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Different effects of P. gingivalis LPS and E. coli LPS on the expression
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Abstract
Objective.Gingival fibroblasts (GFs) produce pro-inflammatory cytokines in response to stimulation with lipopolysaccharide
(LPS) of Porphyromonas gingivalis, which is thought to be mediated by activation of toll-like receptors (TLR)2 and TLR4. The
present study investigated the expression of interleukin (IL)-6, TLR2, and TLR4 in GFs of seven different donors upon
stimulation with P. gingivalis LPS. The effects of P. gingivalis LPS were compared with those of TLR4 agonist Escherichia coli
LPS and TLR2 agonist Pam3CSK4. Materials and methods. GFs were stimulated with P. gingivalis LPS, E. coli LPS or
Pam3CSK4 and the expression of IL-6, TLR2 and TLR4 was measured by qPCR. The surface expression of TLR2 and
TLR4 was measured by flow cytometry. Results. In GFs from three donors, P. gingivalis LPS and Pam3CSK4 induced a
markedly lower increase in IL-6 expression than E. coli LPS. This was accompanied by significant down-regulation of the
TLR2 and TLR4 expression. In GFs from another four donors, an increase in IL-6 expression upon stimulation with P.
gingivalis LPS and Pam3CSK4 was similar or even higher than that induced by E. coli LPS. In GFs of these donors, all stimuli
induced an up-regulation of both mRNA and protein expression of TLR2 and did not influence that of TLR4. Conclusions.
This study suggests that P. gingivalis LPS and E. coli LPS differently regulate cytokine production in human gingival fibroblasts.
Regulation of the expression level of TLR2 and TLR4 by periodontal pathogens might be an important factor controlling the
inflammatory response in GFs.
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Introduction

Periodontitis is an infection disease, induced by
overgrow of some gram-negative bacteria in the dental
plaque resulting in the chronic stimulation of innate
immune system, excessive production of pro-
inflammatory cytokines, destruction of periodontal
tissue, and in worst cases tooth loss [1]. Immune
response is initiated after recognition of bacteria-
derived pathogen-associated molecular patterns by
specific pattern recognizing receptors of the host cells.
Lipopolysaccharide (LPS) is a component of gram-
negative bacteria and is a potent inducer of immune
response by various cell types [2]. Host cells recognize
LPS through toll-like receptors (TLR), a family of

trans-membrane protein, which are similar to the toll
protein of Drosophila [3,4]. LPS from most gram-
negative bacteria is recognized by TLR4 [4]. One
of the few exceptions from this rule is LPS from
Porphyromonas gingivalis, which is strongly associated
with chronic and severe adult periodontitis [5]. In
contrast to common LPS of enterobacteria, P. gingi-
valis LPS is a rather weak TLR4 agonist and activates
mainly TLR2 [6–8]. More recent studies report that
P. gingivalis LPS has heterogeneity in the structure
and its different forms activate different signaling
pathways [9,10].
Gingivalfibroblasts (GFs) are themainconstituent of

the periodontium, they are responsible for the synthesis
and degradation of connective tissue [11]. Numerous
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studieswithin the lastdecadesshowedthatGFsproduce
various pro-inflammatory cytokines in response stimu-
lation with P. gingivalis LPS, which seems to play an
important role in the progression of periodontal disease
(for review, see [12,13]).BothTLR2andTLR4seemto
mediate the cytokine production by GFs in response to
P. gingivalis LPS [14–16]. However, large quantitative
and qualitative differences in the production of pro-
inflammatory cytokines were observed between cells
isolated fromdifferentdonors [17,18].Theexact reason
for this heterogeneity is rather unclear, but plausibly
these differences could be due to different expression of
proteins involved in LPS-induced signaling. For exam-
ple, one previous study on GFs showed that higher
expression levels of the membrane CD14, which is
required for interaction of LPS with TLRs, were asso-
ciated with higher levels of cytokine production upon
LPS stimulation [17]. Since TLR2 and TLR4 are pri-
maryreceptors forP. gingivalisLPS, it couldbeassumed
that their expression levels also correlate with the
response of GFs. However, to date this question is
poorly investigated.
The aim of the present study was to investigate the

effect of P. gingivalis LPS on the expression levels of
interleukin (IL)-6, TLR2 and TLR4 in human GFs
isolated from seven different individuals. Since P.
gingivalis might activate both TLR2 and TLR4,
we compared its effect with those of TLR4 agonist
E. coli LPS and TLR2 agonist synthetic lipopeptide
Pam3CSK4.

