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CC Chemokine ligand 17 in

periodontal diseases:
expression in diseased
tissues and production by
human gingival fibroblasts
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Background and Objective: It has been reported that T helper 2 (Th2) cells are
related to exacerbation of periodontal disease. However, it is uncertain how the
migration of Th2 cells is controlled. In this study, we examined the expression of
CC chemokine ligand 17 (CCL17), which is a Th2 chemokine, in periodontal
tissues. Moreover, we investigated the effects of cytokines and toll-like receptor
(TLR) ligands on the production of CCL17 by human gingival fibroblasts
(HGFs).

Material and Methods: We used immunohistochemistry and reverse transcriptase-
polymerase chain reaction (RT-PCR) to detect CCL17 in periodontal tissues.
HGFs were exposed to cytokines and TLR ligands. Expression of CCL17 was
examined by RT-PCR and enzyme-linked immunosorbent assay. We used signal
transduction inhibitors in some experiments.

Results: Both CCL17 and its receptor, CC chemokine receptor 4 (CCR4), were
expressed in diseased periodontal tissues. A combination of tumour necrosis fac-
tor o (TNF-a) and interleukin (IL)-4/IL-13 increased CCL17 expression. More-
over, treatment of HGFs with a low dose of interferon-y (IFN-y) in combination
with TNF-o and IL-4 or IL-13 had synergistic effects on the production of CCL17,
whereas a high dose of IFN-y inhibited CCL17 production. Furthermore, Esc-
herichia coli (E. coli) lipopolysaccharide (TLR4 ligand) and Pam3CSK4 (TLR2
ligand) inhibited CCL17 production by TNF-a + IL-4-stimulated HGFs, while
CpG DNA (TLRO ligand) enhanced TNF-a + IL-4 induced-CCL17 production
by HGFs. Furthermore, a c-Jun NH, terminal kinase (JNK) inhibitor, a phos-
phatidylinositol-3-kinase (PI3K) inhibitor and a nuclear factor kB (NF-kB)
inhibitor inhibited CCL17 production by HGFs.

Conclusion: These results suggest that the CCL17 produced by HGFs may be
involved in the migration of Th2 cells into inflamed tissues, and provide evidence
that CCL17 production is controlled by cytokines and TLR ligands in periodontal
disease.
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Periodontal disease is characterized by
chronic inflammation associated with
the presence of gram-negative bacteria
in the oral cavity (1,2), resulting in the
destruction of soft tissue and resorp-
tion of periodontal bone. The host
immune response to these bacteria has
been suggested to be associated with
pathological changes or disease pro-
gression (3,4). Diseased periodontal
tissue shows an accumulation of
T cells, B cells, macrophages and
dendritic cells (5,6). T cells are report-
edly involved in the pathogenesis of
periodontal disease (7). It has been
reported that both T helper (Th)1 cells
and Th2 cells infiltrate the inflamed
tissues, producing Thl [interferon-y
(IFN-y) and tumor necrosis factor o
(TNF-a)] and Th2 cytokines (IL-4
and IL-13) (7). However, it is unclear
which cell types are most related to the
pathogenesis of periodontal disease.
Seymour et al. (8) reported that Thl
cells are associated with stable areas in
periodontal tissues and Th2 cells with
regions where the disease is progress-
ing. In contrast, Taubman et al. (9)
reported that Thl cells are involved in
periodontal destruction and Th2 cells
abrogate periodontal disease symp-
toms. The migration of T cells into
inflamed tissue is thought to contribute
to the interaction between chemokines
and chemokine receptors, and the roles
of chemokines in periodontal disease
have been analysed (7,10-15). How-
ever, most studies reported Thl-type
chemokine expression in periodontally
diseased tissues. Thus, the mechanism
of Th2 cell migration into inflamed
periodontal tissues is still uncertain.
The receptor for thymus and acti-
vation-regulated chemokine (TARC/
CCL17), CC chemokine receptor 4
(CCR4) is most highly expressed on
differentiated Th2 lymphocytes (16,17).
Thus, CCL17 is implicated in the
recruitment of Th2 lymphocytes and
the maintenance of the Th2 immune
response (18), as well as in the sup-
pression of classically activated mac-
rophages (19). Expression levels of
CCL17 correlate with the severity of
disease in some chronic allergic
pathologies, including asthma (20),
atopic dermatitis (21) and cutaneous
lupus erythematosus (22). In addition,

