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ABSTRACT
Periodontitis is a chronic bacterial infection of tooth-supporting structures. T-helper type 1 (Th1) cells are related to the exacerbation of

periodontal disease. Human gingival fibroblasts (HGFs), the major cell type in periodontal connective tissues, are involved in immunological

response in periodontal tissues. However, it is uncertain whether HGFs are related to Th1 response. Chemokine (C-X-C motif) ligand 10

(CXCL10) is a cytokine, that is related to Th1 cells migration. Intercellular adhesion molecule (ICAM)-1 is involved in Th1 cells retention and

activation in inflamed tissue. The aim of this study is to examine the effect of oncostatin M (OSM) on CXCL10 and ICAM-1 expression in HGFs.

OSM stimulation induced CXCL10 and ICAM-1 expression in HGFs. Moreover, the synergistic effects of CXCL10 release and ICAM-1

expression in HGFs were observed with combined stimulation of interleukin (IL)-1b and OSM. OSM increased type 1 IL-1 receptor (IL-1R1)

expression, and IL-1b enhanced OSMRb expression on HGFs. IL-1bþOSM stimulation enhanced the phosphorylation of inhibitor of nuclear

factor kB (IkB)-a, signal transducer and activator of transcription (STAT)3, c-Jun N terminal kinase (JNK), and protein kinase B (Akt)

compared to OSM or IL-1b stimulation. CXCL10 production from OSMþ IL-1b stimulated HGFs was suppressed by nuclear factor (NF)-kB,

STAT3, JNK, and phosphoinositide-3-kinase (PI3K) inhibitors. On the other hand, only NF-kB and STAT3 inhibitors suppressed ICAM-1

expression enhanced by OSMþ IL-1b treatment. These effects of OSM and IL-1b may promote Th1 cells infiltration and retention in

periodontally diseased tissues and be related to exacerbation of periodontal disease. J. Cell. Biochem. 111: 40–48, 2010. � 2010 Wiley-Liss, Inc.
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P eriodontitis is a chronic bacterial infection of tooth-

supporting structures. It causes destruction of periodontal

connective tissues and bone. Oral plaque bacteria including

Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans,

and Tannerella forsythensis are recognized as etiologic agents in

periodontitis. The disease initiation and progression result from host

response to plaque bacteria. Immunohistochemical studies reveal

dense inflammatory cells infiltration, including T and B cells and

macrophages in periodontitis region [Seymour, 1991; Fujihashi

et al., 1993; Page et al., 1997; Hosokawa et al., 2002, 2005; Johnson

et al., 2004]. Recently, several studies demonstrated that T-helper

type 1 (Th1) cells are involved in bone resorption in oral cavity.
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Kawai et al. [2000] reported that local Actinobacillus actinomyce-

temcomitans 29-kDa outer membrane protein and lipopolysaccaride

(LPS) activation of Th1-type T cells appeared to trigger inflamma-

tory periodontal bone resorption. Stashenko et al. [2007] reported

that intrapulpal challenge with viable Porphyromonas gingivalis

results in massive periapical bone destruction in systemic Th1

response. However, the effects of OSM on Th1 response in

periodontal disease is uncertain.

Oncostatin M (OSM) belongs to the interleukin (IL)-6 family

of cytokines, which includes IL-6, leukemia-inhibitory factor (LIF),

IL-11, cardiotrophin-1 (CT-1), and ciliary neurotrophic factor

[Tanaka and Miyajima, 2003]. The IL-6 family of cytokine receptors
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requires dimerization with glycoprotein 130 (gp130), a glycoprotein

