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A study on the regulatory effect of p—38 MAP kinase
on nitric oxide and interleukin—6 in osteoblasts

Kyung—Won Lee®, Doe—Hoon Lee?, Kyung—Hwa Kang?, Sang—Cheol Kim®

Tooth movement is the result of bone metabolism in the periodontium, where various cytokines take important roles. Interleukin-6(Il-
6) and nitrous oxide (NO) were reported to be secreted from osteoblasts in the process of bone resorption. The mechanism of the process
has not been clearly understood, but the activation of mitogen-activated protein kinase (MAPK) was known to be an important process in
the release of the inflammatory cytokines in macrophages.
In this regard, to prove the role of MAPK in the release of IL-6 and NO in MC3T3E-1 osteoblasts, Northern blot analysis, Western
blot analysis and immune complex kinase assay were used.
As a result, the treatment of MC3T3E-1 osteoblast cultures with combined interferon-y (IFN-y), lipopolysaccharide (LPS) and tumor
necrosis factor-a (TNF-e) induces expressions of inducible nitric oxide synthase (iNOS) and IL-6, resulting in sustained releases of large
" amounts of NO and IL-6. However, IFN-y, LPS, and TNF-« individually induce a non-detectable or small amount of NO and IL-6 in
MC3T3E-1 osteoblasts. The role of MAPK activation in the early intracellular signal transduction involved in iNOS and IL-6
transcription in the combined agents-stimulated osteoblasts has been investigated. The p38 MAPK pathway is specifically involved in the
combined agents-induced NO and IL-6 release, since NO and IL-6 release in the presence of a specific inhibitor of p38 MAPK, 4-(4-
fluorophenyl)-2-(4-metyisuifinylphenyl)-5-(4-pyridyl)imidazole) (SB203580), were significantly diminished. In contrast, PD98059, a
specific inhibitor of MEK1, had no effect on NO and IL-6 release. Northern blot analysis showed that the p38 MAPK pathway controlled
the iNOS and IL-6 transcription level. These data suggest that p38 MAPK play an important role in the secretion of NO and IL-6 in
LPS/IENy- or TNF-/IFN-y-treated MC3T3E-1 osteoblasts.
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resorption and inhibition of repair at the sites of bone
resorption. It has been reported that pro—inflammatory
agents, such as tumor necrosis factor—a (TNF—a) and
interferon—y (IFN—7), function as modulators of bone
remodeling in vitro and in vivo."” TNF—a is directly
implicated in bone resorption by modulating the acti—
vities of osteociasts and osteoblasts. These cytokines
are also important for inducing cellular effector
molecules, including oxygen free radicals and nitric
oxide, which modulate the metabolism of bone tissue.

Nitric oxide (NO), a short—lived and highly reactive
free radical, has been implicated in many biological
functions in nervous, vascular, and immune systems.*™
NO—-synthase (NOS) catalyses L—arginine to NO,
which, when binding with guanylate cyclase, increases
c¢GMP formation. Three distinct forms of NOS are
identified: a neuronal form (nNOS) in the brain, an
endothelial form (ecNOS) in vascular endothelium, and
an inducible form (iNOS) in macrophages.®™® Both
ecNOS and nNOS are constitutively expressed at low
levels and modulate the entry of Ca® into cells.
However, iNOS is regulated by transcriptional activation
of the gene. Macintyre et al.” reported NO augmented
osteoclast activity in a similar manner with caicium,
which induced the retraction of cells by inhibiting their
movement to a fresh site of bone resorption. However,
NO has a preferential role as an inhibitor of osteoclast
activity both in vitro and in vivo."™" Primary osteoblast—
like cells and osteosarcoma cell lines release NO upon
the stimulation of inflammatory agents including IFN—7,
LPS and TNF—a."™ These data suggest that NO
produced by osteoblasts may act on either osteoblasts
in an autocrine manner, or on osteoclasts in bone
remodeling.

interleukin—6 (IL—6) is a multifunctional cytokine that
regulates a variety of cellular functions.™ In bone
metabolism, IL—6 is recognized as an autocrine/
paracrine factor, which induces osteoclast formation
and stimulates the activity to reabsorb bone.'® Bone
resorptive agents, such as parathyroid hormone, tumor
necrosis factor, and platelet—derived growth factor have
been reported to stimulate IL—6 production and
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secretion in cultured osteoblasts.®*? Thus, accumula—
ting evidence suggests that IL~6 secreted from
osteoblasts acts as a downstream effect of diverse
bone resorptive agents, resulting in the induction of
bone resorption.

