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Abstract Porphyromonas gingivalis is a Gram-negative,
anaerobic bacterium involved in periodontitis and peri-
implantitis that can invade and survive inside host cells in
vitro. P. gingivalis can invade human gingival fibroblasts
(GF), but no data are available about the role of P. gingi-
valis’ capsule in GF invasion. In the current study, we
aimed to determine the ability of three strains of P. gin-
givalis (encapsulated wild type W83, non-encapsulated
HG91 and the non-encapsulated insertional isogenic
knockout mutant of W83, AEpsC) to invade GF and the
ability of internalized P. gingivalis to survive in vitro
antibiotic treatment. The ability of P. gingivalis strains to
invade GF was tested using an antibiotic protection assay at
multiplicity of infection (MOI) 100 and 1000. The survival
of internalized P. gingivalis cells was further analyzed by
subsequent in vitro treatment with either metronidazole or
amoxicillin alone or a combination of metronidazole and
amoxicillin and anaerobic culture viability counts. All
strains of P. gingivalis used in this study were able to
invade GFs. The non-encapsulated mutant of W83 (AEpsC
mutant) was significantly more invasive than the wild type
W83 at MOI 100 (p value 0.025) and MOI 1000 (p value
0.038). Furthermore, internalized P. gingivalis was able to
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resist in vitro antibiotic treatment. As demonstrated by
the differences in invasion efficiencies of P. gingivalis
strain W83 and its isogenic mutant AEpsC, the capsule of
P. gingivalis makes it less efficient in invading gingival
fibroblasts. Moreover, internalized P. gingivalis can sur-
vive antibiotic treatment in vitro.
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Introduction

Porphyromonas gingivalis is a Gram-negative, anaerobic,
non-motile rod shaped bacterium found in sub-gingival
plaque that has been associated with chronic adult peri-
odontitis (Lamont and Jenkinson 1998) and peri-implantitis
(Botero et al. 2005). P. gingivalis is equipped with a broad
array of virulence factors (Holt et al. 1999) potentially
involved in tissue colonization and destruction. P. gingi-
valis capsule is an important virulence factor and it has
been shown that encapsulated P. gingivalis strains are more
virulent than non-encapsulated strains in a mouse model
(Laine et al. 1997), non-encapsulated strains adhere more
to epithelial cells compared to encapsulated strains
(Njoroge et al. 1997) and the capsule may be immuno-
suppressive for human gingival fibroblasts (GF) in vitro
(Brunner et al. 2010). On the basis of capsular polysac-
charides, seven capsular (K1-K7) and a non-capsular
serotype of P. gingivalis have been described previously
(Laine et al. 1996; Sims et al. 2001).

Invasion into host cells is one of the multiple ways in
which pathogens interact with the host immunity (Theriot
1995). P. gingivalis has been shown to invade into a variety
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of host cells in several in vitro studies (Andrian et al. 2006;
Eick et al. 2002; Deshpande et al. 1998; Amornchat et al.
2003), and to persist and multiply within the epithelial cells
(Madianos et al. 1996). The capsule may impede the pro-
cess of invading host cells by P. gingivalis, as partial
dissolution of P. gingivalis capsule with amyloglucosidase
has been shown to increase the invasion efficiency of
P. gingivalis into endothelial cells (Deshpande et al. 1998).

Systemic metronidazole is most commonly used either
alone or in combination with amoxicillin as an adjunct to
periodontitis and peri-implantititis treatment (Seymour and
Heasman 1995). Recurrence of periodontitis may still be a
problem in some patients after the use of systemic antibi-
otics, probably due to a hampered eradication of
periodontal pathogens such as P. gingivalis (Magnusson
and Walker 1996). Intracellular presence of P. gingivalis in
epithelial cells collected from patients after systemic anti-
biotic treatment has been reported (Colombo et al. 2007),
and may reflect inadequacy of conventional antibiotics to
eliminate internalized P. gingivalis.