Materials and methods

Cell culture and reagents

Gingival fibroblasts were isolated from the gingival
tissue of seven periodontally healthy donors under-
going routine extraction of their third molar teeth.
Donors were informed in details and signed agree-
ment before the surgical procedures. All donors had
no systemic disease, donor’s age ranged from 26–
60 years. Donors 1, 2 and 7 were males, donors 3, 4,
5 and 6 were females. Donors 1, 3, 6 and 7 were non-
smokers, donors 2, 4 and 5 were smokers. Human
GFs were isolated by cutting the gingival tissue into
smaller pieces with a sterile scalpel blade and cultured
in Dulbecco’s modified Eagle’s medium (DMEM),
supplemented with 10% fetal calf serum (FCS), strep-
tomycin (50 mg/ml) and penicillin (100 U/ml) under
humidified air atmosphere containing 5% CO2 at
37�C. The medium was changed every 3 days and
cells were cultured for 10–15 days until confluent
monolayers were formed. Cells were further passaged
by trypsinization and then again grown to confluence
in 75 cm2 cell culture flasks. Cell lines from passage
levels 5–8 were used in this study.
Commercially available preparation of P. gingivalis

LPS, E. coli 0111:B4 LPS, and synthetic lipopeptide

Pam3CSK4 (all Invivogen, San Diego, CA) were
used. Preparations of bacterial LPS were purified
by the supplier according to the method of
Hirschfeld et al. [19]. As reported by another study,
these LPS preparations are free from contaminating
lipoproteins [20].

GFs stimulation

GFs were seeded in a 6-well plate (106 cell in 3 ml
medium per well). After 24 h, the culture mediumwas
replaced with DMEM medium containing 2% FCS
and cells were stimulated with one of the following
substances: P. gingivalis LPS, 1 mg/ml; TLR2 agonist
Pam3CSK4,1mg/ml;TLR4agonistE. coliLPS,0.1mg/
ml. Non-stimulated cells cultured in DMEMmedium
with2%FCSweretakenasanegativecontrol.After24h
stimulation, cells were collected and the expression of
TLR2, TLR4, andIL-6 was analyzed. The stimulation
conditions were similar to that used in our previous
study, inwhichmaximal responseofGFs toP.gingivalis
LPS was observed after 24 h stimulation [21].

Real time PCR

Isolation of total cellular mRNA and its following
transcription into cDNA was performed using
TaqMan� Gene Expression Cells-to-CT� kit
(Ambion/Applied Biosystems, Grand Island, NY)
according to the manufacturer’s instruction. For
each group, 105 cells were taken for mRNA isolation.
Real-time PCR was performed on an ABI Prism SDS
7000(AppliedBiosystems)inpairedreactionsusingthe
Taqman� gene expression assays with following ID
numbers (all from Applied Biosystems): IL-6,
Hs00985639_m1; TLR2, Hs00610101_m1; TLR4,
Hs00152939_m1; b-actin, Hs99999903_m1. Tripli-
cate real timePCRreactionswereperformed in96-well
plates, eachwell contained 10ml of theTaqMan�Gene
Expression Master Mix, 1 ml TaqMan� Gene Expres-
sion Assay (both from Applied Biosystems), 5 ml of
nuclease free water and 4 ml of template DNA. Ther-
mocyclingconditionswereas follows: initiationat95�C
for 10 min, then 40 cycles each of them consisting of
denaturation at 95�C for 15 s and hybridization-
elongation at 60�C for 2 min. The point at which the
PCRproductwas first detected above afixed threshold
(termed cycle threshold, Ct) was determined for
each sample. Changes in the expression of target genes
were calculated using 2�DDCt method, where
DDCt = (Ct

target �Ct
b-actin)sample� (Ct

target �Ct
b-actin)

control, taking the sample without any treatment as a
control.

Flow cytometry analysis

Cells were washed in FACS buffer (3% FCS, 0.9%
NaN3 in phosphate buffered saline), and used for
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staining. 5 � 105 cells were re-suspended in 50 ml of
FACS buffer and incubated with one of the following
monoclonal antibodies conjugated with phycoery-
thrin (all eBioscience, San Diego, CA): mouse anti-
human toll-like receptor 2 antibody (clone TL 2.1),
mouse anti-human toll-like receptor 4 (clone
HTA125) antibody, mouse IgG2a isotype control
antibody. The incubation was performed in a dark
place on ice. After incubation, the cells were washed
twice with ice-cold FACS buffer, re-suspended in
500 ml of FACS buffer and analyzed for TLRs expres-
sion. Analysis was performed with a flow cytometer
(FACScan, Becton Dickinson, San Jose, CA)
equipped with an argon laser tuned at 488 nm.
Cell counting was limited by 10 000 events. The
protein expression level was quantified based on the
relationship of the mean fluorescence intensities of
cells treated with one of TLRs antibodies to those
treated with isotype control antibody.

