
INTRODUCTION

Periodontal disease is characterized as chronic inflammation asso-
ciated with Gram-negative bacteria in the oral cavity [1,2], result-
ing in soft tissue destruction and periodontal bone resorption.
Although host-immune response to these bacteria has been sug-
gested to be associated with alteration or even progress of this
disease [3], the role of lymphocytes that infiltrate the gingival
tissues of periodontal diseased patients is unknown.

T cells in inflammatory lesions generally express memory/acti-
vated marker (CD45RO+/CD29+) in contrast to the naive type
marker (CD45RA+/CD29–) [4]. CD45RO+ CD4+ T lymphocytes
were also predominant in gingival tissues with periodontal disease
[5,6], indicating that memory/activated type CD4+ T cells are
localized in the diseased gingival tissue [3]. The memory/activated
CD4+ T cells in the effector sites are inferred to be derived from
draining lymph nodes where naive CD4+ T cells experience
antigen presentation by professional antigen-presenting cells. The
locomotion of memory/activated CD4+ T cells to the local effec-
tor site from lymph nodes is regulated by chemokines and adhe-

sion molecules [7]. The involvement of adhesion molecules in the
lymphocyte migration into gingival tissues was demonstrated by
the increased number of mononuclear cells which express a4 and
a6 integrins [8] and CD4+ T cells which express LFA-1 [9] in the
gingival tissue with periodontal disease. However, the roles of
chemokine and chemokine receptor interactions in the migration
of CD4+ T cells into the periodontal diseased tissue have not been
analysed in detail.

Approximately 40 chemokines and 16 chemokine receptors
have been identified at present [10,11], with several studies
demonstrating the production of chemokines in gingival tissue
[12–14]. Constitutive expression of monocyte chemotactic
protein-1 (MCP-1) and interleukin-8 (IL-8), along with lesser
expression of growth-related gene product g (GRO-g),
macrophage inflammatory protein-1a (MIP-1a) and macrophage
inflammatory protein-1b (MIP-1b), were measured by RT-PCR in
healthy gingivae [12]. Up-regulated production of MCP-1 in dis-
eased tissue was observed to correlate with the degree of inflam-
mation [13,14]. Migration of various types of lymphocytes into
effector sites appears to be regulated by specific chemokine
receptors expressed on the cells. The preferential expression of
specific chemokine receptors on particular leucocyte subsets has
been demonstrated [10] (for example, neutrophils; CXCR1,
CXCR2, eosinophils; CCR1, CCR3, Th1-type T cells; CCR5,
CXCR3, Th2-type T cells; CCR4, CCR8). However, it is unclear
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SUMMARY

The regulatory role of chemokines and chemokine receptors on specific lymphocyte recruitment into
periodontal diseased tissue is poorly characterized. We observed that lymphocytes infiltrating inflamed
gingival tissue expressed marked levels of CCR6. In periodontal diseased tissue, the expression of MIP-
3a mRNA was detected by RT-PCR and further, MIP-3a was distributed in the basal layer of gingival
epithelial cells, microvascular endothelial cells and the areas of inflammatory cells as shown by immuno-
histochemistry. Moreover, CCR6-expressing cells infiltrated into periodontal diseased tissue, and the
proportion of CCR6-positive CD4+ T cells was significantly elevated in periodontal diseased tissue com-
pared with peripheral blood in the same patients. Furthermore, gingival lymphocytes isolated from
patients showed migration toward MIP-3a in an in vitro chemotaxis assay in which migration was abro-
gated by specific antibody to CCR6. Thus, these findings suggested that CCR6 and the corresponding
chemokine, MIP-3a may have an important regulatory role in specific lymphocyte migration into
inflamed periodontal tissue.
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which chemokine receptors are expressed on the lymphocytes
infiltrating gingival tissue.

CCR6 is the only known receptor for MIP-3a that is chemo-
tactic for lymphocytes and dendritic cells [15,16]. Recently, it was
reported that CCR6 is expressed on memory T cells [15] and
immature dendritic cells [16], and the ligand MIP-3a preferen-
tially attracts memory T cells [15]. In periodontal diseased tissue,
memory T cells [5] and dendritic cells [17] are infiltrated, but the
mechanism of infiltration of these cells is uncertain.