Bhat et al.® and Da Silva et al.* have recently shown
that mitogen—activated protein kinase (MAPK)
cascades are involved in cytokine and lipopolysa—
ccharide (LPS)—mediated iNOS induction in astrocytes
and microglial cells.

MAPK plays a role in mediating intracellular signal
transduction and regulating cytokine production by
mononuclear cells in response to a variety of extra—
cellular stimuli. In response to appropriate stimuli, the
MAPKs are activated by phosphorylation on both
adjacent threonine and tyrosine residues that are
separated by a single amino acid.®® For extracellularly
regulated kinases (ERK), the best studied of the MAPK
families, this intervening amino acid is glutamate; for
the p38 MAPK family, it is glycine. While ERK has been
classically associated with growth— and differentiation—
inducing signals, p38 MAPK is involved in inflammatory
cytokines and environmental stress inducers.”

In this study, we would like to prove the expression of
iNOS and IL—6 in MC3T3E—1 osteoblast treated with
proinflammatory cytokines in relation to P38 MAPK
activation.

MATERIALS AND METHODS
Materials

Murine interferon gamma and recombinant TNF—a
were from R&D systems (Minneapolis, MN, USA). Anti~
phospho—specific p38 MAPK (Tyr'®) antibody was
purchased from New England Biolabs (Beverly, MA,
USA). Anti—total p38 MAPK was acquired from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Anti—iNOS
and anti—IL—6 antibodies were obtained from
Transduction Laboratories (Lexington, KY, USA).
SB203580 was purchased from Calbiochem Corp. (San
Diego, CA, USA). [y—*P] ATP was purchased from Du
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Pont—NEN (Boston, MA, USA). Bovine serum
(supplemented), fetal bovine serum (FBS), and a—
modified Eagle medium (MEM) were from Gibco BRL
(Grand Island, NY, USA). Six—well, 12—well, and 100—
mm culture dishes were purchased from Corning—
Costar (Cambridge, MA, USA).

Cell culture

The MC3T3E-1 osteoblasts were maintained in a—
MEM with 10% FBS, penicillin (100 U mI™"), and
streptomycin (100 g mI™). Cells were maintained at 37
T in a humidified atmosphere of 95% air and 5% COs.

Measurement of nitrite production

NO production was determined by measurement of
nitrite in the medium as based on the Griess reaction®.
An aliquot of the spent medium was mixed with an
equal volume of a 1 : 1 mixture of 1% sulfanilamide in
water and 0.1% -N—1-naphthyl—ethylenediamine
dihydrochioride in 5% phosphoric acid. The absorbance
was then read at 570 nm. Sodium nitrite dissolved in the
culture medium was used as the standard.

Assay for IL-6

The cultured cells were pretreated with SB203580 for
1 h. The MC3T3E—1 osteoblasts were subsequently
stimulated by TNF—a or LPS in the presence or absence
of IFN=7in 1 ml of a—=MEM containing 10% FBS for the
indicated periods. The conditioned medium was
collected and IL~6 in the medium from MC3T3E—1
osteoblasts was measured by a mouse IL~6 ELISA kit,
respectively.®

Northern blot analysis of iINOS and IL-6 ex—
pression

Total cellular RNA was prepared with a TRIzol reagent
(Gibco BRL, Gaiterberg, MD, USA) according to the
manufacturer’s instructions. RNA (20 ug) was

subjected to electrophoresis in 1% formaldehyde
agarose gels, transferred to a nylon membrane by
capillary blotting and fixed by UV irradiation.
Hybridization was carried out 42°C in 50 mM Tris—HCI,
pH 7.4, 40% foramide, 4xSSC (15 mM sodium citrate,
150 mM NaCl). 10xDenhardt’s solution, 0.1%
Na,P,0;, 1% sodium dodecyl sulfate (SDS) and 200
g/ml herring sperm DNA. The blots were washed to a
stringency of 2XSSC and 0.1% SDS at 42°C, and then
exposed to an X-ray film at —=70C. A fragment of
iINOS or IL—6 cDNA was labeled with a—*P, using
random primers {Boehringer, Mannheim, Germany),
and was used as a hybridization probe.