Statistical analysis

The statistical differences compared to the control
group were analyzed by t-test or ANOVA’s statistic.
All statistical analysis was performed using statistic
program SPSS 17.0. Data are expressed as

mean ± SD. Differences were considered to be sta-
tistically significant at p < 0.05.

Results

Effect of P. gingivalis LPS, E. coli LPS and
Pam3CSK4 on the mRNA expression level of IL-6 in
GFs

The effect of P. gingivalis LPS, E. coli LP and
Pam3CSK4 on the gene expression of IL-6 in human
gingival fibroblasts isolated from different donors is
shown in Figure 1. Quantitative inter-individual dif-
ferences were observed in response to different sti-
muli. P. gingivalis LPS induce a significant increase in
IL-6 expression levels in GFs from donors 3–7,
whereas no changes in IL-6 expression were observed
in donors 1 and 2. Pam3CSK4 induced a significant
increase in IL-6 expression in GFs from all donors,
excepting donor 3. E. coli LPS induced a significant
increase in IL-6 mRNA expression levels in GFs
isolated from all donors. The responses to P. gingivalis
LPS and Pam3CSK4 were significantly lower
(p < 0.05) than that to E. coli LPS in donors 1–3
and significantly higher than that to E. coli LPS in
donors 4–7. In all donors, excepting donor 4, no
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Figure 1. Effect of P. gingivalis LPS, Pam3CSK4 and E. coli LPS on the IL-6 expression levels in human GFs isolated from different donors.
HumanGFs were stimulated with different stimuli for 24 h and the changes in the expression levels of IL-6 weremeasured by qPCR. The y-axis
indicates n-times changes in the mRNA expression levels (2�DDCt) of IL-6 compared to untreated control (= 1). *Significantly different from
control, p < 0.01. # Significantly different between different stimuli, p < 0.01.
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significant difference in IL-6 expression in response to
P. gingivalis LPS and Pam3CSK4 was observed. In
donor 4, P. gingivalis LPS induced significantly lower
IL-6 expression levels than Pam3CSK4 (p < 0.01).

Effect of P. gingivalis LPS, E. coli LPS and
Pam3CSK4 on the expression of TLR2 in GFs

The effect of P. gingivalis LPS, E. coli LPS and
Pam3CSK4 on the mRNA and protein expression
TLR2 expression levels in human gingival fibroblasts
is shown in Figures 2 and 3, respectively. The inter-
individualdifferences inchangesofTLR2expressionin
GFs isolated from different donors were observed. In
donors1–3stimulationwithP.gingivalisLPSinduceda
significant decrease in surface expression of TLR2,
whereas no changes in the TLR2 mRNA expression
levels were found. Qualitatively similar responses were
observed in GFs of these donors also after stimulation
with E. coli LPS and Pam3CSK4. In donors 4–7 stim-
ulation with P. gingivalis LPS resulted in a significant
increase of TLR2 expression on both protein and
mRNA levels. A qualitatively similar response was
observed after stimulation with E. coli LPS in GFs
from donors 4–6 and after stimulation with
Pam3CSK4 in GFs from donors 4–7. No significant
changes in TLR2 expression levels were observed after
stimulation with E. coli LPS in GFs from donor 7.

Effect of P. gingivalis LPS, E. coli LPS and
Pam3CSK4 on the expression of TLR4 in GFs

The effect of P. gingivalis LPS, E. coli LPS and
Pam3CSK4 on the mRNA and protein expression
TLR4 expression levels in human gingival fibroblasts
is shown in Figures 4 and 5, respectively. The inter-
individual differences in changes of TLR4 expression
in GFs isolated from different donors were observed.
In some donors (donors 1–3) stimulation with P.
gingivalis LPS induced significant decrease in surface
expression of TLR4, whereas no changes in the
TLR4 mRNA expression levels were found. A qual-
itatively similar response was observed after stimula-
tion of GFs from these donors with E. coli LPS and
Pam3CSK4 LPS. In other donors (donors 4–7)
stimulation with P. gingivalis LPS did not induce
any changes of TLR4 expression on both protein
and mRNA levels. Similarly, no changes in TLR4
expression levels were observed in GFs from these
donors after stimulation with E. coli LPS and
Pam3CSK4.

