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Porphyromonas gingivalis
fimbriae induce unique
dendritic cell subsets via
Toll-like receptor 2

Kanaya S, Nemoto E, Ogawa T, Shimauchi H. Porphyromonas gingivalis fimbriae
induce unique dendritic cell subsets via Toll-like receptor 2. J Periodont Res 2009,
44: 543-549. © 2008 The Authors. Journal compilation © 2008 Blackwell
Munksgaard

Backgound and Objective: Dendritic cells (DCs) play a critical role in the activation
of T cells as well as in shaping immune responses. We have reported previously
that Porphyromonas gingivalis lipopolysaccharides (Pg LPS) induced a
CD14"CD16" DC subset with a weak immuno-stimulatory activity. In contrast,
Escherichia coli LPS (Ec LPS) induced fully matured DCs with strong immuno-
stimulatory activities. Since Pg LPS as well as Pg fimbriae have been indicated to
work as Toll-like receptor (TLR) 2 ligands, we speculate that the TLR usage of
bacterial antigens may be critical for DC maturation.

Material and Methods: We investigated the effect of Pg fimbriae on the phenotype
and function of human peripheral blood DCs in comparison with a TLR2 ligand,
peptidoglycan, and a TLR4 ligand, Ec LPS.

Results: Flow cytometry revealed that Pg fimbriae and peptidoglycan but not Ec
LPS induced CD14 and CD16 expression on peripheral blood DCs
(CD147CD167). A monoclonal antibody against TLR2 abrogated this induction,
but an antibody against TLR4 had no effect. Dendritic cells stimulated with Pg
fimbriae had a weaker capability to induce allogenic T cell proliferation and
exhibited a weaker production of interleukin-8 and regulated upon activation,
normal T cell expressed and secreted (RANTES) than DCs stimulated with Ec LPS.

Conclusion: These results indicate that different TLR usage affects mature DC
phenotype and function and is thus crucial to the regulation of immunity to the
pathogen.
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Porphyromonas gingivalis, one of the
major pathogenic organisms in perio-
dontitis (1), is known to possess a
panel of virulence factors. Among
these factors, fimbriae (2) and lipo-
polysaccharides (LPS) have broad and
unique biological activities on various
host tissue cells, resulting in the prov-
ocation of inflammatory immune

responses as well as tissue destruction.
It is well recognized that P. gingivalis
LPS (Pg LPS) and fimbriae-specific
antibody levels are elevated in perio-
dontitis patients (3). Furthermore,
previous reports revealed that Pg LPS
and fimbriae-specific antibody-secret-
ing cells were detected in the inflamed
gingival tissues of patients (4), indi-

cating that acquired immune responses
are generated against LPS and fimbriae
during the process of P. gingivalis
infection in  periodontal
Although the magnitude of immune
responses, €.g. specific antibody levels,
increased in proportion to disease
severity, the bodies of infected patients
seemed to fail to clear the invading

tissues.
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P. gingivalis infection from the perio-
dontal lesion, leading to low-level
bacteraemia (5). In this respect, a new
concept has emerged that certain perio-
dontal pathogens, including P. gingi-
valis, practice a component of so-called
‘stealth technology’ to gain access to an
immune privileged site using these
molecular tools (6).

Dendritic cells (DCs) are distributed
widely in both lymphoid (7) and non-
lymphoid organs, including periodontal
tissues (8). The generation of the pri-
mary immune response depends on the
efficient activation of naive T cells by
DCs. After capturing an antigen in their
immature state, DCs undergo matura-
tion and express a panel of cytokines to
stimulate primary T cell responses in
the lymphoid organs and antigen-
specific  secondary  responses  at
inflammatory sites (9,10). The initial
recognition of pathogens is mediated by
Toll-like receptors (TLRs). Mammalian
TLRsare a large family, consisting of 13
members known to date. Among these
receptors, TLR4 plays an important
role as a receptor of bacterial LPS
and its active centre, lipid A. Toll-like
receptor 2 recognizes a variety of
microbial components, including lipo-
proteins/lipopeptides,  peptidoglycan
(PGN), lipoteichoic acid, lipoarabino-
mannan and zymosan (11,12).