Western blot analysis

Western blot was performed for the analysis of p38
MAPK activation (using antibodies specific for the
phosphorylated form of the kinase) and for the
detection of INOS and IL—6 protein. Protein samples
{cell extracts, 50g) were separated by SDS-—
polyacrylamide gel electrophoresis (PAGE) and blotted
onto a polyvinylidene difluoride membrane. The
membrane was blocked with 5% bovine serum albumin,
1% milk powder in 10 mM Tris—HCI containing 150 mM
NaCl and 0.5% Tween—20 TBS-T for 1 h and
incubated overnight with suitably diluted primary
antibodies. Following extensive washing with TBS—T,
the enhanced chemiluminescence method was used to
detect the bands.

In vitro immune complex kinase assay for p38

The phosphotransferase activity of p38 was measured
by modification of the procedure previously described.””
Briefly, MC3T3E—1 osteoblasts (2x10° cells/each
group) were treated with the indicated agents for various
time periods. And then the cells were lysed in EB buffer
(1% Triton X=100, 10 mM Tris, pH 7.6, 50 mM NaCl, 1
mg ml™ aprotinin, 5 mM EDTA, 50 mM NaF, 0.1 % 2—
mercaptoethanol, and 100uM sodium orthovanadate).
The cell lysates were subjected to centrifugation at
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Fig. 1. Cytokine stimulation of NO production and iNOS synthesis in MC3T3E-1 osteoblasts. MC3T3E—-1 osteoblasts were treated with IFN—

7 (100 U ml™), LPS (1 sg mi™) and TNF—e (10 ng ml™) or in combinations : LPS+IFN—7 or TNF—a+IFN~y for 24 h. (A) The culture
media were mixed with Griess reagent for the estimation of NO release (Materials and Methods). Data expressed the meanstS.D. of
four experiments. (B) The cell extracts were subjected to western blot analysis using antlbod]es specific iNOS. (1 : control, 2 : IFN—7,

3 :LPS, 4: TNF~¢, 5 : LPS+IFN-7, 6 : TNF—a+IFN-7).
* P<0.05 vs. control; #*, P<0.01 vs. control.

12,000g at 4°C for 30 min. The soluble fraction was
collected and incubated with anti—p38 antibodies
(Santa Cruz Inc. Santa Cruz, CA, USA). After
incubation on ice for 3 h, 1004 of a 10 % solution of
formalin—fixed Staphylococcus aureus (Calbiochem,
La Jolla, CA) was added to anti—p38 immunopre—
cipitates and further incubated on ice for 1 h. The
absorbed immune com—plex was washed twice with
EB buffer and PAN buffer (10 mM PIPES buffer, pH
7.0, 1% aprotinin, 100 mM NaCl}. The immune
complex was mixed with 2 ug of GST—ATF21_;09
proteins as a substrate in 30 4 of the reaction buffer
containing 2 #M cold ATP, 2 mM DTT, 20 mM MgCl,, 2
uCi [y*—P] ATP, and 20 mM Tris—HCI, pH 7.5 at 30C
for 20 min. The reaction was terminated by adding 15
of 3XSDS—PAGE sample buffer and boiled at 98°C for
5 min. The proteins were separated on 12% SDS—
PAGE and transferred onto a nitrocellulose membrane
by the semi—dry electrotransfer system (Ellard Co,
Seattle, WA, USA). The gel was dried under the
vacuum. The phosphotransferase activity was visualized
by autoradiography and quantified by Phospholmager
analyser (BAS, Fuiji Co, Tokyo, Japan).
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Statistical treatment of data

The data were analyzed by Students’ t—testand ap <
0.05 was considered to be significant. All data are
presented as the mean=S.D. of triplicate independent
cell preparations. Each experiment was repeated three
times with simitar results.