In the present study, we demonstrated by RT-PCR that
inflamed gingival tissues express MIP-3a mRNA. Also, immuno-
histochemical staining revealed that MIP-3a was expressed on the
basal layer of gingival epithelial cells, microvascular endothelial
cells and an area of inflammatory cells dense in periodontal dis-
eased sections, but little MIP-3a was expressed in normal gingi-
val tissue. Furthermore, we could detect massive infiltration of
CCR6-expressing cells in periodontal diseased tissue by immuno-
histological staining, and the percentage of CCR6-positive CD4+

T cells in inflamed gingivae was greater than in CD4+ peripheral
blood T cells from the same patients. Finally, the T cells isolated
from inflamed gingivae demonstrated an in vitro chemotactic
response to MIP-3a that was inhibited by monoclonal antibody
(MoAb) anti-CCR6, suggesting that selective T-cell migration
into inflamed gingivae could be regulated by CCR6–MIP-3a
interactions.

MATERIALS AND METHODS

Gingival tissue biopsies and preparation of mononuclear cells
Tissue biopsies were sampled from the inflamed gingiva of
patients at surgery who were diagnosed with chronic adult peri-
odontitis (four males and 13 females, aged 49 to 82 years old), or
from the gingiva of clinically healthy subjects (two males and
three females, aged 26 to 40 years old). The site of gingival biopsy
of the adult periodontitis group exhibited radiographic evidence
of bone destruction, clinical probing depths greater than 6 mm
and sulcular bleeding on probing; the patients were otherwise 
systemically healthy. Subjects in the control group were healthy
both systemically and periodontally; the sampled site of gingiva
exhibited probing depths less than 3 mm with no attachment 
loss, clinical inflammation, sulcular bleeding or radiographic 
bone loss. Informed consent was obtained from all subjects 
participating in this study. Peripheral blood was also obtained
from the patients.

Infiltrating gingival lymphocytes (IGL) were isolated by a
method previously described [18]. In brief, the collected tissues
were immediately placed in ice-cold RPMI 1640 complete
medium (GI B C O BRL, Gaithersburg, MD, USA) which con-
tained 10% fetal calf serum (FCS) (BioWhittaker, Walkersville,
MD, USA) supplemented with penicillin (50 IU/ml), strepto-
mycin (50 mg/ml), L-glutamine (2 mM) and sodium pyruvate 
(1 mM). The tissues were washed, diced into 1 mm3 pieces 
and treated with collagenase (Type IV, 10 mg tissue/300 U/ml;
Funakoshi, Tokyo, Japan) in RPMI 1640 complete medium at
37°C for 60 min. After washing the samples twice with RPMI 1640
medium, mononuclear cells were separated by gradient centrifu-
gation (900 g at room temperature for 20 min) with Lympholyte-
H (Cederlane Lab., Ontario, Canada). The resulting mononuclear
cell fraction was collected and used for the following experiments.
Peripheral blood mononuclear cells (PBMC) were separated

from the blood by means of Lympholyte-H density gradient 
centrifugation.

RT-PCR analysis
Total RNA was prepared from gingival biopsies using Isogen
(GI B C O BRL). Total RNA was reverse transcribed using
random 9 primer (TaKaRa Shuzo, Kyoto, Japan) and reverse tran-
scriptase (TaKaRa). The resulting first-strand DNA was amplified
in a final volume of 20 ml containing 10 pmol of each primer 
and 1 U of Taq polymerase (TaKaRa Takara). The primers used 
were: +5¢-TTGCTCCTGGCTGCTTTG-3¢ and -5¢-ACCCTC
CATGATGTGCAAG-3¢ for MIP-3a; + 5¢-TGAAGGTCG
GAGTCAACGGATTTGGT-3¢ and 5¢-CATGTGGGCCATG
AGGTCCACCAC-3¢ for GAPDH. Amplification conditions
were denaturation at 94°C for 1 min, annealing at 55°C for 1 min
and extension at 72°C for 1 min, for 35 cycles. Amplification 
products (5 ml each) were subjected to electrophoresis on 1·5%
agarose gel and stained with ethidium bromide.

Immunohistochemistry
Gingival biopsies were immediately embedded in OCT com-
pound (Miles Laboratories Inc., Elkhart, IN, USA) and quenched
and stored in liquid nitrogen. The specimens were cut at 6 mm
using a cryostat (SFS, Bright Instrumental Company, Huntingdon,
UK) and collected on poly L-lysine-coated slides. Chemokine
receptors and chemokines were analysed with specific antibodies:
anti-human CCR6 MoAb (clone 45523.111; DAKO, Kyoto,
Japan), anti-human CD4 MoAb (clone MT310; DAKO), anti-
human CD45RO MoAb (clone VL1; Biosource International,
Camarillo, CA, USA) or anti-human MIP-3a goat polyclonal
antibody (Peprotech EC, London, UK). We also used isotype-
matched control MoAb (DAKO) or non-immune goat serum
antibody (DAKO) as the negative control. The sections were
reacted with specific antibodies overnight at 4°C. After washing
with phosphate-buffered saline (PBS), the sections were incu-
bated with biotinylated anti-mouse and rabbit immunoglobulin
(Universal Ab; DAKO), or biotinylated anti-goat immunoglobu-
lin, for 20 min at room temperature; they were washed with PBS
to remove unreacted antibodies. The sections were then treated
with peroxidase-conjugated streptavidin (DAKO) for 10 min, and
washed and reacted with DAB (3,3-diamino-benzidine tetrahy-
drochrolide; DAKO) in the presence of 3% H2O2 to develop
colour. The sections were counter-stained with haematoxylin and
mounted with glycerol. Mononuclear cells staining positively in
gingival sections were counted in each of three, randomly-
selected microscopic fields (at ¥200 magnification) from five slides
from a gingival tissue sample.

