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Abstract. – OBJECTIVE: The aim of this re-
search is to study the roles of Porphyromonas
gingivalis-lipopolysaccharide (P. gingivalis-LPS)
and Escherichia coli-lipopolysaccharide (E. coli-
LPS) on maturation and antigen-presenting
functions of dendritic cells (DCs), and to provide
experimental evidences to explore the possible
mechanism of DCs in periodontitis.

MATERIALS AND METHODS: Flow cytometry
was used to detect CD11c, MHC-II, CD80, CD86
and CD40 expression on DCs which were stimu-
lated by P. gingivalis-LPS or E. coli-LPS and
ELISA was used to detect IL-12, IFN-γγ, IL-10 and
IL-13 secreted by DCs. CCK8 was used to assay
CD4+T cells proliferation after co-cultured with
DCs stimulated by P. gingivalis-LPS or E. coli-
LPS and ELISA was used to detect IL-2, IFN-γγ, IL-
10 and IL-13 secreted by T cells. TLR4 inhibitor
(polymyxin B) or TLR2 and TLR4 inhibitor (OxPA-
PC) was added to P. gingivalis-LPS group and E.
coli-LPS group to observe the effects of these
two TLR inhibitors on the maturation and anti-
gen-presenting functions of DCs. 

RESULTS: The capacity of P. gingivalis-LPS to
stimulate DCs maturation was similar to that of
E. coli-LPS. The amount of IL-12 and IFN-γγ secret-
ed by DCs in P. gingivalis-LPS group was signifi-
cantly lower than that of E. coli-LPS group (p <
0.05), meanwhile, IL-10 and IL-13 secreted by
DCs in P. gingivalis-LPS group was significantly
higher than that of E. coli-LPS group (p < 0.05).
DCs stimulated by both P. gingivalis-LPS and E.
coli-LPS could promote the proliferation of
CD4+T cells. The amount of IL-2 and IFN-γγ se-
creted by T cells stimulated by DCs in P. gingi-
valis-LPS group was significantly lower than that
of E. coli-LPS group (p < 0.05), meanwhile, IL-10
secreted by T cells stimulated by DCs in P. gingi-
valis-LPS group was significantly higher than
that of E. coli-LPS group (p < 0.05). When TLR4
inhibitor was added to E. coli-LPS group, matura-
tion and antigen-presenting functions of DCs
were significantly inhibited. When TLR4 inhibitor
was added to P. gingivalis-LPS group, maturation
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and antigen-presenting functions of DCs were
not significantly inhibited. When TLR2 and TLR4
inhibitor was added to P. gingivalis-LPS group,
maturation and antigen-presenting functions of
DCs were significantly inhibited.

CONCLUSIONS: P. gingivalis-LPS could prime
DCs maturation and antigen-presenting func-
tions. DCs stimulated by P. gingivalis-LPS are
prone to induce a stronger Th2 cell responses
while DCs stimulated by E. coli-LPS are prone to
induce a stronger Th1 cell responses. P. gingi-
valis-LPS triggers DCs through TLR2 pathway
while E. coli-LPS triggers DCs through TLR4
pathway.
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Introduction

Porphyromonas gingivalis (P. gingivalis) is a
kind of Gram-negative anaerobic rod-shaped bac-
teria and it is a pathogenic microorganism in the
development of chronic periodontitis (CP)1. The
pathogenic components of P. gingivalis include:
lipopolysaccharide (LPS), capsular polysaccha-
ride, fimbrial proteins and gingipains2. P. gingi-
valis-LPS is one of the main pathogenic factors
to periodontitis and P. gingivalis-LPS can elicit
various types of immune and inflammatory re-
sponses in periodontitis3.
Dendritic cells (DCs) are widely distributed in

tissues and organs and they are the body’s most
efficient antigen-presenting cells4. Immature DCs
uptake antigens and mature DCs present antigens
to naive T-lymphocytes, then stimulate naive T
cells to differentiate to effector T cells5, thus,
DCs are important key mediators between innate
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and acquired immune responses6. Priming DCs
with microbial compounds up-regulates the ex-
pression of costimulatory molecules and the pro-
duction of proinflammatory cytokines, which dri-
ves T-helper (Th) cells to differentiate to Th1 or
Th2 cells7. The first step of the process is that
DCs identify various antigenic materials (includ-
ing pathogenic microorganisms ingredients) by
pattern recognition receptors (PRRs), so PRRs
and their ligands have important roles in DCs
maturation and antigen-presenting function8,9.
Now, researchers have clearly recognized that

the majority of periodontal tissue damage is the
host immune responses against pathogen infec-
tion, and the host immune system plays a crucial
role in the pathogenesis of periodontitis. Previous
studies10 revealed that CD4+T cells infiltrated in-
to gingival tissue and expressed the mRNA of IL-
10, IFN-γ, IL-6 and IL-13 which were associated
with periodontal diseases. These results suggest-
ed that T cells might be actively involved in the
immunopathogenesis of periodontitis. How do
these CD4+T cells migrate to the gingival tissue?
Do DCs play functional roles in the process?
What are the interactions between T cells and
DCs during periodontitis? These questions re-
main to be elucidated.
Previous study11 found that there were DCs in