RESULTS

Production of NO and iNOS by MC3T3E-1
osteoblasts

We tested whether MC3T3E~1 osteoblasts produ—
ced nitric oxide (NO). MC3T3E—1 osteoblasts were
stimulated with IFN—y (100 1U mI™), LPS (1 ug mi™),
and TNF—a (10 ng ml™) for 24 h. After the stimula—tion
of cells with inflammatory agents, NO released into
culture medium was determined by using a colorimetric
method. As shown in Fig. 1A, the individual agents, LPS
had no apparent effects, IFN—y and TNF—-a had only a
slight stimulatory effect on the production of NO. LPS
and TNF—a, however, synergized with IFN—y to induce
NO synthesis. TNF—a, n particular, enhanced NO
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Fig. 2. Effects of agents on IL—6 secretion and IL—6 protein expression in MC3T3E—1 osteoblasts. MC3T3E—1 osteoblasts were treated with
[FN- (100 U ml-1), LPS (1 #g ml™) and TNF—a (10 ng mi—1) alone or in combinations; LPS+IFN—7 or TNF—a+IFN-7 for 24 h and
(A) the culture media were collected and IL-6 in the medium was measured by an IL—6 ELISA kit. Data showed the means£S.D. of
four experiments. (B) The cell extracts were subjected to western blot analysis using antibodies specific for IL—6. (1: control, 2: [FN—

7, 31 LPS, 4: TNF—q, 5: LPS+IFN-7, 6: TNF~¢+IFN—-7).
* P <0.05 vs. control; #+, P<0.01 vs. control

synthesis by several fold. To determine the expression
of iNOS that catalyzes the production of NO in
inflammatory agents—treated cultures, we carried out
western biot antibodies specific for INOS. The data
illustrated in Fig. 1B confirm the induction of iNOS
synthesis in response to cytokine combination. The
cultures treated with IFN—7 individually contained little
detectable immunoreactive iINOS protein and those
treated with TNF—a alone induced more detectable
expressions of iINOS, relatively.

IL—6 secretion and IL-6é protein in MC3T3E-1
osteoblasts

We also examined the effects of inflammatory
cytokines on the production of IL—6 from MC3T3E—1
osteoblasts (Fig. 2A). Single treatment with LPS did not
stimulate the MC3T3E—1 osteoblasts to produce IL—6.
IFN—y or TNF—a had a relatively stimulatory effect on
the production of IL—6. However, in a similar manner to
NO, MC3T3E—-1 osteoblasts produced a significant
amount of IL—6 secretion when stimulated with LPS or
TNF~a in the presence of IFN—7. To determine the
expression of IL—6 protein, we performed western blot

analysis using an antibody specific for IL—6. The data
showed in Fig. 2B confirms the induction of IL-6
protein synthesis in response to the combined agents.
The cultures treated with LPS individually did not contain
detectable immuno—reactive IL—6 protein.

Cytokine activation of p38 MAPK in MC3T3E-1
osteoblasts

Bhat et al.® suggested a key role of MAPK cascades,
especially p38 MAPK, in the cytokine induction of INOS
in astrocytes and microglia. To test the activation of p38
MAPK in response to cytokine treatment, we studied the
effect of LPS, TNF—a and IFN—y alone or in combina—
tions on the phosphorylation of P38 MAP kinase in
MC3T3E—1 osteoblasts. Cell lysates were analyzed for
p38 phosphorylation by immunoblot using an antibody
that specifically recognizes that the phosphorylated form
of the protein. As shown in Fig. 3B, C, LPS and TNF—¢
in the presence or absence of IFN—7 induced a
transient increase in p38 MAPK phosphorylation that
was visible as early as 30 and 60 min, respectively. The
signals were significantly reduced after 120 min and were
practically at background level after 240 min. The single
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Fig. 3. Effect of agents on the activation of p38 MAPK in MC3T3E-1 osteoblasts. (A). MC3T3E~—1 cells were exposed to LPS (0, 0,1, 1 or 10
pg ml™) or TNF—a (0, 5, 10 or 20 ng ml™) for 30 min. (B) The cells were treated with IFN—y (100 U mi=1), LPS (1 #g ml™) and
TNF—¢a (10 ng ml™) alone or in combinations; LPS/IFN~y and TNF—a/IFN—7 for the indicated time intervals. The proteins were then
subjected to immunoblot analysis, using antibodies specific for the active (phosphorylated) form of p38 MAPK. Parallel blots ran with
anti—total p38 MAPK antibodies which served as controls. (C) Endogenous p38 MAP kinase activity was examined by immunocomplex
assays. These are typical results from three independent experiments.

