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Abstract

 

The expression of intercellular adhesion molecule-1 (ICAM-1) and vascular
adhesion molecule-1 (VCAM-1) on human gingival fibroblasts (HGF) may be
important for migration and retention of inflammatory cells in periodontally
diseased tissue. This study aimed to assess which cytokines regulate ICAM-1
and VCAM-1 expression on HGF. Tumour necrosis factor (TNF)-

  

αααα

 

 and inter-
feron (IFN)-

  

γγγγ

 

 enhanced both ICAM-1 and VCAM-1 expression on HGF. Inter-
leukin (IL)-1

  

ββββ

 

 mainly up-regulated ICAM-1 expression. On the other hand,
IL-4 and IL-13 enhanced only VCAM-1 expression on HGF. IL-10 did not
modulate both ICAM-1 and VCAM-1 expression. Transforming growth factor
(TGF)-

  

ββββ

 

1 enhanced ICAM-1 expression. However, TGF-

  

ββββ

 

1 inhibited the
VCAM-1 expression induced by TNF-

  

αααα

 

 or IL-4. Both ICAM-1 and VCAM-1
expression by HGF was inhibited by nuclear factor-kappaB (NF-

  

κκκκ

 

B) activa-
tion inhibitor (MG-132). Mitogen-activated protein kinases (MAPK) inhibi-
tors did not influence ICAM-1 expression induced by TNF-

  

αααα

 

. Interestingly,
VCAM-1 expression was enhanced by MEK inhibitor (PD98059) and c-Jun
NH2-terminal kinase (JNK) inhibitor (SP600125). These results mean that
the balance of cytokines in periodontally diseased tissue may be essential for
control of ICAM-1 and VCAM-1 expression on HGF, and the balance of
ICAM-1 and VCAM-1 expression might be important for regulation of leu-
cocytes infiltration and retention in periodontally diseased tissue.
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Introduction

 

Periodontal disease is characterized as chronic inflammation
associated with Gram-negative bacteria in the oral cavity
[1,2], resulting in soft tissue destruction and periodontal
bone resorption. Host immune response to these bacteria
has been suggested to be associated with alteration or even
progression of disease; and inflammatory cells in periodon-
tally diseased tissue are related to disease progression [3].
The recruitment and retention of these cells are mediated by
a family of cell surface receptors known as the cell adhesion
molecules [4]. Adhesion molecules are now believed to play
a crucial role in the pathogenesis of inflammatory disease
such as arthritis due to their up-regulation in response to
certain pro-inflammatory cytokines and their ability to act as
costimulatory receptors in the activation of inflammatory
cells [5].

ICAM-1 and VCAM-1 belong to the Ig superfamily [6].
ICAM-1 is widely distributed on leucocytes, endothelial cells,

fibroblasts and epithelial cells [7]. VCAM-1 is expressed on
monocytes, endothelial cells and synovial cells [8]. In immu-
nological and inflammatory reactions ICAM-1 and VCAM-1
are surface glycoproteins that promote adhesion and subse-
quent recruitment of leucocytes. Adhesion molecules have
been implicated in the pathogenesis of rheumatoid arthritis
[6]. The levels of circulating ICAM-1 and VCAM-1 in plasma
and synovial fluid both were significantly increased in rheu-
matoid arthritis patients compared to normal controls [9].

It has been reported that ICAM-1 [10] and VCAM-1 [11]
expressed in periodontally diseased tissue. It is known that
both ICAM-1 and VCAM-1 mRNA express by nonstimu-
lated HGF [12], ICAM-1 is induced by proinflammatory
cytokines (IL-1

 

β

 

, TNF-

 

α

 

, IFN-

 

γ

 

 and IL-2) [13] and 

 

Escher-
ichia coli

 

 LPS [12], and VCAM-1 is induced by IL-1

 

β

 

 [14].
These results indicate that ICAM-1 and VCAM-1 on HGF
may be related to progression of periodontitis.