cell surface receptor, for intracellular signaling. OSM as well as

several members of the IL-6 cytokine family are known to activate

fibroblasts and to regulate the synthesis of matrix metalloprotei-

nases and their inhibitors in these cells [Korzus et al., 1997; Langdon

et al., 1997; Weiss et al., 2005]. In addition, the results of studies in

the human, rat, and mouse have supported the notion that OSM is

involved uniquely in the regulation of inflammation [Grenier et al.,

2001; Hurst et al., 2002; Langdon et al., 2003]. OSM is primarily

produced in and released by activated monocytes, T lymphocytes,

and neutrophils [Brown et al., 1987; Grove et al., 1991; Sodhi et al.,

1997], and it is found in a variety of inflammatory sites. In the

human lung during acute lung injury, infiltrating neutrophils

secrete OSM. OSM levels also are elevated in the sera of patients with

rheumatoid arthritis [Okamoto et al., 1997] as well as in patients

with inflamed skin [Tamura et al., 2002] and periodontitis [Lin et al.,

2005]. In addition, in vitro studies have demonstrated that OSM not

only regulates the remodeling function of fibroblasts but also elicits

inflammatory responses in these cells. OSM induces the CC

chemokines eotaxin (an eosinophil chemoattractant) and monocyte

chemoattractant protein 1 in mouse lung and in synovial fibroblasts,

respectively. Moreover, overexpression of OSM in the mouse lung

results in increased recruitment of eosinophils. Altogether, these

studies suggest that OSM regulates inflammatory function in

fibroblasts and that fibroblasts may be implicated in the recruitment

of leukocytes upon activation by OSM.

Gingival fibroblasts, the major cell type in periodontal connective

tissues, provide tissue framework for tooth anchorage. Until

recently, they were presumed to be immunologically inert.

Currently, however, researchers recognize their active role in host

defense. Upon stimulation with cytokines as well as with bacterial

pathogens, human gingival fibroblasts secret various soluble

mediators of inflammation such as IL-1b, IL-6, and IL-8 [Takashiba

et al., 1992; Sakuta et al., 1998; Daghigh et al., 2002; Wang et al.,

2003]; and up-regulate expression of intercellular adhesion

molecule (ICAM)-1 and vascular adhesion molecule (VCAM)-1

[Shimabukuro et al., 1996]. These fibroblasts-derived mediators and

surface antigens are thought to play an important role in periodontal

inflammatory response.

The CXC chemokine CXCL10 was discovered as an IFN-g-

inducible protein of 10 kDa in the monocytic U937 cells [Yen and

Chen, 1998] CXCL10 attracts activated Th1 cells through interaction

with CXC chemokine receptor 3 (CXCR3) [Yang et al., 1998; Katiyar

et al., 1999]. CXCL10 shares this receptor and hence biological

activity with two more recently identified CXC chemokines, CXCL9,

and CXCL11 [Luster et al., 1985; Rossi and Zlotnik, 2000; Crouvezier

et al., 2001]. In vivo, enhanced levels of CXCL10 have been reported

in several inflammatory diseases that are predominantly associated

with a Th1 phenotype. It is reported that CXCL10 and CXCR3 are

detected in inflamed gingival tissues [Farber, 1993; Loetscher et al.,

1996]. However, it is unknown whether HGFs are related to CXCL10

production in inflamed gingival tissues.

The aim of this study was to examine the effect of OSM on Th1

type chemokines CXCL10 production and ICAM-1 expression by

HGFs. Moreover, we examined the effects of OSM in combination

with IL-1b on CXCL10 and ICAM-1 expression by HGFs, because
JOURNAL OF CELLULAR BIOCHEMISTRY ONCOSTAT
IL-1b is an important inflammatory cytokine in periodontally

diseased tissues.

MATERIALS AND METHODS

GINGIVAL TISSUE BIOPSIES AND CELL CULTURE

We used HGFs isolated from three clinically healthy gingiva during

routine distal wedge surgical procedures. Gingival specimens were

cut into small pieces and transferred to culture dishes. The HGFs

that grew from the gingivae were primarily cultured on 100 mm2

uncoated plastic dishes in Dulbecco’s modified Eagle medium

(DMEM; Sigma, St. Louis, MO) supplemented with 10% fetal bovine

serum (FBS; Gibco, Grand Island, NY) and antibiotics (penicillin G;

100 U/ml, streptomycin; 100 mg/ml) at 378C in humidified air with

5% CO2. Confluent cells were transferred and cultured for use in the

present study. After three to four subcultures by trypsinization, the

cultures contained homogeneous, slim and spindle-shaped cells

growing in characteristic swirls. The cells were used for experiments

after five passages. In selected experiments, HGFs were cultured for

1 h in the presence or in the absence of SB203580 (20mM: Santa

Cruz Biotechnology), PD98059 (20mM: Santa Cruz Biotechnology),

SP600125 (20mM; Sigma), LY294002 (20mM; Calbiochem, La Jolla,

CA), SC514 (20mM, Calbiochem), or AG490 (20mM, Calbiochem)

prior to incubation with the various stimuli. Informed consent was

obtained from all subjects participating in this study. The study was

performed with the approval and compliance of the University of

Tokushima Ethical Committee.

