residues (Ser-15, Ser-78, and Ser-
82), whereas mouse HSP27 is phosphorylated at two serine
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residues (Ser-15 and Ser-82) [11). Under unstimulated condltions,
H5P27 exists in a high-molecular-weight aggregated form. It Is rap-
idly dissociated as a result of phosphorylation [16,17). The phos-
phorylation-induced dissociation from the aggregated form
correlates with the loss of molecular chaperone activity [16,17).
ADP has been reported to induce HSP27 phosphorylation in human
platelets [18]. In addition, it has been shown that HSP27 phosphor-
ylation is catalyzed by the MAPK superfamily such as p38 MAPK,
phospho-stress-activated protein kinase/c-fun N-terminal kinase
(SAPK/JNK) and p44/p42 MAPK [11,19,20]. However, the exact role
of HSP27 phosphorylation in human platelets has not yet been
clarified.

The present study investigated the mechanisms and the roles of
ADP-induced HSP27 phosphorylation on human platelets, These
results showed, for the first time, that the phosphorylation levels
of HSP27 were correlated with platelet granule secretion but not
with platelet aggregation.

Materials and methods

Rragenty

mvummwmc&{ummm}w-
amine, POS80SS and SB203580 were hased from Calbloch hem
Corporation (La Jolia. CA)L

Preparation of pharelers

tepmmm:uuhmm{mummrmemusmu-

mlmmm&mmwclaunﬁummlﬂ
3:00 AM after 15 min of rest. Blood was drawn with the minimal use of 3 tourni-
quet, Sodium citrate (14 pM) was used as an Platelet-rich plasma
|ﬂﬂmﬂﬂmmwﬂmﬂmﬂrwwmm
:l“hl:duamm%-ﬂ“wmm
MdManamhrsu;mum;mwh—
formed consent agr after iving a ited explanation and the study
mWWtumuudehﬂhumammd
Medicine,

Mearurement of plareler aggregatton induced by ADP

Plateler aggregation using citrated PRP was followed in an aggregometer (PA
mmmmlﬁ.fmmht“‘th!mﬂﬁuﬂrdn‘wd
ummmmmmmh:wmumm“
tion was monitored for 4 min after the addition of varieus doses of ADP (0.3-
:m;mmdummu!m d platelets was a
% and that of the appropriate plitelet-poor plasma (blank) was recorded as 100X

Protein p after ADP

The cells were B d with or without 2 mM of desferri for 15 min
before ADP stimulation. After the stimulation with ADP for 4 min, platelet aggrega-
tion wais then terminated by the addition of an lce-cold EDTA (10 mM) sclution. The
mmmwmnmuvcm:uugmrnchmms-
HT as described below, the supernatamt was lsolated and stored at -20°C for
subsequent ELISA. For Western blot analysis. the peller was washed twice with
mm.ummmntmlmmimumwkduamhuuu
containing 62.5 mM Tris/CL, pH 6.8, 2% sodlum dodecy! sullate (SDS) 50 mM dithi-
othreltol, and 10% glycerol as previously described [21).

Trratment with MAPK inhibitors on ADP-induced plareler aggregarion

ERther PDO80G5S, a MEK1/2 inhibitor, or SB201580, 2 p)B MAPK Inhibitor, were
added to PRP and incubated at 37 “C for 5 min, then ADP-induced platelet aggrega-
tion {3 pM) was measured a3 described in above section

performed as described previously [21]. Simply.
polyacrylamide gel electrophoresis (PAGE) was performed by the method of
Laemmii [22) in a 12X or 10% polyacrylamide gel Proteins were fractionated and
ferred onto Immnobilion-P membrane (PVDF). Membranes were blocked with

SX fat-free dry milk in Tris-buffered taline with 0.1X Tween 20 (TBS-T, 20 mM Trit,
pH 7.6, 137 mM NaCl, 0.1% Twern) for 2 h before incubation with the indicated pri-
mary antibody, The antibodies used in these studies were antl-HSP27. anti-phospho
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HSF27 (Ser-15). anti-phospho HSPZ7 (Ser-78) (Stressgen Biotechnologies, Victoria
BL. Canada) anti-phaspho HSF27 (Ser-B2) (Riomol Research Laborarones, Plymouth
Merting. PAL p38 MAPK. phosphe-p3i MAPK. p44/pd2 MAPK, phespho-