There are at least three distinct and parallel MAPK
pathways that have been characterized, which include
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extracellular signal-regulated kinases (ERK) [15], p38
MAPK [16] and JNK [17]. Activation of MAPKs exerts dis-
tinct cellular responses mediated by phosphorylation of spe-
cific target proteins [18]. Although cytokines such as IL-1

 

β

 

and TNF-

 

α

 

 are reported to activate all of these MAPKs
[19,20], the relationship between the activation of these
pathways and expression of adhesion molecules or other
genes has been controversial. In addition, it is interest that
many of the genes regulated by MAPKs are dependent on
NF-

 

κ

 

B for transcription. NF-

 

κ

 

B has also been shown to be
involved in the expression of adhesion molecules at the tran-
scriptional level in various cell types [21,22]. However, it is
uncertain which MAPK pathway is involved in adhesion
molecule expression.

It is reported that various cytokines including Th1 type
cytokines, Th2 type cytokines, proinflammatory cytokines
and growth factors exist in periodontal diseased tissue [23–
25]. These cytokines may complexly regulate ICAM-1 and
VCAM-1 expression on HGF in periodontal disease. There-
fore, we investigated that the effects of proinflammatory
cytokines (IL-1

 

β

 

 and TNF-

 

α

 

), Th1 type cytokine (IFN-

 

γ

 

),
Th2 type cytokines (IL-4, IL-10 and IL-13) and growth fac-
tor (TGF-

 

β

 

1) on the expression of ICAM-1 and VCAM-1 on
HGF 

 

in vitro

 

. Moreover, we investigated the roles of ERK,
p38 MAPK, JNK and NF-

 

κ

 

B in cytokine-induced ICAM-1
and VCAM-1 expression by HGF.

 

Materials and methods

 

Reagents

 

Recombinant human IL-1

 

β

 

, TNF-

 

α

 

, IFN-

 

γ

 

, IL-4, IL-10, IL-
13 and TGF-

 

β

 

1 were purchased from Peprotech (Rocky Hill,
NJ, USA). Dulbecco’s Modified Eagle’s Medium (DMEM),
penicillin-streptomycin and Trypsin-EDTA were obtained
from Gibco (Grand Island, NY, USA). Fetal bovine serum
(FBS) was purchased from JRH Bioscience (Lenexa, KA,
USA). Bovine serum albumin (BSA), mouse anti-human
ICAM-1 antibody (clone: 8·4A6) and SP600125 were pur-
chased from Sigma (St. Louis, MO, USA). Mouse anti-
human VCAM-1 antibody (clone: 1.G11B1) was obtained
from Cymbus Biotechnology (Hants, UK). FITC-conjugated
rabbit anti-mouse F (ab’) 

 

2

 

 fragment were purchased from
DAKO (Kyoto, Japan). SB203580 was obtained from San-
tacruz (Santa Cruz, CA, USA). PD98059 and MG-132 were
purchased from Calbiochem (La Jolla, CA, USA). RNeasy
total RNA isolation Kit and Hot star 

 

Taq

 

 DNA polymerase
were obtained from Qiagen (Hilden, Germany). Primer
oligo(dT)

 

12

 

−

 

18

 

 and superscriptII reverse transcriptase were
purchased from Invitrogen (Carlsbad, CA, USA).

 

Collection of samples

 

All subjects were submitted to clinical, periodontal and
radiographic examination. Prior to the beginning of the

study, all subjects received supragingival prophylaxis to
remove gross calculus and allow probing access. All teeth
were scored for probing depth and clinical attachment level,
at six sites per tooth. The patients were categorized accord-
ing to the classification of the American Academy of Period-
ontology into healthy control or chronic periodontitis. The
patients were systemically healthy with no evidence of
known systemic modifiers of periodontal disease (type 1 and
2 diabetes mellitus, osteoporosis, and medications known to
influence periodontal tissues). Exclusion criteria included
those patients who had taken systemic antibiotic, anti-
inflammatory, hormonal or other assisted drug therapy in
the last 6 months prior to the study, or who had received
previous periodontal therapy in the last 2 years. Smokers
were not specifically excluded. Chronic periodontitis
patients had moderate to advanced periodontal disease (at
least one tooth per sextant with probing depth 

 

>

 

 4 mm,
attachment loss 

 

>

 

 3 mm, extensive radiographic bone loss
and sulcular bleeding on probing). In this experiment,
healthy gingival tissues from 3 healthy control subjects (1
male and 2 females, aged 26–40 years old) were used to pre-
pare HGF. Informed consent was obtained from all subjects
participating in this study. The study was performed with
the approval and compliance of the Tokushima University
Ethical Committee.