CYTOKINE PRODUCTION BY HGFs

HGFs were stimulated with 0.1, 1, 10, or 100 ng/ml OSM (Peprotech,

Rocky Hill, NJ) or 10 ng/ml IL-1b (Peprotech) for 24 h. The

supernatants from HGFs were collected. To collect cell lysates, HGFs

stimulated with OSM for 24 h were washed once with cold PBS,

followed by incubation on ice for 30 min with lysis buffer (Cell

Signaling Technology, Danvers, MA) supplemented with protease

inhibitors (Sigma). After removal of debris by centrifugation,

the protein concentrations of the lysates were quantified with the

Bradford protein assay using IgG as a standard. The concentrations

of CXCL10 in the culture supernatant or cell lysates were measured

in triplicate by ELISA (R&D systems, Minneapolis, MN). All assays

were performed according to the manufacturer’s instructions, and

cytokine levels in the supernatants were determined using a

standard curve prepared for each assay.

FLOW CYTOMETRIC ANALYSES

Following the required time in culture, the cells were washed twice

with ice-cold PBS. HGFs were harvested by incubation with PBS-

4 mmol/L EDTA. Most of the cells could be removed by gentle

agitation after this treatment. Any cells that failed to detach were

removed with gentle scraping. The cells were washed twice with ice-

cold PBS and incubated (20 min on ice) in PBS-1%BSA. The cells

were incubated with mouse anti-human OSMRb antibody (Santa

Cruz Biotechnology, 5mg/ml), mouse anti-human ICAM-1 antibody

(Sigma, 5mg/ml), rat anti-human IL-1 Receptor type 1 (IL-1R1)

antibody (PBL Biomedical Laboratories, New Brunswick, NJ) or an

isotype control antibody on ice for 30 min. After washing three
IN M INDUCES CXCL10 AND ICAM-1 BY HUMAN GINGIVAL FIBROBLASTS 41



times with PBS-1% bovine serum albumen (BSA; Sigma), the cells

were incubated with the FITC-conjugated rabbit anti-mouse F (ab’)2
fragment (DAKO, Kyoto, Japan) or FITC-goat anti-rat IgG(Hþ L)

Conjugate (ZYMED Laboratories, South San Francisco, CA) for

30 min on ice. After washing three times with PBS-1% BSA, the cells

were immediately analyzed with flow cytometry (Epics XL-MCL;

Coulter, Hialeah, FL).

WESTERN BLOT ANALYSIS

To confirm ICAM-1 production and OSM and/or IL-1b-induced

phosphorylation of signal transduction molecules, Western blot
Fig. 1. OSM induced CXCL10 and ICAM-1 expression by HGFs. A: HGFs were treated with OSM (0.1, 1, 10 or 100 ng/ml), and the cell lysates were collected after 24 hours. The

expression levels of CXCL10 in the cell lysates were measured using ELISA. Data are representative of three different HGFs samples from three different donors. The results were

calculated as the mean and SD of one representative experiment performed in triplicates. Error bars show the SD of the values. B: HGFs were treated with OSM (0.1, 1, 10 or

100 ng/ml), and the supernatants were collected after 24 hours. The expression levels of CXCL10 in the supernatants were measured using ELISA. Data are representative of

three different HGFs samples from three different donors. The results were calculated as the mean and SD of one representative experiment performed in triplicates. Error bars

show the SD of the values. C: HGFs were treated with OSM (10 ng/ml) and the cells were collected after 24 hours. The expression level of ICAM-1 on the surface of HGFs was

measured using flow cytometry. Light gray line represents isotype-control antibody. Dark gray line represents ICAM-1 expression on non-stimulated HGFs. Black line represents

