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Abstract

We have previously reported that protein kinase C negatvely
regulates basic fibroblast growth factor (FGF-2)-stimulated
synthesis of interleukin-6 (IL-6), a potent bone resorptive agent,
i osteoblast-like MC3T3-E1 cells. To further clarify the
mechanism underlying the synthesis of IL-6 in osteoblasts, we
investigated whether p70 56 kinase is involved in the FGF-2-
sumulated 1L-6 synthesis in these cells. Rapamycin, an inhibitor
of p70 S6 kinase, significantly enhanced the FGF-2-sumulated
IL-6 synthesis in 2 dose-dependent manner. Downregulation of
p70 56 kinase by siRNA markedly amplified the FGF-2-
stimulated TL-6 synthesis. 12-O-Tetradecanoylphorbol-

13-acetate (TPA), a direct activator of protein kinase C, induced
the phosphorylation of p70 56 kinase. Go6976 and biandolyl-
maleimide I, inhibitors of prowem kinase C, suppressed the
TPA-stimulated phosphorylaton of p70 56 kinase. Addinonally,
protein kinase C mhibitors markedly reduced the phosphory-
lation of p70 86 kinase induced by FGF-2. These results strongly
suggest that p70 S6 kinase functions at a point downstream of
protein kinase C and limits the FGF-2-stimulated IL-6 synthesis
1n osteoblasts.

Journal of Endocrinology (2008) 197, 111-137

Introduction

Interleukin-6 (IL-6), which 15 a multifuncaonal cytokine that
has important physiological effects on a wide range of functions
such as promoting B-cell diferentiation, T-cell acuvaton, and
nducing acute phase proteins (Akira er al. 1993, Heymann &
Rousselle 2000, Kwan ef al. 2004), is one of the most potent
osteoclastogenic factors (Ishimi er al. 1990, Roodman 1992,
Akira et al. 1993, Kwan et al 2004). Bone metabolism is strietly
regulated by two functonal cells, osteoblasts and osteoclasts,
responsible for bone formation and bone resorption respec-
uvely (Niyweide et al. 1986). Bone resorpuon may be enhanced
by the increased local production of inflammatory cytokines
such as tumor necrosis factor-2¢ and interleukin-1. In
osteoblasts (Helle er al. 1988, Ishimi er al. 1990, Littdewood
et al. 1991), 1t has been reported that bone resorptive agents
such as tumor necrosis factor-a and interleukin-1 sumulate the
synthesis of IL-6. Thus, accumulating evidence indicates that
IL-6 secreted from osteoblasts plays a crucial role as a
downstream effector of bone resorptive agents.

Osteoblasts synthesize basic fibroblast growth factor (FGF-2),
and FGF-2 is embedded in bone matrix (Baylink ef al. 1993,
Hurley et al. 1993). It is well known that FGF-2 expression in
osteoblasts is detected during fracture repar (Bolander 1992).

Journal of Endocrinology (2008) 197, 131-137
0022-0795/08/0197-131
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Therefore, there is no doubt that FGF-2 plays a crucial role in
fracture healing, bone remodeling, and osteogeness (Marie
2003). We have previously reported that FGF-2 autopho-
sphorylates FGF receprors 1 and 2 among four structurally
related high-affimty receptors in osteoblasti-like MC3T3-E1
cells (Suzuki er al. 1996). As for [L-6 synthesis in osteoblasts, we
have shown that FGF-2 induces IL-6 synthesis in osteoblasts
(Kozawa et al, 19974), In addition, we have reported that FGF-2
induces 1L-6 synthesis via the activation of p38 MAPK, but also
limuts the over-synthesis of 1L-6 via the activanon of protein
kinase C pathways (Kozawa et al. 19974, 1999). However, the
exact mechanmism underlying the 1L-6 synthesis 1n osteoblasts
remains to be clanified.

It s well recognized that p70 56 kinase 1s a mitogen-
activated serine/threonine kinase, which is required for cell
proliferation and G1 cell cycle progression (Pullen & Thomas
1997). In osteoblasts, it has been shown that luoroaluminate
upregulates p70 S6 kinase phosphorylation (Susa et al. 1997).
We have previously reported that p70 $6 kinase plays a role as
a negative regulator in platelet-derived growth factor
BB-stimulated synthesis of IL-6 in osteoblast-like MC3IT3-
E1 cells (Takai er al. 20074). With regard to FGF-2 effect on
osteoblasts, we recently demonstrated that FGF-2 induces the
actuvation of p70 S6 kinase in osteoblast-like MC3T3-E1

DO 10167 7N0E-07-0560
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cells, and the acuvated p70 S6 kinase plays an inhibitory role
i the FGF-2-sumulated release of vascular endothelial
growth factor (VEGF) through upregulaton of stress-
activated protein kinase/c-jun N-terminal kinase, composing
a negative feedback loop, m osteoblasts (Takar er al. 20075).
However, the exact role of p70 $6 kinase in osteoblasts has not
vet been fully elucidated.