the gingival epithelium tissues of patients with
periodontitis. However, the exact mechanisms of
these DCs in the development of periodontitis is
not clear. P. gingivalis has been recognized to be
a causal factor in CP and LPS is the main patho-
genic component of P. gingivalis. So, in this
study we evaluated the effects of P. gingivalis-
LPS on SD rats’ marrow-derived DCs and ana-
lyzed the characteristics and the ability to prime
T cells of these DCs. It is well accepted that E.
coli-LPS have the preonunced ability to promote
DCs maturation and antigen-presenting func-
tions. Being compared with E. coli-LPS, how
about P. gingivalis-LPS? This problem prompted
us to compare different roles of P. gingivalis-LPS
and E. coli-LPS in maturation and antigen-pre-
senting functions of DCs to elucidate the possi-
ble mechanism of DCs in the process of peri-
odontitis. 

Materials and Methods

Rats
6-8 week male SD rats were bred and main-

tained in a specific pathogen-free (SPF) facility

in Medical Animal Experimental Center of Nan-
jing Command, PLA. All protocols of animal
studies were approved by Nanjing University
Committee on Use and Care of Animals.

Reagents
Roswell Park Memorial Institute (RPMI) 1640

medium, heat-inactivated fetal bovine serum,
streptomycin and penicillin (all from HyClone,
South Logan, UT, USA), recombinant rat granu-
locyte macrophage colony-stimulating factor
(rrGM-CSF), recombinant rat interleukin-4 (rrIL-
4) (both from R&D, McKinley Place, Minneapo-
lis, MN, USA), standard LPS from P. gingivalis
(Invitrogen, San Diego, CA, USA), standard LPS
from E. coli 0111:B4 (Sigma-Aldrich, St. Louis,
CO, USA), TLR4 signaling inhibitors-Polymyxin
B (PmB), LR2 and TLR4 signaling inhibitors –
OxPAPC (both from Invivogen, San Diego, CA,
USA), phycoerythrin (PE)-conjugated anti-
CD11c, allophycocyanin (APC)-conjugated anti-
MHCII, fluorescein isothiocyanate (FITC)-conju-
gated anti-CD86, APC-conjugated anti-CD80 and
FITC-conjugated anti-CD40 anti-rat monoclonal
antibody (all from eBioscience, San Diego, CA,
USA), interferon-γ (IFN-γ), IL-12, IL-2, IL-10
and IL-13 rat ELISA kits (R&D Systems, Min-
neapolis, MN, USA), CD4 anti-rat monoclonal
antibody beads (Miltenyi Biotec, Bergisch Glad-
bach, Germany), Cell Counting Kit-8 (Dojindo,
Mashikimachi, Kumamoto, Japan).

Cell Culture 
Total bone marrow cells were freshly isolated

from rats’ tibias, femurs and humerus. Cells were
cultured in complete RPMI 1640 medium sup-
plemented with 10% heat-inactivated fetal bovine
serum (FBS), 100 U/ml penicillin and 100 µg/ml
streptomycin, supplemented with 10 ng/ml
rrGM-CSF and 1 ng/ml rrIL-4 to generate DCs.
Cells were incubated at 37°C in a humidified 5%
CO2 incubator. Culture media were half changed
every other day in which all the reagents concen-
trations were kept and suspension cells were col-
lected. After 6 days culture, the harvested cells
were 2 × 106 per well in 6-well plates and ran-
domly divided into seven groups: control group,
E. coli-LPS group, P. gingivalis-LPS group, E.
coli-LPS+PmB group, E. coli-LPS+OxPAPC
group, P. gingivalis-LPS+PmB group and P. gin-
givalis-LPS+OxPAPC group. Respectively, noth-
ing, E. coli-LPS, P. gingivalis-LPS, E. coli-
LPS+PmB, E. coli-LPS+ OxPAPC, P. gingivalis-
LPS+PmB or P. gingivalis-LPS+OxPAPC was
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added to the culture media. Each reagent concen-
tration was as following: E. coli-LPS: 100 ng/ml;
P. gingivalis-LPS: 100 ng/ml; PmB: 30 µg/ml;
OxPAPC: 30 µg/ml. PmB or OxPAPC was added
30 minutes before E. coli-LPS or P. gingivalis-
LPS was added to the medium. After 48 hours,
loosely adhered cells and cells suspension were
collected CD11c expressed on cell surface was
detected by flow cytometry. The results showed
that CD11c+ cells population was > 90%, then
these cells were harvested as DCs.

Cells Surface Molecules Expressions
Analysis
On the eighth cell culture day, the cells of

each group were collected, counted and washed
with PBS, then resuspended to 5.0 × 105/ml and
transferred to flow tubes. According to the
groups, PE-CD11c, APC-MHCII, FITC-CD86,
APC-CD80 and FITC-CD40 anti-rat mono-
clonal antibodies were added to the flow tubes
according to the manufacturer instructions to
detect double-labeled of CD11c+MHCII+,
CD11c+CD80+, CD11c+CD86+, CD11c+ CD40+

cells by flow cytometry. Isotype-matched control
antibodies were added to the negative control
tubes of each group. Cells were incubated at 4°C
in the dark for 30 minutes, then washed twice
with PBS and fully resuspended. The expressions
of surface molecules on DCs were detected by
FACSCalibur. The raw datas obtained in experi-
ments were processed by FlowJo7.6.1 software
to analyze the percentage of positive cells in each
group. The assays were performed in triplicate
for each independent experiment.