ICAM-1 expression on OSM (10 ng/ml)-stimulated HGFs. D: HGFs were treated with OSM (0.1, 1, 10 or 100 ng/ml) and, the cells were collected after 24 hours. The expression

levels of ICAM-1 on the surface of HGFs were measured using flow cytometry. The data are representative of three different HGFs samples from three different donors. The

results were calculated as mean and SD of one representative experiment performed in triplicate. Error bars show the SD of the values. �P< 0.05, ��P< 0.01 significantly

different from the medium. E: HGFs were treated with OSM (0.1, 1, 10 or 100 ng/ml), and the cell lysates were collected after 24 hours. The cell lysates were subjected to SDS-

PAGE followed by western blotting analysis with antibodies against ICAM-1 or actin. Bar graphs of ICAM-1 expression was normalized to actin.
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analysis was performed. HGFs stimulated with OSM and/or IL-1b

were washed once with cold PBS, followed by incubation on ice for

30 min with lysis buffer (Cell Signaling Technology) supplemented

with protease inhibitors (Sigma). After removal of debris by

centrifugation, the protein concentrations of the lysates were

quantified with the Bradford protein assay using IgG as a standard.

Protein (20mg) was loaded onto a 4–20% SDS-PAGE gel, followed

by electrotransfer to a PVDF membrane. Expression of ICAM-1 and

activations of inhibitor of nuclear factor kB (IkB)-a, signal

transducer and activator of transcription (STAT)3, p38 mitogen-

activated protein kinase (MAPK), p44/42 MAPK (ERK), c-Jun N
ASTS JOURNAL OF CELLULAR BIOCHEMISTRY



Fig. 2. OSM synergistically enhanced CXCL10 and ICAM-1 expression in IL-

1b-stimulated HGFs. A: HGFs were treated with OSM (1, 10, or 100 ng/ml)

with or without IL-1b (10 ng/ml), and the supernatants were collected after

24 h. The expression levels of CXCL10 in the supernatants were measured using

ELISA. Data are representative of three different HGFs samples from three

different donors. The results were calculated as the mean and SD of one

representative experiment performed in triplicates. Error bars show the SD of

the values. B: HGFs were treated with OSM (1, 10, or 100 ng/ml) with or

without IL-1b (10 ng/ml), the cells were collected after 24 h. The expression

levels of ICAM-1 on the surface of HGFs were measured using flow cytometry.

The data are representative of three different HGFs samples from three

different donors. The results were calculated as mean and SD of one repre-

sentative experiment performed in triplicate. Error bars show the SD of the

values.
terminal kinase (JNK), and protein kinase B (Akt), and were assessed

using anti-human ICAM-1 mouse monoclonal antibody (Biolegend,

San Diego, CA), phospho-IkB-a (Ser32/36) mouse monoclonal

antibody (Cell Signaling Technology), phospho-STAT3 (Tyr705)

mouse monoclonal antibody (Cell Signaling Technology), phospho-

STAT3 (Ser727) rabbit monoclonal antibody (Cell Signaling

Technology), phospho-p38 MAPK (Thr180/Tyr182) rabbit mono-

clonal antibody (Cell Signaling Technology), phospho-p44/42

MAPK (Thr202/Tyr204) rabbit monoclonal antibody (Cell Signaling

Technology), phospho-SAPK/JNK (Thr183/Tyr185)(81E11) rabbit

monoclonal antibody (Cell Signaling Technology), phospho-Akt

(Ser473)(193H12) rabbit monoclonal antibody (Cell Signaling

Technology), IkB-a mouse monoclonal antibody (Cell Signal-

ing Technology), STAT3 mouse monoclonal antibody (Cell

Signaling Technology), p38 MAPK rabbit monoclonal antibody

(Cell Signaling Technology), p44/42 MAPK rabbit monoclonal

antibody (Cell Signaling Technology), SAPK/JNK rabbit monoclonal

antibody (Cell Signaling Technology), or pan-Akt rabbit antibody

(Cell Signaling Technology), according to the manufacturer’s

instructions. Protein bands were visualized by incubation with

the HRP-conjugated secondary antibody (Sigma), followed by

detection using the ECL system (GE Healthcare, Uppsala, Sweden).