 

Cells and culture condition

 

HGF were prepared from the explants of normal gingival
from patients with informed consent. Explants were cut into
pieces and cultured in 100-mm diameter tissue culture
dishes in DMEM supplemented with 10% FBS, penicillin
50 IU/ml and streptomycin 50 

 

µ

 

g/ml with a medium change
every 3 days for 10–15 days until confluent cell monolayers
were formed. The cells were detached with 0·25% trypsin-
EDTA, washed with PBS and subcultured in plastic flasks.
After three to four subcultures by trypsinization, homoge-
neous, slim spindle-shaped cells grown in characteristic
swirls were obtained. The cells were used as confluent
monolayers at subculture levels 5 to 15. HGF were stimu-
lated with IL-1

 

β

 

 (0·1–100 ng/ml), TNF-

 

α

 

 (0·1–100 ng/ml),
IFN-

 

γ

 

 (0·1–100 ng/ml), IL-4 (0·1–100 ng/ml), IL-13 (0·1–
100 ng/ml) or TGF-

 

β

 

1 (0·1–100 ng/ml) for 24 h. HGF were
cultured for 1 h in the presence or in the absence of
SB203580 (0·2–20 

 

µ

 

M), PD98059 (0·2–20 

 

µ

 

M), SP600125
(0·2–20 

 

µ

 

M), MG-132 (0·5–50 

 

µ

 

M), prior to incubation
with the various stimuli.

 

RNA extraction and reverse transcriptional-PCR 
(RT-PCR) analysis

 

Total RNA was prepared from HGF using RNeasy total RNA
isolation Kit. Single-strand cDNA for a PCR template was
synthesized from 48 ng of total RNA using primer
oligo(dT)

 

12

 

−

 

18

 

 and the superscriptII reverse transcriptase
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under the condition indicated by the manufacture. Specific
primers were designed from cDNA sequence for ICAM-1,
VCAM-1 and glyceraldehydes-3-phosphate dehydrogenase
(GAPDH). Each cDNA was amplified by PCR using Hot star

 

Taq

 

 DNA polymerase. The sequences of the primers were as
follows: ICAM-1-F (5

 

′

 

-CGT GCC GCA CTG AAC TGG AC-
3

 

′

 

), ICAM-1-R (5

 

′

 

-CCT CAC ACT TCA CTG TCA CCT-3

 

′

 

),
VCAM-1-F (5

 

′

 

-ATT GGG AAA AAC AGA AAA GAG-3

 

′

 

),
VCAM-1-R (5

 

′

 

-GGC AAC ATT GAC ATA AAG T-3

 

′

 

),
GAPDH-F (5

 

′

 

-TGA AGG TCG GAG TCA ACG GAT TTG
GT-3

 

′

 

), and GAPDH-R (5

 

′

 

-CAT GTG GGC CAT GAG GTC
CAC CAC-3

 

′

 

). The conditions for PCR were 1

 

×

 

 (95

 

°

 

C,
15min), 35

 

×

 

 (94

 

°

 

C, 40 s; 55

 

°

 

C, 40 s; 72

 

°

 

C, 1min) and 1

 

×

 

(72

 

°

 

C, 10min). The products were analysed on a 2·0% aga-
rose gel containing ethidium bromide.