Cytokines Detection 
On the eighth cell culture day, to measure cy-

tokines secreted by DCs, the supernatants of each
group were collected. The levels of the cy-
tokines: IFN-γ, IL-12, IL-10 and IL-13 in the cul-
ture supernatants were measured by ELISA ac-
cording to the manufacturer’s protocol and the
absorbance was read at 450 nm. The assays were
performed in triplicate for each independent ex-
periment.

Mixed Lymphocyte Reaction (MLR) 
and Allogeneic T-cell Proliferation
and Activation assay
To determine the capacity of DCs to prime al-

logeneic CD4+T cells, SD rats’ splenocytes were
obtained and CD4+T cells were further purified
by using a CD4+T cell magnetic bead sorting kit

according to the manufacturer’s instructions. In
all of the experiments, the isolated cells were 90-
95% CD4+ as determined by staining with PE-
conjugated anti-CD4 antibody followed by flow
cytometry (not shown). DCs of each group, as
described above, were cocultured with 2 × 105

CD4+T cells at the ratio of 1:10, in triplicates, in
96-well plate to ensure efficient DC/T cells con-
tact. RPMI-1640 medium supplemented with
10% heat-inactivated FBS and 100 U/ml peni-
cillin and 100 µg/ml streptomycin in a total vol-
ume of 200 µl was added to each well. Cells were
placed at 37°C, humidified incubator with 5%
CO2 atmosphere for 72 hours. 4 hours before the
end, 10 µl Cell Counting Kit-8 (CCK-8) was
added to each well according to the manufactur-
er’s instructions, and incubated for 4 hours, then
the absorbance was read at 450 nm to measure
allogeneic T-cells proliferation. The assays was
repeated three times and the mean results were
adopted.
As the method described above, DCs of each

group were cocultured with CD4+T cells at the
ratio of 1:10 for 72 hours. Cytokines of IFN-γ,
IL-2, IL-10 and IL-13 in the supernatant were
measured in triplicate by ELISA, following the
manufacturer’s instructions. The absorbance was
read at 450 nm.

Statistical Analysis
Data were expressed as mean ± SD (standard

deviation). Two-sided Student t-test was used to
determine statistically significant differences be-
tween two groups. The one-way analysis of vari-
ance (ANOVA) followed by Dunnett’s multiple
comparison tests was used to analyze differences
among multiple groups. Differences between
groups were considered statistically significant
when the p value was < 0.05.

Results

Both E. coli-LPS and P. gingivalis-LPS
Could Simulate DCs Maturation
We analyzed the levels of surface molecules

expression to detect the effects of DCs matura-
tion simulated by P. gingivalis-LPS or E. coli-
LPS by means of flow cytometry.
CD11c+MHCII+, CD11c+CD80+, CD11c+CD86+

and CD11c+CD40+ cells in each group were
shown in Figure 1 to Figure 4. As results in his-
togram shown in Figure 5A, both P. gingivalis-
LPS (100 ng/ml) and E. coli-LPS (100 ng/ml)
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significantly up-regulated the levels of MHC-II,
CD80, CD86, CD40 expressed on DCs which
were higher than the control group (p < 0.05).
There was no significant difference between the

E. coli-LPS group and P. gingivalis-LPS group (p
> 0.05). The above results showed that DCs
could undergo maturation by the stimulations of
both E. coli-LPS and P. gingivalis-LPS.

Figure 1. CD11c+MHC||+ double positive cells ratio on DCs surface of the Control group, E. coli-LPS group, P. gingivalis-
LPS group, E. coli-LPS+PmB group, E. coli-LPS+OxPAPC group, P. gingivalis-LPS+PmB group and P. gingivalis-LPS+Ox-
PAPC group.

Figure 2. CD11c+CD80+ double positive cells ratio on DCs surface of the Control group, E. coli-LPS group, stimulation on
DCs depended mostly on the TLR2 signaling pathway group, E. coli-LPS+PmB group, E. coli-LPS+OxPAPC group, P. gingi-
valis-LPS+PmB group and P. gingivalis-LPS+OxPAPC group.
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E. coli-LPS and P. gingivalis-LPS had 
Differences to Simulate DCs Maturation
in the Presence of TLR4 
Signaling-Inhibitors or TLR2 and 
TLR4 Signaling-Inhibitors
CD11c+MHCII+, CD11c+CD80+, CD11c+CD86+

and CD11c+CD40+ cells in E. coli-LPS+TLR4

signaling-inhibitors (polymyxin B, PmB) group
and E. coli-LPS+TLR2 and TLR4 signaling- in-
hibitors (OxPAPC) group were shown in Figure
1 to Figure 4. As results in histogram shown in
Figure 5-B, in the condition that there were
PmB in the E. coli-LPS culture milieu, MHCII,
CD80, CD86 and CD40 expressed on DCs be-

Figure 3. CD11c+CD86+ double positive cells ratio on DCs surface of the Control group, E. coli-LPS group, P. gingivalis-
LPS group, E. coli-LPS+PmB group, E. coli-LPS+OxPAPC group, P. gingivalis-LPS+PmB group and P. gingivalis-LPS+Ox-
PAPC group.

