H. Tokuda et al. | Biochemical and Biophysical Research Communications 362 (2007) 799-804

A
phospho-MYPT-1 =~ @e oo se en o v o
MPT-1 @ G s oo &0 0 B @
Lane 1 2 3 4 5 6 7 8
Time(min) 6 2 5 10 15 20 30 60
ET1 — + + + + + + 4+

N

Fold increase

-

0
Lane 1 2 3 4 5 6 7 8

801

phospho-MYPT-1 %=y (EME - = %
MyPT-1 TN wem Wl W
Lane 1 2 3 4
Y27632  — - + +
ET14  — + _ -
3
*
2
2
o
2
Q
£
=
€ 1
*
0
Lane 1 2 3 4

Fig. 1. Effect of ET-1 on the phosphorylation of MYPT-1 and effect of Y27632 on the ET-1-induced phosphorylation of MYPT-1 in MC3T3-El cells. (A)
The cultured cells were stimulated by 0.1 pM ET-1 for the indicated periods. (B) The cultured cells were pretreated with 10 pM Y27632 or vehicle for
60 min, and then stimulated by 0.1 uM ET-1 or vehicle for 2 min. 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 quantitative representations of the levels of ET-1-induced
phosphorylation obtained from 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. “p <0.05, compared to the value of control. **p < 0.05,

compared to the value of ET-1 alone.
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Fig. 2. Effect of Y27632 on the ET-1-induced IL-6 synthesis in MC3T3-E1
cells. The cultured cells were pretreated with various doses of Y27632 for
60 min, and then stimulated by 0.1 uM ET-1 or vehicle for 48 h. Each
value represents the mean & SEM of triplicate determinations. Similar
results were obtained with two additional and different cell preparations.
*p < 0.05, compared to the value of ET-1 alone.

transduce the various messages of a variety of agonists [25].
In our previous studies [13,14], we have shown that ET-1
stimulates IL-6 synthesis via p44/p42 MAP kinase and
p38 MAP kinase but not SAPK/INK among the MAP
kinase superfamily in osteoblast-like MC3T3-El cells. In
order to investigate whether Rho-kinase-effect on the ET-

Table 1

Effect of fasudil on the ET-1-stimulated IL-6 synthesis in MC3T3-E1 cells
Fasudil (uM) ET-1 IL-6 (pg/ml)
0 - <78

0 + 287+ 16
03 - <7.8

03 + 261+ 6

1 - <78

1 + 171+5™

3 - <78

3 + 045"

The cultured cells were pretreated with various doses of fasudil for 60 min,
and then stimulated by 0.1 uM ET-1 or vehicle for 48 h. Each value rep-
resents the mean &+ SEM of triplicate 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 vatue of ET-1 alone.

1-stimulated IL-6 synthesis is dependent upon the activa-
tion of pd44/p42 MAP kinase or p38 MAP kinase in
MC3T3-El cells, we next examined the effect of Y27632
on the phosphorylation of p44/p42 MAP kinase by ET-1.
However, Y27632 failed to affect the ET-1-induced phos-
phorylation of p44/p42 MAP kinase (Fig. 3).

Effects of Y27632 or fasudil on the ET-1-induced
phosphorylation of p38 MAP kinase in MC3T3-El cells

In addition, we examined effect of Y27632 on the
ET-1-induced phosphorylation of p38 MAP kinase in
MC3T3-El cells. Y27632, which itself had little effect on
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Fig. 3. Effect of Y27632 on the ET-1-induced phosphorylation of p44/pa2
MAP kinase in MC3T3-El cells. The cultured cells were pretreated with
various doses of Y27632 for 60 min, and then stimulated by 0.1 yM ET-1
or vehicle for 5 min. The extracts of cells were subjected to SDS-PAGE
with subsequent Western blotting analysis with antibodies against
phospho-specific p44/p42 MAP kinase or p44/p42 MAP kinase. The
histogram shows quantitative representations of the levels of ET-I-
induced phosphorylation obtained from laser densitometric analysis of
three independent experiments. Each value represents the mean £ SEM of
triplicate determinations. Similar results were obtained with two addi-
tional and different cell preparations.

the phosphorylation of p38 MAP kinase, markedly sup-
pressed the ET-1-induced phosphorylation of p38 MAP
kinase (Fig. 4A). The Y27632-effect on the phosphoryla-
tion levels was dose-dependent in the range between 1
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and 10 pM. Y27632 (10 uM) caused about 80% inhibition
in the ET-1-effect.

Fasudil attenuated the ET-1-induced levels of phosphor-
ylated-p38 MAP kinase (Fig. 4B). The inhibitory effect of
fasudil was dose-dependent in the range between 1 and
10 uM. Fasudil (10 pM) caused approximately 70% inhibi-
tion in the ET-1-effect.

Discussion

In the present study, we found that ET-1 time-depen-
dently induced the phosphorylation of MYPT-1 in osteo-
blast-like MC3T3-El cells, using phospho-specific
MYPT-1 (Thr850) antibodies. It is generally recognized
that MYPT is a myosin-binding subunit of myosin phos-
phatase, which regulates the interaction of actin and myo-
sin, and a downstream target of Rho-kinase [15,24]. In
addition, we found that Rho-kinase inhibitors [16] such
as Y27632 and fasudil truly reduced the ET-l-induced
phosphorylation levels of MYPT-1. Taking our findings
into account, it is most likely that ET-1 stimulates the acti-
vation of Rho-kinase in osteoblast-like MC3T3-El cells.

We next investigated whether Rho-kinase functions in
the ET-1-stimulated IL-6 synthesis or not in osteoblast-like
MC3T3-El cells. The ET-1-stimulated synthesis of IL-6
was significantly suppressed by Y27632, a specific inhibitor
of Rho-kinase [16]. We confirmed that the Rho-kinase
inhibitor truly reduced the ET-1-induced phosphorylation
levels of MYPT-1. It seems that the activated Rho-kinase
acts as a positive regulator in the IL-6 synthesis by ET-1
in osteoblast-like MC3T3-El cells. In addition, the ET-1-
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Fig. 4. Effects of Y27632 or fasudil on the ET-1-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 0.1 uM ET-1 or vehicle for 20 min. The extracts of cells were subjected to
SDS-PAGE with subsequent Western blotting analysis with antibodies against phospho-specific p38 MAP kinase or p38 MAP kinase. The histogram
shows quantitative representations of the levels of ET-1-induced phosphorylation obtained from 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. “p < 0.05, compared to the control. **p < 0.05, compared to the value of ET-1 alone.
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stimulated IL-6 synthesis as well as the phosphorylated lev-
els of MYPT-1 was inhibited by fasudil, another Rho-
kinase inhibitor [16]. Therefore, based on our results, it is
most likely that ET-1 activates Rho-kinase, resulting in
up-regulation of IL-6 synthesis in osteoblast-like MC3T3-
El cells.