It has been reported that P. gingiva-
lis stimulated the maturation of DCs
and led to the release of counter-regu-
latory cytokines and the formation of
T cell-DC foci in the gingival mucosa
of periodontitis patients (13). We have
reported previously that Pg LPS pref-
erentially induced a unique DC subset
with the CD14 " CD16 " phenotype and
weak immuno-stimulatory activities
in vitro (14). In contrast, Escherichia
coli LPS (Ec LPS) induced fully
matured DCs with strong immuno-
stimulatory activity. Previous reports
suggested that Pg LPS as well as
fimbriae works as a TLR2 ligand (15—
19). These studies led us to speculate
that TLR usage of bacterial antigens
may be critical for DC maturation. To
confirm this hypothesis, we examined:
(1) TLR usage of Pg fimbriae in human
peripheral blood DCs (PBDCs); and
(2) the effects of Pg fimbriae on DC
maturation in comparison with specific

ligands for TLR2 and TLR4 (PGN and
Ec LPS, respectively).

Material and methods

Media and reagents

The culture medium consisted of
RPMI-1640 (Nissui Pharmaceutical
Co., Tokyo, Japan) supplemented with
2 mMm L-glutamine, 10 mm NaHCOs;,
25 pg/mL  penicillin  (Gibco BRL,
Tokyo, Japan) and 5% (v/v) heat-
inactivated fetal calf serum (FCS; ICN
Biomedical, Costa Mesa, CA, USA).
Lympho Separation Medium was pur-
chased from ICN  Biomedical.
Recombinant human (rh) interleukin-4
(IL-4) and granulocyte macrophage
colony stimulating factor (GM-CSF)
were obtained from Pepro Tech (Lon-
don, UK). Bovine serum albumin,
mitomycin C, LPS derived from E. coli
055:B5 (Ec LPS), PGN from Staphy-
lococcus aureus, and propidium iodide
were from Sigma (St Louis, MO,
USA). Fluorescein isothiocyanate
(FITC)-conjugated anti-CD14 (clone:
MY4), phycoerythrin (PE)-conjugated
anti-CD16 (clone: 3GS), anti-CDla
(clone: BL6) and anti-HLA-DR (clone:
B8.12.2) were from Immunotech, a
Beckman Coulter Company (Marseille,
France). Anti-CD80 (B7-1, clone:
L307.4), anti-CD86 (B70/B7-2; clone:
2331 (FUN-1)), and anti-CD83
(clone: HB15e) were obtained from BD
PharMingen (Hamburg, Germany).
We used neutralizing antibodies for
TLR2 (clone: T2.5; eBioscience, San
Diego, CA, USA) and TLR2 (clone:
TL2.1; CASCADE BioScience, Win-
chester, MA, USA), and a neutralizing
antibody for TLR4 was purchased
from MBL (Nagoya, Japan). An
immunoglobulin G1 isotype control
antibody was purchased from R&D
Systems (Minneapolis, MN, USA),
and an immunoglobulin G2a isotype
control was obtained from CHEM-
ICON (Temecula, CA, USA).

Preparation of Pg fimbriae

Porphyromonas gingivalis fimbriae were
purified as described previously (20).
Briefly, P. gingivalis strain 381 cells
were grown in Gifu anaerobic medium

(Nissui Pharmaceutical Co.) at 37°C for
24 h. Bacterial cells were collected by
centrifugation at 10,000 g for 30 min
and resuspended in 20 mm Tris-buf-
fered saline (pH 7.4). Fimbriae were
separated from the cells by gentle pip-
etting followed by gentle agitation with
a magnetic stirrer bar for 15 min. The
supernatant obtained by centrifugation
at 10,000 g for 30 min was subjected to
ammonium sulphate precipitation at
40% saturation. The precipitate was
then purified by DEAE-Sepharose
FAST Flow® (Pharmacia, Uppsala,
Sweden). The fractions containing the
fimbrial protein were concentrated by
ammonium sulphate precipitation fol-
lowed by dialysis against 10 L of 20 mm
Tris-hydrochloride buffer (pH 8.0).
Endotoxicity of the fimbriae was not
detected by a colorimetric Limulus
amoebocyte lysate assay (Endospecy®,
Seikagaku Co., Tokyo, Japan).

Generation, purification and
stimulation of DCs

Immature DCs were prepared from
human peripheral blood mononuclear
cells (PBMCs) as described previously
(14). Briefly, PBMCs were prepared
from healthy donors, after receiving
written informed consent, using
Lympho Separation Medium® (ICN
Biomedical, Costa Mesa, CA, USA).
Monocytes were separated from
PBMCs by adherence to six-well plas-
tic plates in 5% FCS RPMI-1640 for
2 h. Adherent cells were cultured for
7 days in 5% FCS RPMI-1640 with
rhIL-4 (500 U/mL) and rhGM-CSF
(800 U/mL). CDI14" cells were
removed by magnetic sorting using the
VarioMACS®  technique  (Milteny
Biotec GmbH, Bergisch Gladbach,
Germany) with CD14 (MY4) mono-
clonal antibody (mAb). Purified
immature DCs were stimulated with
the indicated stimulants in 5% FCS
RPMI-1640 in 24-well (2.0 x 10° cells/
well), 48-well (8.0 x 10* cells/well) or
96-well plates (3.0 x 10* cells/well) for
the indicated times. The experimental
procedures were approved by the Ethi-
cal Review Board of Tohoku Univer-
sity Graduate School of Dentistry
(Sendai, Japan) and comply with the
declaration of Helsinki.