treatment of IFN—7 had no effect on p38 MAPK

phosphorylation.

To demonstrate that the various cytokines—mediated
p38 phosphorylation is functional, the lysaies were
immunoprecipitated with p38 to activate ATF2, known
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as a substrate for p38 MAP kinase, being phosphory—

lated primarily on threonine residues 69 and 71, and this

event increases its transactivating properties. ATF2
phosphorylation was then determined by p38 kinase
assay. As shown in Fig. 3B, C, a significant increase in
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Fig. 4. SB203580, a specific inhibitor of p38 MAPK, inhibits the combined agents—induced NO and IL-6 production in MC3T3E—1 osteoblasts.
MC3T3E-1 cultures were treated with LPS/IFN-7, or TNF—~¢/IFN—7 in the presence or absence of the p38 MAPK inhibitor for 24 h.
(A) Aliquots of the culture medium were anatyzed for nitrite production. (B) The media were analyzed for IL—6 secretion. Data were
means*S.D. of four experiments. *, P <0.05 vs. control ; #, P<0.05 vs. without SB203580—treated.

ATF2 phosphorylation levels was noted at 30 min and
peaked at 60 min of treatment, in parallel with p38
phosphorylation. However, a small stimulation in p38
kinase activity was then observed at 120 min of
stimulation. 4-(4—fluorophenyl)—2—(4—metylsulfinyl—
phenyl) =5—{4~pyridyl) imidazole (SB203580) (20 uM),
the p38 MAPK specific inhibitor, reduced the stimuiated
p38 MAPK activity to the basal level (data not shown).
These results indicate that the ATF2 phosphorylation
and p38 phosphorylation were specific for p38 MAP
kinase. The induction of INOS and IL—6 expression in
the MC3T3E—1 osteoblasts required combined LPS/
IFN—=7, or TNF=a/IFN~7 stimulation (Fig. 1 and 2), yet
LPS and TNF-a independently were able to strongly
activate p38 MAPK. Furthermore, the treatment with
combined agents did not significantly activate p38
MAPK in a quantitative or qualitative manner from single
agent treatment.

SB203580, a specific inhibitor of p38 MAPK,
inhibits cytokine—induced NO and IL-6
production in MC3T3E-1 osteoblasts

SB203580 is a member of a new series of pyridinyl
imidazole compounds that inhibit [IL—1 and TNF—a

production from LPS—stimulated human monocytes
and the human monocyte cell line THP—1 28, 29). To
clarify the role of p38 MAPK in cytokine—induced NO
and IL—6 production, we then examined the effect of
SB203580, a highly potent and specific inhibitor of p38
MAPK on the NO and iL—6 production induced by
cytokines in MC3T3E—1 osteoblasts. SB203580 (20 xM)
markedly inhibited cytokine—induced NO and IL-6
production (Fig. 4A and B).