Regarding about IL-6 synthesis, we have previously
demonstrated that the ET-1 stimulated IL-6 synthesis is
mediated by activation of p44/p42 MAP kinase and p38
MAP kinase but not SAPK/INK among the MAP kinase
superfamily in osteoblast-like MC3T3-El cells [13,14).
Additionally, we investigated the .relationship between
Rho-kinase and these MAP kinases in the IL-6 synthesis
in MC3T3-El cells. However, Y27632 failed to affect the
ET-l1-induced phosphorylation levels of p44/p42 MAP
kinase. Therefore, it seems unlikely that Rho-kinase affects
the ET-1-stimulated IL-6 synthesis through the modulation
of p44/p42 MAP kinase in osteoblast-like MC3T3-El cells.
On the contrary, the ET-1-induced phosphorylation levels
of p38 MAP kinase were significantly suppressed by
Y27632 and fasudil. These results suggest that Rho-kinase
regulates the ET-1-stimulated IL-6 synthesis via p38 MAP
kinase. In the present study, the maximum effect on the
phosphorylation of MYPT-1, a well-known downstream
target of Rho-kinase [15], was observed within 2 min after
the ET-1 stimulation. In our previous study [26], we have
shown that the phosphorylation of p38 MAP kinase reach
the peak at 20 min after the stimulation of ET-1 in
MC3T3-El cells. The time course of the phosphorylation
of MYPT-1 stimulated by ET-1 seems to be faster than that
of p38 MAP kinase, in turn, ET-1-induced activation of
p38 MAP kinase subsequently occurs after the Rho-kinase
activation. Taking our findings into account as a whole, it
is most likely that Rho-kinase acts at a point upstream
from p38 MAP kinase in the ET-1-induced IL-6 synthesis
in osteoblast-like MC3T3-El cells.

Rho-kinase is currently recognized to play a pivotal role
in various cellular functions, especially vascular smooth
muscle contraction [15,16]. In bone metabolism, it has been
reported that the Rho-kinase pathway acts as a negative
regulator of osteoblast differentiation and induces osteo-
blast proliferation [19]. Our present results indicate that
Rho-kinase activation in osteoblasts has an important role
in the control of the production of IL-6, one of the key reg-
ulators of bone metabolism. It is well known that IL-6 pro-
duced by osteoblasts is a potent bone resorptive agent and
induces osteoclast formation [3,5]. In addition, it is recog-
nized that ET-1 acts as a bone resorptive agent in bone
metabolism [10). Evidence is recently accumulating that
tumor cells produces ET-1 which mediates bone metastasis
by stimulating the proliferation of osteoblasts and new
bone formation [11]. Therefore, our present findings lead
us to speculate that ET-1-activated Rho-kinase acts as a
positive regulator of bone resorption via the fine tuning
of local cytokine network. Therefore, the Rho-kinase path-
way in osteoblasts might be considered to-be a new candi-
date as a molecular therapeutic target of bone resorption

and osteoblastic bone metastases due to breast or prostate
cancer. The pathophysiological significance of regulatory
mechanism by Rho-kinase in .osteoblasts remains still
unclear. Further investigation is necessary to clarify the
exact role of Rho-kinase in osteoblasts.

In conclusion, our results strongly suggest that Rho-
kinase regulates the ET-1-stimulated IL-6 synthesis at a
point upstream from p38 MAP kinase in osteoblasts.
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Abstract We assess the usefulness of F-18-fluoro-deoxy-
glucose (FDG) positron emission tomography (PET) in
the evaluation of gastrointestinal metastases. Four cases
(five lesions) in which metastases from three lung cancers
and one malignant fibrous histiocytoma (MFH) of the
femur were found in the gastrointestinal tract were
reviewed (men/women 3:1, age 63-78 years, mean 72
years). The five lesions were duodenal, jejunal metasta-
sis, and two stomach metastases from lung carcinoma,
and rectal metastasis from MFH of the femur. FDG-
PET was unable to detect small masses, but it was able
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to detect unforeseen lesions such as gastrointestinal
metastases because FDG-PET is a whole-body scan in a
single-operation examination. FDG-PET imaging pro-
vided valuable information for the diagnosis of gastro-
intestinal metastasis.

Keywords F18-FDG-PET - Gastrointestinal tract -
Secondary neoplasms

Introduction

Gastrointestinal metastases are rarely detected early, but
often are detected incidentally at autopsy [1, 2]. These
metastases are relatively asymptomatic and rarely pose
clinical problems but sometimes manifest themselves by
serious complications such as gastrointestinal perfora-
tion and intussusception [3]. From this point of view, it
is important to diagnose gastrointestinal metastasis
before such serious complications arise.

The useful clinical application of F-18-fluoro-deoxy-
glucose (FDG) positron emission tomography (PET) in
the diagnosis of tumors has been already reported {4, 5].
Because studies have reported on FDG uptake in primary
gastric cancer and primary colorectal cancer [6-8],
metastatic tumors of the gastrointestinal tract are also
expected to take up FDG. FDG-PET can detect gastro-
intestinal metastases, allowing their diagnosis before the
development of serious complications.

The PET database of the National Center Hospital
for Geriatric Medicine was retrospectively searched for
all patients who had undergone a whole-body FDG-
PET scan for tumor detection during the period of July
1996 to June 2006. A total of 308 subjects were studied
for tumor detection. Of these, four cases (five lesions) in
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Table 1 Clinical and fluoro-deoxyglucose positron emission tomography data

Case  Agefsex Sympiom Metastatic  Primary Pathology Mean SUV  Mean SUV Tumor

site site in the early in the delayed sz
scan scan (cm)

1 78/M Nausea Duodenum  Lung Adenocarcinoma 8.5 9.2 3
Jejunum Adenocarcinoma 5.8 8.1 2

2 76/M Bloody stool Rectum Femoral bone MFH 5.1 ND 45

3 63/M Abdominal discomfort  Stomach Lung SCC 7.9 9.1 3

4 72/F Epigastralgia Stomach Lung Adenocarcinoma 5.9 ND 3

SUV standardized uptake value, ND not done, MFH malignant fibrous histiocytoma, SCC squamous cell carcinoma, M male,

F female

which metastases were found in the gastrointestinal tract
were reviewed (men/women 3: 1, age 63-78 years, mean
72 years).

FDG-PET imaging was performed as follows: an
ECAT EXACT HR 47 PET camera (Siemens/CTI) was
used, and imaging was performed using 3D acquisition
at 60min (all patients) and 120 min (two patients) after
the intravenous administration of 250 MBq F-18-FDG.
The collected data were reconstructed in a 128 x 128
pixel image matrix. The tissue attenuation of annihila-
tion photons was corrected by transmission scans using
rotating *Ge/*Ga line sources. Six bed positions of the
body trunk were used, which covered areas from the
neck to the pelvis. The total time for one bed position
was 6min, with a transmission scan of 2min and an
emission scan of 4min. The patient fasted for at least 6h
prior to the examination. Normal glucose level was con-
firmed prior to the PET scan. Regional FDG uptake in
the affected area was expressed as standardized uptake
value. _

Table 1 summarizes the clinical and FDG-PET data
of the four cases.

Case reports
Case 1

A 78-year-old man who had been diagnosed with lung
adenocarcinoma by transbronchial lung biopsy received
chemotherapy and achieved complete remission (CR).
After 6 months, he sought medical attention with a chief
complaint of vomiting. Computed tomography (CT)
was performed and revealed a thickened wall and masses
in the duodenum and jejunum (Fig. 1a). After 5 days,
FDG-PET was performed for restaging and for the
detection of metastatic lesions. FDG-PET . showed
hypermetabolism in the duodenum and Jjejunum (Fig.
1b), and in delayed scan showed increased uptake in the
duodenum and jejunum. Gastroduodenoscopy showed

@Springer

a submucosal tumor in the duodenum. Metastatic ade-
nocarcinoma was diagnosed by biopsy from the duode-
num (Fig. 1c).