Flow cytometry (FACS)

Dendritic  cells (5 x 10* cells) were
stained with FITC-conjugated or
PE-conjugated mAbs at 4°C for
15 min. The FACS analyses were per-
formed using a FACScan® (Becton
Dickinson, Mountain View, CA, USA)
and using propidium iodide to exclude
dead cells. Data were collected for
10 000 events, which were sorted in list
mode and then analysed using Lysis 11
software (Becton Dickinson).

Allogenic T cell proliferation assay

T cells were separated by magnetic
sorting using the VarioMACS
Separator® (Milteny Biotech GmbH).
Briefly, PBMCs were incubated with a
cocktail of hapten-conjugated anti-
CDI11b (rat IgG2b), CD16 (mouse
IgM), CD19 (mouse IgGl), CD36
(mouse IgG2a) and CD56 (mouse
IgG1) mAbs for 15 min on ice and
washed in phosphate-buffered saline
containing 2 mm EDTA and 0.5%
(w/v) bovine serum albumin. Then,
cells were incubated with anti-hapten
microbeads (Milteny Biotech GmbH)
for 15 min on ice, and applied to the
25 MS column®. Cells were eluted with
washing buffer from the magnetic col-
umns. These cells were found to be
> 99% CD3 positive by FACS anal-
ysis. Dendritic cells were treated with
mitomycin C (50 pg/mL) for 45 min at
37°C, washed extensively, and cocul-
tured for 5days with T cells
(50 000 cells/well) at a ratio of
DC:T cells of 1:50 in RPMI-1640
containing 5% FCS in round-bot-
tomed 96-well multiplates. Fifteen
hours before the end of culture, [*H]
thymidine (1 pCi/well) (Amersham
Biosciences Co., Piscataway, NJ, USA)
was added to each well. The cells were
harvested onto a glass fibre filter, and
the radioactivity was counted using a
liquid scintillation B-counter (Hewlett
Packard, Palo Alto, CA, USA).

Enzyme-linked immunosorbent
assay (ELISA)

Supernatants from cell 24 h cultures in
48-well multiplates were harvested.
Interleukin-8 (IL-8) and regulated
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upon activation, normal T cell
expressed and secreted (RANTES)
were measured using human ELISA
kits (Endogen, Woburn, MA, USA).
The assays were performed precisely as
instructed by the ELISA manufacturer.
The concentrations of chemokines in
the supernatants were determined
using the Softmax data analysis pro-
gram (Molecular Devices, Menlo Park,
CA, USA). Each sample was assayed
in triplicate.

Statistical analysis

All experiments in this study were
performed at least three times to test
the reproducibility of the results, and
representative findings are shown. The
statistical significance of differences
between two means was evaluated by
ANOVA (p < 0.05).

Results

Induction of CD14 and CD16
expression in Pg fimbriae-stimulated
DCs via TLR2

We analysed CD14 and CD16 expres-
sion levels in DCs after stimulation
with Pg fimbriae, PGN or Ec LPS for
2 days. Purified immature DCs (fresh
control) were negative for CD14 and
CD16 expression. Porphyromonas gin-
givalis fimbriae and PGN induced
CDI4" CD16~ and CDI14" CDI16"
expression in DCs (Pg fimbriae, 26.49
and 17.82%; PGN, 18.01 and 16.58%,
respectively), whereas Ec LPS did not
induce CDI14 or CDI6 expression
(Fig. 1A). Induction of CDI14 and
CD16 by Pg fimbriae and PGN was
inhibited completely by pretreatment
with anti-TLR2 mAb. However, pre-
treatment with anti-TLR4 mAb or
isotype control antibody had no
inhibitory effects (Fig. 1B). These
findings indicated that Pg fimbriae and
PGN induced CDI14" CDI16~ and
CDI14" CD16" DC phenotypes via
the TLR2 signalling pathway.