SB203580 inhibits cytokine—-induced expre-
ssion of iINOS and IL-6 protein in MC3T3E~-1
osteoblasts

SB compounds were studied for their effect on iINOS
and IL—6 protein in various cell lines activated with
combined cytokines including TNF—a/IFN—7>. The above
results showed that the inclusion of SB203580 in the
presence of LPS/IFN—y or TNF—a/IFN—7 drastically
suppressed the induction of NO and IL—6 production.
The block of NO and IL—6 synthesis correlated with a
marked inhibition of the expression of INOS and IL—6
protein as determined by western blot analysis (Fig. 5A
and B).
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Fig. 5. Effect of SB203580 on combined agents—induced iNOS and IL—6 protein expression in MC3T3E—1 osteoblasts. (A) MC3T3E-1
osteoblasts were treated with LPS/IFN—7, or TNF—o/IFN—7 in the presence or absence of the p38 MAPK inhibitor for 24 h. The cell
extracts were then analyzed for iNOS protein expression. (B) Cell extracts from the cultures treated, as described above, were
analyzed for IL—6 protein expression. (1 : control, 2 : SB203580, 3 : LPS+IFN-y, 4 : LPS+IFN—y+SB203580 5 : TNF—a+IFN—7,

6 : TNF-a+IFN-7+SB203580).
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Fig. 6. Eifect of SB203580 on the iNOS and IL—6 mRNA expression. MC3T3E—1 osteoblasts were stimulated with LPS/IFN—7, or TNF—¢
/IFN—7 in the presence or absence of the p38 MAPK inhibitor (20 zM). Total cellular RNA (20 #g) was then prepared, fractionated on
a 1.2% (w/v) agarose gel, transferred onto Hybond N nylon membranes, and then hybridized to iNOS (A : 1 : control, 2 : SB203580,
3 : LPS+IFN-7, 4 : TNF—g+IFN—, 5 : LPS+IFN~7+SB203580, 6 : TNF—g+IFN-7+SB203580) and IL—6 cDNA probes (B:1:
control, 2 : SB203580, 3 : LPS+IFN-0567, 4 : LPS+IFN—+SB203580 5 : TNF—¢+IFN—7, 6 : TNF—¢+IFN—7+SB203580).

Effects of SB203580 on iNOS and IL—6 gene
expression

In order to investigate whether the suppression of
INOS activity by SB203580 was due to reduced iNOS
mRNA, a northern blot analysis for total mMRNA samples
extracted from MC3T3E—1 osteoblasts was carried out.
As shown in Fig. 6A, SB203580 significantly reduced
LPS/IFN—y or TNF-g/IFN—y—stimulated iNOS mRNA
levels. Fig. 6B shows that significantly lower levels of
IL—6 mRNA are expressed in the osteoblasts activated
by LPS/IFN—7, or TNF—a/IFN-7 in the presence of
SB203580 than in its absence.
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DISCUSSION

Nitric oxide (NO) is a very small lipophilic molecule
which rapidly diffuses and reaches the cytoplasmic
compartments, and hence results in the activation of
diverse biological functions. Interestingly, NO is a soluble
gas in agueous medium. lts biological functions are
confined to adjacent cells since its ultrashort half—life
limits the availability of newly synthesized NO to
substances or cells nearby.® It has been reported that
pro—inflammatory agents such as TNF—ga, IFN—7y and
LPS modulate the metabolism of bone remodeling in vitro
and in vivo."® These agents also induce the production



of NO in various cell types of bone tissue. These reports
suggest that it may be a modulator in these cytokines—
induced processes of bone remodeling; especially it
may function in the regulation of bone resorption.

Interleukin—6 {IL—6) is well known to be a pleiotropic
cytokine that has important physiological effects such
as promoting B—cell differentiation, T—cell activation,
and inducing acute phase proteins.” As for bone
metabolism, it has been reported that IL—6 stimulates
bone resorption®” and the induction of osteoclast
formation.* Accumulating evidence indicates that IL—6
secreted from ostecblasts is an important downstream
effector of bone resorptive agents.

In this study, we showed that MC3T3E—1 osteoblasts
did not produce biologically significant amounts of NO
and IL—6 upon single treatment with various agents
including TNF—a, IFN—7, and LPS. However, the differ—
ently combined agents such as LPS/IFN—-0567, or
TNF—a/IFN—7 worked synergistically to generate NO
and IL—6 in MC3T3E—1 osteoblasts.