Fibroblasts are the most abundant stromal cell type in
the connective tissue of gingiva (Schroeder et al. 1973) and
important cells in the pathogenesis of periodontitis (Lekic
et al. 1997). P. gingivalis has been shown to penetrate
multilayered epithelial cells and reach the underlying
connective tissue in an in vitro model (Andrian et al. 2004),
which is also consistent with in vivo observations (Saglie
et al. 1988). To the best of our knowledge, the role of
P. gingivalis capsule in invading GF is not known and we
hypothesize that the non-encapsulated P. gingivalis may be
internalized more efficiently into GFs and survive antibi-
otic treatment inside GF. Therefore, the aim of our current
study was to evaluate the effects of P. gingivalis capsule on
its ability to invade GF and to investigate the in vitro
effectiveness of metronidazole, amoxicillin and combina-
tion of metronidazole and amoxicillin, on intracellular
P. gingivalis.

Materials and Methods
Bacterial Strains

Porphyromonas gingivalis strains W83 (K1 serotype),
HGY91 (K- serotype) and an isogenic non-encapsulated
knockout mutant of W83 (AEpsC mutant, K-serotype),
were grown anaerobically (80 % N,, 10 % H,, and at
10 %CO, at 37 °C) until log growth phase in brain—heart
infusion broth (BHI, Bacto™ Brain Heart Infusion,
Becton, Dickinson and Company, USA) enriched with hemin
(5 pg/ml) and menadione (1 pg/ml). Purity of the cultures
was checked by Gram-staining. The AEpsC mutant is an
insertional isogenic W83 knockout in the epimerase-coding
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gene EpsC that is located at the end of the capsular bio-
synthesis locus (Brunner et al. 2010).

Porphyromonas gingivalis was harvested by centrifu-
gation at 5,000 rpm, for 15 min. Bacterial pellets were
washed twice in sterile phosphate-buffered saline (PBS)
and resuspended in DMEM containing 10 % fetal bovine
serum (FBS, HyClone, Logan, UT, USA) without antibi-
otics. The optical density (ODggy) of the fluid bacterial
culture in BHI was measured at 690 nm wavelength. An
ODggp = 0.8 corresponding to 2 x 10° CFUs/ml on bac-
terial growth curves for different P. gingivalis strains (data
not shown), was used to establish the number of colony-
forming units (CFUs) and infect GFs.

Human Gingival Fibroblasts (GF)

Gingival fibroblasts isolated from an extracted third molar
of a 62 years old, periodontally healthy, non-smoking
female during a previous study (Scheres et al. 2010) were
used. The donor had given a written informed consent and
the study was approved by the VUmc (Vrije Universiteit
medical centre) medical ethical committee. Briefly, the
tissue sample was taken by collecting the free gingiva
around the tooth. The tissue sample was washed and
maintained as explants in Dulbecco’s modified Eagle
medium (DMEM; 4.5 g/L glucose + L-glutamine + pyruvate;
Invitrogen/Gibco Paisley, UK) supplemented with 10 %
fetal bovine serum (FBS; Invitrogen/Gibco, Paisley, Scot-
land, UK) and 2 % antibiotics/antimycotics (PSF; 100 U/
ml of penicillin, 100 pg/ml streptomycin and 250 ng/ml of
amphotericin B; Sigma, St Louis, MO, USA) in a humid-
ified environment with 5 % CO, at 37 °C until growth of
fibroblasts was observed under the microscope. These
fibroblasts were further expanded in DMEM containing
10 % FBS and 1 % PSF and stored frozen in liquid nitro-
gen at passage 4. All experiments were performed using
fibroblasts between passages 4 and 10.