The quantitation of the chemiluminescent signal was analyzed using

NIH image.

STATISTICAL ANALYSIS

The statistical significance was analyzed using Student’s t test.

P values <0.05 were considered significant.

RESULTS

THE EFFECT OF OSM ON CXCL10 AND ICAM-1 PRODUCTION

IN HGFs

Since we previously reported cultured HGFs express OSM receptor

[Hosokawa et al., 2010], we then investigated whether OSM could

stimulate HGFs. We examined CXCL10 and ICAM-1 production in

HGFs because CXCL10 and ICAM-1 is related to Th1 cells infiltration

and retention in inflamed tissues. Figure 1 shows OSM treatment

enhanced CXCL10 production (Fig. 1A) and release (Fig. 1B) from

HGFs in a dose dependent manner. Moreover, OSM increased

ICAM-1 expression on HGFs (Fig. 1C,D) and ICAM-1 production in

HGFs (Fig. 1E) in a dose dependent manner.

OSM SYNERGISTICALLY INDUCED CXCL10 PRODUCTION AND

ICAM-1 EXPRESSION BY IL-1b-STIMULATED HGFs

It is known that IL-1b is one of the pathogenic cytokine in

periodontally diseased tissues [Graves and Cochran, 2003]. There-

fore, we examined the effects of IL-1b in combination with OSM on

CXCL10 and ICAM-1 expression on HGFs. OSM synergistically

enhanced CXCL10 and ICAM-1 expression induced by IL-1b

treatment by HGFs (Fig. 2).

THE EFFECT OF OSM ON IL-1R1 EXPRESSION BY HGFs

We hypothesized OSM might enhance IL-1b receptor expression

because OSM enhance Th1 chemokine production and ICAM-1
JOURNAL OF CELLULAR BIOCHEMISTRY ONCOSTAT
expression induced by IL-1b treatment. As shown Figure 3, OSM

treatment enhanced IL-1R1 expression by HGFs in a concentration-

dependent manner.

THE EFFECT OF IL-1b ON OSMRb EXPRESSION BY HGFs

We also hypothesized IL-1b might enhance OSM receptor

expression. Therefore, we examined the effect of IL-1b on OSMRb

expression by HGFs. As shown Figure 4A,B, IL-1b slightly enhanced

OSMRb expression on HGFs.

IL-1b IN COMBINATION WITH OSM SYNERGISTICALLY ENHANCED

OSMRb EXPRESSION

We next examined whether IL-1b in combination with OSM regulate

OSMRb expression, because both cytokines certainly exist in this

situation. Figure 4C shows that IL-1b synergistically enhanced

OSMRb expression induced by OSM treatment.
IN M INDUCES CXCL10 AND ICAM-1 BY HUMAN GINGIVAL FIBROBLASTS 43



Fig. 3. OSM enhanced IL-1R1 expression on HGFs. A: HGFs were treated with

OSM (10 ng/ml) and the cells were collected after 24 h. The expression level of

IL-1R1 on the surface of HGFs was measured using flow cytometry. Light gray

line represents isotype-control antibody. Dark gray line represents IL-1R1

expression on non-stimulated HGFs. Black line represents IL-1R1 expression on

OSM (10 ng/ml)-stimulated HGFs. B: HGFs were treated with OSM (1, 10, or

100 ng/ml) and, the cells were collected after 24 h. The expression levels of IL-

1R1 on the surface of HGFs were measured using flow cytometry. The data are

representative of three different HGFs samples from three different donors. The

results were calculated as mean and SD of one representative experiment

performed in triplicate. Error bars show the SD of the values. ��P< 0.01

significantly different from the medium.

Fig. 4. IL-1b enhanced OSMRb expression on HGFs. A: HGFs were treated

with IL-1b (10 ng/ml) and the cells were collected after 24 h. The expression

level of OSMRb on the surface of HGFs was measured using flow cytometry.