Pyridinyl imidazoles have been shown to inhibit the
p38 kinase—mediated synthesis of cytokines such as
TNF-a.** SB203580 as well as other members in this
series of compounds have shown efficacy in several
animal models of inflammation where cytokines play a
definitive role.®*

In addition, these compounds are active in the fetal
rat long bone resorption assay, thus demonstrating a
direct therapeutic effect on bone integrity.*® SB203580
inhibits TNF=~a synthesis,® and the target of this is
known as CSBP/p38 kinase.® SB203580 is a highly
selective and potent inhibitor of p38 MAP kinase.™ One
of the physiologic substrates of CSBP/p38 is MAPKAP
kinase—2, which, in turn, phosphorylates hsp.*”

The results presented in this study demonstrate the
cytokine—mediated induction of NO and IL—6 in
MC3T3E—-1 osteoblasts and the key role of p38 MAPK
signaling in this process. Specifically, the treatment of
MC3T3E—1 osteoblasts with cytokine combinations, in
particular, TNF—a plus IFN—7, resulted in an induced
production of NO and IL-6 and the expression of INOS
and IL—6 protein. SB203580, a specific inhibitor of p38

MAP kinase, inhibited the cytokine—induced production
of NO and IL—6 and the expression of INOS and IL-6
protein, thereby suggesting a role for this kinase
cascade in cytokine—induced NO and IL—6 production.
Inhibition of the regulation of NO and IL-6 synthesis in
osteoblasts by SB203580 indicates that the p38 MAPK
inhibitors may be useful for therapy of disease states in
which NO or IL—6 has been shown to play a pro—
inflammatory role. Additional evidence for the role of NO
and IL—6 is provided by studies showing spontaneous
production of these mediators from both rheumatoid
arthritis and osteoarthritis patients, which may contribute
to the pathology of these diseases.

Qur study also shows that LPS or TNF—a alone
activates p38 MAPK, although the single treatment has
no markedly regulatory effect on NO and IL—6 release
(Fig. 3A). These results indicate that p38 MAPK plays a
permissive role and that it acts in concert with other
factors yet to be elucidated. In the case of IL—6
promoter, a variety of so—called responsive elements
have been proposed.” Previous studies have shown a
crucial role for NF—«B as a transcriptional activator for
IL—6 after pro—inflammatory cyiokines—treatment.®*
Recently, it has been reported that the p38 MAP kinase
inhibitor, SB203580, still inhibited the TNF—a—induced
expression of a reporter gene that is driven by a minimal
promoter containing only two «kB—binding elements,
suggesting that p38 MAP kinase is required for NF—xB—
mediated transcriptional activation.*” The most
abundant form of NF~«B consists of p50 and p65
heterodimer is complexed to the inhibitory subunit, kB.
Stimulation of cells with TNF—a or a number of other
stress— or infection—dependent triggers leads to rapid
phosphorylation of 1B followed by proteolytic degra—
dation. The released nucleophilic heterodimer then
moves to the nucleus, where it binds to a specific DNA
sequence and induces gene transcription. However, we
could not observe any effect of SB203580 on IFN—7,
LPS or TNF—a alone treated or LPS/IFN—y or TNFa/IFN
—y—induced DNA binding of NF—«B, suggesting that
the role of p38 MAP kinase in NF—«B activation, if any,
is at another level (data not shown). Recently, we
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documented that these two TNF—a—activated
pathways—p38 MAPK and NF—«B can be dissociated in
other osteoblasts, MG—63 cells (not published).
Therefore, it seems more likely that the p38 MAP kinase
pathway regulates IL—6 transcription through the
phosphorylation of another factor. Further studies on the
interactions between NF—#B co—activators and general
transcription factors should elucidate the mechanism by
which the p38 MAP kinase pathway affects the activity
of NF—xB—driven transcription.

Activation of the p38 MAP kinase pathway might be
one of the earliest and possibly the central response
after an insult causing stress to the body. Indeed,
besides pro—inflammatory agents, heat shock, UV
radiation and hyperosmolarity have been shown to
activate the p38 MAP kinase pathway.”* It is still
unclear to what extent the signals going to the nucleus
and responsible for gene activation are linked to cellular
signals leading to cell death. This study shows that p38
MAPK inhibitors could be efficacious therapeutic agents
by way of their ability to inhibit agents such as IFN—7,
LPS, and TNF—a and by inhibiting the downstream
signal transduction pathways initiated by IFN—y, LPS,
and TNF—g, including their ability to modulate iNOS and
IL—6 protein expression. In this study, the p38 inhibitor
inhibits the downstream signal transduction pathways
initiated by IFN—7, LPS, and TNF—g, including their
ability to modulate iNOS and IL—6 protein expression.