In the present study, we investigated whether p70 S6 kinase
5 mvolved in the FGF-2-stumulated [1-6 synthesis in
osteoblast-hke MC3T3-El cells. We here show that p70 S6
kinase acuvated by FGF-2 negauvely regulates IL-6 synthesis
at a pomt downstream from protein kinase C in these cells.

Materials and Methods

Materials

Recombinant human FGF-2 and mouse IL-6 enzyme
immunoasay (ELISA) kit was purchased from R&D Systems
Inc. (Minneapolis, MN, USA). Rapamycin, bisindolylmalei-
mide I, Go6976, and calphosun C were obtained from
Calbiochem-Novabiochem Co. (La Jolla, CA, USA). 12-0-
Tetradecanoylphorbol-13-acetate (TPA) was purchased from
Sigma Chemical Co. Phospho-specific p70 S6 kinase anubodies
were purchased from Cell Signaling Inc. (Beverly, MA, USA).
Enhanced chemiluminescence (ECL) Western Blotung Detec-
uon System was purchased from Amersham Biosciences.
Control short interfering RNA (ssRNA; Silencer Negative
Conrtrol no. 1 siRNA) or p70 56 kinase siRNA (Silencer Pre-
designed siRNA, siRNA 1D no. 75849, 75755, and 75942) was
purchased from Ambion (Austin, TX, USA). siLentFect was
purchased from Bio-Rad. Other materials and chemicals were
obtained from commercial sources. Rapamyein, TPA, bisindo-
lylmaleimude 1, Go6976, and calphostin C were dissolved in
dimethyl sulfoxide. The maximum concentration of dimethyl
sulfoxide was 0+1%, which did not affect the assay for IL-6 or

western blot analysis.

Cell culture

Cloned osteoblast-like MC3T3-E1 cells derived from new-
born mouse calvaria (Sudo er al. 1993) were mamntained as
described previously (Kozawa et al. 19978). Briefly, the cells
were cultired in g-nminimum essential medium (2-MEM)
containing 10% fetal calf serum (FCS) at 37°C in a
humidified atmosphere of 5% CQ./95% air. The cells were
secded onto 35 mm (53X 10% or 90 mm (5% 10% diameter
dishes in @-MEM conaining 10% FCS. After 3 days, the
medium was exchanged for a-MEM containing (3% FCS.
The cells were used for expeniments after 48 h. Primary
cultured osteoblasts were obtained from the calvaria of
newborn (1 or 2 days old) balb/c mice as described previously
(Yoshida et al. 2004). The cells were seeded onto 90 mm
diameter dishes (25X 10% cells) in @-MEM containing 10%
FCS. The medium was changed every 3 days unal the cells

Journal of Endocrinology (2008) 197, 131-137

reached confluence. Then, the medium was exchanged for
a-MEM containing (:3% FCS. The cells were used for
experiments after 45 h.

IL-6 assay

The cultured cells were sumulated by various doses of FGF-2
m | ml 2-MEM contamning 0-3% FCS for the indicated
periods. When indicated, the cells were pretreated with
rapamycin for 60 min. The conditoned medium was
collected at the end of the incubation, and the IL-6
concentrauon was measured by ELISA kit according to the
manufacturer’s instruction. The assay kit can detect the mouse
IL-6 in the range between 7-8 and 250 pg/ml. When the
samples gencrate valves greater than 250 pg/ml, the samples
were adequately diluted with calibrator diluent provided with
the kit and re-assayed. The absorbance of ELISA samples was
measured at 450 nm with EL 340 Bio Kmmeuc Reader
(Bio-Tek Instruments Inc., Winooski, VT, USA).

Short interfering RNA transfection

To knock down p70 S6 kmase in MC3IT3-E1 cells, the cells
were transfected with control siRNA (Silencer Negative
Control no. 1 siRRNA) or p70 S6 kinase siRINA (Silencer Pre-
designed siIRNA, siRNA 1D no. 75849, 75755, and 75942,
Ambion) using the siLentFect (Bio-Rad) accordng to the
manufacturers protacol. In brief, the cells were seeded onto
35 mm (1 X 1(°) diameter dish 1n 2-MEM contaning 10% FCS
and subcultured for 48 h. After that, the cells were incubated ar
37 °C for 48 h with 250 nM siR NA—siLentFect complexes. As
a result, we confirmed that siRNA 1D no. 75849 had a most
promunent effect to silence the p70 S6 kinase among these three
siRNAs. The stRNA 1D no. 75849 caused ~ 802 reducuon in
the p70 S6 kinase levels compared with those of conwol sRNA
(Takai et al. 2007h). Then, we used iRNA 1D no. 75849 in the
experiment of the effect of p70 S6 kinase downregulation on the
FGF-2 sumulated IL-6 synthesis.