Figure 4. CD11c+CD40+ double positive cells ratio on DCs surface of the Control group, E. coli-LPS group, P. gingivalis-LPS group,
E. coli-LPS+PmB group, E. coli-LPS+OxPAPC group, P. gingivalis-LPS+PmB group and P. gingivalis-LPS+OxPAPC group.
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came much weaker. When OxPAPC were
added to the E. coli-LPS culture milieu, these
molecules expressed on DCs also decreased
deeply. MHC-II, CD80, CD86 and CD40 ex-
pressed on DCs in both E. coli-LPS+PmB
group and E. coli-LPS + OxPAPC group were
significantly lower than E. coli-LPS group (p
< 0.05) and there was no significant difference
between E. coli-LPS+PmB group and E. coli-
LPS+OxPAPC group (p > 0.05). These results
indicated that both TLR4 signaling-inhibitors
and TLR2 and TLR4 signaling-inhibitors
could inhibit DCs maturation stimulated by E.
coli-LPS. CD11c+MHCII+, CD11c+CD80+,
CD11c+CD86+ and CD11c+CD40+ cells in P.
gingivalis-LPS+PmB group and P. gingivalis-
LPS+OxPAPC group were shown in Figure 1 to
Figure 4. As results in histogram shown in Fig-
ure 5-C, in the condition that there were PmB in
the P. gingivalis-LPS culture milieu, there was
no apparent influence to MHCII, CD80, CD86
and CD40 expressions on DCs. In the condition
that there was OxPAPC in the milieu, MHCII,
CD80, CD86 and CD40 expressed on DCs sig-
nificantly decreased. These molecules expressed
in P. gingivalis-LPS+OxPAPC group were sig-
nificantly lower than P. gingivalis-LPS group
and P. gingivalis-LPS+PmB group (p < 0.05);
and the P. gingivalis-LPS+PmB group had no
significant difference between P. gingivalis-LPS
group (p > 0.05). The results indicated that
TLR4 signaling-inhibitors couldn’t suppress
DCs maturation stimulated by P. gingivalis-
LPS, while TLR2 and TLR4 signaling-in-
hibitors could significantly inhibit DCs matura-
tion stimulated by P. gingivalis-LPS. All the
above results illustrated that E. coli-LPS stimu-
lation on DCs depended mostly on the TLR4

signaling pathway while P. gingivalis-LPS stim-
ulation on DCs depended mostly on the TLR2
signaling pathway.

Differential Cytokines Secreted by
DCs in Response to P. gingivalis-LPS
and E. coli-LPS
As the cytokines produced by DCs affect sub-

sequent DCs function, we investigated whether P.
gingivalis-LPS and E. coli-LPS are different on
the aspect of inducing DCs to secrete cytokines.
We analyzed the culture supernatants from DCs
of P. gingivalis-LPS group and E. coli-LPS
group. The productions of IFN-γ, IL-12, IL-10
and IL-13 were examined by ELISA. The results
were shown in Figure 6A which indicated that
IL-12 and IFN-γ secreted by DCs in P.
gingivalis-LPS group were lower than those in E.
coli-LPS group (p < 0.05), meanwhile, IL-10 and
IL-13 secreted by DCs in P. gingivalis-LPS
group were higher than those in E. coli-LPS
group (p < 0.05). All these findings demonstrated
that E. coli-LPS were potent to induce a Th1-bi-
ased response primed by DCs and P. gingivalis-
LPS was potent to induce a Th2-biased response
primed by DCs.
In the condition that there was either PmB or

OxPAPC in E. coli-LPS culture milieu, IL-12,
IFN-γ, IL-10 and IL-13 secreted by DCs signifi-
cantly decreased (p < 0.05) and there was no sig-
nificant difference between E. coli-LPS+PmB
group and E. coli-LPS+OxPAPC group (p >
0.05) (Figure 6B). When PmB was added to P.
gingivalis-LPS group, there was no evident im-
pact in IL-12, IFN-γ, IL-10 and IL-13 secretion
(p > 0.05). When OxPAPC was added to P. gingi-
valis-LPS group, IL-12, IFN-γ, IL-10 and IL-13
secreted by DCs were all significantly decreased.