Case 2

A 76-year-old man who underwent surgery for malig-
nant fibrous histiocytoma (MFH) of the femoral bone
experienced gastrointestinal bleeding after 7 months,
and was hospitalized. Hematological examination
detected anemia, but no abnormality was found in the
blood chemistry on admission. FDG-PET was per-
formed to investigate metastasis. FDG-PET revealed
hypermetabolic areas in the regions above the rectum
(Fig. 2a), whereas colonoscopy showed a submucosal
tumor in the rectum. The tumors were diagnosed as
metastases from MFH of the femoral bone, and tumor-
ectomy of the rectum was performed. The diagnosis was
established histopathologically(Fig. 2b).

Case 3

A 63-year-old man had undergone surgery for squamous
cell carcinoma (SCC) in the right upper lung field. Five
years later, he had abdominal discomfort and a high
carcinoembryonic (CEA) level (28.5ng/ml). CT showed
a round thickened wall in the stomach (Fig. 3a). After
10 days, FDG-PET performed for the detection of recur-
rent and metastatic lesions revealed hypermetabolism in
the stomach (Fig. 3b). Gastroduodenoscopy showed a
submucosal tumor of the stomach. Gastrectomy was
performed and the tumor was histopathologically diag-
nosed as metastatic poorly differentiated SCC of the
stomach (Fig. 3c).

Discussion

Metastatic tumors of the gastrointestinal tract rarely
present with symptoms peculiar to these tumors, and are
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Fig. 1 Computed tomography revealed thickened wall and masses
in the duodenum (arrowhead) and jejunum (arrow) (a). Fluoro-
deoxyglucose positron emission tomography (FDG-PET) showed
hypermetabolism in the duodenum (arrowhead) and jejunum

Fig. 2 FDG-PET showing
hypermetabolism in the
rectum (arrowhead) (a). The
mean standardized uptake
value calculated by FDG-
PET was 5.1 for the rectal
tumor. Pathology by surgery
from the rectum (H&E)
confirmed a metastatic
malignant fibrous
histiocytoma (b)

rarely detected before the development of serious com-
plications such as acute abdomen. Abrams et al. [I]
reported that they found metastases to the stomach and
intestine and esophagus in 20% and 3.1% of the 1000
autopsies of cancer patients. Meyers and McSweeney [9]
reported that the primary lesions of metastatic tumors
of the gastrointestinal tract in 40 clinical patients were
malignant melanoma (57%), breast cancer (25%), and
lung cancer (18%), indicating that malignant melanoma
is the most frequent, followed by breast and lung cancers.
Metastatic tumors of the gastrointestinal tract often
present with abdominal pain, vomiting, anemia, and
melena, and often have metastasized to other organs at
the time of detection [10]. Sometimes they first present
with acute abdomen such as intestinal perforation, intus-

(arrow) (b). Pathology by biopsies from the duodenum (hematoxy-
lin-eosin, H&E) (c) revealed findings similar to those of pathologi-
cal tissue of lung carcinoma obtained by biopsy from transbronchial
lung biopsy, confirming a metastatic adenocarcinoma

susception, intestinal obstruction, or massive gastro-
intestinal bleeding [3, 11, 12]. Hence, it is desirable to
detect metastatic tumors of the gastrointestinal tract
before the development of such serious complications.
The role and potential value of FDG-PET scanning in
certain neoplasms have been widely investigated in recent
years [4, 5]. These investigations have been performed
predominantly on lung, colorectal, breast, and brain
tumors. More recently, the role of FDG-PET has been
in upper gastrointestinal neoplasms [4-6, 13, 14]. The
usefulness of FDG-PET in recurrent tumors other than
these primary tumors of the esophagus, stomach, and
intestine has also reported [15, 16], encouraging expecta-
tions that FDG-PET will also be useful for the detection
of metastatic tumors of the gastrointestinal tract. A few

@ Springer



Y

364

Ann Nucl Med (2007) 21:361-365

Fig. 3 Computed tomography
showed a round mass in the
stomach (arrow) (a). FDG-
PET shows hypermetabolism
in the stomach (arrow) (b).
Pathological examination of
specimens obtained by
surgery from the stomach
(H&E) (c) revealed findings
similar to those of pulmonary
carcinoma obtained from the
lung at surgery, confirming

a metastatic poorly
differentiated squamous cell
carcinoma

studies have reported metastatic tumors of the gastro-
intestinal tract and the use of FDG-PET in gastro-
intestinal metastases [17, 18]. Studies have reported on
124 patients with gastrointestinal metastasis from lung
cancer, 106 of whom were diagnosed on the occasion of
serious complications such as perforation (3, 19]. Among
our patients with lung cancer and MFH, one patient
with vomiting after CR for chemotherapy, two patients
with increased levels of CEA, and one patient with gas-
trointestinal bleeding underwent FDG-PET for the
detection of recurrent lesions, which showed FDG
uptake for the detection of gastrointestinal tract and
other recurrent lesions. Thus, FDG-PET enabled the
detection of metastatic tumors before the development
of serious complications, and CT demonstrated well the
local anatomy of the metastatic tumor of the gastroin-
testinal tract and other recurrent lesions.

FDG-PET imaging provided valuable information
for the diagnosis of gastrointestinal metastasis, and these
observations suggest that this imaging modality is also
useful for the detection of metastatic tumors of the gas-
trointestinal tract, thereby enabling the prevention of
complications such as intestinal obstruction, and massive
bleeding, caused by metastatic tumors of the gastroin-
testinal tract.
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Abstract

We have reported that prostaglandin F,, (PGF,,) stimulates the synthesis of vascular endothelial growth factor (VEGF) via p44/
p42 mitogen-activated protein (MAP) kinase in osteoblast-like MC3T3-El cells. In addition, we recently showed that
phosphatidylinositol 3 (PI3)-kinase activated by platelet-derived growth factor-BB (PDGF-BB) negatively regulates the
interleukin-6 synthesis in these cells. In the present study, we investigated the effect of PDGF-BB on the PGF,,-induced VEGF
synthesis in MC3T3-El cells. PDGF-BB, which alone did not affect the levels of VEGF, significantly enhanced the PGF,,-
stimulated VEGF synthesis. The amplifying effect of PDGF-BB was dose dependent in the range between 10 and 70 ng/ml.
LY294002 or wortmannin, specific inhibitors of PI3-kinase, which by itself failed to affect the PGF,,-stimulated VEGF synthesis,
significantly suppressed the amplification by PDGF-BB. PD98059, a specific inhibitor of MEK1/2, suppressed the amplification by
PDGF-BB of the PGF,,-stimulated VEGF synthesis similar to the levels of PGF,, with PD98059. PDGF-BB itself induced the
phosphorylation of p44/p42 MAP kinase in these cells, and the effects of PDGF-BB and PGF,, on the phosphorylation of p44/p42
MAP kinase were additive. Moreover, LY294002 had little effect on the phosphorylation of p44/p42 MAP kinase induced by PGF,,
with PDGF-BB. These results strongly suggest that PGF,,-stimulated VEGF synthesis is amplified by P13-kinase-mediating PDGF-
BB signaling in osteoblasts, and that the effect is exerted at a point downstream from p44/p42 MAP kinase.
© 2007 Elsevier Ltd. All rights reserved.