Flow cytometric analyses
IGL and PBMC were incubated with the anti-CCR6 MoAb
(DAKO) or IgG1 isotype control antibody (DAKO) on ice for 
20 min. After washing twice with PBS, the cells were incubated
with the FITC-conjugated rabbit anti-mouse F(ab¢)2 fragment
(DAKO) for 20 min on ice. The cells were washed twice with PBS,
blocked with 10% mouse serum (DAKO) and incubated with
phycoerythrin (PE)-conjugated anti-CD4 MoAb (DAKO) for 
20 min on ice. After two washing steps with PBS, the cells were
immediately analysed by flow cytometry (Epics XL-MCL;
Coulter, Hialeah, FL, USA).

To determine CCR6-positive cells in the CD4+ T-cell popula-
tion, two-colour analysis was employed. The lymphocyte popula-
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tion was first gated using forward and side scatter parameters to
exclude debris and dead cells. A second gate was set on the CD4+

lymphocyte subsets, and the percentage of CCR6-positive cells
was calculated after defining a cut-off value according to the
isotype control.

Chemotaxis assay
Chemotaxis assays were performed in 24-well Transwell culture
inserts (Corning Costar, Cambridge, MA, USA) with 5·0 mm pore
size polycarbonate membranes, following the method previously
described by Ponath et al. [19]. In brief, 100 ml IGL were applied
in each upper well chamber. Chemokines diluted in RPMI-1640
(600 ml) were placed in the bottom chamber. The culture plate 
was then incubated at 37°C in 5% CO2 for 4 h. After incubation,
the membrane was removed and migrated cells in the bottom
chamber were stained with PE-conjugated anti-CD4 MoAb
(DAKO). CD4-positive cells were then counted using flow cytom-
etry, and the chemotactic index (migrated cells divided by the
number of cells that migrated without MIP-3a) was calculated.
The optimal concentration of chemokine to induce maximal
chemotaxis was determined in dose–response experiments by IL-
2-stimulated PBMC to be MIP-3a (100 ng/ml). To evaluate the
functional role of the chemokine receptor on chemotaxis, lym-
phocytes were pre-incubated with MoAb (10 mg/ml) anti-CCR6
(10 mg/ml; DAKO) or isotype-matched control mouse antibody
(10 mg/ml, IgG1; DAKO) for 30 min at 37°C before chemotaxis
assay.

Statistical analysis
Statistical significance was analysed by Student’s t-test. P-values
<0·05 were considered significant.

RESULTS

MIP-3a expression by inflamed gingival tissue and 
normal gingiva
We first examined MIP-3a mRNA expression by whole gingival
tissue from periodontal diseased tissue and normal gingival tissue.
MIP-3a mRNA was expressed by five of seven periodontal 
diseased tissues and one of three normal gingival tissues, although
one normal gingiva expressed MIP-3a mRNA very weakly 
(Fig. 1).

Augmented expression of MIP-3a and accumulation of 
CCR6-expressing cells in human periodontal diseased tissue
To examine MIP-3a expression and infiltration of CCR6-
expressing cells in periodontal diseased tissue, we carried out
immunohistochemical staining of MIP-3a and CCR6 in normal
gingival tissues (n = 2) and inflamed gingival tissues (n = 6). The
representative results are shown in Fig. 2. In normal gingival
tissue, gingival epithelial cells were hardly stained by anti-MIP-
3a (Fig. 2g). Furthermore, anti-CCR6 hardly stained any cells
present in normal gingival tissue (Fig. 2c), and CD4+ or CD45RO+

cells hardly infiltrated normal gingival tissue (Fig. 2a,b). On the
other hand, we observed staining of gingival epithelial cells by
anti-MIP-3a in inflamed gingival tissue from periodontal diseased
patients (Fig. 2h). The basal layer of gingival epithelial cells was
especially stained by anti-MIP-3a. Furthermore, post-capillary
and small vascular endothelial cells in periodontal diseased tissues
displayed MIP-3a immunoreactivity (Fig. 2i). In addition, CCR6-
expressing cells were infiltrated in inflamed gingival tissue. In
these samples, we also confirmed that CCR6-expressing cells were
mostly co-localized with cells positive for CD4 and CD45RO (Fig.
2d,e).