Minimum Inhibitory and Minimum Bactericidal
Concentrations

Minimum inhibitory and minimum bactericidal concen-
trations values of the P. gingivalis strains W83, HG91 and
AEpsC mutant were determined by a standard broth dilu-
tion method (Hecht et al. 2007). The MIC and MBC values
were determined both in BHI and in DMEM enriched with
10 % FBS. Briefly, P. gingivalis strains were grown
anaerobically in BHI containing hemin and menadione for
18 h at 37 °C, the ODggg was determined and based on the
standard growth curves, the number of bacteria was cal-
culated. Metronidazole (Sigma-Aldrich, the Netherlands)
and amoxicillin (Beecham research laboratories, Beecham
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Pharma, Amstelveen, the Netherlands) solutions were
prepared in sterile distilled water and filter sterilized with
sterile polypropylene syringe filters (Whatman® FP 30/0.2,
0.2 pum pore size, GE Healthcare Europe GmbH, Belgium).
Metronidazole and amoxicillin were serially diluted in a
24-well plate in BHI enriched with hemin and menadione
and an inoculum containing 1 x 108 P. gingivalis was
added to each well. P. gingivalis strains without antibiotics
and antibiotics without P. gingivalis served as controls.
Four different concentrations of metronidazole: 2, 1, 0.5
and 0.25 pg/ml and amoxicillin: 0.5, 0.25, 0.125 and
0.062 pg/ml were used for MIC and MBC determination.
Each concentration of metronidazole (2, 1, 0.5 and
0.25 pg/ml) was combined with respective concentration
of amoxicillin (0.5, 0.25, 0.125 and 0.062 pg/ml) for the in
vitro combination of antibiotic treatment.

Invasion Efficiency

An antibiotic protection assay for P. gingivalis (Deshpande
et al. 1998) was used to quantify the invasion efficiency of
the three P. gingivalis strains. GFs were seeded into
24-well plates at a cell density of 1 x 10* cells/well, in
antibiotic-free DMEM containing 10 % FBS and grown
until sub-confluence. P. gingivalis was grown overnight in
BHI broth with hemin and menadione, and harvested at the
log phase (ODggq of 0.8) by centrifugation. These P. gin-
givalis were washed first with PBS (pH 7.4) and then with
DMEM without antibiotics before suspending them in
DMEM containing 10 % FBS without antibiotics. The
ODgog was again measured in DMEM to establish the
CFUs. The numbers of P. gingivalis were adjusted to be
used subsequently for infecting the fibroblasts with a
multiplicity of infection (MOI) 100 (1 x 10%well) and
1000 (1 x 107/well) P. gingivalis per GE. Only DMEM
containing 10 % FBS was added to the control GFs.
P. gingivalis without GFs in concentration of 1 x 10%/ml was
also included for each experiment as control to evaluate the
efficiency of the antibiotic used for killing P. gingivalis.
The bacterial suspensions in DMEM were added to the
sub-confluent monolayers of GFs and co-incubated in
humidified aerobic atmosphere for 90 min, in 5 % CO, at
37 °C. After co-incubation, the unattached bacteria were
removed by washing each well twice with PBS. Metroni-
dazole (100 pg/ml) was added to the monolayers and
incubated in DMEM for another 60 min to kill the external
adherent bacteria. This concentration of metronidazole was
shown in pilot experiments to kill 10® P. gingivalis/ml
during 60 min exposure in BHI as well as DMEM and also
reported elsewhere (Deshpande et al. 1998; Njoroge et al.
1997). Monolayers were washed twice with PBS and 1 ml
of sterile distilled water was added to each well and further

incubated for 30 min to lyse the fibroblasts. The cells were
disrupted by vigorous and repeated pipetting. The lysate
was plated in serial dilutions for CFUs count on horse
blood agar plates (Oxoid no.2, Basingstoke, UK) contain-
ing hemin and menadione and incubated anaerobically at
37 °C. The remaining samples were stored at —80 °C.
CFU counts were determined after 14 days of anaerobic
incubation. Invasion efficiency was expressed as a per-
centage of the initial inoculum recovered after GF lysis
(Lamont et al. 1995).