Discussion

Gingival fibroblasts actively participate in homeostasis
of periodontium and play an important role in immune
response in periodontal disease [12,13]. In the present
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Figure 2. Effect of P. gingivalis LPS, Pam3CSK4 and E. coli LPS on the mRNA expression levels of TLR2 in human GFs isolated from
different donors. Human GFs were stimulated with different stimuli for 24 h and the changes in the expression levels of TLR2 were measured
by qPCR. The y-axis indicates n-times changes in the mRNA expression levels (2�DDCt) of TLR2 compared to untreated control (= 1).
*Significantly higher than control, p < 0.01.
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study, we found large inter-individual differences in
the levels of IL-6 expression in GFs upon stimulation
with periodontal pathogen P. gingivalis LPS,
TLR4 agonist E. coli LPS and synthetic TLR2 agonist
Pam3CSK4. Significantly different response of GFs to
P. gingivalis LPS and E. coli LPS were observed. In
cells isolated from donors 1–3, IL-6 expression in
response to P. gingivalis LPS was significantly lower
than that in response to E. coli LPS, whereas in other
donors (4–7) the response to P. gingivalis LPS was
significantly higher than that to E. coli LPS. Some
previous studies also describe different responses of
host cells to these two LPS. Particularly, P. gingivalis
LPS is shown to induce significantly higher production
of IL-1b in the human monocytic U937 cell line than
E. coli LPS [22]. A former study showed that P.
gingivalis LPS was not able to induce IL-6 expression
in mouse human periodontal ligament cells (PDLs),
whereas E. coli LPS induced IL-6 production by these
cells [23]. A study on human monocyte cell line
THP-1 showed stimulation with P. gingivalis LPS
and E. coli LPS results in activation of distinct intra-
cellular signaling pathways [24].
Substantial similarities between responses of GFs

to P. gingivalis LPS and synthetic TLR2 agonist
Pam3CSK4 were observed. There were no significant
difference in responses to P. gingivalis LPS and

Pam3CSK4 in GF of all donors, excepting donor
4. The changes in the IL-6 expression upon stimula-
tion with P. gingivalis LPS and Pam3CSK4 seemed to
correlate with the changes in the TLR2 expression
levels. Thus, in GFs from one group of donors
(donors 1–3), P. gingivalis LPS and Pam3CSK4
induced significantly lower IL-6 expression compared
to E. coli LPS. At the same time, the surface expres-
sion levels of TLR2 was significantly decreased in
these cells upon stimulation with all substances. In
GFs from another group of donors (donors 4–7) an
increase of IL-6 expression upon stimulation with P.
gingivalis LPS and Pam3CSK4 was similar or even
higher than that induced by E. coli LPS. In this group,
P. gingivalis LPS and Pam3CSK4 induced an
increase of TLR2 expression on both mRNA and
protein levels. Thus, it seems that increases in
TLR2 expression were associated with higher
IL-6 expression levels and, thus, with a more intense
response to P. gingivalis LPS and Pam3CSK4, which
could be because these substances act through acti-
vation of the TLR2 signaling pathway. This conclu-
sion is supported by a previous study, showing that
knockdown of TLR2 in human GFs and PDLs
decreased expression of IL-6 and IL-8 in response
to stimulation with both P. gingivalis LPS and
Pam3CSK4 [25].
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Figure 3. Effect of P. gingivalis LPS, Pam3CSK4 and E. coli LPS on the surface expression of TLR2 in human GFs isolated from different
donors. HumanGFs were stimulated with different stimuli for 24 h and the changes in the surface expression levels of TLR2 were measured by
flow cytometry. The y-axis indicates the ratio of mean fluorescence intensities of GFs treated with anti-TLR2 antibodies to those treated with
isotype control antibody. Data represent mean ± SD of three different acquisitions. *Significantly different from control, p < 0.01.
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It is well known that the structure of LPS bioactive
moiety lipid A differs substantially between P. gingivalis
and most other gram negative bacteria [26]. P. gingi-
valis LPS is thought to activate TLR2 rather than
TLR4 [6,7,19,27,28]. However, some studies suggest
that both TLR2 and TLR4 are involved in the P.
gingivalis LPS signaling, which could be due to het-
erogeneity of its lipid A [10,29,30]. Our results suggest
that TLR2-mediated signaling could play an important
role in the response of gingival fibroblasts to P. gingi-
valis LPS. This conclusion is mainly based on two
observations: first, high levels of IL-6 expression upon
response to P. gingivalis LPS were observed only in
GFs, where TLR2 expression was up-regulated. Sec-
ond, the effects of P. gingivalis LPS were qualitatively
similar to those of TLR2 agonist Pam3CSK4 and not
to those of TLR4 agonist E. coli LPS.
We observed a large heterogeneity in the response