MAPK antibody (Cell Signaling. Inc. Beverly, MAL respectively. Peroxid

anti-mouse IgC (Santa Cruz Biotechnology, Iac., California, USA) or anti-rabbit IgG
antibodies (KPL Caithersburg. MD, USA) were used as secondary antibodies. The
first and second antibodies were diluted for op h
with 5% fat-free dry milk in TBS-T. Peraxidase activity on PVDF membranes was

Immunoprecipitation of the extracts of cells was carried out in 1.5 mi micrecen-
trifuge tubes using agarose conjugated anti-actin antibody (Santa Cruz) The anti-
actin antibody (20 ug IgC) were added to | ml TNE bulfer (10 mM Tris-HO pH

A
Phospho-pa4/pd2 MAPK eulls emme  dh-.
PP MAPK D G Gm
Lene 1 2 3

PD98058 (uM) O LU
ADP  + + +

——
=
L}
50
+

Lane 1 2 3 4
$B203580 (UM) 5 10 20
ADP - + + +
100
§ 50 '_J_.
Lane 1 2 3 4

Fig 2. Effects of MDI80SY and SB203580 on the phosphorytation p44/p42 MAPK
and p38 MAPK in human platelets, Various dose of {A) PD98059. a specific inhibitor
of MEK12 or (B) S5B203580, a specific inhibitor of p38 MAPK, were added to PRP and
incubaved at 37 *C for % min withoot stirring. PRP was followed in an aggregometer
at 37 *C for 5 min with a sticring speed of B0O rpm; PRP was preincubated for 1 min
with stirring. then platelet aggregation was manitored for 4 min after the Jddinon
of 3 pM of ADF. Aggregation was d by the of an ice-cold EDTA
(10 mM) solution. The extracts of cells were then subjected to SD5-PAGE using
antibodies against phospho-specific p44/pd2 MAPK, p4d/pd2 MAPK. phespho-sp-
ecific p38 MAPK, or p38 MAPK. Lower graph shows the quantification data of the
amount of the indicated protein shewn In the upper figures. Representative results
from at least three independent experiments are shown,
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7B, 1% Nonidet P-40, 0.15 M MNaCL | mM EDTA)solubilized platelet, and the mix-
tute wat at room lemgp for over-night at 4 *C. Alfver incubation,
the antigen- antibody I lleted by cemmifugation and used for Wes-
temn biot analysis.

Measurrmens of plasma POGF-AB ond 5-HT levels

The plasma PDGF-AB and 5-HT levels in samples were determined using PDGF-
AB Quantikine and S ELISA purchased from R&D (Mi lis. MM) and
I (H. [~ ¥\ respectively

Seotisrical analysis

The data were analyzed by Mann-Whitney's U-test, and 2 p < 0.05 was consid-
ered significant. All data are presented as means £ SEM.

Resulcs

Effect of ADP on the phosphorylation of HSP27 or MAPKs in human
platelets

We first examined the dose dependent effect of ADP on HSP27
phasphorylation in human platelets by a Western blot analysis. As
shown in Fig. 1A, ADP induced HSP27 phosphorylation (Ser-15,
Ser-78 and Ser-82) at a dose of 3 uM in human platelets. To sepa-
rate the effect of ADP (as an endogenous inducer of platelets acti-
vation) from the effect of ADP as a cause of oxidative stress. we
next examined the effect of desferrioxamine, which chelates iron
and Cu atoms, on the ADP-induced phosphorylation of HSP27
and found that there are no significant differences between with
or without desferrioxamine in the phosphorylation (Fig. 1B). We
also confirmed the similar results by the ELISA on the level of
PDGF-AB and 5-HT (data not shown), indicating that there are no
significant effect of ADP as a cause of oxidative stress.