Survival of Internalized P. gingivalis

To study the survival of internalized P. gingivalis, the most
invasive among the three P. gingivalis strains, i.e., AEpsC
mutant was chosen for further experiments. The highest
invasion efficiency was seen with MOI 100, therefore only
MOI 100 was used in further experiments.

This assay was performed in two steps. The first step
was performed similar to the antibiotic protection assay
except that the GFs were not lysed at the end of the
experiment. In the second step, GFs were washed twice
with PBS and either metronidazole (100 pg/ml) alone,
amoxicillin alone (12.5 pg/ml) or combination of metro-
nidazole (100 pg/ml) and amoxicillin (12.5 pg/ml) were
added to the wells containing GFs and incubated for
60 min under humidified aerobic conditions at 37 °C.
Concentrations of antibiotics used in this step were equal to
100 times the MIC. Antibiotic-free DMEM was added to
the control GFs. After incubation the GFs were washed
twice with sterile PBS and lysed as described previously.

Porphyromonas gingivalis Quantitation by Real Time
Polymerase Chain Reaction (RT-PCR)

Porphyromonas gingivalis DNA was isolated from the
lysate by MagNA Pure DNA Isolation kit IIT (Roche,
Molecular Diagnostics, Almere, the Netherlands) as men-
tioned elsewhere (Boutaga et al. 2006). The primer/probe
sets and PCR conditions have been described earlier
(Boutaga et al. 2005). Briefly, RT-PCR amplification was
performed in a total reaction mixture volume of 20 pL. The
reaction mixtures contained 10 pL of LightCycler® 480
SYBR Green I Master mix, 1.8 pmol of P. gingivalis
specific forward and reverse primers each, 0.4 pmol of
LightCycler® 480 CYAN 500 Labeling Reagent and 4 pL
of purified P. gingivalis DNA from the samples. The
samples were subjected to an initial amplification cycle of
50 °C for 2 min and 95 °C for 10 min followed by 45
cycles at 95 °C for 15 s and 60°C for 1 min using the
LightCycler® 480 Instrument. Data analysis was done with
LightCycler® 480 software release 1.5.0 SP4.
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Statistical Analysis

Mean and standard error of the mean (SEM) were calcu-
lated from three separate experiments for antibiotic
protection assays. Data from the culture and RT-PCR were
compared and tested for significance either using a two-tailed,
non-parametric Mann—Whitney’s test or a non-parametric
Kruskal-Wallis and Dunn’s multiple comparison post hoc
tests. Data analysis was performed with GraphPad Prism
software (version 5.00 for Windows, San Diego California,
USA). Differences were considered statistically significant at
a p value <0.05.

Results
MIC and MBC

Table 1 presents the MIC and MBC values for different
P. gingivalis strains as determined by broth dilution method.
The MIC and MBC values of amoxicillin alone for the
three P. gingivalis strains ranged between 0.125 and
0.25 pg/ml. MIC and MBC values of metronidazole alone
for the three P. gingivalis strains ranged between 1 and
2 pg/ml. MIC and MBC values for the combination ranged
between 1 pg/ml metronidazole plus 0.125 pg/ml amoxicillin
and 2 pg/ml metronidazole plus 0.25 pg/ml amoxicillin.
There were no significant differences in susceptibility to
metronidazole and amoxicillin between the encapsulated
and non-encapsulated P. gingivalis strains W83, HG91 and
AEpsC mutant.

Invasion of GF by P. gingivalis

Porphyromonas gingivalis strains used in this study were
able to invade and survive inside GF. Figure 1 shows the
invasion efficiencies of the three P. gingivalis strains at
MOI 100 and 1000, after 90 min of infection, as deter-
mined by anaerobic culture. Invasion efficiencies of W83
wild type, HG91 and AEpsC mutant at MOI 100 were
0.007, 0.07 and 0.15 %, respectively. At MOI 1000,
respective invasion efficiencies of W83 wild type, HG91
and AEpsC mutant were 0.016, 0.04 and 0.09 %, respec-
tively. Invasion efficiencies of the non-encapsulated strains

between MOI 100 and MOI 1000 were not statistically
different.