in vivo neutralization of CCL17 can
limit Th2 lymphocyte recruitment and
inflammation (23,24), underlining the
significance of this chemokine to
allergic pathologies and the impor-
tance of understanding how its
expression is regulated in cells of the
innate immune system. The CCL17 is
produced by dendritic cells (25),
endothelial cells (26), keratinocytes
(27) and bronchial epithelial cells (28).

In this study, we examined the
expression of CCL17 and CCR4 in
diseased periodontal tissues and inves-
tigated whether human gingival fibro-
blasts (HGFs) produce CCL17 when
stimulated ~ with  proinflammatory
cytokines, Thl cytokines, Th2 cyto-
kines, anti-inflammatory cytokines and
toll-like receptor (TLR) ligands in
order to elucidate the mechanism of
Th2 cell migration into inflamed perio-
dontal tissues.

Material and methods

Gingival tissue biopsy and cell
culture

Tissue samples were obtained at sur-
gery from the inflamed gingiva of
patients diagnosed with chronic perio-
dontitis, or from the gingiva of clini-
cally healthy subjects. All gingival
biopsy sites in the chronic periodontitis
group exhibited radiographic evidence
of bone destruction, as well as having
clinical probing depths greater than
4 mm, with sulcular bleeding on
probing; otherwise the patients were
systemically healthy. We collected
samples after basic periodontal therapy
such as scaling. Samples of gingival
tissues were obtained from 17 chronic
periodontitis patients (4 males and
13 females; average age 61.0 £
9.8 years, average probing depth
6.33 + 2.06 mm, average attachment
loss: 7.02 £ 2.26 mm) and five healthy
control subjects (5 females; average
age 31.2 £ 9.8 years, average probing
depth 2.4 + 0.54 mm, average attach-
ment loss: 2.7 = 0.57 mm). We used
two clinically healthy gingival samples
and eight chronic periodontitis samples
for reverse transcriptase-polymerase
chain reaction (RT-PCR), and nine
chronic periodontitis samples for

immunohistochemical staining. We
used HGFs isolated from three clini-
cally healthy gingivae during a routine
distal wedge surgical procedure. Gin-
gival specimens were cut into small
pieces and transferred to culture
dishes. HGFs that grew from the gin-
givae were cultured on uncoated
100 mm? plastic dishes in Dulbecco’s
modified Eagle’s medium (DMEM;
Sigma, St Louis, MO, USA) supple-
mented with 10% fetal bovine serum
(FBS; Gibco, Grand Island, NY, USA)
and antibiotics (penicillin G, 100 units/
mL; streptomycin, 100 mg/mL) at
37°C in humidified air with 5% CO..
Confluent cells were transferred and
cultured for use in the present study.
After three to four subcultures by
trypsinization,  cultures contained
homogeneous, slim, spindle-shaped
cells growing in characteristic swirls.
The cells were used for experiments
after five passages.

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.

Extraction of RNA and RT-PCR
analysis

Total RNA was prepared from biop-
sied gingival tissue or HGFs using the
RNeasy total RNA isolation Kit
(Qiagen, Hilden, Germany). Single-
stranded cDNA for a PCR template
was synthesized from 48 ng of total
RNA using a primer, oligo(dT), ig
(Invitrogen, Carlsbad, CA, USA), and
SuperScript™ III reverse transcriptase
(Invitrogen) in the conditions recom-
mended by the manufacturer. Specific
primers were designed from the cDNA
sequences for CCL17, CCR4 and
glyceraldehyde-3-phosphate dehydro-
genase (GAPDH). Each cDNA was
amplified by PCR using HotStar Tag
DNA polymerase (Qiagen). The
sequences of the primers were as
follows: CCL17 forward (5-ACT-
GCTCCAGGGATGCCATCGTTTT-
T-3’), CCL17 reverse (5-ACAAGG-
GGATGGGATCTCCCTCACTG-3'),
CCR4 forward (5’- AAGAAGAACA-
AGGCGGTGAAGATG-3"), CCR4