metabolism is strictly regulated by two functional cells,
osteoblasts and osteoclasts, responsible for bone forma-
tion and bone resorption, respectively [5]. As for bone
metabolism, PDGF-BB is a potent stimulator of
osteoblast proliferation and induces bone resorption

1. Introduction

Platelet-derived growth factor (PDGF) is a mitogenic
polypeptide, which mainly acts on connective tissue cells
[1,2]. PDGF occurs as five different isoforms [2}. PDGF

isoforms were initially isolated from human platelets,
but have been shown to be synthesized and released
from a variety of cell types including osteosarcoma and
osteoblasts [1,3,4]. It is well recognized that bone

*Corresponding author. Tel.: +81582306214;
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[4]. It is recognized that PDGF, released during platelet
aggregation, plays a crucial role in fracture healing as a
systemic factor and that PDGF also regulates bone
remodeling as a local factor [4]. PDGF receptor has
an intrinsic protein tyrosine kinase activity and associ-
ates with SH-2 domain-containing substrates such as
phospholipase C-y and phosphatidylinositol 3-kinase
(PI3-kinase) [1]. We have previously reported that
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PDGF-BB activates phosphatidylcholine-hydrolyzing
phospholipase D via tyrosine kinase activation, resulting
in protein kinase C activation in osteoblast-like MC3T3-
El cells [6]. In addition, we recently showed that PI3-
kinase negatively regulates the PDGF-BB-stimulated
interleukin-6 synthesis in these cells [7). However, the
exact role of PDGF-BB in osteoblasts has not yet been
fully clarified.

Bone remodeling carried out by osteoclasts and
osteoblasts is accompanied with new capillaries extend-
ing [8,9]. During bone remodeling, capillary endothelial
cells provide the microvasculature. Therefore, it is well
recognized that the activities of osteoblasts, osteoclasts,
and capillary endothelial cells are closely coordinated
and regulate bone metabolism [10]. These functional
cells are considered to influence one another via
humoral factors as well as by direct cell-to-cell contact.
Vascular endothelial growth factor (VEGF) is an
angiogenic growth factor displaying high specificity for
vascular endothelial cells [11]. VEGF that is synthesized
and secreted from a variety of cell types such as vascular
smooth muscle cells, increases capillary permeability
and stimulates proliferation of endothelial cells [11]. As
for bone metabolism, it has been shown that inactiva-
tion of VEGF causes complete suppression of blood
vessel invasion concomitant with impaired trabecular
bone formation and expansion of hypertrophic chon-
drocyte zone in mouse tibial epiphyseal growth plate
[12]. Accumulating evidence suggests that osteoblasts
among bone cells synthesize and secrete VEGF in
response to various physiological agents {11,13-15].
We have previously reported that PGF,, (prostaglandin
F,,) stimulates VEGF synthesis in MC3T3-E1 cells, and
that among the mitogen-activated protein (MAP) kinase
superfamily [16], p44/p42 MAP kinase plays as a
positive regulator in the VEGF synthesis [17]. Taking
these findings into account, it is currently speculated
that VEGF secreted from osteoblasts may play an
important role in the regulation of bone metabolism
[10,18]. However, the mechanism behind VEGF synth-
esis and its synthesis in osteoblasts is not fully under-
stood.

In the present study, we investigated the effect of
PDGF-BB on the PGF,,-stimulated VEGF synthesis in
osteoblast-like MC3T3-El cells. We here show that
PDGF-BB up-regulates PGF,,-stimulated VEGF synth-
esis via PI3-kinase in these cells.

2. Materials and methods
2.1. Materials
PGF,, was purchased form Sigma Chemical Co.

(St. Louis, MO). PDGF-BB and mouse VEGF enzyme
immunoassay kit were purchased from R&D Systems,

Inc. (Minneapolis, MN). LY294002, wortmannin and
PD98059 were obtained from Calbiochem—Novabio-
chem Co. (La Jolla, CA). Phospho-specific PI3-kinase
antibodies, PI3-kinase antibodies, phosphor-specific
p44/p42 MAP kinase antibodies and pd4/p42 MAP
kinase antibodies were purchased from Cell Signaling
Technology (Beverly, MA). ECL Western blotting
detection system was purchased from Amersham
Biosciences (Piscataway, NJ). Other materials and
chemicals were obtained from commercial sources.
PGF,,, was dissolved in ethanol. LY294002, wortman-
nin and PD98059 were dissolved in dimethyl sulfoxide
(DMSO). The maximum concentration of ethanol or
DMSO was 0.1%, which did not affect the assay for
VEGF or the Western blotting analysis.

2.2. Cell culture

Cloned osteoblast-like MC3T3-E1 cells derived from
newborn mouse calvaria [19] were maintained as
previously described [20]. Briefly, the cells were cultured
in o-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 35-mm (5 x 10*) or 90-mm (5 x 10°) diameter dishes
in «-MEM containing 10% FCS. After 5 days, the
medium was exchanged for -MEM containing 0.3%
FCS. The cells were used for experiments after 48 h.

2.3. VEGF assay

The cultured cells were stimulated by various dose of
PGFy, in 1ml of -MEM containing 0.3% FCS for the
indicated periods. When indicated, the cells were
pretreated with LY294002, wortmannin or PD98059
for 60 min. The conditioned medium was collected at the
end of the incubation, and the VEGF concentration was
measured by ELISA kit.

2.4. Analysis of Western blotting

The cultured cells were stimulated by PGF,, and/or
PDGF-BB 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 62.5 mM Tris/
HCI, pH 6.8, 2% sodium dodecyl sulfate (SDS), 50 mM
dithiothreitol and 10% glycerol. The cytosolic fraction
was collected as a supernatant after centrifugation at
125,000 x g for 10min at 4°C. SDS-polyacrylamide gel
electrophoresis (PAGE) was performed by Laemmili [21]
in 10% polyacrylamide gel. A Western blotting analysis
was performed as described previously [17] by using
phospho-specific p44/p42 MAP kinase antibodies,
p44/p42 MAP kinase antibodies, phospho-specific
PI3-kinase antibodies or PI3-kinase antibodies with
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peroxidase-labeled antibodies raised in goat against
rabbit IgG being used as second antibodies. The
peroxidase activity on PVDG 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 LY294002 or wort-
mannin for 60 min.

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 densi-
tometric analysis was performed using Molecular
Analyst/Macintosh (Bio-Rad Laboratories, Hercules,
CA).

2.6. Statistical analysis

The data were analyzed by ANOVA followed by the
Bonferroni method for multiple comparisons between
pairs and a p <0.05 was considered significant. All data
are presented as the meandS.E.M. of triplicate deter-
minations. Each experiment was repeated three times
with. similar results.