 

Flow cytometric analyses

 

Following the required time in culture, cells were washed
twice with ice-cold PBS. HGF were harvested by incubation
with PBS-4 mmol/l EDTA. Most of cells rounded up follow-
ing this treatment and could be removed by gentle agitation.
Any cells that failed to detach were removed with gentle
scraping. Cells were washed twice with ice-cold PBS and
incubated (20 min on ice) in PBS-1%BSA. Cells were incu-
bated with mouse anti-human ICAM-1 antibody, mouse
anti-human VCAM-1 antibody or isotype control antibody
on ice for 30 min. After washing three times with PBS-1%
BSA, the cells were incubated with the FITC-conjugated rab-
bit anti-mouse F (ab’) 

 

2

 

 fragments for 30 min on ice. After
three times wash with PBS-1% BSA, cells were immediately
analysed by flow cytometry (Epics XL-MCL; Coulter,
Hialeah, FL, USA). Cells were gated using forward 

 

versus

 

 side
scatter to remove any dead cells and cellular debris and thus
give a uniform population of HGF. For each sample
10000 cells were analysed. Results were expressed as the cor-
rected mean fluorescence intensity (MFI) or percentage of
positive cells by using nonspecific fluorescence of isotype
control.

 

Statistical analysis

 

Statistical significance was analysed by Student’s 

 

t

 

-test. 

 

P

 

-
values 

 

<

 

0·05 were considered significant. We show represen-
tative data of experiments using HGF from three different
donors.

 

Results

 

Cytokines differently induced ICAM-1 and VCAM-1 
mRNA by HGF

 

At first, we carried out immunohistochemical staining to
investigate the expression of ICAM-1 and VCAM-1 in peri-
odontally diseased tissue. Both ICAM-1 positive cells and

VCAM-1 positive cells were present in the same area of peri-
odontally diseased tissue. Morphologically, HGF and endot-
helial cells mainly expressed ICAM-1 and VCAM-1 (data not
shown). We examined ICAM-1 and VCAM-1 expression in
normal gingival tissues. We detected both ICAM-1 and
VCAM-1 expression in normal gingival tissues. However, the
expression was weak compared with periodontally diseased
tissue (data not shown). Next, we examined ICAM-1 and
VCAM-1 mRNA expression by HGF. As shown Fig. 1a, IL-
1

 

β

 

, TNF-

 

α

 

 and IFN-

 

γ

 

 induced ICAM-1 mRNA by HGF in a
dosed dependent fashion. However, IL-4 and IL-13 did not
induce ICAM-1 mRNA expression in HGF. On the other
hand, VCAM-1 mRNA was enhanced by IL-1

 

β

 

, TNF-

 

α

 

, IFN-

 

γ

 

, IL-4 and IL-13 stimulation by HGF.

 

Expression of ICAM-1 and VCAM-1 on HGF

 

Next, we examined the effects of cytokines on ICAM-1 and
VCAM-1 protein expression by HGF. Figure 1b shows that
nonstimulated HGF expressed ICAM-1 constitutively, and
that ICAM-1 expression was enhanced by IL-1

 

β

 

, TNF-

 

α

 

and IFN-

 

γ

 

 in a dose dependent manner (Fig. 1b). However,
IL-4, IL-13 and IL-10 did not modulate ICAM-1 expression
by HGF. On the other hand, VCAM-1 expression was
increased by not only IL-1

 

β

 

, TNF-

 

α

 

 and IFN-

 

γ

 

 but also IL-4
and IL-13 in a dose dependent fashion (Fig. 1b). 

 

Escherichia
coli

 

 LPS, 

 

Porphyromonas gingivalis

 

 LPS and 

 

Staphylococcus
aureus

 

 peptidoglycan induced both ICAM-1 and VCAM-1
expression on HGF in a dose dependent manner (data not
shown).

 

IL-4 and IL-13 synergistically augments TNF-

  

αααα

 

 induced 
VCAM-1 expression by HGF

 

Figure 1 explained IL-4 and IL-13 enhanced VCAM-1
expression by HGF. Next, we examined the effects of IL-4
and IL-13 stimulation on proinflammatory cytokines-
induced VCAM-1 expression. Figure 2 shows that IL-4 and
IL-13 had a little effect on VCAM-1 expression induced by
IL-1

 

β

 

 and IFN-

 

γ

 

. Meanwhile, IL-4 and IL-13 showed a syn-
ergistic effect on the TNF-

 

α

 

-induced VCAM-1 expression on
HGF in a concentration-dependent manner (Fig. 2).