reverse (5-AGGCCCCTGCAGGTT-
TTGAA-3"), GAPDH forward (5'-TG-
AAGGTCGGAGTCA ACGGATT-
TGGT-3’) and GAPDH reverse (5'-
CATGTGGGCCATGAGGTCCAC-
CAC-3’). The conditions for PCR were
one cycle at 95°C for 15 min, thirty-
five cycles at 94°C for 1 min, 59°C for
1 min and 72°C, 1 min, and finally one
cycle at 72°C for 10 min. The products
were analysed on a 1.5% agarose gel
containing ethidium bromide.

Immunohistochemistry

Gingival tissue samples were immedi-
ately embedded in the optical cutting
temperature (OCT) compound (Miles
Laboratories Inc., Elkhart, IN, USA)
and quenched and stored in liquid
nitrogen. The specimens were cut into
6 um sections using a cryostat (SFS,
Bright Instrument Co. Ltd, Hunting-
don, UK) and collected on poly-L-ly-
sine-coated slides. Expression of CCL17
and CCR4 was analysed with specific
antibodies: goat anti-human CCL17
antibody (DAKO, Kyoto, Japan; 5 pg/
mL) and mouse anti-human CCR4
antibody (R&D Systems, Minneapolis,
MN, USA; 10 ug/mL), respectively. An
isotype-matched control antibody was
used as a negative control. The sections
were reacted with specific antibodies
overnight at 4°C. After being washed
with phosphate-buffered saline (PBS),
the sections were incubated with bioti-
nylated anti-mouse and anti-rabbit
immunoglobulins (DAKO) or biotiny-
lated anti-goat immunogloblins
(DAKO) for 20 min at room tempera-
ture and washed with PBS to remove
any unreacted antibodies. The sections
were then treated with peroxidase-con-
jugated streptavidin (DAKO) for
10 min, and washed and reacted with
3,3-diamino-benzidine tetrahydrochro-
lide (DAKO) in the presence of 3%
H,0, to develop colour. The sections
were counterstained with haematoxylin
and mounted with glycerol.

Release of CCL17 by HGFs

HGFs were stimulated with TNF-ao
(Peprotech, Rocky Hill, NJ, USA),
IFN-y (Peprotech), IL-4 (Peprotech),
IL-13 (Peprotech), IL-10 (Peprotech),

Human gingival fibroblasts produce CC chemokine ligand 17 473

transforming growth factor (TGF)-B1
(Peprotech), E. coli lipopolysaccharide
(InvivoGen, San Diago, CA, USA),
Pam3CSK4 (TLR2 ligand) (Invivo-
Gen) and CpG DNA (TLR9 ligand)
(Hokkaido System Science Co. Ltd,
Sapporo, Japan) for 24 h. Superna-
tants from the cells were collected,
and the concentration of CCL17 was
measured in triplicate by enzyme-
linked immunosorbent assay (ELISA).
A CCL17 Duoset ELISA Development
system (R&D Systems) was used for
the determination. All assays were
performed according to the manufac-
turer’s instructions, and cytokine levels
were determined using a standard
curve prepared for each assay. In
selected experiments, HGFs were cul-
tured for 1 h in the presence or absence
of SP600125 (0.2-20 pm;  Sigma),
LY294002 (0.2-20 pm; Calbiochem,
La Jolla, CA, USA) and MG-132 (0.2—
20 um; Calbiochem) prior to their
incubation with the various stimulants.

Statistical analysis

Statistical significance was analy-
sed with unpaired Student’s r-test;
p values < 0.05 were considered sig-
nificant. We used STATVIEW software
to perform the statistical analysis.