Western blot analysis

The cultured cells were stimulated by TPA or FGF-2 in
2-MEM containing (-3% FCS for the indicated periods.
When indicated, the cells were pretreated with bisindolyl-
maleimide [, Go6976, and calphostin C for 60 min. The cells
were washed twice with PBS and then lysed, homogenized,
and somicated in a lysis buffer contamning 62-5 mM Tris-HCl
(pH 6-8), 2% SDS, 50 mM dithiothreitol, and 10% glycerol.
The cytosolic fraction was collected as a supernatant after
centrifugation ar 125 000 g for 10 min at 4 °C. SDS-PAGE
was performed according to Laemmli (1970) in 10%
polyacrylamide gel. Western blot analysis was performed as
described previously (Kato er al. 1996) using phospho-specific
p70 S6 kinase antibodies and p70 $6 kinase antibodies, with
peroxidase-labeled antibodies raised in goat against rabbit 1gG
being used as secondary anubodies. Peroxidase activaty on the
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polyvinylidene fluonide (PVDF) sheet was visualized on
X-ray film by means of the ECL Western Blowmng Detecuon
System. The densitometric analysis was performed using
Molecular Analvst/Macintosh (Bio-Rad Laboratories).

Staustical 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+s.e.m. of miplicate determunanons from three
ndependent cell preparations. Each experiment was repeated
three times with similar results,

Results

Effect of rapamycin on the FGF-2-stimulated IL-6 synthesis
in MC3T3-El cells

We have previously shown that FGF-2 induces the activation of
p70 $6 kinase in osteoblast-like MC3T3-E1 cells (Takai et al.
2007h). In addition, we have also previously reported that the
levels of phosphorylated p70 S6 kinase reached its peak at
45 minutes after the sumulaton of FGF-2 and decreased
thercafter (Takai etal. 2007h). In order to clanfy the involvement
of p70 S6 kinase in the FGF-2-induced synthesis of 1L-6 in
MC3T3-E1 cells or not, we examuned the effect of rapamyain, a
specific inhibitor of p70 56 kinase: (Kuo et al, 1992, Price et al.
1992), on the FGF-2-stimulated synthesis of 1L-6. We have
previously showed that FGF-2 induces IL-6 synthesis by
MC3T3-El cells m a ume-dependent manner (Kozawa et al.
1997a). Rapamycin, which had no effect on the basal levels of
[L-6, sigmficantly amplified the FGF-2-induced synthesis of
IL-6 1n a ome-dependent manner. The amplifymng effect
of rapamycin was observed at least 6 h after FGF-2 sumulauon
(Fig. 1A). In addition, the amplifying effect of rapamycin was
dose dependent in the range between 1 and 50 ng/ml (Fig. 18).
Rapamycin at 50 ng/ml caused ~300% enhancement in
the FGF-2 effect. We next exanuned the effect of rapamycin

Figure 1 Effectof rapamycinonthe FGF-2-stimulated IL-6 synthesisin
osteoblasts. (A) Osteoblast-like MC3T3-E1 cells were pretreated with
10 ng/ml rapamycin (circles) or vehicle (squares) for 60 min, and then
stimulated by 70 ng/ml FGF-2 tsolid symbols) or vehicle (open
symbols) for the indicated periods. *P<0-0005, compared with the
control. **P<0-0005, compared with the value of FGF-2 alone.

(B) Osteoblast-like MC3IT3-E1 cells were pretreated with various doses
of rapamycin for 60 min, and then stimulated by 70 ng/ml FGF-2
(@) or vehicle (O) for 24 h, *P<0-001, compared with the value of
FGF-2 alone. **P< 0-0005, compared with the value of FGF-2 alone.
{C) Primary culture of osteoblasts was pretreated with various doses of
rapamycin for 60 min, and then stimulated by 70 ng/m| FGF-2 or
vehicle for 24 h. *P<0-01, compared with value of the contral.
**P<0-005, compared with the value of FGF-2 alone. (A-C) Each
value represents the mean +s.e.m. of triplicate determinations from
three independent cell preparations. Similar results were obtained
with two additional experiments,