Figure 5. Mean percentage of CD11c, MHCII, CD80, CD86 and CD40 expression on DCs by flow cytometry to detect the
effects of P. gingivalis-LPS or E. coli-LPS, with or without TLR4 inhibitor (PmB) or TLR2/TLR4 inhibitor (OxPAPC), on the
maturation of DCs. A, The comparison among P. gingivalis-LPS group, E. coli-LPS group and the Control group. B, The com-
parison among E. coli-LPS group, E. coli-LPS+PmB group, E. coli-LPS+ OxPAPC group and the Control group. C, The com-
parison among P. gingivalis-LPS group, P. gingivalis-LPS+PmB group, P. gingivalis-LPS+OxPAPC group and the Control
group. *Indicates p < 0.05 significant difference between groups.
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The amounts of all these cytokines in the P. gin-
givalis-LPS+OxPAPC group were also statisti-
cally lower than those in P. gingivalis-LPS+PmB
group (p < 0.05) (Figure 6C). These results were
in accordance with the flow cytometry results
that E. coli-LPS stimulation on DCs depended on
the TLR4 signaling pathway while P. gingivalis-
LPS stimulation on DCs depended on the TLR2
signaling pathway.

Effects of T-cell Priming by P. gingivalis-
LPS Stimulated DCs were Different from
Those by E. coli-LPS
The results of CCK8 indicated that in the as-

pect to prime CD4+T cells proliferation, there
was no significant difference between DCs in P.
gingivalis-LPS group and DCs in E. coli-LPS
group (p > 0.05). Either PmB or OxPAPC added
to E. coli-LPS group could significantly inhibit
the T cell proliferation (p < 0.05) and there was
no statistical difference between E. coli-
LPS+PmB group and E.coli-LPS+OxPAPC
group (p > 0.05). When PmB was added to P.
gingivalis-LPS group, there was no significant
decrease in T cell proliferation primed by DCs (p
> 0.05). When OxPAPC was added to P. gingi-
valis-LPS group, T cell proliferation primed by
DCs was significantly lower than that of the P.
gingivalis-LPS group and P. gingivalis
LPS+PmB group (p < 0.05) (Figure 7).
The results of cytokines secreted by activated

T cells were showed as Figure 9. The amounts of
IL-2 and IFN-γ secreted by T cells in the P. gin-
givalis-LPS group were lower than those in the
E. coli-LPS group (p < 0.05) while IL-10 secret-
ed by T cells in the P. gingivalis-LPS group was
higher than that in the E. coli-LPS group (p <
0.05) and IL-13 had no statistical differences be-
tween the two groups (p > 0.05) (Figure 8A).

These results were in accordance with the differ-
ential cytokines secreted by DCs in response to
E. coli-LPS and P. gingivalis-LPS. They revealed
that DCs stimulated by E. coli-LPS had the ten-
dency to prime Th0 cells to Th1 cells while DCs
stimulated by P. gingivalis-LPS had the tendency
to prime Th0 cells to Th2 cells.
When either PmB or OxPAPC was added to

the E. coli-LPS group, IL-2, IFN-γ, IL-10 and IL-
13 secreted by T cells significantly decreased (p
< 0.05) and there was no significant difference
between E. coli-LPS+PmB group and E. coli-
LPS+OxPAPC group (p > 0.05) (Figure 8B).
When PmB was added to the P. gingivalis-LPS
group, there was no significant difference in the
amounts of IL-2, IFN-γ, IL-10 and IL-13 secret-
ed by T cells (p > 0.05). When OxPAPC was
added to the P. gingivalis-LPS group, the

Figure 6. Mean amount of IL-12, IFN-γ, IL-10 and IL-13 secreted by DCs stimulated by P. gingivalis-LPS or E. coli-LPS,
with or without TLR4 inhibitor (PmB) or TLR2/TLR4 inhibitor (OxPAPC). A, The comparison among P. gingivalis-LPS
group, E. coli-LPS group and the Control group. B, The comparison among E. coli-LPS group, E. coli-LPS+PmB group, E.
coli-LPS+OxPAPC group and the Control group. C, The comparison among P. gingivalis-LPS group, P. gingivalis-LPS+PmB
group, P. gingivalis-LPS+OxPAPC group and the Control group. *Indicates p < 0.05 significant difference between groups.

Figure 7. Proliferation of T cells in MLR of each group by
assays of CCK-8.



2489

Differential roles of P. gingivalis-LPS and E. coli-LPS in maturation and DCs

amounts of IL-2, IFN-γ, IL-10 and IL-13 secret-
ed by T cells were significantly lower than those
of the P. gingivalis-LPS group and the P. gingi-
valis-LPS+PmB group (p < 0.05) (Figure 8C).
These results were consistent with the above re-
sults that E. coli-LPS stimulation on DCs de-
pended on the TLR4 signaling pathway while P.
gingivalis-LPS stimulation on DCs depended on
the TLR2 signaling pathway.