Results

Expression of CCL17 and CCR4 in
periodontal tissues

We first examined CCL17 and CCR4
mRNA expression in whole gingival
tissues. The CCL17 mRNA was not
detected in normal gingival tissues but
was detected in all samples of inflamed
gingival tissues. The CCR4 mRNA
was not detected in normal gingival
tissues. We could detect CCR4 mRNA
in two of nine samples from patients
with periodontal disease (Fig. 1). Next,
we carried out immunohistochemical
staining to investigate the expression of
CCL17 and CCR4 in diseased perio-
dontal tissues (Fig. 2). Epithelial cells
in diseased tissues strongly expressed
CCL17 (Fig. 2A), and fibroblasts and
mononuclear cells also expressed
CCL17 (Fig. 2B). We could see CCR4-
positive cells in inflamed gingival
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Fig. 1. Reverse  transcriptase-polymerase
chain reaction analysis of CCL17 and CCR4
mRNA expression in diseased periodontal
tissue. Total RNA was prepared from two
clinically healthy gingival samples (pocket
depth, 2 mm; lanes 1 and 2) and nine dis-
eased gingival samples (pocket depth,
4-10 mm; lanes 3-11). The expression of
CCL17, CCR4 and GAPDH mRNA in
periodontal tissues was analysed by RT-PCR
as described in the Materials and methods.

tissues (Fig. 2C). Expression of CCL17
was detected in the same area that
was infiltrated by CCR4-positive cells
(Fig. 2D). CD3-positive cells were the
mainly infiltrating cell type, and a few
CD14-positive cells were present in the
areas shown in Fig. 2C and D (data
not shown). We could detect CCR4
expression in three of nine samples,
and CCL17 expression in four of nine
samples. We could not detect CCR4
and CCL17 expression in normal gin-
gival tissues (data not shown).

The combination of TNF-o with Th2
cytokines induced CCL17 production
in HGFs

In order to examine the effects of
cytokines on the expression of CCL17
by HGFs, we used the RT-PCR and
ELISA techniques. We focused on the
Th2 cytokines, IL-4 and IL-13, because
CCL17 is one of the Th2 chemokines.
Single stimuli of TNF-o, IL-4 or IL-13
did not induce CCL17 mRNA expres-
sion and release by HGFs. In contrast,
the combination of TNF-o with 1L-4
or IL-13 induced CCL17 mRNA
expression (Fig. 3A) and release by
HGFs in an IL-4 or IL-13 dose-
dependent fashion (Fig. 3B).

Interferon-y modulated CCL17
release by TNF-o and Th2 cytokine-
stimulated HGFs

Next, we examined the effects of IFN-y
on the release of CCL17 induced by
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Fig. 2. Immunostaining for CCL17 and CCR4 in diseased periodontal tissues. Immuno-
histochemical staining of human diseased periodontal tissues with anti-CCL17 antibody (A,
B and D) or anti-CCR4 antibody (C). Panels C and D are serial sections. Scale bar represents

50 pm.

TNF-a and Th2 cytokine-stimulated
HGFs, since both Thl and Th2 cells
are found in diseased periodontal tis-
sues. A low concentration of IFN-y
(0.1 ng/mL) strongly enhanced the
release of CCL17 by TNF-ao with TR2
cytokines stimulated-HGFs (Fig. 4A
and B). In contrast, a high dose of
IFN-y inhibited CCL17 release by
TNF-o and IL-13-stimulated HGFs
(Fig. 4B).

Effects of anti-inflammatory
cytokines on CCL17 release by HGFs

Next, we examined the effects of the
anti-inflammatory cytokines IL-10 and
TGF-Bl on the release of CCL17
induced by TNF-a- plus IL-4-stimu-
lated HGFs. The TGF-B1 inhibited
CCL17 release by HGFs (Fig. 5A).
Meanwhile, IL-10 did not modulate
CCL17 release by TNF-a- plus IL-4-
stimulated HGFs (Fig. 5B).