 

Effect of TGF-

  

ββββ

 

1 on ICAM-1 and VCAM-1 expression 
by HGF

 

Figure 3a shows that TGF-

 

β

 

1 enhanced ICAM-1 expression
in a dose-dependent manner. VCAM-1 expression was
slightly inhibited by TGF-

 

β

 

1 (1 ng/ml) treatment. We inves-
tigated the influence of TGF-

 

β

 

1 on ICAM-1 and VCAM-1
expression induced by cytokines. TGF-β1 enhanced ICAM-1
expression induced by IL-1β or TNF-α on HGF in a concen-
tration-dependent manner. On the other hand, TGF-β1
inhibited VCAM-1 expression induced by TNF-α or IL-4 in
a dose-dependent fashion (Fig. 3b).
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NF-κκκκB inhibitor suppressed ICAM-1 and VCAM-1 
expression by HGF

To determine whether NF-κB is required for ICAM-1 and
VCAM-1 expression by HGF, the effect of NF-κB activation
inhibitor (MG-132) on ICAM-1 and VCAM-1 expression by
HGF was examined. MG-132 inhibited both TNF-α induced
ICAM-1 expression and VCAM-1 expression by HGF in a
dose-dependent fashion. 50 µM of MG-132 completely sup-
pressed both ICAM-1 and VCAM-1 expression on HGF
(Fig. 4).

Effects of MAPK inhibitors on ICAM-1 and VCAM-1 
expression by HGF

To investigate whether MAPKs are necessary for ICAM-1
and VCAM-1 expression by HGF, we used p38 MAPK inhib-
itor (SB203580), MEK inhibitor (PD98059) and JNK inhib-
itor (SP600125). MAPK inhibitors used in this study did not
effect on ICAM-1 expression induced by TNF-α (1 ng/ml)
(Fig. 5a). Meanwhile, TNF-α-induced VCAM-1 expression
was enhanced by MEK inhibitor and JNK inhibitor in a
concentration-dependent fashion. P38 MAPK inhibitor did

Fig. 1. Induction of ICAM-1 and VCAM-1 by cytokines. (a)HGF were treated without or with IL-1β (0·1–100 ng/ml), TNF-α (0·1–100 ng/ml), IFN-

γ (0·1–100 ng/ml), IL-4 (0·1–100 ng/ml) and IL-13 (0·1–100 ng/ml) for 4 h. Total RNA was isolated, and RT-PCR analysis was carried out for ICAM-

1, VCAM-1 and GAPDH. Similar results were obtained in three repeated experiments. (b) Cells were stimulated with IL-1β (0·1–100 ng/ml), TNF-α 

(0·1–100 ng/ml), IFN-γ (0·1–100 ng/ml), IL-4 (0·1–100 ng/ml), IL-13 (0·1–100 ng/ml) and IL-10 (0·1–100 ng/ml) for 24 h. Cell surface ICAM-1 and 

VCAM-1 expression was analysed by flow cytometry. These results expressed mean fluorescence intensity (ICAM-1) or percentage of positively stained 

cells (VCAM-1). Data are presented as the mean ± SD of three experiments.
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not  have  an  effect  on  VCAM-1  expression  induced  by
TNF-α (Fig. 5b).

Discussion

Up-regulation of adhesion molecules on the surface of HGF
may play a key role in infiltration and retention of inflam-
matory cells at sites of periodontally diseased tissue. Proin-
flammatory cytokines (IL-1β and TNF-α) are also related to
the progression of periodontal disease [26]. In this experi-
ments, IL-1β mainly induced ICAM-1 on HGF and TNF-α
induced both ICAM-1 and VCAM-1 on HGF. TNF-α
induced much more ICAM-1 expression on HGF compared
to IL-1β. It is reported that IL-1β and TNF-α could induce

both ICAM-1 and VCAM-1 on lung fibroblasts and IL-1β
much more induce ICAM-1 expression compared to TNF-α
[27]. The pattern of ICAM-1 and VCAM-1 expression
induced by IL-1β or TNF-α will be dependent on the source
of fibroblasts.