3. Results

3.1. Effect of PDGF-BB on PGF,-induced VEGF
synthesis in MC3T3-El cells

PDGF-BB, which alone had no effect on the VEGF
levels, significantly enhanced the PGF,,-stimulated
VEGF synthesis in a time-dependent manner in
osteoblast-like MC3T3-El cells (Fig. 1). The effect of
PDGF-BB was dose-dependent in the range between 10
and 70 ng/ml (Fig. 2). The maximum effect of PDGF-
BB on the VEGF synthesis was observed at 70 ng/ml,
which caused about 16 times enhancement of the-
PGF,,-effect.

3.2. Effect of LY294002 or wortmannin on the
amplification by PDGF-BB of the PGF;,-induced VEGF
synthesis in MC3T3-El cells

We have previously reported that PI3-kinase acti-
vated by PDGF-BB limits the PDGF-BB-stimulated IL-
6 synthesis in osteoblast-like MC3T3-El cells {7]. In
- order to investigate whether the amplifying effect of
PDGF-BB on the PGF,.-stimulated VEGF synthesis is
via activation of PI3-kinase in MC3T3-E1 cells, we next
examined the effect of LY294002, a specific inhibitor of
PI3-kinase [22], on the synthesis of VEGF. LY294002,
which by itself did not suppress the PGF,,-induced
VEGEF synthesis, significantly reduced the enhancement
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Fig. 1. Effect of PDGF-BB on the PGF,,-stimulated VEGF synthesis
in MC3T3-El cells. The cultured cells were pretreated with 30 ng/ml
PDGF-BB (A, A) or vehicle (e, O) for 60 min, and then stimulated by
10 uM PGF,, (e, A) or vehicle (O, A) for the indicated periods. Each
value represents the mean 4 SEM of triplicate determinations. Similar
results were obtained with two additional and different cell prepara-
tions. *p <0.05, compared to the value of PGF,, alone.

by PDGF-BB of PGF,,-induced VEGF synthesis
(Table 1). The effect of L.Y294002 was dose dependent
in the range between 1 and 50 uM (data not shown).
Wortmannin, another PI3-kinase inhibitor [23], as well
as LY294002, also suppressed the amplification by
PDGF-BB of the VEGF synthesis without affecting the
PGF,,-stimulated synthesis (Table 2). The effect of
wortmannin was dose dependent between 10 and 30pM
(data not shown). We also examined the effects of
LY294002 or wortmannin on the PDGF-BB-induced
phosphorylation of PI3-kinase in these cells. Neither
LY294002 nor wortmannin inhibited PDGF-BB-induced
phosphorylation of PI3-kinase in these cells (Fig. 3).

3.3. Effect of PD98059 on the amplification by PDGF-
BB of the PGF;,-induced VEGF synthesis in MC3T3-E]
cells

In a previous study [17], we showed that PGF,,
stimulates VEGF synthesis through p44/p42 MAP
kinase activation in osteoblast-like MC3T3-El cells. In
order to clarify whether the up-regulating effect of
PDGF-BB on PGF,,-induced VEGF synthesis is due to
p44/p42 MAP kinase activation in MC3T3-El cells, we
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Fig. 2. Dose dependent effect of PDGF-BB on the PGF,,-stimulated
VEGF synthesis in MC3T3-El cells. The cultured cells were pretreated
with various doses of PDGF-BB for 60 min, and then stimulated by
10uM PGF,, (e) or vehicle (O) for 24 h. Each value represents the
mean + SEM of triplicate determinations. Similar results were obtained
with two additional and different cell preparations. *p<0.05,
compared to the value of PGF,, alone.

Table 1
Effect of LY294002 on the enhancement by PDGF-BB of the PGF,,-
stimulated VEGF synthesis in MC3T3-El cells

LY294002 PDGF-BB PGF,, VEGF (pg/ml)
- - - 1545

- - + 306+27*

— + - 2045

_ + + 39194 157**
+ - - 1045

" - + 440+ 45

+ + — 23410

+ + + 1381+88***

The cultured cells were pretreated with 50 uM 1Y294002 or vehicle for
60min and then incubated by 30ng/ml PDGF-BB or vehicle for
60 min. The cells were stimulated by 10 uM PGF,, or vehicle for 48 h.
Each value represents the mean+SEM of triplicate 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 PGF,, alone.

***p<0.05, compared to the value of PGF,, with PDGF-BB
pretreatment.

Table 2
Effects of wortmannin or PD98059 on the enhancement by PDGF-BB
of the PGF,-stimulated VEGF synthesis in MC3T3-El cells

Inhibitor PDGF-BB PGF,, VEGEF (pg/ml)
— - - 20+5

- - + 370+28*

- + - 15+10

- + + 30104+139**
Wortmannin - - 2045
Wortmannin — + 462445
Wortmannin + - 18+10
Wortmannin + + 406 +36%**
PD98059 - -~ 1845
PD98059 - + 114420**
PD98059 + - 1548
PD98059 + + 122425%**

The cultured cells were pretreated with 30 nM wortmannin, 30 uM
PD98059 or vehicle for 60 min and then incubated by 30 ng/m! PDGF-
BB or vehicle for 60 min. The cells were stimulated by 10 uM PGF,, or
vehicle for 24h. Each value represents the mean+SEM of triplicate
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 PGF,, alone.

***p<0.05, compared to the value of PGF,, with PDGF-BB
pretreatment.

examined the effect of PD98059, a specific inhibitor of
the upstream kinase that activates p44/p42 MAP kinase
[24], on the enhancement by PDGF-BB. PD98059,
which by itself had no effect on the basal levels of
VEGF, significantly reduced the enhancement by
PDGF-BB of PGF,,-induced VEGF synthesis to the
levels of the PGF,, with PD98059 (Table 2). The effect
of PD98059 was dose dependent in the range between 1
and 30 uM (data not shown).

3.4. Effect of PDGF-BB in combination with PGF,,
on the phosphorylation of p44/p42 MAP kinase in
MC3T3-EI cells

We further investigated whether PDGF-BB could
enhance the phosphorylation of p44/p42 MAP kinase
induced by PGF,, in osteoblast-like MC3T3-E1 cells,
and whether LY294002 could abolish it in osteoblast-
like MC3T3-El cells. PDGF-BB itself induced the
phosphorylation of p44/p42 MAP kinase in these cells,
and that the effects of PDGF-BB and PGF,, on the
phosphorylation of p44/p42 MAP kinase were additive
(Fig. 4). In addition, LY294002 had little effect on the
phosphorylation of p44/p42 MAP kinase induced by
PGF,, with PDGF-BB (Fig. 4).