Effects of TLR ligand on CCL17
release by HGFs

Next, we examined the effects of TLR
ligands, namely E. coli lipopolysac-
charide (TLR4 ligand), Pam3CSK4

(TLR2 ligand) and CpG DNA (TLR9
ligand), on CCL17 release by HGFs,
because periodontal disease is charac-
terized by chronic inflammation asso-
ciated with the presence of bacteria in
the oral cavity. The E. coli lipopoly-
saccharide and Pam3CSK4 inhibited
CCL17 release by HGFs (Fig. 6A and
B). In contrast, CpG DNA enhanced
CCL17 release by TNF-a- plus IL-4-
stimulated HGFs (Fig. 6C).

Involvement of c-Jun NH, terminal
kinase (JNK), phosphatidylinositol-3-
kinase (PI3K) and nuclear factor kB
(NF-xB) in the production of CCL17
by HGFs stimulated with TNF-a and
IL-4

It has been reported that TNF-ao
treatment activates JNK, PI3K and
NF-kB pathways in fibroblasts (29,30).
Therefore, in order to investigate
whether the activation of JNK, PI3K
and NF-kB is required for the pro-
duction of CCL17 in response to TNF-
oo and IL-4, the effects of several
inhibitors on the production of CCL17
by HGFs were examined (Fig. 7). At a
concentration of 20 pm, MG-132, a
cell-permeable peptide—aldehyde pro-
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Fig. 3. Expression of CCL17 by HGFs.
(A) HGFs were treated with TNF-o (10 ng/
mL) with or without IL-4 (1-100 ng/mL) or
IL-13 (1-100 ng/mL) for 4 h. Total RNA
was isolated, and RT-PCR was carried out
for CCL17 and GAPDH. Similar results
were obtained in three experiments.
(B) Cells were stimulated with IL-4 (0.1-
100 ng/mL), TNF-o (0.1-100 ng/mL),
IFN-y (10 ng/mL), IL-4 (0.1-100 ng/mL),
IL-13 (0.1-100 ng/mL), and IL-13 (0.1-
100 ng/mL) + TNF-a (10 ng/mL) for
24 h. The expression levels of CCL17 in the
supernatants were measured with ELISA.
The results were calculated as the mean and
SD of one representative experiment per-
formed in triplicate. Error bars show the SD
of the values.

tease inhibitor that blocks the activa-
tion of NF-kB by acting on the
proteasome, completely prevented the
production of CCL17 in response to
TNF-o and IL-4. SP600125, a selective
JNK inhibitor, partly inhibited CCL17
production by HGF stimulated with
TNF-o and IL-4. A high concentration
of LY294002, a selective PI3K inhibi-
tor, almost completely inhibited
CCL17 release by HGFs.

Discussion

Local inflammatory immune reactions
to periodontal pathogens seem to be
crucial in protecting the host from
infections, but may lead to pathologi-
cal changes in host tissues (3,4). Selec-
tive migration of different cell types to
gingival tissues is apparently related to
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Fig. 4. Interferon-y modulated the TNF-a-
and IL-4 or IL-13-induced release of CCL17
by HGFs. HGFs were treated with TNF-o
(10 ng/mL) and IL-4 (10 ng/mL; A) or IL-
13 (10 ng/mL; B) with or without IFN-y
(0.1, 1 or 10 ng/mL), and the supernatants
were collected after 24 h. The expression
levels of CCL17 in the supernatants were
measured by ELISA. Data are representa-
tive of HGFs from three different donors.
The results were calculated as the mean and
SD of one representative experiment per-
formed in triplicate. Error bars show the SD
of the values. *p < 0.05, **p < 0.01, sig-
nificantly different from the TNF-o plus IL-
4 or IL-13-stimulated HGFs.

the immunopathogenesis of perio-
dontal disease (5). Of the chemokines,
we focused on CCL17 because it has
been reported to be involved in path-
ological damage in some diseases (20—
24), and it is unknown whether CCL17
is expressed in periodontal tissues or
not.