Fig. 2. IL-4 and IL-13 synergizes with TNF-α for VCAM-1. Cells were 

stimulated with IL-1 β (1 ng/ml), TNF-α (1 ng/ml), IFN-γ (1 ng/ml) or 

E.coli LPS (1 µg/ml) and 0, 0·1, 1 or 10 ng/ml of (a) IL-4 or (b) IL-13 

for 24 h. Cell surface VCAM-1 expression was analysed by flow cytom-

etry. These results express percentage of positively stained cells. Data are 

presented as the mean ± SD of three experiments. *P < 0·05 (compared 

with medium-only control).
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Data are presented as the mean ± SD of three independent experiments. 
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IFN-γ induced both ICAM-1 and VCAM-1 expression on
HGF. On the other hand, IL-4 and IL-13 induced only
VCAM-1 expression. Recently, it has been described that
ICAM-1 and VCAM-1 are involved in Th1/Th2 response. It
is described that in vitro differentiated Th2 cells but not Th1
cells were capable of sustaining high–affinity adhesive inter-
action with VCAM-1 [28]. Moreover, it is reported that
ICAM-1 and lymphocyte function associated antigen (LFA)-
1 (the ligand of ICAM-1) ligation favours human Th1 devel-
opment [29]. These reports mean that ICAM-1 may be
related with Th1-type cells infiltration and VCAM-1 may be
involved in Th2-type cells migration. In our experiments,
Th2 type cytokines (IL-4 and IL-13) induced only VCAM-1
expression on HGF. These results mean that ICAM-1 and
VCAM-1 on HGF may be involved in Th1/Th2 balance in
periodontal diseased tissue.

Fig. 4. Effects of NF-κB inhibitor on TNF-α stimulated ICAM-1 and 

VCAM-1 expression by HGF. Cells were preincubaled with MG-132 

(0·5–50 µM) for 1 h and then incubated with TNF-α (1 ng/ml). After a 

24 h incubation, ICAM-1 and VCAM-1 expression was analysed by flow 

cytometry. These results expressed mean fluorescence intensity (ICAM-

1) or percentage of positively stained cells (VCAM-1). Data are pre-

sented as the mean ± SD of three independent experiments. **P < 0·01 

(between two groups).
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Fig. 5. Effects of MAPKs inhibitors on TNF-α stimulated ICAM-1 and 

VCAM-1 expression by HGF. Cells were preincubated with SB203580 

(0·2–20 µM), PD98052 (0·2–20 µM) or SP600125 (0·2–20 µM) for 1 h 

and then incubated with TNF-α (1 ng/ml). After a 24 h incubation, (a) 

ICAM-1 and (b) VCAM-1 expression was analysed by flow cytometry. 

These results expressed mean fluorescence intensity (ICAM-1) or per-
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mean ± SD of three independent experiments. *P < 0·05 (compared 
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We revealed that a synergistic increase of VCAM-1 expres-
sion on HGF treated with TNF-α in combination with IL-4
or IL-13. It is reported synergic effects of VCAM-1 expres-
sion on synoviocytes was obtained by combining either IL-4
or IL-13 with TNF-α, which results in a high elevated but
also sustained expression of VCAM-1 [30]. These results
mean that the existence of both TNF-α and IL-4 or IL-13
may be related to the exacerbation of not only arthritis but
also periodontal disease.

It is known that IL-10 is an immunosuppressive cytokine.
It is described that IL-10 inhibits P. gingivalis LPS-stimulated
HGF production of IL-6 [31]. However, IL-10 did not
change ICAM-1 and VCAM-1 expression on nonstimulated
HGF and did not inhibit ICAM-1 and VCAM-1 expression
induced by TNF-α (data not shown). It has been reported
that IL-10 inhibit ICAM-1 expression on human langerhans
cells but not dermal keratinocytes or fibroblasts [32]. Our
results about ICAM-1 agree with theirs. It was shown for the
first time on human fibroblasts that VCAM-1 expression was
not modified by IL-10. The anti-inflammatory role of IL-10
on HGF may be inhibition of proinflammatory cytokines
such as IL-6, and IL-10 does not have a role of modification
of adhesion molecules expression on HGF.