of gingival fibroblasts to inflammatory stimuli, which
was also shown by previous reports [17,18,31]. The
reasons for this phenomenon are not entirely clear but
it is rather possible that the heterogeneity could be
accounted for by different genetic backgrounds of the
host cells. Particularly, one previous report suggests
that the ability of gingival fibroblasts to produce pro-
inflammatory cytokines is determined by the expres-
sion levels of CD14, which is necessary for interaction
of LPS with TLRs [17]. Our data suggest that

differences in TLR expression and/or their regulation
could also contribute to the heterogeneity in
responses. One can assume the response of GF to
LPS might be affected by such factors as age, gender,
and smoking status. Previous studies showed that the
cytokine production by GFs is affected by nicotine
[32] and female sex hormones [33,34]. In our study,
we did not find any relation between age, gender, and
smoking status of donors and the response of GFs to
different stimuli. However, the conclusion about the
role of these factors in GFs response cannot be drawn
from our results due to the low number of donors.
The exact mechanisms underlying large inter-indivi-
duals heterogeneity of GFs responses remain to be
elucidated.
In the present study the expression levels of both

TLR2 and TLR4 was shown to be changed during
inflammatory response. Regulation of the TLR
expression in the host cells by bacterial LPS could
be an important factor, regulating the intensity and
duration of pro-inflammatory response [35–37]. This
regulation is crucial because an excessive cytokine
production due to inappropriate immune response
is thought to be the main reason of periodontal tissue
destruction [38]. The regulation of TLR expression
level in GFs by bacterial lipopolysaccharides is also
observed by some previous studies, but these results
are rather controversial. Particularly, Wang et al. [14],
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Figure 4. Effect of P. gingivalis LPS, Pam3CSK4 and E. coli LPS on the mRNA expression levels of TLR4 in human GFs isolated from
different donors. Human GFs were stimulated with different stimuli for 24 h and the changes in the expression levels of TLR4 were measured
by qPCR. The y-axis indicates n-times changes in the mRNA expression levels (2�DDCt) of TLR4 compared to untreated control (= 1).
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using flow cytometry, showed that P. gingivalis LPS
decreases the surface expression of TLR4 in GFs.
Studies using real-time PCR show that the mRNA
expression level of TLR2 and TLR4 is up-regulated
by both P. gingivalis LPS [39,40] and E. coli LPS [41].
The controversy in the existing data could be
explained by the heterogeneous structure of P. gingi-
valis LPS. A recent study shows that the expression of
TLR4 in human GFs is stimulated by P. gingivalis
LPS with penta-acetylated lipid A, whereas the
expression of TLR2 is strongly stimulated by P.
gingivalis LPS with tetra-acetylated lipid A [9]. The
regulation of TLRs expression could also play a role in
the progression of periodontal disease. For example,
recent studies show that P. gingivalis induces stronger
mRNA expression of TLR2 in GFs isolated from
periodontitis patients than in GFs isolated from con-
trol subjects [40,42]. Our data showed that the
changes in the TLR2 expression upon stimulation
with P. gingivalis LPS are heterogeneous depending
on the cells donor. This heterogeneity might also
contribute to different individual susceptibility to
periodontal infection.
The data on surface expression of TLR2 in GFs

measured by flow cytometry were in agreement with
the measurements of corresponding mRNA expres-
sion by real time PCR. In contrast, changes in the

surface expression of TLR4 were not always in line
with the expression of corresponding mRNA. Partic-
ularly, an increase in the TLR4 mRNA in GFs from
donors 4–7 upon stimulation with Pg-LPS and
Pam3CSK4 was not accompanied with an increase
in the surface expression of TLR4 protein. Similarly,
stimulation of GFs from donors 1–3 did not influence
the mRNA level of TLR4 but resulted in significantly
lower surface expression of this protein. These obser-
vations suggest that the expression level of TLR4 in
GFs is regulated on a post-transcriptional level. For
example, in human biliary epithelial cells micro-
RNA let-7i down-regulates TLR4 expression due to
degradation of TLR4 mRNA [43]. However, the
existence of a similar mechanism in humanGFs needs
to be further investigated.
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Figure 5. Effect of P. gingivalis LPS, Pam3CSK4 and E. coli LPS on the surface expression of TLR4 in human GFs isolated from different
donors. HumanGFs were stimulated with different stimuli for 24 h and the changes in the surface expression levels of TLR4 were measured by
flow cytometry. The y-axis indicates the ratio of mean fluorescence intensities of GFs treated with anti-TLR4 antibodies to those treated with
an isotype control antibody. Data represent mean ± SD of three different acquisitions. *Significantly different from control, p < 0.01.
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