CC Chemokine ligand 17 is involved
in the accumulation of Th2 cells (18). It
has been reported that Th2 cells are
involved in the pathogenesis of perio-
dontal disease (8). Moreover, we found
here that TNF-o with IL-4 or IL-13
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Fig. 5. Anti-inflammatory cytokines modu-
lated the TNF-o plus IL-4-induced release
of CCL17 by HGFs. (A) HGFs were trea-
ted with TNF-o (10 ng/mL) and IL-4
(10 ng/mL) with or without TGF-B1 (0.1, 1
or 10 ng/mL), and the supernatants were
collected after 24 h. The expression levels of
CCL17 in the supernatants were measured
by ELISA. (B) HGFs were treated with
TNF-a (10 ng/mL) and IL-4 (10 ng/mL)
with or without IL-10 (0.1, 1 or 10 ng/mL),
and the supernatants were collected after
24 h. The expression levels of CCL17 in the
supernatants were 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. Error
bars show the SD of the values. *p < 0.05,
**p < 0.01, significantly different from the
TNF-a plus IL-4-stimulated HGFs.

enhanced the production of CCL17,
and a high dose of IFN-y inhibited
CCL17 release by HGFs stimulated
with TNF-a and IL-13. These results
suggest that CCL17 release by HGFs
may control the migration of Th2 cells
into diseased periodontal tissues. Fur-
thermore, 1L-4 and IL-13, which are
produced by Th2 cells, induced the
release of CCL17 by HGFs, thereby
progressively shifting the Th1-Th2
balance in the Th2 direction. Mean-
while, IFN-y, which is produced by
Th1 cells, inhibited the expression of

A 200
150
100

50

(pg/mL)

CCL17

0
TNF-o (10 ng/mL) + IL-4 (10 ng/mL) — + + + +
E.coliLPS(ug/mL) — - 01 1 10

B 200
150
100 .

(o))
o

CCL17 (pg/mL)

0
TNF-o. (10 ng/mL) + IL-4 (10 ng/mL) — + + + +
Pam3CSK4 (ng/mL) — - 1 10 100

Cc 200 B
150
100

50

0
TNF-o. (10 ng/mL) + IL-4 (10 ng/mL) — + + + +
CpGDNA (UM) — - 0.010.1 1

CCL17 (pg/mL)

Fig. 6. TLR ligands modulated the TNF-o
plus IL-4-induced release of CCLI17 by
HGFs. The HGFs were treated with TNF-o
(10 ng/mL) plus IL-4 (10 ng/mL) with or
without Escherichia coli lipopolysaccharide
(LPS; 0.1, 1 or 10 pg/mL; A), Pam3CSK4
(1, 10 or 100 ng/mL; B) or CpG DNA (0.01,
0.1 or 1 uM; C), and the supernatants were
collected after 24 h. The expression levels of
CCL17 in the supernatants were measured
by ELISA. Data are representative of HGF's
from three different donors. The results
were calculated as the mean and SD of one
representative experiment performed in trip-
licate. Error bars show the SD of the values.
*p < 0.05, significantly different from the
TNF-a plus IL-4-stimulated HGFs.

CCL17 by HGFs in periodontal tis-
sues, which might decrease the migra-
tion of Thl cells. These results could
explain why the production of CCL17
is important for control of the Thl-
Th2 balance in diseased periodontal
tissues.

In this report, we showed that a low
dose of IFN-y enhanced CCL17 pro-
duction by HGFs. Yu etal. (31)
reported that IFN-y (100 ng/mL)
enhanced CCL17 production by IL-4-
and TNF-o-stimulated NG1RGB cells
(a human skin fibroblast cell line),
though IFN-y (100 ng/mL) inhibited
TNF-a plus IL-13-induced CCL17
production by HGFs. Fukuda et al.
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Fig. 7. Effects of a JNK inhibitor, a PI3K
inhibitor and a NF kB inhibitor on the
TNF-a plus IL-4-stimulated CCL17 release
by HGFs. Cells were pre-incubated with
SP600125 (0.2, 2 or 20 uM), LY294002 (0.2,
2 or 20 pM) or MG-132 (0.2, 20 or 20 uM)
for 1 h and then incubated with TNF-o
(10 ng/mL) and IL-4 (10 ng/mL). After
24 h incubation, supernatants were col-
lected and CCL17 expression was measured
by ELISA. Data are representative of HGF's
from three different donors. The results
were calculated as the 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 TNF-o plus IL-4-stimu-
lated HGFs without inhibitors.