Since it has been reported that HSP27 phosphorylation is cata-
lyzed by the MAPK superfamily (p38 MAPK, SAPK/INK, and pa4/
P42 MAPK) [11,19.20], we next examined the effect of ADP on
the activation of these MAPKs in human platelets. In results, ADP
induced the phosphorylation of p44/p42 MAPK and p38 MAPK at

a dose of 3 uM, But, ADP failed to induce the phosphorylation of
SAPK/JNK in human platelets (Fig. 1C).

Effects of MAPK inhibitors on the ADP-induced plateiet aggregarion
and phosphorylation of HSP27

To elucidate the roles of p44/p42 MAPK or p38 MAPK in ADP-in-
duced platelet aggregation, we tested the effects of PD98059, a
specific inhibitor of MEK1/2 [23], or 5B203580, a specific inhibitor
of p38 MAPK [24] on ADP-induced platelet aggregation. We first
treated cells with PD98059 and SB203580 at several concentra-
tions and confirmed that 50 yM of PDSB059 and 20uM of
SB203580 clearly suppressed ADP-induced phosphorylation of
p44/p42 MAPK and p38 MAPK. respectively (Fig. 2A and B, respec-
tively). However, PD98059 had little effect on the ADP-induced
platelet aggregation (Fig. 3A), even though the cells were treated
with 50 pM of PD980S9. Similarly, even 20 uM of SB203580 did
not affect the platelet aggregation (Fig. 38). Based on these resuits,
it seems unlikely that p44/p42 MAPK or p38 MAPK is involved in
the ADP-induced plateler aggregation.

‘We next examined the effects of PD98059 or SB203580 on ADP-
induced phosphorylation of HSP27 in human platelets. PDS8059
suppressed ADP-induced phosphorylation levels of HSP27 (Ser-
15, Ser-78 and Ser-82) ar doses over 10 uM (Fig. 4A). In addition.
5B203580 also arenuated ADP-induced phosphorylation levels of
HSP27 (Ser-15, Ser-78 and Ser-82) at doses over 5 uM (Fig. 4B).
These results clearly suggest that both of p44/p42 MAPK and p38
MAPK pathway are involved in ADP-induced phosphorylation of
HSP27.

Effects of MAPK inhibitors on the ADP-induced platelet granule
secretion

ADP has been recognized 1o provoke granule secretion as well
as aggregation in human platelets [25]. It has also been recognized
that platelets conrain various kinds of proteins, including PDGF-AB
and 5-HT. in a-granules and dense granules, respectively, and thus

A 120
! n'_/’- f —/’—’" eyt
-ﬂ. 50 50 50 5
Tiema {rmin) Time pmin) Tiena twin) Time (min)
PD9BOS9 (uM) O 10 30 50
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B 120
* 0
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0 50 50 5o 5
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wmmnmmunmn:am»mﬂm:cmmm Representative results from ar least theee
indicare eripl significant

ADP (@) or vehicle (O} Aggreg Wil

d by the addi
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granule populations has not yet been elucidated. These previous
observations led to the speculation that there are differential
mechanisms of granule secretion among these three granule pop-
ulations. In the present study, both the serum levels of PDGF-AB
and 5-HT, secreted (rom a-granules and dense granules respec-
tively, decreased in parallel with the decreased levels of H5P27
phosphorylation. These results strongly suggest that HSP27 phos-
phorylation may therefore play an important role in the granule
secretion of both dense granules and a-granules. Dense granule
contains ADP and release one which is recognized to be released
thorough a positive feedback mechanism. However, since we can
not strictly distinguish exogenous ADP from endogenous one, we
do not exclude the possibility that the latter one might affect plate-
let aggregation. In conclusion, these results indicate that the ADP-
induced phosphorylation of HSP27 via p38 MAPK and/for p44/p42
MAPK is sufficient for platelet granule secretion but not for the
platelet aggregation in humans. in consideration with the fact that
the specific antagonist for 5-HT has already been clinically applied
for amelioration of ischemic symptoms of arterial thrombotic dis-

aggregometer 4t
aggregation was monitored for 4 min after the addition of 3 uM of

independent experiments are shown Bars
decrease [p < 0.05) with respect to the value of ADP (3 M) alone.

eases [33), we might be able to establish the new clinical target of
anterial thrombotic diseases by the investigation of the relationship
between H5P27 and platelet granule secretion.
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ABSTRACT