Discussion

As has been shown in these studies, that al-
though both being LPS, there are differential
roles between P. gingivalis-LPS and E. coli-LPS
in different cell lines12,13. Kirikae14 declared that
P. gingivalis-LPS exhibited activity in C3H/HeJ
mice macrophages, which were deficient for
TLR4. Jones15 pointed out that E. coli-LPS stim-
ulated gingival fibroblasts to produce more IL-6,
iNOS, MCP-1 and P. gingivalis-LPS stimulated
macrophages to produce more IL-6, IL-1β and
MCP-1 in vitro. Barksby et al16 declared that in
monocytes, E. coli-LPS majorly activates TLR-4
while P. gingivalis-LPS activates TLR-2. Jotwani
et al17 indicated that both TLR2 and TLR4 are re-
quired for monocyte-derived dendritic cells
(MoDC) maturation by P. gingivalis-LPS. Diya
et al18 stated that P. gingivalis-LPS differs from
E. coli-LPS in its signaling pathway in THP-1
cells, and that the TLR2-JNK pathway might
play a significant role in P. gingivalis-LPS in-
duced chronic inflammatory periodontal dis-
eases. Sun et al19 drew the conclusion that in the
aspect of endotoxin tolerance, P. gingivalis-LPS
triggers TLR2 and E. coli-LPS triggers TLR4 in
THP-1 cells. All these differences might rely on

that there were unique and heterogenous chemi-
cal structures in hydrophilic bisphosphate frames
of lipid A between P. gingivalis-LPS and E. coli-
LPS and these structural differences led to differ-
ences between P. gingivalis-LPS and E. coli-LPS
in affinity to TLRs20. 
Previous studies21 demonstrated that Langer-

hans cells (LCs) and DCs were present in the ep-
ithelium and lamina propria of healthy gingiva
and during gingivitis and periodontitis. DCs
played crucial roles to connect innate and adap-
tive immunity against infective microorganism
and both the distribution and the phenotype
changes of DCs may regulate immune responses
in periodontal tissues and lead to the periodontal
destruction22. What interested us was that being
the main periodontal pathogenic composition,
what was the role of P. gingivalis-LPS in the in-
teraction with DCs during the occurrence and de-
velopment of periodontitis?
In the present work, DCs were co-cultured

with P. gingivalis-LPS or E. coli-LPS in vitro to
evaluate the differential roles of P. gingivalis-
LPS and E. coli-LPS in maturation and function
of DCs. In recently researches23-25, LPS ranging
between 10 to 200 ng/ml were used to investigate
its effects on various cell types. Hence, an inter-
mediate dose of P. gingivalis-LPS (100 ng/ml)
and E. coli-LPS (100 ng/ml) was used in our
study.
Polymyxin B (PmB) is a cyclic cationic pep-

tide antibiotic produced from Paenibacillus
polymixa and PmB has been proven to be a
TLR4 inhibitor to the activation induced by
LPS26,27. LPS is a main component of the G-
bacteria cell wall and Lipid A is an active toxic
ingredient of LPS. Lipid A is anionic and
cationic PmB binds to Lipid A to inhibit the bi-

Figure 8.Mean amount of IL-2, IFN-γ, IL-10 and IL-13 secreted by T cells co-cultured with DCs stimulated by P. gingivalis-
LPS or E. coli-LPS, with or without TLR4 inhibitor (PmB) or TLR2/TLR4 inhibitor (OxPAPC). A, The comparison among P.
gingivalis-LPS group, E. coli- LPS group and the Control group. B, The comparison among E. coli-LPS group, E. coli-
LPS+PmB group, E. coli-LPS+ OxPAPC group and the Control group. C, The comparison among P. gingivalis-LPS group, P.
gingivalis-LPS+PmB group, P. gingivalis-LPS+OxPAPC group and the Control group. *Indicates p < 0.05 significant differ-
ence between groups.
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ological effects of LPS. OxPAPC is oxidated
from 1-palmitoyl-2-arachidonyl-sn-glycero-3-
phosphorylcholine (PAPC) and OxPAPC is a
mixture of oxidated phospholipid with full-
length sn-2 and its residue fragments. It has been
declared that OxPAPC is TLR2 and TLR4 in-
hibitor for OxPAPC possesses the capacity to in-
hibit bacterial lipopeptides and LPS signal28. Ox-
PAPC compete with CD14, LPS-binding protein
(LBP) and myeloid differential protein 2 (MD2),
the accessory proteins that interact with bacterial
lipids, to interfere the formation of the LPS re-
ceptor complex, thereby, to block the signal
transduction of TLR2 and TLR429.
Our findings showed that when PmB was

added to E. coli-LPS group, DCs maturation, in-
flammatory cytokines secretion and the subse-
quent CD4+T cells proliferation and inflamma-
tory cytokines secreted by T cells were all sig-
nificantly inhibited. These results indicated that
for DCs, E. coli-LPS was their TLR4 ligand.
When PmB was added to P. gingivalis-LPS
group, DCs maturation, inflammatory cytokines
secretion and the subsequent CD4+T cells pro-
liferation and inflammatory cytokines secreted
by T cells were not significantly inhibited.
When OxPAPC was added to P. gingivalis-LPS
group, DCs maturation, inflammatory cytokines
secretion and the subsequent CD4+T cells pro-
liferation and inflammatory cytokines secreted
by T cells were all significantly inhibited. These
results indicated that for DCs, P. gingivalis-LPS
were their TLR2 ligand.
Previous authors30 indicated that incubation

with E. coli-LPS induced high levels of proin-
flammatory cytokines from DCs and strong
Th1 responses; however, DCs stimulated by P.
gingivalis-LPS produced low levels of inflam-
matory cytokines and a skewed Th2 immune
response31,32. In our studies, we observed that
DCs stimulated by P. gingivalis-LPS secreted
less IFN-γ and IL-12 than DCs stimulated by E.
coli-LPS while IL-10 and IL-13 secreted by
DCs in P. gingivalis-LPS group were lower
than those in E. coli-LPS group. Subsequent
MLR showed that DCs in P. gingivalis-LPS
group to stimulate T cells secreting IFN-γ and
IL-2 was weaker than those in E. coli-LPS
group and in the aspect of IL-10, P. gingivalis-
LPS group was higher than E. coli-LPS group.
These results suggested that DCs stimulated by
P. gingivalis-LPS had the potential to promote
Th2 immune responses more prominently than
DCs stimulated by E. coli-LPS.