Flow cytometric analysis of CCR6 expression on CD4+ T cells
in IGL
To further confirm the results obtained by immunohistochemistry
(Fig. 2), we used flow cytometry analyses to measure CCR6
expression on CD4+ lymphocytes (Fig. 3). We examined the
expression of CCR6 on CD4+ T cells isolated from inflamed 
gingival tissue compared with PBMC from the same donors. In
PBMC of all patients, only a small proportion of CD4+ lympho-
cytes expressed CCR6 (Fig. 3). Significantly higher proportions of
CCR6-positive CD4+ lymphocytes were detected in the inflamed
gingival tissue (Fig. 3).

Function of CCR6 expressed on IGL
To analyse whether the CCR6 expressed on IGL was functional,
we investigated chemotaxis in an in vitro assay of IGL towards
MIP-3a. IGL (5 ¥ 105) was added to the upper chamber of a 
5·0 mm pore size polycarbonate transwell culture insert and
recombinant MIP-3a (100 ng/ml) was added to the lower
chamber. After 4 h of incubation, lymphocytes that had transmi-
grated into the lower chamber were counted by flow cytometry
as described in Materials and Methods. As shown in Fig. 4, IGL

MIP-3a

Fig. 1. RT-PCR analysis of expression of MIP-3a in human gingiva. Total RNA was prepared from gingival biopsies from three normal
donors and seven periodontal disease patients. RT-PCR analysis was carried out for MIP-3a and GAPDH as described in Methods. Lanes
1 and 9: marker; lanes 2–8: gingival biopsies from periodontal diseased patients; lanes 10–12: gingival biopsies from normal donors.
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migrated towards MIP-3a. The IGL chemotaxis towards MIP-3a
was blocked by anti-CCR6 MoAb. Therefore, the CCR6 ex-
pressed on IGL were functional in chemotaxis towards MIP-3a.

DISCUSSION

We demonstrate here that the CC chemokine MIP-3a, recently
re-named CCL20 according to a new systematic chemokine

nomenclature, and its receptor, CCR6, were significantly up-
regulated in periodontal diseased tissue. We detected foci of 
MIP-3a-expressing gingival epithelial cells co-localizing with
gingiva-infiltrating T cells, and gingiva-homing CD4+ T cells from
periodontal diseased patients showed chemotaxis to MIP-3a.

We initially used RT-PCR to confirm an association between
the expression of MIP-3a mRNA in normal gingiva and peri-
odontal diseased gingiva. These findings suggested that MIP-3a
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Fig. 2. Immunohistochemical analysis of human periodontal tissues. (a) Normal gingiva stained with anti-CD4 MoAb; (b) normal gingiva
stained with anti-CD45RO MoAb; (c) normal gingiva stained with anti-CCR6 MoAb; (d) inflamed gingiva stained with anti-CD4 MoAb;
(e) inflamed gingiva stained with anti-CD45RO MoAb; (f) inflamed gingiva stained with anti-CCR6 MoAb; (g) normal gingiva stained
with MIP-3a MoAb; (h) inflamed gingiva stained with MIP-3a MoAb; (i) endothelial cells stained with MIP-3a MoAb in inflamed gingiva.
a–f: magnification ¥200; g,h: magnification ¥300; i: magnification ¥400.
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is significantly up-regulated in periodontal diseased tissue.
Immunohistochemical analysis consistently confirmed these 
findings. Inflamed gingiva-infiltrating CD4+CD45RO+ T cells
expressed CCR6, and these cells were detected directly adjacent
to foci of MIP-3a-expressing gingival epithelial cells. Moreover,
normal gingiva-infiltrating CD4+CD45RO+ T cells were very few,
and small numbers of T cells expressed CCR6. These findings,
together with the observation of Liao et al. [15] that MIP-3a
specifically attracts the memory subset of T cells in vitro, strongly
suggest that MIP-3a may play a role in T-cell recruitment to peri-
odontal diseased tissue. Flow cytometric analysis revealed that
the proportion of CCR6+CD4+ T cells infiltrated in periodontal

diseased tissue was higher than PBMC in the same patients. The
significantly increased expression of CCR6 on inflamed gingiva-
infiltrating CD4+ T cells, and their responsiveness towards MIP-
3a gradients, may demonstrate that CCR6 has a role of selective
lymphocyte recruitment to periodontal diseased tissue.