We have previously reported that prostaglandin Fa, ( PGFz, ) stimulates interleukin-6 (IL-6), a potent bone
resorptive agent, through p44/p42 mitogen-activated protein (MAP) kinase in osteoblast-like MC3T3-E1
cells. In the present study, we investigated whether Rho-kinase is implicated in the PGFy,-stimulated
IL-6 synthesis in MC3T3-E| cells. PGF. time-dependently induced the phosphorylation of myosin phos-
phatase targeting subunit (MYPT-1), a Rho-kinase substrate. Y27632. a specific Rho-kinase inhibitor,
significantly reduced the PGF,, -stimulated IL-6 synthesis as well as the MYPT-1 phosphorylation. Fasudil,
another inhibitor of Rho-kinase, suppressed the PGFi,-stimulated IL-6 synthesis. Y27632 and fasudil
failed to affect the PGF;,-induced phospharylation of p44/p42 MAP kinase. SB203580 and BIRBO796.
potent inhibitors of p38 MAP kinase, suppressed the IL-6 synthesis induced by PGFy,. While SP600125,
an inhibitor of stress-activated protein kinase/c-Jun N-terminal kinase (SAPK/JNK], falled to reduce the
synthesis. Y27632 as well as fasudil attenuated the PGFy, -induced phosphorylation of p38 MAP kinase.
These results strongly suggest that Rho-kinase regulates PGF,,-stimulated 1L-6 synthesis via p38 MAP

kinase activation in osteoblasts.

© 2008 Published by Elsevier Ireland Lid.

1. Introduction

Itiswell recognized that interleukin-6 (1L-6) is a multifunctional
cytokine that has crucial effects on a wide range of functions such as
promoting B cell differentiation, T cell activation and inducing acute
phase proteins (Akira et al, 1993; Heymann and Rousselle, 2000:
Kwan Tat et al, 2004). The bone metabolism is regulated mainly
by two functional cells, osteoblasts and osteoclasts, responsible for
bone formation and bone resarption, respectively (Nijweide et al.,
1986). As for bone metabolism, IL-6 has been shown to stimulate
bone resorption and promote osteoclast formation (Ishimi et al.,
1990; Roodman, 1992; Heymann and Rousselle, 2000; Kwan Tat et
al,, 2004), It has been reported that potent bone resorptive agents
such as tumor necrosis factor-o and IL-1 stimulate IL-6 synthesis in
osteoblasts (Ishimi et al., 1990: Littlewood et al., 1991; Helle et al.,
1998). Currently, evidence is accumulating that IL-6 secreted from
osteoblasts plays a pivotal role as a downstream effector of bone
resorptive agents in bone metabolism.

It is well known that prostaglandins (PGs) act as autocrine/
paracrine modulators of osteoblasts (Nijweide et al., 1986: Pilbeam

* Corresponding author. Tel.: +81 58 230 6214; fax. +81 58 2306215
E-mail address: okozawa@gifu-v.ac Jp (0. Kozawa)

0303-7207/% - see front matter © 2008 Published by Elsevier Ireland Ltd
doi:10.1016/j.mce.2008.05.011

et al.. 1996). Among them. PGFy, is recognized to be a potent
bone resorptive agent in bone metabolism (Pilbeam et al., 1996).
It has been reported that PGFz, stimulates the proliferation
of osteoblasts and inhibits the differentiation (Pilbeam et al.,
1996). In our previous studies (Miwa et al., 1990; Kozawa et
al. 1994), we showed that PGF,, induces the activation of
protein kinase C via phosphoinositide-hydrolyzing phosphali-
pase C and phosphatidylcholine-hydrolyzing phospholipase D in
osteoblast-like MC3T3-E1 cells. Regarding with IL-6 synthesis in
osteoblasts, we have reported that PGF;, stimulates IL-6 synthe-
sis via p44/p42 MAP kinase in MC3T3-E1 cells (Kozawa et al.,
1997: Tokuda et al,, 1999). However, the exact mechanism behind
PGFy,-stimulated IL-6 synthesis in osteoblasts remains to be clar-
ified.