Journal of Endocrinology (2008) 197, 131-137

-119-

133



134

s Takal and others

Regulation by p70 S6 kinase of IL-6 synthesis

in primary cultured mouse osteoblasts. We found that FGF-2
significantly induced IL-6 synthesis also 1n these osteoblasts. In
addinon, rapamvein significantly increased the FGF-2-stimu-
lated IL-6 synthesis in the mange between 10 and 50 ng/ml
(Fig. 1C)

Effect of p70 86 kinase down regulation on the
FGF-2-stimulated 1L-6 synthesis in MC3T3-E1 cells

To further confirm the enhancement by rapamycin of IL-6
synthesis, we examined the effect of p70 S6 kinase down-
regulaton by p70 S6 kinase sRRNA on the [L-6 synthesis
induced by FGF-2 in osteoblast-like MC3IT3-E1 cells.
We previously found that p70 S6 kinase siRNA (250 nM)
caused ~80% reducuon in the p70 S6 kinase levels compared
with those of control siIRINA (Takai et al. 2007h). In the
p70 56 kinase downregulated cells, the basal levels of IL-6
were upregulated while the levels of IL-6 were undetectable
in the control siANA-transfected cells (Fig. 2). The FGF-2-
induced levels of IL-6 synthesis in p70 S6 kinase down-
regulated cells were markedly enhanced compared with
those in the control cells. Downregulation of p70 S6 kinase
caused approximately ten times enhancement in the FGF-2
effect (Fig. 2).

FEffect of TPA on the phosphorylation of p70 S6 kinase
in MC3T3-E1 cells

In our previous studies {Suzuka er al. 1996, Kozawa eral. 1997a),
we have reported that FGF-2 stimulates the acuvation of protein
kinase C thmllgh hydrolysis of ph(‘mpll()ﬁpn&t C-induced

20

3

k=

% 10

3

" -
M——

siANA cont cont SeK SEK
FGF-2 - + - +

Figure 2 Effect of p70 S6 kinase (S6K) siRNA on the FGF-2-
stimulated IL-6 synthesis in MC3T3-E1 cells. The cultured cells were
transfected with control siRNA (cont) or p70 S6 kinase siRNA
(SIRNA D no. 75849, Ambion; S6K) using the siLentFect according
to the manufacturer’s protocol. The cells were stimulated by

70 ng/ml FGF-2 or vehicle for @ h, Each value represents the
mean-+s.e.m, of triplicate determinations from three independent
cell preparations. Similar results were obtained with two additional
experiments. *F<0-0005, compared with the value of vehicle.
**P<0-0005, compared with the value of FGF-2 with control
SIRNA transtection,
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choline 1n osteoblast-hike MC3T3-E1 cells, and the protein
kinase C activanon plays an inhibitory role m the FGF-2-
sumulited IL-6 synthesis. In order to mvesugate whether
protein kinase C induces p70 §6 kimase activation in MC3T3-
21 cells, we examined the effect of TPA, a direct acavator of
protemn kinase C (Nishuzuka 1991), on the phosphorylation of
p70 $6 kinase. The sumulation of TPA time dependendy
induced the phosphorylauon of p70 S6 kinase (Fig. 3). The
effect of TPA was observed 10 min after the sumulation of FGF-
2 and the maximum effect was at 45 min,

Iiﬁ—rﬂs 1_1( Gob976 or hl's.l'lrduﬂ'ﬂmd.‘i‘hmdf Ion the TPA-induced
phosphorylation of p70 56 kinase in MC3T3-E1 cells

We exanuned the effect of Go6Y76, a potent inhibitor of
protein kinase C (Martiny-Baron et al. 1993), on the TPA-
induced phosphorylation of p70 S6 kinase m MC3T3-E1
cells. Go6976 markedly reduced the phosphorylaton of p70
56 kinase (Fig. 4A). The effect of Go6976 was dose dependent
in the range between (-3 and 3 uM. In additon,
bisindolylmalermde 1 (30 uM), another inhibitor of protein
kinase C (Toullec er al. 1991), almost completely suppressed
the TPA-induced phosphorylation of p70 S6 kinase (Fig. 4B)
The effect of bisindolylmaleimide 1 was dose dependentin the
range between 3 and 30 uM.
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Figure 3 Effect of TPA on the phosphorylation of p70 56 kinase in
MC3T3-E1 cells. The cultured cells were stimulated by 01 pM TPA
for the indicated periods. The extracts of cells were subjected to
5DS-PAGE with subsequent western blot analysis with antibodies
against phospho-specific p70 56 kinase or p70 56 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 + 5.6, of triplicate determinations from three independent
cell preparations. Similar results were obtained with two additional
experiments. *P<0-0001, compared with the value of control.
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