CONCLUSIONS

Treatment of MC3T3E—1 osteoblast cultures with
combined IFN—7, LPS and TNF—g induces expressions
of INOS and IL-6, resulting in sustained releases of
large amounts of nitric oxide and IL—6. However, IFN—
7, LPS, and TNF—¢ individually induced non—detectable
or small amounts of NO and IL—6 in MC3T3E—1
osteoblasts. The role of MAPK activation in the early
intracellular signal transduction involved in iNOS and IL—
6 transcription in the combined agents—stimuiated
osteoblasts has been investigated. The p38 MAPK
pathway was specifically involved in the combined

iR 2@ 337 32, 2003

agents—induced NO and IL—6 release, since NO and
IL—6 release in the presence of a specific inhibitor of
p38 MAPK, SB203580 was significantly diminished.
Northern blot analysis showed that the p38 MAPK
pathway controlled INOS and IL—6 transcription levels.
These data suggest that p38 MAPK plays an important
role in the secretion of NO and IL—6 in LPS/IFN—y or
TNF—a/IFN—y—treated MC3T3E—1 osteoblasts.
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SMZEO A p—38 MAP kinase2]
nitric oxide X m’rerleukln 6 45 T EO &PEoA
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ZOtOlE Al EBHs FF0lA Oln] A cytokine?) £240] ZxH vl Q120 0] 7+ ) interleukin—-6= &
2 AZRE S0 B A7 2HO| FHo| gout NG J|He oA 7R BEe) FYFO QA Bolth 284 Al

ZZAZAM KEIHE Interleukin—6 (IL—6)9} nitric oxide (NO) B0 F2E49 2EXZE FZ UFHL JoH
Mitogen—activated protein kinase (MAPK)2] 843812 Q18] 4Z4& cytokineS0] $E8 £ Q20| H2 macrophage
oA SEE v QUTh IHER RJoo| S HIFES 72 U o 259 2N SEFY tEAX IL-6- NO &
2|7} MAPKEY 84 5 B8 222 5 A= 7FsEE AABIL 9ot B Q704 ZRIZAE §F HRE 7KL
QA= RSHEZF, MC3T3E1A p—38 MAP kinaseZ M7/HE NO%} IL-671 REIEE EQASIULA} STt 10% Fetal
Bovine Serum0] 7} -MEM HjQH O Z ujaret ZFAHEFQ MC3T3EL AR tumor necrosis factor—e (TNF-
a), interferon—7 (IFN-7) & lipopolysacchalide(LPS) £ BEX 2 Al NO& IL-68 E7F= AHA gyt
TNF-a/IFN-y & LPS/IFN-y 59 AXA| NOZ IL-69 {28 S/ HYon, NOEEY AH IANdt=
inducible nitric oxide synthase (INOS)& IL—-6 GA L mRNAS HIE BJASAT. EF specific p—38 MAP
kinase inhibitor®l SB2035802] NO} IL-69) M4 GAE #&5IL llZ T mRNA YR E ESAME QR
A SB203580L transcription TZAOIA NOZ 1L-69) MEAE ZESIL YSE AAGIY =1 YTt TNF-o/IFN-y &
2 LPS/IFN-y AZ| Al p—38 MAP Kinase®] 84 BBTIH2U B MR Al JA| p—-38 MAP Kinased] 24& &
AFgo=H NO IL-6MA7H0= p-38 MAP Kinase0] Q0] T2 QIA} GA| B3I Qlgg BEHFL QT & &
ToAE XoF 59 SREY 7 AEQ ZZHENA NOY IL-6RTIE 015l9eH, 5t 059 HE7|WEY &}
UZE p—38 MAP Kinase”} transcription BA01 A #0311 QIESE 015t .
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