Recent studies suggest that Rho and the down-stream effector,
Rho-associated kinase (Rho-kinase) play crucial roles in a variety of
cellular functions such as cell motility and smooth muscle contrac-
tion (Fukata et al., 2001; Riento and Ridley, 2003; Shimokawa and
Rashid, 2007). As for osteoblasts, it has been demonstrated that
Rho-kinase and p38 MAP kinase are involved in the endothelin-
1-induced expression of PG endoperoxide G/H synthase mRNA in
osteoblasts (Windischhofer et al.. 2002). In addition, it has been
shown that the Rho/Rho-kinase pathway stimulates osteoblast pro-
liferation whereas it inhibits osteoblast differentiation (Harmey et
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al., 2004), However, the exact role of Rho-kinase in osteoblasts has
not yet been fully clarified.

In the present study, we further investigated the exact mech-
anism behind PGF,,-stimulated [L-6 synthesis in osteoblast-like
MC3T3-E1 cells. We here show that Rho-kinase regulates PGFy,-
stimulated IL-6 synthesis through p38 MAP kinase activation in
these cells.

2. Materials and methods
2.1. Materials

PGF;, and mouse IL-6 enzyme immunoassay (ELISA) kit were purchased from
R&D Systems, Inc. (Minneapolis, MN). Y27632, SB203580 and SPG00125 were
obtained from Calbiochem-Novabiochem. Co. (La Jolla, CA). Hydroxyfasudil { fasudil)
was purchased from Sigma-Aldnich, Co. (St Louis, MO). BIRBOT96 was obtained
from Dr. Philip Cohen (University of Dundee, UK) Phospho-specific MYPT-1 anri-
bodies were purchased from Millipore, Co. (Billerica. MA). MYPT-1 antibodies were
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz. CA), Phospho-specific
P44/ p42 MAP kinase antibodies, p44/p42 MAFP kinase antibodies, phospho-specific
P38 MAF kinase antibodies and p38 MAP kinase antibodies were purchased from
Cell-Signaling Technology, Inc. (Beverly, MA). ECL Western blotting detectian sys-
rem was purchased from GE Healthcare UK, Ltd. (Buckinghamshire, England).
Other materials and chemicals were obtained from commercial sources. Y27632,
58203580, SP600125 and BIRBO796 were dissolved in dimethylsulfoxide. The max-
imum cancentratian of dimethylsulfoxide was 0.1%, which did not affect the assay
for IL-6 or Western biot analysis.

2.2, Cell culture

Cloned osreoblast-like MC3T3-El cells derived from newborn mouse calvaria
(Sudo et al. 1983) were maintained as previously described (Kozawa et al., 19492),
Briefly, the cells were cultured in essential medium (a-MEM) contain-
ing 10% fetal calf serum (KCS) at 37 Cina humidified atmosphere of 5% C0; /95% air.
The cells were seeded into 35-mm or 90-mm diameter dishes in «-MEM containing
10% FCS. After 5 days, the medium was exchanged for a-MEM ¢ ing 0.3% FCS,
The cells were used for experiments after 48 h.

2.3, IL-6 assay

The cultured cells were stimulated by 10 uM PGFy, in 1 ml of a-MEM contain-
ing 0.3% FCS for the indicared periods. When indicated, the cells were pretreated
with various doses of Y27632, fasudil, SB203580, BIRBO796 or SPG00125 for 60 min.
The conditioned medium was collected at the end of the incubation, and the IL-6
concentration was measured by ELISA kir.