Conclusions

The present report explored DCs immune re-
sponses induced by P. gingivalis-LPS and sug-
gested that one of the potent mechanisms of peri-
odontitis might be the alteration of DC functions
stimulated by P. gingivalis-LPS. Besides, our
study revealed the differential roles of P. gingi-
valis-LPS and E. coli-LPS in maturation and
antigen-presenting functions of DCs. These re-
sults may help to further elucidate the possible
mechanism of DCs in the occurrence and devel-
opment of periodontitis.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) MARCHESAN JT, MORELLI T, LUNDY SK, JIAO Y, LIM S, IN-
OHARA N, NUNEZ G, FOX DA, GIANNOBILE WV. Diver-
gence of the systemic immune response following
oral infection with distinct strains of Porphy-
romonas gingivalis. Mol Oral Microbiol 2012; 27:
483-495.

2) HOLT SC, KESAVALU L, WALKER S, GENCO CA. Viru-
lence factors of Porphyromonas gingivalis. Peri-
odontology 2000 1999; 20: 168-238.

3) JAIN S, DARVEAU RP. Contribution of Porphy-
romonas gingivalis lipopolysaccharide to peri-
odontitis. Periodontology 2000 2010; 54: 53-70.

4) HANCOCK DG, GUY TV, SHKLOVSKAYA E, FAZEKAS DE ST
GROTH B. Experimental models to investigate the
function of dendritic cell subsets: challenges and
implications. Clin Exp Immunol 2013; 171: 147-
154.

5) VROMAN H, VAN DEN BLINK B, KOOL M. Mode of den-
dr it ic cell activation: the decisive hand in
Th2/Th17 cell differentiation. Implications in asth-
ma severity? Immunobiology 2015; 220: 254-261.

6) ALNAEELI M, PENNINGER JM, TENG YT. Immune inter-
actions with CD4+T cells promote the develop-
ment of functional osteoclasts from murine
CD11c+ dendritic cells. J Immunol 2006; 177:
3314-3326.

7) DE JONG EC, VIEIRA PL, KALINSKI P, SCHUITEMAKER
JH, TANAKA Y, WIERENGA EA, YAZDANBAKHSH M,
KAPSENBERG ML. Microbial compounds selectively
induce Th1 cell-promoting or Th2 cell-promot-
ing dendritic cells in vitro with diverse th cell-
polarizing signals. J Immunol 2002; 168: 1704-
1709.

8) ZEITUNI AE, JOTWANI R, CARRION J, CUTLER CW. Tar-
geting of DC-SIGN on human dendritic cells by

H. Su, X. Yan, Z. Dong, W. Chen, Z.-T. Lin, Q.-G. Hu



2491

Differential roles of P. gingivalis-LPS and E. coli-LPS in maturation and DCs

minor fimbriated Porphyromonas gingivalis
strains elicits a distinct effector T cell response. J
Immunol 2009; 183: 5694-5704.

9) KANAYA S, NEMOTO E, OGAWA T, SHIMAUCHI H. Por-
phyromonas gingivalis fimbriae induce unique
dendritic cell subsets via Toll-like receptor 2. J Pe-
riodontal Res 2009; 44: 543-549.

10) FUJIHASHI K, YAMAMOTO M, HIROI T, BAMBERG TV,
MCGHEE JR, KIYONO H. Selected Th1 and Th2 cy-
tokine mRNA expression by CD4(+) T cells isolat-
ed from inflamed human gingival tissues. Clin Exp
Immunol 1996; 103: 422-428.

11) BODINEAU A, COULOMB B, TEDESCO AC, SÉGUIER S. In-
crease of gingival matured dendritic cells number
in elderly patients with chronic periodontitis. Arch
Oral Biol 2009; 54: 12-16.

12) HAJISHENGALLIS G, TAPPING RI, HAROKOPAKIS E, NISHIYA-
MA SI, RATTI P, SCHIFFERLE RE,LYLE EA, TRIANTAFILOU M,
TRIANTAFILOU K, YOSHIMURA F. Differential interac-
tions of fimbriae and lipopolysaccharide from Por-
phyromonas gingivalis with the Toll-like receptor
2-centred pattern recognition apparatus. Cell Mi-
crobiol 2006; 8: 1557-1570.

13) KOCGOZLU L, ELKAIM R, TENENBAUM H, WERNER S.
Var iable cell responses to P. gingivalis
lipopolysaccharide. J Dent Res 2009; 88: 741-
745.