TGF-β1 induced ICAM-1 expression and down-regulated
VCAM-1 expression on HGF. It  has been reported that
TGF-β1 did not influence ICAM-1 expression, but down-
regulated VCAM-1 expression on lung fibroblasts [27]. The
influence of TGF-β1 may be dependent on source of
fibroblasts. TGF-β1 is known to act primarily on fibroblasts.
The changes of adhesion molecules expression might be an
effect of a changing phenotype of fibroblasts after TGF-β1
stimulation.

ICAM-1 expression on HGF induced by TNF-α was
inhibited by MG-132. On the other hand, MAPK inhibitors
did not influence ICAM-1 expression by HGF. It is reported
that TNF-α has been shown to induce ICAM-1 expression
mediated through activation of NF-κB, but not p38 MAPK,
ERK and JNK in A549 epithelial cells [33]. Our results agree
with theirs.

NF-κB activation is required for TNF-α induced VCAM-
1 expression by HGF. However, activation of p38 MAPK is
not involved in VCAM-1 expression induced by TNF-α.
Moreover, activation of ERK and JNK is related to inhibition
of TNF-α-induced VCAM-1 expression on HGF induced by
TNF-α. It is reported that activation of p38 MAPK induced
VCAM-1 expression and activation of JNK inhibit VCAM-1
expression induced by TNF-α in chondrosarcoma cells [34].
It is described that p38 MAPK inhibitor did not affect TNF-
α-induced VCAM-1 expression in sertoli cells [35]. Wang
et al. [36] reported activation of ERK, p38 MAPK, JNK and
NF-κB pathways is essential for IL-1β-induced VCAM-1
expression in human tracheal smooth muscle cells. The dis-
crepancies in these previous reports imply that there are
divergent pathways leading to VCAM-1 expression, depend-
ing on the nature of stimuli and cell types.

It is known that tobacco smoking affects ICAM-1 expres-
sion in periodontal tissues. The proportion of the total num-
ber of vessels expressing ICAM-1 in noninflamed sites was
greater in nonsmoker compared with smokers [37]. It has
been reported that the concentration of soluble ICAM-1 in
the gingival crevicular fluid was significantly lower in the
smokers compared with nonsmokers [38]. However, we
don’t exclude smokers in this report. Further investigation
will be necessary for tobacco smoking related with adherent
molecules expression on HGF.

It has been reported ICAM-1 expression on HGF was
induced by IL-1β, TNF-α or IFN-γ [12, 13, 14]. Their reports
agree with ours. However, Joe et al. [14] reported that the
level of VCAM-1 was not statistically different from HGF
treated with IL-1β compared to nonstimulated HGF. We
demonstrated here that IL-1β up-regulated VCAM-1 expres-
sion on HGF. In their experiments, they detected VCAM-1
expression on half of the HGF samples they used. The dis-
crepancies in this previous report might be dependent on the
source of HGF. Further investigation will be necessary.

This study shows that proinflammatory cytokines (IL-1β,
TNF-α) and Th1 type cytokine (IFN-γ) induced both
ICAM-1 and VCAM-1 expression on HGF and Th2 type
cytokines (IL-4 and IL-13) induced only VCAM-1 expres-
sion. TGF-β1 increased ICAM-1 expression and decreased
VCAM-1 expression on HGF. The selective increase of
VCAM-1 on HGF by IL-4 and IL-13 may contribute to selec-
tive Th2 type cells retention in periodontally diseased tissues.
On the other hand, inhibition of VCAM-1 expression and
up-regulation of ICAM-1 expression by TGF-β1 may be
related to selective Th1 type cells infiltration in periodontally
diseased tissue. Moreover, our results show that ERK and
JNK may be involved in inhibition of VCAM-1 expression by
HGF in periodontally diseased tissue and activation of NF-
κB is related to both ICAM-1 and VCAM-1 expression on
HGF. These results show that HGF may be related to the con-
trol of Th1/Th2 cells infiltration in periodontally diseased
tissue. These results may explain that HGF might be a target
for periodontal therapy.
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