Light gray line represents isotype-control antibody. Dark gray line represents

OSMRb expression on non-stimulated HGFs. Black line represents OSMRb

expression on IL-1b (10 ng/ml)-stimulated HGFs. B: HGFs were treated with

IL-1b (1, 10, or 100 ng/ml) and, the cells were collected after 24 h. The

expression levels of OSMRb on the surface of HGFs were measured using flow

cytometry. The data are representative of three different HGFs samples from

three different donors. The results were calculated as mean and SD of one

representative experiment performed in triplicate. Error bars show the SD of

the values. �P< 0.05 significantly different from the medium. C: HGFs were

treated with IL-1b (10 ng/ml) with or without OSM (1 ng/ml) and, the cells

were collected after 24 h. The expression levels of OSMRb on the surface of

HGFs were measured using flow cytometry. The data are representative of three

different HGFs samples from three different donors. The results were calculated

as mean and SD of one representative experiment performed in triplicate. Error

bars show the SD of the values. �P< 0.05, ��P< 0.01 significantly different

from the medium.
EFFECTS OF OSM AND IL-1b TREATMENT ON NF-kB ACTIVATION

IN HGFs

We next examined effects of OSM and IL-1b treatment on NF-kB

activation in HGFs because NF-kB pathway is involved in

chemokine or adherent molecules expression in various cells.

OSM in combination with IL-1b enhanced IkB-a phospholyration

and degradation in HGFs compared to OSM or IL-1b stimulation

(Fig. 5).

EFFECTS OF OSM AND IL-1b TREATMENT ON STAT3

ACTIVATION IN HGFs

We next examined STAT3 activation in OSM and/or IL-1b

stimulated HGFs because OSM is the activator of STAT3 pathway.

OSM stimulation induced phosphorylation of both tyrosine and

serine STAT3 phosphorylation in HGFs. On the other hand, IL-1b

stimulation did not modulate STAT3 activation. However, IL-1b

treatment enhanced serine STAT3 phosphorylation in OSM-treated

HGFs (Fig. 6).
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EFFECTS OF OSM AND IL-1b TREATMENT ON MAPKs AND

Akt ACTIVATION IN HGFs

We next examined effects of OSM and IL-1b treatment on MAPKs

and Akt activation in HGFs. OSM in combination with IL-1b did not
LASTS JOURNAL OF CELLULAR BIOCHEMISTRY



Fig. 5. Effects of OSM and IL-1b on phosphorylation and degradation of

IkB-a in HGFs. The cultured cells were stimulated with 10 ng/ml OSM and/or

10 ng/ml IL-1b for 15, 30, or 60 min. The cell extracts were subjected to SDS-

PAGE followed by Western blotting analysis with antibodies against phospho-

specific IkB-a, IkB-a, or actin. Bar graphs of phospho-IkB-a or total-IkB-a

expressions were normalized to actin.

Fig. 6. Effects of OSM and IL-1b on phosphorylation of STAT3 in HGFs. The

cultured cells were stimulated with 10 ng/ml OSM and/or 10 ng/ml IL-1b for

15, 30, or 60 min. The cell extracts were subjected to SDS-PAGE followed by

Western blotting analysis with antibodies against tyrosine phospho-specific

STAT3, serine phospho-specific STAT3, or STAT3. Bar graphs of phospho-

STAT3 expressions were normalized to total-STAT3.
modulate p38 MAPK and ERK activation in OSM or IL-1b-treated

HGFs. On the other hand, OSM and IL-1b stimulation enhanced JNK

and Akt phosphorylation in HGFs compared to HGFs treated with

OSM or IL-1b stimulation (Fig. 7).

EFFECTS OF SIGNAL INHIBITORS ON CXCL10 OR ICAM-1

EXPRESSION IN OSM AND IL-1b-STIMULATED HGFs

Finally, we examined which signal pathway is involved in CXCL10

or ICAM-1 expression in OSM and IL-1b stimulated HGFs. CXCL10

production from OSM and IL-1b treated HGFs were inhibited by

SB203580 (a p38 MAPK inhibitor), SP600125 (a JNK inhibitor),

LY294002 (a PI3K inhibitor), SC514 (a NF-kB inhibitor), and AG490

(a STAT3 inhibitor). PD98059 (a MEK inhibitor) did not modulate

CXCL10 production (Fig. 8). On the other hand, ICAM-1 expression
JOURNAL OF CELLULAR BIOCHEMISTRY ONCOSTAT
on OSM and IL-1b-treated HGFs were suppressed by only NF-kB

and STAT3 inhibitors.