The non-encapsulated P. gingivalis AEpsC mutant was
significantly more invasive than the encapsulated W83
parent strain at MOI 100 (p value 0.025) as well as MOI
1000 (p value 0.038) (Fig. 1). Invasion efficiency of the
non-encapsulated HG91 strain was also higher than the
encapsulated W83 strain at MOI 100 and 1000, although
the differences did not reach statistical significance.

Overall, the RT-PCR data show comparable results
as seen for anaerobic culture (Fig. 2). There were no
statistically significant differences in the amounts of
P. gingivalis detected by RT-PCR either between W83 and
HGI91 or HG91 and AEpsC mutant at MOI of 100 (Fig. 2).
However, at MOI 1000, the detected amounts of AEpsC
were significantly higher than the wild type W83 (p value
0.027).

In Vitro Survival of Internalized P. gingivalis

The internalized AEpsC mutant was further treated with
different regimens of antibiotics. After the additional in
vitro antibiotic treatment of internalized AEpsC mutant,
viable P. gingivalis could still be recovered from the GFs
regardless of the antibiotics used. When compared to the
total amounts of internalized bacteria (i.e., bacteria left
after the first antibiotic treatment), the mean percentages
ranged from 13.5 to 17.8 % depending on the antibi-
otic(s) used (Fig. 3), differences were not significant.
Survival of the internalized AEpsC mutant was signifi-
cantly (p value 0.034) reduced compared to control, if a
combination of metronidazole and amoxicillin was used
(Fig. 4). Either metronidazole alone or amoxicillin alone
was not able to significantly reduce the internalized load of
P. gingivalis (Fig. 4).

Discussion

Clinical studies on periodontitis and peri-implantitis
patients treated with antibiotics have reported inability of
antibiotics to completely eradicate P. gingivalis (von Troil-
Linden et al. 1996; Mombelli et al. 2001). This observation
is in line with the finding that periodontal pathogens
internalized into host cells might act as a potential reservoir

Table 1 MIC and MBC of

o . P. gingivalis strain (serotype
antibiotics as determined by gimng ( ype)

MIC/MBC (ug/ml)

broth dilution method Metronidazole Amoxicillin Metronidazole + Amoxicillin
W83 (K1) 1.0/2.0 0.25/0.25 1 + 0.125/2 + 0.25

MIC minimum inhibitory GI1(K") 2.0/2.0 0.25/0.25 1 + 0.125/1 + 0.125

concentration, MBC minimum AEpsC (K™) 1.0/2.0 0.125/0.25 14+ 0.125/1 + 0.25

bactericidal concentration
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Fig. 1 Invasion efficiencies of P. gingivalis strains into GF at MOI
100 and 1000, as determined by anaerobic culture. The non-
encapsulated mutant of W83 (AEpsC) was significantly more efficient
in invading GF compared to the encapsulated wild type (W83) both at
MOI 100 (*p value 0.025) and MOI 1000 (**p value 0.038). Results
are presented as the mean and SEM of triplicate cultures and represent
three independent experiments
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Fig. 2 Invasion efficiencies of P. gingivalis at MOI 100 and 1000 as
determined by RT-PCR. The invasion efficiency of AEpsC mutant
into GFs was significantly higher than the wild type W83 at MOI
1000 (*p value 0.027). Results are presented as the mean and SEM of
triplicate cultures and represent three independent experiments