(32) revealed differential expression of
CCL17 by cytokine-stimulated human
fibroblasts from cornea, skin and lung.
These reports and ours indicate that
cytokine regulation of CCL17 expres-
sion differs among fibroblasts derived
from different tissues, such as the cor-
nea, skin, lung and periodontal tissue.

It has been reported that each cell
type expresses different chemokine
receptors. For example, Th2 cells
express CCR4 and CCRS8 (33), and
natural Kkiller cells express CCRI,
CCR4, CCR7, CXCR3, CXCR4,
CX3CR1 and CXCR6 (34). Several
chemokines are expressed in perio-
dontal diseased tissues, for example,
CCL2 (CCRI1 ligand), CCL3 (CCRI1
and CCRS5 ligand), CCL5 (CCR1 and
CCRS5 ligand), CCL20 (CCR6 ligand),
CXCL10 (CXCR3 ligand), CXCLI12
(CXCR4 ligand), CXCL16 (CXCR6
ligand) and fractalkine (CX3CRI1
ligand; 11-13,35-37). These previous
reports and our results suggest that
more than one chemokine controls one
type of cell, so the chemokine system

involved in periodontal disease is
complex. Further investigations are
necessary to clarify the chemokine
system in periodontal tissue.

Our report revealed that E. coli
lipopolysaccharide and Pam3CSK4
inhibited CCL17 production by HGFs,
although CpG DNA enhanced CCL17
production. It has been reported that
TLR4 ligand enhanced Thl chemokine
release by fibroblasts (38), and TLR2
ligand directly triggered Thl effector
functions (39). Our findings seem rea-
sonable because TLR2 and TLR4
ligands inhibited Th2 chemokine pro-
duction by HGFs. Recently, it has
been reported that CpG DNA strongly
inhibited the effector phase of inflam-
matory arthritis, which is known to be
a Thl-related disease (40). The CpG
DNA might inhibit the Thl response
because it induced Th2-type chemo-
kines, such as CCL17. Further inves-
tigation is necessary to reveal how
TLR ligands control Thl and Th2
responses.

We demonstrated that a JNK
inhibitor, a PI3K inhibitor and a NF-
kB inhibitor inhibited CCL17 produc-
tion. It has been reported that a NF-kB
inhibitor reduced CCL17 production
by keratinocytes (41). Their report
agrees with ours. On the other hand,
this is the first report to reveal that a
JNK inhibitor and a PI3K inhibitor
reduce CCL17 production by HGFs;
Heijink et al. reported that a p38
mitogen-activated  protein  kinase
(MAPK) inhibitor and an extracellu-
lar regulated kinase (ERK) inhibitor
reduced CCL17 production by epithe-
lial cells (42). A p38 MAPK inhibitor
and an ERK inhibitor did not show a
significant reduction of CCL17 release
by HGFs in our experiments (data not
shown). These results show that signal
transduction pathways related to
CCL17 are different in different cell
types, and the CCL17 production by
HGFs is mediated by JNK, PI3K and
NF-kB pathways.

In conclusion, CCL17 is expressed
by HGFs in diseased periodontal tis-
sues. The expression is controlled by
various cytokines and TLR ligands.
The CCL17 produced by HGFs may
play a role in the attraction of Th2 cells
to diseased tissue and the exacerbation

of periodontal disease. However, fur-
ther study is necessary to clarify the
role of CCL17 in the development of
periodontal disease.
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