4. Discussion

In the present study, we showed that PDGF-BB,
which alone did not affect the levels of VEGE,
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significantly amplified the PGF,,-stimulated VEGF
synthesis in osteoblast-like MC3T3-El cells. We next
investigated the mechanism of PDGF-BB behind the
amplification. In our previous study [7], we reported
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that PDGF-BB- activated PI3-kinase negatively regu-
lates the interleukin-6 synthesis in MC3T3-El cells. We
investigated whether or not PI3-kinase functions in the
PDGF-BB-enhanced VEGF synthesis in osteoblast-like
MC3T3-El cells. LY294002, a specific inhibitor of PI3-
kinase [22], markedly suppressed the amplification by
PDGF-BB of PGF,,-induced VEGF synthesis while the
PGF,-induced VEGF synthesis was not inhibited by
LY294002. Thus, these results suggest that PI3-kinase is
implicated in the PDGF-BB-induced potentiation. In
addition, wortmannin, another PI3-kinase inhibitor [23],
reduced the PDGF-BB-effect in the VEGF synthesis
without suppressing the PGF,,-induced VEGF synth-
esis as well as LY294002. We found that neither
LY294002 nor wortmannin could inhibit PDGF-BB-
induced phosphorylation of PI3-kinase in these cells.
Both LY294002 and wortmannin are competitive
inhibitors of PI3-kinase [22,23]. It is well recognized
that PI3-kinase is activated by its phosphorylation and
that 1Y294002 is a highly selective PI3-kinase inhibitor
which blocks PI3-kinase-dependent phosphorylation of
its target proteins [22]). Namely, LY294002 and wort-
mannin are not inhibitors of the phosphorylation of
PI3-kinase. Thus, it is reasonable that the effects of these
inhibitors on PI3-kinase-mediating PDGF-BB signaling
are exerted at a point downstream of the phosphoryla-
tion of PI3-kinase in MC3T3-El cells. Indeed, we have
previously reported that the phosphorylation of Akt
induced by PDGF-BB is significantly inhibited by both
1Y294002 and wortmannin [25]. Therefore, it is sure
that these inhibitors attenuate the PDGF-BB-activating
PI3-kinase/Akt signaling in these cells. On the other
hand, the amplification by PDGF-BB of PGF,, was
observed during 4 and 8h in the time course study. It is
possible that PDGF-BB-stimulated other protein synth-
esis might be involved in the PDGF-BB effect. There-
fore, taking our results into account as a whole, it is
most likely that PDGF-BB activates the PI3-kinase
pathway, resulting in the potentiation of PGF,,-induced
VEGTF synthesis in MC3T3-E1 cells.

It is well recognized that the MAP kinase superfamily
mediates intracellular signaling of extracellular agonists
and plays a pivotal role in cellular functions including

Fig. 3. Effects of LY294002 or wortmannin on the phosphorylation of
PI3-kinase induced by PDGF-BB in MC3T3-El cells. The cultured
cells were pretreated with 50 uM LY294002 (A), 30 nM wortmannin
(B) or vehicle for 60min, and then stimulated by 30 ng/m! PDGF-BB
or vehicle for 60 min. The extracts of the cells were subjected to SDS-
PAGE with a subsequent Western blotting analysis with antibodies
against phospho-specific PI-3 kinase or PI-3 kinase. The histogram
shows quantitative representations of the levels of PDGF-BB-induced
phosphorylation obtained from a 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. *p<0.05, compared to the
value of control. N.S., no statistical significance.
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Fig. 4. Effect of PDGF-BB in combination with PGF,, on the
phosphorylation of p44/p42 MAP kinase in MC3T3-El cells. The
cultured cells were pretreated with 50uM LY294002 or vehicle for
60min, and then incubated by 30ng/ml PDGF-BB or vehicle for
60 min. The treated cells were stimulated by 10 uM PGF,, or vehicle
for 30min. The extracts of cells were subjected to SDS-PAGE with
subsequent Western blotting analysis with antibodies against phospho-
specific p44/p42 MAP kinase or p44/p42 MAP kinase. The histogram
shows quantitative representations of the levels of PDGF-BB- and/or
PGF,,-induced phosphorylation obtained from a laser densitometric
analysis of three independent experiments. Each value represents the
mean 1 SEM of triplicate determinations. Similar results were obtained
with two additiona] and different cell preparations. *p<0.05,
compared to the value of control. **p<0.05, compared to the value
of PGF,, alone. N.S., no statistical significance.

proliferation, differentiation, and apoptosis in a variety
of cells [16]. Three major MAP kinase, p44/p42 MAP
kinase, p38 MAP kinase, and SAPK/INK are known as
central elements used by mammalian celis to transducer
the diverse messages [16]. In our previous study {17], we
have shown that p44/p42 MAP kinase acts as a positive
regulator in PGF,,-induced VEGF synthesis in MC3T3-
El cells. Therefore, we tried to clarify the relationship
between PDGF-BB-effect and p44/p42 MAP kinase in
the PGF,,-stimulated VEGF synthesis in these cells.
The amplification by PDGF-BB of the PGF,,-stimu-
lated VEGF synthesis was suppressed by PD98059, a
specific inhibitor of MEK 1/2 [23], similar to the levels of
PGF,, with PD98059. Moreover, we found that PDGF-

BB itself induced the phosphorylation of p44/p42 MAP
kinase in these cells, and that the effects of PDGF-BB
and PGF,, on the phosphorylation of p44/p42 MAP
kinase were additive. These results suggest that PDGF-
BB activates p44/p42 MAP kinase independently from
PGF,, in these cells. PDGF-BB as well as PGF,,
induced the phorphorylation of p44/p42 MAP kinase,
however, VEGF synthesis was only observed by PGF,,,
not by PDGF-BB. Our results indicate that PDGF-BB-
induced p44/p42 MAP kinase activation alone is not
sufficient for VEGF synthesis in osteoblasts, which is
quite different from PGFy,-induced p44/p42 MAP
kinase activation. In addition, the increase in VEGF
by PDGF-BB and PGF,, was not additive but
synergistic. We also found that 1Y294002 had little
effect on the phosphorylation of p44/p42 MAP kinase
induced by PGF,, with PDGF-BB. Therefore, it is
probable that the enhancement by PDGF of PGF,,-
induced VEGF synthesis through PI3-kinase is exerted
at a point downstream from p44/p42 MAP kinase in
these cells. As a whole, it is most likely that PDGF-BB
independently activates p44/p42 MAP kinase and PI3-
kinase in osteoblasts, and the latter is involved in the
enhancement of PGF,,-induced VEGF synthesis at a
point downstream from p44/p42 MAP kinase.

The expansion of capillary network providing micro-
vasculature is an essential process of bone remodeling
[10]. Since VEGF is a specific mitogen of vascular
endothelial cells [11], it is recognized that VEGF
secreted by osteoblasts plays a crucial role as an
intercellular mediator between osteoblasts and vascular
endothelial cells in bone metabolism. Moreover, it has
been reported that VEGF is involved in trabecular bone
formation and expansion of the hypertrophic chondro-
cyte zone in epiphyseal growth plate of mouse [12],
supporting the significance of VEGF in bone metabo-
lism. On the other hand, the mitogenic activities of
PDGF and its release by platelets suggest a pivotal role
in wound healing and bone fracture repair [26]. There-
fore, our present findings lead us to speculate that
PDGF-BB-enhanced VEGF synthesis from osteoblasts
plays a pivotal role in the process of bone remodeling
via up-regulating the proliferation of capillary endothe-
lial cells. Further investigations are required to elucidate
the precise role of PDGF-BB in bone metabolism.

In conclusion, our present results strongly suggest
that PI3-kinase signaling pathway activated by PDGF-
BB amplifies PGF,,-induced VEGF synthesis in osteo-
blasts, and that the effect is exerted at a point down-
stream from p44/p42 MAP kinase.
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Negative Regulation by p70 S6 Kinase of FGF-2-Stimulated VEGF
Release Through Stress-Activated Protein Kinase/c-Jun N-Terminal
Kinase in Osteoblasts

Shinji Takai,' Haruhiko Tokuda,'? Yoshiteru Hanai,'”? Atsushi Harada,® Eisuke Yasuda,! Rie Matsushima-Nishiwaki,!
Hisaaki Kato,"* Shinji Ogura,* Toshiki Ohta’ and Osamu Kozawa'

ABSTRACT: To clarify the mechanism of VEGF release in osteoblasts, we studied whether p70 S6 kinase is
involved in basic FGF-2-stimulated VEGF release in osteoblast-like MC3T3-E1 cells. In this study, we show
that p70 S6 kinase activated by FGF-2 negatively regulates VEGF release through SAPK/JNK in osteoblasts.