for re-infection in periodontitis (Rudney et al. 2005). The
re-emergence of P. gingivalis has particularly been attrib-
uted to failed eradication (Mombelli et al. 2002). Invasion
of host cells is one of the possible mechanisms that can
offer protection to bacteria against antibiotic pressure
(Johnson et al. 2008). GF appear to be important host cells
in this regard, because periodontal pathogens have been
previously shown to invade into and survive inside GFs
(Amornchat et al. 2003; Dabija-Wolter et al. 2009). Intra-
cellular P. gingivalis undergoes morphologic changes and
has been shown by scanning electron microscopy in the
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Fig. 3 AEpsC P. gingivalis recovered by anaerobic culture after in
vitro challenge of the internalized bacteria with metronidazole
(100 pg/ml), amoxicillin (12.5 pg/ml) or combination of metronida-
zole (100 pg/ml) and amoxicillin (12.5 pg/ml), is shown here as mean
percentages of the initially internalized bacteria at MOI 100. No
viable P. gingivalis was recovered from the control

0.15 4
0.14 4
0.13 4
0.12 4
0.11 4
0.10 4
0.09 4
0.08
0.07 4
0.06
0.05 4
0.04 4
0.03 4
0.02 4
0.01 4
0.00 -

@l Control
E=1 Metronidazole
3 Amoxicillin

EE Metronidazole
plus amoxicillin

Survival of AEpsC mutant (%)

Fig. 4 Survival of P. gingivalis (AEpsC mutant) recovered by
anaerobic culture after in vitro challenge of the internalized bacteria
with metronidazole (100 pg/ml), amoxicillin (12.5 pg/ml) or combi-
nation of metronidazole (100 pg/ml) and amoxicillin (12.5 pg/ml). A
significant reduction in the survival of internalized bacteria was
observed after combination of metronidazole and amoxicillin treat-
ment, compared to control (¥p value 0.034). Results are presented as
the mean and SEM of triplicate cultures and represent three
independent experiments

cytoplasm without membrane surrounding (Amornchat
et al. 2003).

In the current study, both encapsulated and non-encap-
sulated P. gingivalis strains were able to invade into GFs;
however, differences were found in their invasion effi-
ciencies. The non-encapsulated AEpsC mutant was
significantly more invasive than its encapsulated wild type
strain W83. Invasion efficiency of the naturally non-
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encapsulated HG91 strain also tended to be higher than the
encapsulated W83, but the difference did not reach statis-
tical significance. This indicates that the capsule of W83 is
mainly responsible for the differences in the invasion
efficiencies between the parent W83 strain and its non-
encapsulated isogenic AEpsC mutant. Factors other than
the capsule may confound a comparison between a non-
encapsulated P. gingivalis strain, e.g., HG91, with an
encapsulated one, e.g., W83. Furthermore, in the current
study we found the highest invasion efficiency with MOI
100, which is consistent with previous studies (Amornchat
et al. 2003; Lamont et al. 1995). There may be a threshold
for a fibroblast to optimally internalize a certain number of
P. gingivalis and increasing the number of bacteria beyond
the threshold may not further enhance invasion (Lamont
et al. 1995). The non-encapsulated AEpsC mutant, being
the most invasive of the three P. gingivalis strains used,
was chosen for further experiments to study the survival of
internalized P. gingivalis to in vitro antibiotics treatment.
The results show that P. gingivalis can resist antibiotic
treatment inside fibroblasts. Persistence and/or multiplica-
tion of P. gingivalis after internalization and survival in
GF, was not evaluated in the current study although other
studies have shown that P. gingivalis can persist and
multiply inside host cells after internalization (Madianos
et al. 1996). In the current study, combination of metro-
nidazole and amoxicillin was found to be significantly
more effective in reducing the amounts of internalized
P. gingivalis compared to control. Clinical isolates of
P. gingivalis may be more difficult to eradicate compared
to laboratory strains, with the antibiotic therapy for peri-
odontitis and peri-implantitis because clinical isolates of
P. gingivalis have been found to be considerably more
resistant to antibiotic treatment inside host cells (Eick and
Pfister 2004). Since growth of fibroblasts can be affected
by anaerobic conditions (Clark 1964), antibiotic protection
assays in the current study were carried out under aerobic
conditions according to the standard protocol used in pre-
vious studies (Murakami et al. 2008).