2.4, Western blot analysis

Western blot analysis was performed as follows. The cultured cells were pre-
treated with various doses of Y27632 or fasudil for 60min, and then stimulated
by PGFy, in n-MEM containing 0.3% FCS for rhe indicated periods. The cells were
washed twice with phosphate-buffered sahne and then lysed, homogenized and
sonmicated in a lysis buffer containing 62.5 mM Tris/HCI: pH 6 8. 2% sodium dode-
cyl sulfate (SDS), 50mM dithiothreitol and 10% glycerol. The cytosolic fraction was
collected as a supernatant afrer centrifugation at 125,000 « g for 10min at 4°C
Twenty micrograms of cytosolic protein was charged, and SDS-polyacrylamide gel
electrophoresis (PAGE) was performed according to Laemmli(1970) in 10% polyacry-
lamide gel, The fractioned proteins were then ransferred onto a PVDF Membrane
(Bio-Rad, Hercules, CA). The protein-rransferred membrane was blocked with 5%
fat-free dry milk in Tnis-buffered saline-Tween 20 (TB5-T; 20mM Tris/HC, pH 76,
137 mM NaCl, 0.1% Tween-20) for 2 h before incubation with the primary antibod-
15, The rabbit polyclonal phospho-specific MYPFT-1 anribodies, MYPT-1 antibodies,
phospho-specific p44/p42 MAP kinase antibodies, pdd|pd2 MAP kinase antibodies.
phuspho-specific p38 MAP kinase antibodies or p38 MAP kinase antibodies were
used as pnimary bod Per abeled antibodies raised in goat against
rabbit 1gG (KPL Inc., Geithersburg. MD) were used as second antibodies. The first
and second antibodies were diluted at 1:1000 with 5% far-free dry milk in TBS-T.
Peroxidase activity on the membrane was 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 450nm
with EL 340 Bio Kinetic Reader (Bio-Tek Instruments, Inc., Winooski, VT). The den-
sitomernc analysis was performed using Molecular Analyst/Macintosh (Bio-Rad
Laboratories). Protein concentrations were deterrmined by using a protein assay
reagent kit {Therma Fisher Scientific KK, Rockford, IL) with BSA as a reference
protein.
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Fig. 1. Effects of PCFz, on the phosphorylation of MYPT-1 in MC3T3-E1 cells. The
cultured cells were stimulated by 10 uM PGFy,, for the indicated periods. Twenty
micrograms of cytosolic protein were subjected 1o SDS-PACE with subsequent
‘Western blot analysis with antibodies against phospho-specific MYPT-1 or MYPT-1.
The histogram shows quantitative representations of the levels of PGF;,,-induced
phosphorylation obtained from laser densitometric analysis of three independent
experiments. Each value represents the mean + 5.EM. of rriplicate determinations.
Similar results were obtained with two additional and different cell preparations.
Values represent the amount of phospho-MYPT-1 divided by those of total MYPT-1.
*p <0.05. compared to the value of control (lane 1)

26, Stansncal analysis

The data were analyzed by ANOVA followed by rhe Bonferrani method for mul-
tiple comparisans between pairs, and a p < 0.05 was considered significant. All data
are presented as the mean+S.EM. of mriplicare determinations. Each experiment
was repeated three times with similar results.

3. Results

3.1. Effects of PGF;, on the phospharylation of MYPT-1 in
MC3T3-E] cells

It is generally recognized that MYPT-1, which is a component
of myosin phosphatase, is a down-stream substrate of Rho-kinase
(Fukata et al.. 2001: Ito et al., 2004). In order to clarify whether
PGF3, activates Rho-kinase in osteoblast-like MC3T3-E1 cells, we
examined the effect of PGF;, on the phosphorylation of MYPT-
1. PGF2, markedly induced the phosphorylation of MYFT-1 in a
time-dependent manner (Fig. 1). The effect of PGF;, on the phos-
phorylation of MYPT-1 reached its peak within 2 min and decreased
thereafter (Fig. 1).

Y27632, an inhibitor of Rho-kinase (Shimokawa and Rashid,
2007), suppressed the PGFy,-induced phosphorylation levels of
MYPT-1 (Fig. 2A). In addition, fasudil, another inhibitor of Rho-
kinase (Shimokawa and Rashid, 2007), reduced the PGF,-induced
levels of MYPT-1 phosphorylation (Fig. 2B).