DISCUSSION

In this study, we demonstrated that OSM can induce CXCL10 from

HGFs. It has been reported that CXCL10 is related to the migration

of Th1 cells, because Th1 cells preferentially express CXCR3

[Annunziato et al., 1998]. Moreover, Kawai et al. [2000] reported

that Th1 cells are involved in bone resorption in periodontally

diseased tissues. Therefore, OSM might be related to periodontal

tissue destruction to induce CXCL10 production by HGFs. Moreover,

we revealed OSM could enhance ICAM-1 expression on HGFs.

Fearon et al. [2006] demonstrated that OSM induced ICAM-1

expression on endothelial cells. Their reports agree with our

results. It has been reported that ICAM-1 antibody altered the
IN M INDUCES CXCL10 AND ICAM-1 BY HUMAN GINGIVAL FIBROBLASTS 45



Fig. 7. Effects of OSM and IL-1b on p38 MAPK, ERK, JNK, and Akt phos-

phorylation in HGFs. The cultured cells were stimulated with 10 ng/ml OSM

and/or 10 ng/ml IL-1b for 15, 30, or 60 min. The cell extracts were subjected to

SDS-PAGE followed by Western blotting analysis with antibodies against

phospho-specific p38 MAPK, p38 MAPK, phospho-specific ERK, ERK, phos-

pho-specific JNK, JNK, phospho-specific Akt, and Akt. Bar graphs of phospho-

p38 MAPK, phosphor-ERK, phosphor-JNK, or phosphor-Akt expressions

were normalized to total-p38 MAPK, total-ERK, total-JNK, or total-Akt,

respectively.

Fig. 8. Effects of signal transduction inhibitors on the OSM and IL-1b-

stimulated CXCL10 and ICAM-1 expression by HGFs. A: Cells were pre-

incubated with SB203580 (20mM), PD98059 (20mM), SP600125 (20mM),

LY294002 (20mM), SC514 (20mM), or AG490 (20mM) for 1 h and then

incubated with OSM (10 ng/ml) and IL-1b (10 ng/ml). After 24 h incubation,

the supernatants were collected, and CXCL10 expression was measured by

ELISA. Data are representative of HGFs from three different donors. The results

were calculated as the mean and SD of one representative experiment

performed in triplicate. The error bars show the SD of the values. �P< 0.05

significantly different from the OSM and IL-1 b-stimulated HGFs without

inhibitors. B: Cells were pre-incubated with SB203580 (20mM), PD98059

(20mM), SP600125 (20mM), LY294002 (20mM), SC514 (20mM), or AG490

(20mM) for 1 h and then incubated with OSM (10 ng/ml) and IL-1b (10 ng/

ml). After 24 h incubation, cells were collected after 24 h. The expression levels

of ICAM-1 on the surface of HGFs were measured using flow cytometry. The

data are representative of three different HGFs samples from three different

donors. The results were calculated as mean and SD of one representative

experiment performed in triplicate. Error bars show the SD of the

values. �P< 0.05, ��P< 0.01 significantly different from the OSM and

IL-1b-stimulated HGFs.
recruitment of activated Th1-like cells into the synovium of arthritis

[Schulze-Koops et al., 1995]. Therefore, ICAM-1 induced by OSM

might be related to Th1 cells infiltration in periodontally diseased

tissues.

In this report, we demonstrated that OSM synergistically

enhanced IL-1b-induced CXCL10 production and ICAM-1 expres-

sion by HGFs. Some researchers reported that the synergistic effects

between OSM and IL-1b [Repovic et al., 2003; Faffe et al., 2005].

Faffe et al. [2005] reported that OSM enhanced VEGF production by

IL-1b-stimulated human airway smooth muscle cells. Repovic et al.