Introduction: Vascular endothelial growth factor (VEGF) plays an important role in bone metabolism. We
have previously reported that fibroblast growth factor-2 (FGF-2) stimulates the release of VEGF through
p44/p42 mitogen-activated protein (MAP) kinase and stress-activated protein kinase/c-Jun N-terminal kinase
(SAPK/INK) in osteoblast-like MC3T3-E1 cells and that FGF-2-activated p38 MAP kinase negatively regu-
lates VEGF release. However, the mechanism behind VEGF release in osteoblasts is not precisely known.
Materials and Methods: The levels of VEGF released from MC3T3-E1 cells were measured by enzyme
immunoassay. The phosphorylation of each protein kinase was analyzed by Western blotting. To knock down
p70 S6 kinase in MC3T3-E1 cells, the cells were transfected with siRNA to target p70 S6 kinase.

Results: FGF-2 time-dependently induced the phosphorylation of p70 S6 kinase. Rapamycin significantly
enhanced the FGF-2-stimulated VEGF release and VEGF mRNA expression. The FGF-2-induced phos-
phorylation of p70 S6 kinase was suppressed by rapamycin. Rapamycin markedly enhanced the FGE-2-
induced phosphorylation of SAPK/INK without affecting the phosphorylation of p44/p42 MAP kinase or p38
MAP kinase. SP600125, a specific inhibitor of SAPK/INK, suppressed the amplification by rapamycin of the
FGF-2-stimulated VEGF release similar to the levels of FGF-2 with SP600125. Fin ally, downregulation of p70
S6 kinase by siRNA significantly enhanced the FGF-2-stimulated VEGF release and phosphorylation of
SAPK/INK.

Conclusions: These results strongly suggest that p70 S6 kinase limits FGF-2-stimulated VEGF release through
self-regulation of SAPK/JNK, composing a negative feedback loop, in osteoblasts.

J Bone Miner Res 2007;22:337-346. Published online on December 18, 2006; doi: 10.1359/JBMR.061209

Key words: p70 S6 kinase, fibroblast growth factor-2, vascular endothelial growth factor, osteoblasts,
mitogen-activated protein kinase

INTRODUCTION

T IS WELL known that osteoblasts synthesize basic fibro-

blast growth factor (FGF)-2, and FGF-2 is embedded in
bone matrix.('» FGF-2 expression in osteoblasts is de-
tected during fracture repair.”” Bone metabolism is strictly
regulated by osteoblasts and osteoclasts, which are respon-
sible for bone formation and bone resorption, respec-
tively.™ Therefore, it is thought that FGF-2 plays a pivotal
role in fracture healing, bone remodeling, and osteogen-
esis.” We have previously reported that FGF-2 autophos-

The authors state that they have no conflicts of interest.

phorylates FGF receptors 1 and 2 among four structurally
related high affinity receptors in osteoblast-like MC3T3-El
cells.®® In addition, we reported that FGF-2 stimulates in-
duction of heat shock protein 27 in these cells.(”

Bone remodeling carried out by osteoclasts and osteo-
blasts is accompanied by angiogenesis and capillary out-
growth.®) During bone remodeling, capillary endothelial
cells provide the microvasculature. Tt is well recognized that
the activities of osteoblasts, osteoclasts, and capillary endo-
thelial cells are closely coordinated and regulate bone me-
tabolism."'? These functional cells are considered to influ-
ence one another through humoral factors and by direct
cell-to-cell contact. Vascular endothelial growth factor
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FIG. 1. Effect of FGF-2 on the phosphory-
lation of p70 §6 kinase in MC3T3-E1 cells.
The cultured cells were stimulated by 70 ng/
ml FGF-2 for the indicated periods. The ex-
tracts of cells were subjected to SDS-PAGE
with subsequent Western blotting anatysis
with antibodies against phospho-specific p70
86 kinase or p70 S6 kinase. 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 + SE of triplicate deter-
minations. Similar results were obtained with
two additional and different cell prepara-

FGF2 — + + + + + + +

30— :
* H %
*

W :F.TTTT

S o207

14

O

Z

2 *

Q 10r I

—1

0
LANE 1 2 3 4 5

(VEGF) is an angiogenic growth factor displaying high
specificity for vascular endothelial cells."? VEGF, pro-
duced and secreted from a variety of cell types, increases
capillary permeability and stimulates proliferation of endo-
thelial cells.®?> As for bone metabolism, an inactivation of
VEGF reportedly 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.'? Evidence is ac-
cumulating that osteoblasts among bone cells produce and
secrete VEGF in response to various physiological
agents." 11319 We have previously reported that FGF-2
stimulates VEGF release in MC3T3-E1 cells and that the
release is positively regulated by p44/p42 mitogen-activated
protein (MAP) kinase and stress-activated protein kinase/
c-Jun N-terminal kinase (SAPK/INK)*!? among the
MAP kinase superfamily.*® Based on these findings, it is
currently recognized that VEGF secreted from osteoblasts
may play an important role in the regulation of bone me-
tabolism.%!®) However, the mechanism behind VEGF
synthesis in osteoblasts and its release from these cells is not
fully understood.

p70 S6 kinase is a mitogen-activated serine/threonine
kinase required for cell proliferation and G1 cell cycle pro-
gression,®® As for ostecblasts, it has been shown that fluo-
roaluminate induces an increase in p70 S6 kinase phosphor-
ylation.?") Tn our previous study,®® we reported that p70
S6 kinase plays as a positive regulator in bone morphoge-
netic protein-4-stimulated release of VEGF in osteoblast-
like MC3T3-E1 cells. In addition, we recently showed that

tions. *p < 0.05 compared with the value of
control.

p38 MAP kinase, a member of the MAP kinase superfam-
ily, functions at a point upstream from p70 S6 kinase in the
release of VEGF in these cells.®® However, the exact role
of p70 S6 kinase in osteoblasts still remains unclear.

In this study, we investigated the involvement of p70 S6
kinase in the FGF-2-stimulated VEGF release in osteo-
blast-like MC3T3-E1 cells. We show that p70 S6 kinase
activated by FGF-2 negatively regulates VEGF release
through SAPK/INK in these cells.