3.2. Effects of Y27632 or fasudil on the PGFz,-stimulated IL-6
synthesis in MC3T3-E1 cells

We previously showed that PGF;,, stimulates IL-6 synthesis in
osteoblast-like MC3T3-E1 cells (Kozawa et al. 1997). In order to
investigate whether Rho-kinase is involved in the PGFy,-induced
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Fig. 2. Effects of ¥27632 or fasudil on the PGFa, -induced phosphorylation of MYPT
1 in MC3T3-E1 cells. The cultured cells were pretreated with 10 M Y27632 (A)
10 .M fasudil (B) or vehicle for 60 min. and then stimulated by 10 M PGF;, or vehi-
cle for 2 min. Twenty micrograms of cytosolic protein were subjected to SDS-PAGE
wirh subsequent Western blar analysis with antibodies against phospho-specific
MYPT-1 or MYPT-1. The histogram shows quantitative representations of the levels
of PGFy,-induced phosphorylation obtained from laser densitometric analysis of
three independent experiments. Each value represents the mean £ S.EM, of tripli-
cate determinations. Similar results were obtained withtwo additional and different
cell preparations. Values represent the amount of phospho-MYFT-1 divided by those
of total MYPT-1. "p < 0.05, compared to the control (lanes 1), **p <0.05, compared to
the value of PGF, alone (lanes 2)

synthesis of IL-6 in MC3T3-E1 cells, we next examined the effect of
Y¥27632 on the synthesis of IL-6 induced by PGF3,,. Y27632, which
by itself had little effect on the IL-6 levels, significantly suppressed
the PGF;,-induced synthesis of IL-6 (Fig. 3). The inhibitory effect of
¥27632 was dose-dependent in the range between 0.1 and 10 pM.
Y27632 (10 uM) caused approximately 80% inhibition in the PGFy, -
effect.

Fasudil as well as Y27632 reduced the PGFy,-stimulated IL-6
synthesis in these cells (Fig. 4). The effect of fasudil on the IL-6
synthesis was dose-dependent in the range between 0.1 and 10 M.
Fasudil (10 M) caused about 90% inhibition in the PGF, -effect.

29
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Fig. 3. Effect of Y27632 on the PGFy,-induced IL-6 synthesis in MC3T3-E1 cells.
The cultured cells were pretreated with vanious doses of Y27632 for 60 min, and
then stimulared by 10 M PGy, or vehicle for 48h. Each value represents the
mean = SEM. of triplicate determinations. Similar results were obtained with two
additional and different cell prepararions. *p <0.05, compared ro the value of PGF;,
alone,

1.3, Effects of Y27632 or fasudil on the PGF,-induced
phosphorylation of p44/p42 MAP kinase in MC3T3-E1 cells

We have previously reported that PGFz, stimulates IL-6 syn-
thesis via p44/p42 MAP kinase in osteoblast-like MC3T3-E1 cells

IL-6 ( x 10°pg/mi)

—_—0——0—0—0-—20
ﬂq I
0 01 03 1 3 10
tasudil (pM)

Fig. 4. Effect of fasudil on the PGFy, -induced IL-6 synthesis in MC3T3-El cells
The cultured cells were pretreated with various doses of fasudil for 60min, and
then stimulated by 10M PGFy, or vehicle for 48 h. Each value represents the
mean £ 5.EM. of triplicate determinations. Similar results were obtained with two
additional and different cell preparations. *p <0.05, compared to the value of PGF;,
alone
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Fig. 5. Effect of ¥Y27632 on the PGFy,-induced phosphorylarion of pd4/p42 MAP
kinase in MC3T3-E1 cells. The cultured cells were pretreated with various doses
of ¥27632 for 60 min, and then stimulated by 10 uM PGF,, or vehicle for 20min
Twenty micrograms of cytosolic protein were subjected to SDS-PAGE with subse-
quent Western blor analysis with antibodies against phospho-specific p44/pa2 MAP
kinase or p44/p42 MAP kinase. The histogram shows quantitative representations
of the levels of PGF,,-induced phosphorylation ob d from laser densi iric
analysis of three independent experiments. Each value represents the mean £ SEM
of tnplicare dererminations. Similar results were obtained with two additional and
different cell prepararions. Valites represent the amount of phospho-pd4/pd2 MAP
kinase divided by those of rotal p44/p42 MAP kinase

(Tokuda et al.. 1999). In order to investigate whether Rho-kinase-
effect on the PGFy,-stimulated IL-6 synthesis is dependent upon
the activation of pd4/pd42 MAP kinase in MC3T3-E1 cells, we
next examined the effect of Y27632 on the phosphorylation of
p44/p42 MAP kinase by PGFy,. However, Y27632 did not affect the
PGF;,-induced phospharylation of p44/p42 MAP kinase (Fig. 5). In
addition, fasudil had little effect on the phosphorylation levels of
p44/p42 MAP kinase (data not shown),