Surface molecule expression in
stimulated DCs

We have reported previously that the
Pg LPS-induced CD14" CD16" sub-
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set belongs to a DC lineage with a
weak expression of co-stimulatory
molecules (14). To examine whether Pg
fimbriae-stimulated DCs belong to the
monocyte/macrophage or DC lineage,
we analysed the expression of cell sur-
face molecules for the DC lineage. As
shown in Fig. 2, significant expression
of CD1a on the surface of Pg fimbriae-
and PGN-stimulated DCs  was
observed, although some population of
cells reduce the expression, suggesting
that these cells belong to the DC line-
age. The mature DC marker CD83 was
induced weakly by Pg fimbriae or
PGN, unlike Ec¢ LPS, which induced
CD83 significantly, suggesting that Pg
fimbriae and PGN induced minimal
DC maturation. We examined the
expression of molecules (HLA-DR,
CD80 and CD86) that affect the anti-
gen presentation ability of the cells.
Porphyromonas gingivalis fimbriae and
PGN induced CDS80 expression as
potently as Ec LPS; however, weaker
expression of HLA-DR and CD86 was
observed compared with FEc LPS
(Fig. 2).

Induction of T cell proliferation by Pg
fimbriae-stimulated DCs

To investigate the ability of Pg fimb-
riae-stimulated DCs to induce T cell
responses, Pg fimbriae-, PGN- and Ec
LPS-stimulated DCs were cocultured
with allogenic T lymphocytes at a ratio
of DC:T cells of 1:50. As shown in
Fig. 3, DCs stimulated with Pg fimb-
riac or PGN induced higher T cell
proliferation levels in a dose-dependent
manner, but significantly weaker
(p < 0.05) levels than the response
induced by Ec LPS. These results sug-
gested a limited capability of Pg fimb-

riae- and PGN-stimulated DCs in
terms of the induction of T cell
responses.

Chemokine production via TLR2

We next investigated the possible
induction of chemokine production by
Pg fimbriae. Figure 4A shows that IL-8
and RANTES were induced signifi-
cantly at 1 and 10 pg/mL Pg fimbriae,
respectively. Dendritic cells stimulated
with PGN and Ec¢ LPS released much
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Fig. 2. Pg fimbriae-, PGN- and Ec¢ LPS-stimulated DCs. Immature DCs (fresh control) were stimulated with/without 1 pg/mL of the
indicated bacterial components for 2 days. The expression levels of CD1a, CD83, HLA-DR, CD80 (B7-1) and CD86 (B7-2) were analysed
using FACScan®. Control immunoglobulin G of the same isotype was used as a negative control (thin line). Data are representative of four

independent experiments.

in a similar manner to fimbriae (18,19)
and other components, such as lipo-
protein (24). A recent review paper (25)
suggested that the triggering of TLR2
by pathogens induced an immunosup-
pression status through IL-10 induc-
tion, blockade of TLR recognition and
TLR-mediated induction of viral rep-
lication that serves as an escape
mechanism from host defense. These
reports led us to hypothesize that
P. gingivalis mainly triggers TLR2 on
DCs, which contributes to Th2-biased
responses and immune evasion by this
bacterium in periodontal lesions.

In this study, we showed that Pg
fimbriae and PGN, but not Ec¢ LPS,
induced upregulation of CDI14 and
CD16 in DCs. Furthermore, an anti-

TLR2 antibody, but not an anti-TLR4
antibody, abrogated the upregulation
of CDI14 and CDI16. Therefore, our
findings  strongly  suggest that:
(1) immature DCs recognize fimbriae
via TLR2 as well as PGN; and (2) sig-
nalling after the ligation of TLR2, but
not TLR4, leads to a unique subset of
CDI14" CD16" DCs. Toll-like recep-
tor 2 forms a heterodimer not only with
TLR6 but also with TLR1 to recognize
a variety of pathogen-associated
molecular patterns (26). Porphyromon-
as gingivalis LPS and recombinant fim-
brillin required heterotypic receptor
complexes of TLRI1/TLR2/CD14/
CDI11b/CDI18 for cell activation; in
contrast, wild-type fimbriae addition-
ally required TLR6 in the complex (16).

However, these results were obtained by
transient transfection of these mole-
cules; therefore, further studies are
necessary to examine the requirement
for other TLRs for the recognition of Pg
LPS/fimbriae and induction of the
CD14"CD16" DC subset.