MATERIALS AND METHODS
Materials

FGF-2 and mouse VEGF enzyme immunoassay kits
were purchased from R&D Systems (Minneapolis, MN,
USA). Rapamycin and SP600125 were obtained from Cal-
biochem-Novabiochem Co. (La Jolla, CA, USA). Phospho-
specific p70 S6 kinase antibodies, p70 S6 kinase antibodies,
phospho-specific p44/p42 MAP kinase antibodies, p44/p42
MAP kinase antibodies, phospho-specific p38 MAP kinase
antibodies, p38 MAP kinase antibodies, phospho-specific
SAPK/INK antibodies, and SAPK/INK antibodies were
purchased from Cell Signaling (Beverly, MA, USA). ECL
Western blotting detection system was purchased from
Amersham Biosciences (Piscataway, NJ, USA). Control
short interfering RNA (siRNA; Silencer Negative Control
no. 1 siRNA) or p70 S6 kinase siRNA (Silencer Pre-
designed siRNA, 75849, 75755, and 75942) was purchased
from Ambion (Austin, TX, USA). siLentFect was pur-
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chased from Bio-Rad (Hercules, CA, USA). Trizol reagent
was purchased from Invitrogen (Carlsbad, CA, USA).
Omniscript Reverse Transcriptase Kit was purchased from
QIAGEN (Hilden, Germany). Fast-Start DNA Master
SYBR Green T was purchased from Roche Diagnostics
(Mannheim, Germany). Other materials and chemicals
were obtained from commercial sources. Rapamycin or
SP600125 was dissolved in dimethy! sulfoxide (DMSO).
The maximum concentration of DMSO was 0.1%, which
did not affect the assay for VEGF or Western blot analysis.

Cell culture

Cloned osteoblast-like MC3T3-E1 cells derived from
newborn mouse calvaria®® were maintained as previously
described.® Briefly, the cells were cultured in a-MEM
containing 10% FCS at 37°C in a humidified atmosphere of
5% CO,/95% air. The cells were seeded into 35- (5 x 10%)
or 90-mm-diameter (5 x 10°) dishes in a-MEM containing
10% FCS. After 5 days, the medium was exchanged for
a-MEM containing 0.3% FCS. The cells were used for ex-
periments after 48 h.

SIRNA transfection

To knock down p70 S6 kinse in MC3T3-E1 cells, the cells
were transfected with control siRNA (Silencer Negative
Control no. 1 siRNA) or p70 S6 kinase siRNA (Silencer
Predesigned siRNA, 75849, 75755, and 75942; Ambion) us-
ing the siLentFect (Bio-Rad) according to the manufactur-
er’s protocol. In brief, the cells were seeded in a 35-mm-
diameter (1 x 10°) dish in a-MEM containing 10% FCS and
subcultured for 48 h. After that, the cells were incubated at
37°C for 48 h with 250 nM siRNA-siLentFect complexes.

VEGF assay

The cultured cells were stimulated by various doses of
FGF-2 in 1 ml of o-MEM containing 0.3% FCS for the
indicated periods. When indicated, the cells were pre-
treated with rapamycin or SP600125 for 60 minutes. The
conditioned medium was collected at the end of the incu-
bation, and the VEGF concentration was measured by
ELISA kit.

Western blot analysis

The cultured cells were stimulated by FGF-2 in «-MEM
containing 0.3% FCS for the indicated periods. The cells
were washed twice with PBS, lysed, homogenized, and soni-
cated in a lysis buffer containing 62.5 mM Tris/HCI, pH 6.8,
2% SDS, 50 mM dithiothreitol, and 10% glycerol. The cy-
tosolic fraction was collected as a supernatant after cen-
trifugation at 125,000g for 10 minutes at 4°C. SDS-PAGE
was performed according to Laemmli®® in 10% polyacryl-
amide gel. Western blotting analysis was performed as de-
scribed previously®” using phospho-specific p70 S6 kinase
antibodies, p70 S6 kinase antibodies, phospho-specific pd4/
p42 MAP kinase antibodies, p44/p42 MAP kinase antibod-
ies, phospho-specific p38 MAP kinase antibodies, p38 MAP
kinase antibodies, phospho-specific SAPK/JNK antibodies,
or SAPK/INK antibodies, with peroxidase-labeled antibod-
ies raised in goat against rabbit IgG being used as second
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FIG. 2. Effect of rapamycin on the FGF-2-stimulated VEGF
release in MC3T3-El cells. (A) The cultured cells were pre-
treated with 10 ng/ml rapamycin (circle symbols) or vehicle
(square symbols) for 60 minutes and stimulated by 70 ng/ml
FGF-2 (solid symbols) or vehicle (open symbols) for the indicated
periods. *p < 0.05 compared with the control. **p < 0.05 com-
pared with the value of FGF-2 alone. (B) The cultured cells
were pretreated with various doses of rapamycin for 60 minutes
and stimulated by 70 ng/m! FGF-2 (@) or vehicle (O) for 24 h.
*p < 0.05 compared with the value of FGF-2 alone. Each value
represents the mean + SE of triplicate determinations. Similar
results were obtained with two additional and different cell prepa-
rations.
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FIG. 3. Effect of rapamycin on the FGF-2—
induced phosphorylation of p70 S6 kinase in
1 MC3T3-E1 cells. The cultured cells were pre-
treated with 10 ng/ml rapamycin or vehicle
for 60 minutes and stimulated by 30 ng/mi
FGF-2 or vehicle for 10 minutes. The ex-
7  tracts of cells were subjected to SDS-PAGE
with subsequent Western blotting analysis
with antibodies against phospho-specific p70
S6 kinase or p70-S6 kinase. 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 + SE of triplicate deter-
minations. Similar results were obtained with
two additional and different cell prepara-
tions. *p < 0.05 compared with the control.
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antibodies. Peroxidase activity on the polyvinylidene di-
fluoride (PVDF) sheet was visualized on X-ray film by
means of the electrochemiluminescence (ECL) Western
blotting detection system.

Determination

The absorbance of enzyme immunoassay samples
was measured at 450 nm with EL 340 Bio Kinetic Reader
(Bio-Tek Instruments, Winooski, VT, USA). The densito-
metric analysis was performed using Molecular Analyst/
Macintosh (Bio-Rad Laboratories).

Real-time RT-PCR

The cultured cells were pretreated with rapamycin and/or
SP600125 and stimulated by FGF-2 for the indicated time
period. Total RNA was isolated and transcribed into cDNA
using Trizol reagent and Omniscript Reverse Transcriptase
Kit. Real-time PCR was performed using a Light Cycler
system (Roche Diagnostics) in capillaries and Fast-Start
DNA Master SYBR Green I provided with the kit. Sense
and antisense primers were synthesized based on the report
of Simpson et al.®® for mouse VEGF mRNA and GAPDH
mRNA. The amplified products were determined by melt-
ing curve analysis and agarose electrophoresis. VEGF
mRNA levels were normalized with those of GAPDH
mRNA.

**p < 0.05 compared with the value of FGF-2
4 alone.

Statistical analysis

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

RESULTS

Effect of FGF-2 on the phosphorylation of p70 S6
kinase in MC3T3-EI cells

To study whether FGF-2 activates p70 S6 kinase in os-
teoblast-like MC3T3-E1 cells, we examined the effect of
FGF-2 on the phosphorylation of p70 S6 kinase. The stimu-
lation of FGF-2 time-dependently induced the phos-
phorylation of p70 S6 kinase (Fig. 1). The maximum ef-
fect was observed at 20 minutes after the stimulation of
FGF-2.

Effect of rapamycin on the FGF-2—stimulated
VEGF release in MC3T3-E1 cells

To clarify whether p70 S6 kinase is involved in the FGF-
2-induced release of VEGF in MC3T3-E1 cells, we exam-
ined the effect of rapamycin, a specific inhibitor of p70 S6