[2003] demonstrated that OSM striking synergy prostagrandin E2

production by astrocytes in combination with IL-1b. Our reports

agree with theirs. Moreover, Faffe et al. [2005] also reported that

OSM enhanced IL-1R1 expression by human airway smooth muscle
46 ONCOSTATIN M INDUCES CXCL10 AND ICAM-1 BY HUMAN GINGIVAL FIBROB
cells. They explained the phenomenon might be related to

synergistic effects between OSM and IL-1b. We also demonstrated

that OSM could up-regulate IL-1R1 expression by HGFs. This

result is similar with Faffe’s report. Moreover, we showed IL-1b

enhanced OSMRb expression by HGFs. To our knowledge, this is
LASTS JOURNAL OF CELLULAR BIOCHEMISTRY



the first report that the effects of IL-1b on OSMRb expression. This

fact might be related to the synergy between OSM and IL-1b by

HGFs.

In this study, we show OSM and IL-1b enhanced phosphorylation

and degradation of IkB-a in HGFs compared to single stimulation of

OSM or IL-1b. Kasza et al. [2002] previously reported that OSM and

IL-1b strongly activated NF-kB in human astrocytes though the

level of NF-kB activation was same as the single stimulation of IL-

1b. Therefore, the synergistic effects of OSM and IL-1b on NF-kB

activation might be seen in limited types of cells.

As shown previously, OSM can induce the activation of STAT3 in

some types of cells [Boulton et al., 1995; Matthews et al., 2005]. In

this report, we revealed OSM activated STAT3 in HGFs, though

single stimulation of IL-1b could not activate STAT3. Moreover, we

revealed STAT3 inhibitor reduced CXCL10 production and ICAM-1

expression by IL-1bþOSM-stimulated HGFs, though did not

modulate CXCL10 production and ICAM-1 expression by IL-1b-

stimulated HGFs. Wung et al. [2005] reported that the inhibition of

STAT3 phosphorylation reduced ICAM-1 expression by IL-6-

stimulated endothelial cells. Our results agree with theirs. There is

no report on the role of STAT3 on CXCL10 production. However,

McLoughlin et al. [2005] reported IL-6 selectively governs T cell

infiltration by regulating CXCL10 secretion and CXCR3 expression

on the CD3þ infiltrate through analysis of mononuclear cell

infiltration in WT and IL-6-deficient mice during peritoneal

inflammation, and they explained STAT3 might be related to this

fact because T cell migration was related to STAT3 activity, because

monoallelic deletion of Stat3 in gp130Y757F/Y757F mice (gp130Y757F/

Y757F:Stat3þ/�) corrected the exaggerated responses observed in

gp130Y757F/Y757F mice that is presenting hyperactivation of STAT3.

Our in vitro results might testify their in vivo results.

In this report, we show that OSMþ IL-1b stimulation enhanced

JNK and Akt phosphorylation in HGFs compared with the OSM or

IL-1b stimulation. It has been reported OSM or IL-1b stimulation

can induce the phosphorylation of JNK [O’Neill and Greene, 1998;

Chattopadhyay et al., 2007]. However, no one examined effects of

OSMþ IL-1b stimulation on the activation of JNK. Therefore, this is

the first report that OSMþ IL-1b stimulation strongly enhanced

phosphorylation of JNK. It has been reported that Akt is involved in

collagenase expression in OSMþ IL-1b-stimulated cells [Litherland

et al., 2008]. However, they did not examine the phosphorylation of

Akt. We showed that Akt is related to CXCL10 production in

OSMþ IL-1b-stimulated HGFs in this report.

In summary, the current study demonstrates that OSM causes

CXCL10 release and ICAM-1 expression by cultured HGFs. OSM also

synergizes with IL-1b to increase CXCL10 and ICAM-1, at least in

part, as a result of OSM-induced increases of IL-1R1 on HGFs. We

speculate that IL-1b-induced increases in OSMRb expression may

also contribute. Moreover, our data suggest that these effects of OSM

are related to the activation of NF-kB, STAT3, JNK, and Akt. The

observation that OSM has the capacity to drive and amplify

production of Th1 chemokines and ICAM-1 by HGFs, related to Th1

cells migration into periodontally diseased tissues, indicates that

OSM could contribute to the destruction of periodontal tissues in

periodontal disease, and OSM might be a target for periodontal

disease treatment.
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