3.4. Effects of 58203580, BIRBO796 or SP600125 on the
PCF;,-stimulated IL-6 synthesis in MC3T3-E1 cells

It is currently known thar three MAP kinases, p44/p42 MAP
kinase, p38 MAP kinase and stress-activated protein kinase/c-
Jun N-terminal kinase (SAPK/JNK) are known as central elements
used by mammalian cells to transduce the various messages of
a variety of agonists (Widmann et al, 1999). To investigate the
involvement of other MAP kinases in the PGFy,-stimulated IL-
6 synthesis in osteoblast-like MC3T3-E1 cells, we examined the
effect of 5B203580, a specific p38 MAP kinase inhibitor (Cuenda
et al., 1995), on the IL-6 synthesis. We have previously shown that
PGF3q stimulates the activation of p38 MAP kinase and SAPK/JNK
in MC3T3-E1 cells (Tokuda et al, 2007). SB203580 significantly
suppressed the PGF,,-stimulated synthesis of 1L-6 (Table 1), The
inhibitory effect of SB203580 was dose-dependent in the range
between 1 and 10 wM. BIRBO796. a more potent inhibitor of p38a
and p388 MAP kinases than SB203580 (Bain et al,, 2007), signifi-
cantly suppressed the PGF3,-stimulated synthesis of IL-6 (Fig. 6).
The inhibitory effect of BIRBO796 was dose-dependent in the
range between 0.1 and 1 uM. On the contrary, SP600125, a spe-
cific inhibitor of SAPK/JNK (Bennett et al,, 2001), did not suppress
the IL-6 synthesis stimulated by PGF;, (data not shown).

Table 1
Effect of 58203580 on the PGF2a-stimulated IL-6 synthesis in MC3T3-E1 cells
SB203580 (uM) PGFR2a 11-6 (pg/mi)
0 - <78
0 . 697 £ 62°
1 " <78
1 - 37743
3 = <78
3 + 213+ 11"
10 - <] 8
10 + 154+ 5°

The cultured cells were pretreated with vanous doses of SB203580 for 60 min,
and then stimulated by 10 uM PGF2a or vehicle for 48 h. Each value represents
the mean=S.EM. of tnplicate determinations. Similar results were obtained with
rwo additional and differenr cell preparations. *p<0.05, compared to the control
“*p<0.05, compared to the value of PGF2ct alone

3.5. Effects of Y27632 or fasudil on the PGF;,-induced
phosphorylation of p38 MAP kinase in MC373-E1 cells

In addition, we examined effect of Y27632 on the PCF, -induced
phosphorylation of p38 MAP kinase in MC3T3-E1 cells. Y27632
markedly suppressed the PGFa,-induced phosphorylation of p38
MAP kinase (Fig. 7A). The Y27632-effect on the phosphorylation
levels was dose-dependent in the range between 1 and 10 oM.
Y¥27632 (3 uM) caused about 80% inhibition in the PGF3,,-effect.

Fasudil reduced the PGF;,-induced levels of phosphorylated-
p38 MAP kinase (Fig. 7B). The inhibitory effect of fasudil was
dose-dependent in the range between 1 and 10 pM. Fasudil (10 pM)
caused approximately 90% inhibition in the PGF,-effect.

4. Discussion

In the present study, we showed that PGF;,, time-dependently
induced the phosphorylation of MYPT-1 in osteoblast-like

IL-6 (% 102 pg/mi )

n(,ZI :r: O O O
0 0.1 0.3 1
BIRBO796 (M)

Fig. 6. Effect of BIRBO786 on the PGF,, -induced IL-6 synthesis in MC3T3-E1 cells
The cultured cells were pretreated with various doses of BIRBO796 for 60 min, and
then stimulated by 10puM PGF;, or vehicle for 48h. Each wvalue represents the
mean=S.EM. of triplicare determinations. Similar results were obtained with two
addirional and different cell preparations. *p <0.05, compared (o the value of PGFy,
alone.
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