Metronidazole is used to treat periodontal and peri-
implant infections either alone or in combination with
amoxicillin (Seymour and Heasman 1995). Once taken up
by the bacterial cell, metronidazole reacts with bacterial
DNA, resulting in bacterial cell death (Muller 1983).
Although we have not tested entry of metronidazole into
gingival fibroblasts in the current study, metronidazole is
known to cross cell membrane of gingival fibroblasts (Yu
et al. 2009). It has been shown in an in vitro study that
P. gingivalis internalized into host cells can survive met-
ronidazole concentrations of up to 100 times its MIC (Eick
and Pfister 2004). Amoxicillin is a f-lactam antibiotic,
which is bactericidal and act by inhibiting bacterial cell
wall synthesis (Yocum et al. 1980). Penicillins do not
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readily cross plasma membrane, which limits their ability
to kill intracellular bacteria (Schentag et al. 1985). The
inability of metronidazole and amoxicillin to effectively
eliminate internalized P. gingivalis is in line with clinical
studies (Colombo et al. 2007; Magnusson and Walker
1996).

Evasion of the host defence mechanisms and invasion of
host tissues to maintain a successful infection are the pre-
requisites for a successful chronic infection. The capsule of
P. gingivalis has been particularly implicated in the
reduction of host immune response and increase in viru-
lence (Singh et al. 2011). Recent studies have confirmed
the immunomodulatory role of P. gingivalis capsule in
interaction with host cells (Vernal et al. 2009). Invasion of
non-phagocytic host cells is yet another important mecha-
nism of P. gingivalis to maintain a successful infection.
The role of P. gingivalis capsule in its ability to invade GF
has not been reported previously. Polysaccharide capsule
of P. gingivalis may interfere with the initial step of bac-
terial binding to host cell membrane. For example, the
polysaccharide capsule of P. gingivalis decreases their
surface hydrophobicity (van Winkelhoff et al. 1993), which
may partly explain the higher affinity and increased inva-
sion efficiency of non-encapsulated strains to host cells
(Andrian et al. 2006; Dierickx et al. 2003). The capsule has
also been shown to impede host cell invasion in other
pathogens such as Klebsiella pneumoniae (Sahly et al.
2000) and Haemophilus influenzae (St Geme et al. 1992).
In case of GF, the mechanism of invasion by P. gingivalis
is not fully understood, although P. gingivalis has been
reported to exploit host cell signaling pathways and cyto-
skeleton for its internalization into gingival epithelial cells
(Lamont et al. 1995; Yilmaz et al. 2003). Other invasive
bacterial species have also been shown to rely on the host
cell actin cytoskeleton for a successful infection (Amieva
et al. 2002). Once inside host cell, P. gingivalis can pro-
mote its survival by activating a variety of apoptotic
pathways (Handfield et al. 2005) and regulation of dis-
tinctive P. gingivalis proteins and genes (Zhang et al.
2005). These observations show the strategies that P. gin-
givalis has evolved to increase its chances of survival
inside the host cell although their relevance for P. gingi-
valis-fibroblast interactions has yet to be determined. The
in vitro inability of high concentrations of antibiotics to kill
P. gingivalis internalized into GF, shown in this study,
provides further support to the idea that GF may play an
important role in P. gingivalis resistance to antibiotics.
Although the evidence that P. gingivalis, to a certain
extent, can invade host cells and resist antibiotic treatment
is in line with clinical studies, in vitro studies may not be
directly extrapolated to in vivo situation.

Within the limitations of the study, we conclude that
P. gingivalis can internalize into human gingival fibroblasts
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in vitro, non-encapsulated P. gingivalis is more efficient in
invading GFs than encapsulated P. gingivalis and once
inside the host cell, P. gingivalis can survive antibiotic
treatment.
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