We revealed that the basal layer of epithelial cells was a
potent producer of MIP-3a in inflamed gingival tissue. Recently,
Charbonnier et al. demonstrated that the epidermal keratinocytes
from clinically normal skin were immunologically strongly posi-
tive for LARC/CCL20, while epidermis-derived Langerhans cells,
as well as in vitro differentiated CD34+ haematopoietic precursor
cell-derived Langerhans-like cells, expressed CCR6 [20]. From
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Fig. 3. Flow cytometric analysis for CCR6 from patients’ CD4+ IGL and CD4+ PBMC. The same patient’s IGL and PBMC were analysed
for the expression of CCR6. Compensation was made for each colour with positively and negatively stained control cells. Lymphocytes
were gated according to their side scatter properties, and 104 cells in the gate were monitored for two-colour analysis. Isotype-matched
antobodies were used to define the background threshold. (a) Percentage of CCR6-positive cells in CD4+ IGL and CD4+ PBMC of five
patients with periodontal disease. (b) Flow cytometry results showing CCR6 expression on CD4+ IGL (right panel) and CD4+ PBMC (left
panel) of one patient with periodontal disease.
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these observations, the authors proposed a scenario that epider-
mal keratinocytes attract CCR6-expressing Langerhans cells into
the epidermal layer by constitutively producing MIP-3a. On 
the other hand, Nakayama et al. demonstrated that epidermal
keratinocytes were positive for MIP-3a in lesional skin tissues in
atopic patients, but not in normal tissues [21]. The present 
findings revealed that gingival epithelial cells were positive for
MIP-3a in periodontal diseased tissues but not in normal gingi-
val tissues, and MIP-3a mRNA was significantly detected only
from inflamed gingival tissue. Therefore, it is suggested that the
production of MIP-3a by gingival epithelial cells appears to be
closely related to pro-inflammatory responses of the gingiva.

Recently, a non-chemokine ligand for CCR6 was identified.
Yang et al. showed that human b-defensin-2 is able to bind CCR6-
transfected cells and to induce chemotaxis. However, its chemo-
tactic activity was considerably lower than that of MIP-3a [22]. 
It was demonstrated that human b-defensin-2 mRNA was also
expressed in gingival tissue samples [23]. We suggest that not only
MIP-3a but also human b-defensin-2 may control infiltration of
memory T cells in periodontal diseased tissue.

Localization of both CD4+ and CD8+ T cells in periodontal
diseased tissue has been confirmed by several studies [24,25], and
it is suggested that both T cells are associated with the progress
of periodontal disease. It was reported that expression of CCR6
was found in both CD4+ and CD8+ T cells, but a higher per-
centage of the former expressed CCR6 [15]. we then considered
that the CCR6–MIP-3a interaction was important for infiltration
of CD4+ T cells, but further studies are required to determine 
the role of CCR6 and MIP-3a in periodontal diseased tissue, 
especially with respect to CD8+ T cells.

Recently, several studies have demonstrated expression of
chemokines and chemokine receptors in periodontal diseased
tissue [26,27]. For example, it was reported that CCR5- or
CXCR3-positive CD4+ T cells in gingivae were significantly ele-
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Fig. 4. Chemotaxis assay of IGL to MIP-3a. MIP-3a (100 ng/ml) was
applied to the lower compartment of the transwell chemotaxis system.
Each group of IGL was pre-incubated with anti-CCR6 MoAb, isotype-
matched antibody or medium alone for 30 min, before chemotaxis assay.
Then, IGL were added to the upper well chamber and incubated for 4 h.
The migrated cells were counted using a flow cytometer. *Significantly dif-
ferent from medium control, by Student’s t-test, P < 0·01; **significantly
different from control IgG, by Student’s t-test, P < 0·01.

vated in diseased tissue compared with healthy tissue, and the
expression of the chemokines RANTES (CCR5 ligand), MIP-
1alpha (CCR5 ligand) and IP-10 (CXCR3 ligand) was markedly
elevated in inflamed periodontal tissue [26]. Therefore, not only
MIP-3a and CCR6 but also some other chemokines and
chemokine receptors may control selective recruitment of lym-
phocytes in periodontal diseased tissue.

In conclusion, the high proportion of CCR6-positive lympho-
cytes and expression of their corresponding chemokine, MIP-3a,
in periodontal diseased tissue appears to have an important 
role in the selective recruitment of T cells in the context of perio-
dontal inflammation.
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