The  fimbriae-induced CDI14™
CDI16" DC subset showed weak
expression of CD83, a marker of
mature DCs, suggesting the impair-
ment of DC maturation. The antigen
presenting and co-stimulatory activi-
ties of fimbriae-activated DCs seemed
to be almost equal to those of Ec
LPS-activated DCs, as indicated by
HLA-DR and CD80 expression levels.
Furthermore, the present results also
revealed the limited capability of Pg
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Fig. 3. Allogenic T cell proliferative response induced by Pg fimbriae-, PGN- and Ec¢ LPS-
stimulated DCs. The T cells were separated from PBMCs by magnetic sorting as described in
the Material and methods. Dendritic cells stimulated with 0.01-1 pg/mL of Pg fimbriae, PGN
or Ec LPS for 24 h were treated with mitomycin C followed by coculturing for 5 days with
T cells (50 000 cells/well) in a ratio of DC:T cells of 1:50. Fifteen hours before culture ter-
mination, [*H] thymidine (I pnCi/well) was added, and the level of radioactivity was counted
using a liquid scintillation B-counter. Representative data of three separate experiments are
shown as means (c.p.m.) &= SE of triplicate assays. Statistical significance is shown
(*p < 0.05 vs. control).
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Fig. 4. Chemokine production of Pg fimbriae-, PGN- and Ec LPS-stimulated DCs.
(A) Immature DCs were stimulated with 0.01-10 pg/mL of Pg fimbriae, PGN or Ec LPS for
24 h and the supernatants were harvested. The levels of IL-8 and RANTES were measured
by ELISA. (B) After pre-incubation with 0.5 pg/mL of anti-TLR2 mAb («TLR2), immature
DCs were stimulated with 10 pg/mL Pg fimbriae, 100 ng/mL PGN or 100 ng/mL Ec LPS for
24 h and supernatants were harvested. The level of IL-8 was measured by ELISA. Repre-
sentative data of three separate experiments are shown as means + SE of triplicate assays.
Statistical significance is shown (¥p < 0.05 vs. control).

fimbriae- and PGN-stimulated DCs in
the induction of allogenic T cell
responses. These patterns of surface
molecule expression and allo-T cell
stimulatory activity are almost identi-
cal to the Pg LPS-induced DC subset
that we have reported previously (14).
Weaker induction of CD86 by Pg
fimbriae/LPS than by Ec LPS in DCs
may indicate differential regulation of
CD80 and CD86 in the maturation of
DCs. Dilioglou et al. (27) have shown
that CD80 blockage has a weaker
effect on naive T cell activation by
monocyte-derived DCs compared with
CDS86 blockage, which may suggest a
weak T cell stimulation by fimbriae-
stimulated DCs.

The discrepancy between antigen-
presenting and in vitro T cell stimula-
tory activity may be partly due to the
weaker expression of co-stimulatory
molecules and due to weak chemokine
production upon stimulation with Pg
fimbriae and PGN, since these cyto-
kines are important in regulating the
capacity of DCs to initiate immune
responses (28). We have shown here
that fimbriae could induce IL-8 and
RANTES only at higher doses (1 and
10 pg/mL, respectively). In contrast,
DCs stimulated with PGN and Ec LPS
released much higher levels of IL-8 and
RANTES at lower doses (0.01-0.1 pg/
mL), suggesting that Pg fimbriae are a
weaker inducer of these chemokines,
similar to Pg LPS. An anti-TLR2
antibody almost completely abrogated
IL-8 and RANTES production from
both Pg fimbriae- and PGN-stimulated
DCs but not from Ec¢ LPS-stimulated
DC, suggesting that Pg fimbriae and
PGN induce these chemokines via
TLR2. Differential induction of pro-
duction of these chemokines by Pg
fimbriae and PGN was observed. Zhou
et al. (15) investigated cytokine profiles
of mouse macrophages exposed to live
P. gingivalis or Pg LPS/fimbriae, and
reported that Pg LPS/fimbriae induced
most cytokines only via TLR2, with
the exception of some chemokines,
including RANTES. These chemokines
were produced by both TLR2 and
TLR4 triggering, and only the TLR2
pathway was completely inhibited by
live P. gingivalis. Although the precise
mechanism is still unknown, these



findings, including those of the present
study, suggest that host cells sense
P. gingivalis and its components dif-
ferently via TLRs. Furthermore, it is
possible that unique biological char-
acteristics of P. gingivalis components
may affect the signalling after TLR
recognition by the host immune
system.

In this study, we clearly showed that
Pg fimbriae induced CD14" CDI16™"
DCs via TLR2 signalling. The weak
immunostimulatory activity of this DC
subset may contribute to the escape of
P. gingivalis from the immune system.
However, further studies are necessary
to elucidate the pathophysiological
role of this subset in the development
of periodontal diseases.
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