14) KIRIKAE T, NITTA T, KIRIKAE F, SUDA Y, KUSUMOTO S,
QURESHI N, NAKANO M. Lipopolysaccharides (LPS)
of oral black-pigmented bacteria induce tumor
necrosis factor production by LPS-refractory
C3H/HeJ macrophages in a way different from
that of Salmonella LPS. Infect Immun 1999; 67:
1736-1742.

15) JONES KJ, EKHLASSI S, MONTUFAR-SOLIS D, KLEIN JR,
SCHAEFER JS. Differential cytokine patterns in
mouse macrophages and gingival fibroblasts after
stimulation with porphyromonas gingivalis or Es-
cherichia coli lipopolysaccharide. J Periodontol
2010; 81: 1850-1857.

16) BARKSBY HE, NILE CJ, JAEDICKE KM, TAYLOR JJ, PRE-
SHAW PM. Differential expression of immunoregu-
latory genes in monocytes in response to Porphy-
romonas gingivalis and Escherichia coli
lipopolysaccharide. Clin Exp Immunol 2009; 156:
479-487.

17) JOTWANI R, MOONGA BS, GUPTA S, CUTLER CW. Nu-
clear factor-kappaB p50 subunits in chronic peri-
odontit is and Porphyromonas gingivalis
lipopolysaccharide-pulsed dendritic cells. Ann N Y
Acad Sci 2010; 1192: 278-285.

18) DIYA Z, LIL I C, SHENGLAI L, ZHIYUAN G, J IE Y .
Lipopolysaccharide (LPS) of Porphyromonas
gingivalis induces IL-1beta, TNF-alpha and IL-6
production by THP-1 cells in a way different from
that of Escherichia coli LPS. Innate Immun 2008;
14: 99-107.

19) SUN Y, LI H, SUN MJ, ZHENG YY, GONG DJ, XU Y. En-
dotoxin tolerance induced by lipopolysaccharides

derived from Porphyromonas gingivalis and Es-
cherichia coli: alternations in Toll-like receptor 2
and 4 signaling pathway. Inflammation 2014; 37:
268-276.

20) ANDRUKHOV O, ERTLSCHWEIGER S, MORITZ A, BANTLEON
HP, RAUSCH-FAN X. Different effects of P. gingivalis
LPS and E. coli LPS on the expression of inter-
leukin-6 in human gingival fibroblasts. Acta Odon-
tol Scand 2014; 72: 337-345.

21) CUTLER CW, JOTWANI R. Dendritic cells at the oral
mucosal interface. J Dent Res 2006; 85: 678-
689.

22) CURY PR, FURUSE C, RODRIGUES AE, BARBUTO JA,
ARAÚJO VC, ARAÚJO NS. Interstitial and Langerhans’
dendritic cells in chronic periodontitis and gingivi-
tis. Braz Oral Res 2008; 22: 258-263.

23) GAO S, WANG L, LIU W, WU Y, YUAN Z. The syner-
gistic effect of homocysteine and lipopolysac-
charide on the differentiation and conversion of
raw264.7 macrophages. J Inflamm 2014; 11:
13.

24) KOWSAR R, HAMBRUCH N, MAREY MA, LIU J, SHIMIZU
T, PFARRER C, MIYAMOTO A. Evidence for a novel,
local acute-phase response in the bovine
oviduct: progesterone and lipopolysaccharide
up-regulate alpha 1-acid-glycoprotein expres-
sion in epithelial cells in vitro. Mol Reprod Dev
2014; 81: 861-870.

25) PADIAL-MOLINA M, VOLK SL, RIOS HF. Periostin in-
creases migration and proliferation of human peri-
odontal ligament fibroblasts challenged by tumor
necrosis factor-alpha and Porphyromonas gingi-
valis lipopolysaccharides. J Periodontal Res
2014; 49: 405-414.

26) KNOBLOCH J, FELDMANN M, WAHL C, JUNGCK D, BEHR
J, STOELBEN E, KOCH A. Endothelin receptor antago-
nists attenuate the inflammatory response of hu-
man pulmonary vascular smooth muscle cells to
bacterial endotoxin. J Pharmacol Exp Ther 2013;
346: 290-299.

27) DADAGLIO G, FAYOLLE C, ZHANG X, RYFFEL B,
OBERKAMPF M, FELIX T, HERVAS STUBBS S, OSICKA R,
SEBO P, LADANT D, LECLERC C. Antigen targeting to
CD11b(+) dendritic cells in association with
TLR4/TRIF signaling promotes strong CD8(+) T
Cell responses. J Immunol 2014; 193: 1787-
1798.

28) VON SCHLIEFFEN E, OSKOLKOVA OV, SCHABBAUER G,
GRUBER F, BLUML S, GENEST M, KADL A, MARSIK C,
KNAPP S, CHOW J, LEITINGER N, BINDER BR, BOCHKOV
VN. Multi-hit inhibition of circulating and cell-asso-
ciated components of the toll-like receptor 4 path-
way by oxidized phospholipids. Ar terioscler
Thromb Vasc Biol 2009; 29: 356-362.

29) ERRIDGE C, KENNEDY S, SPICKETT CM, WEBB DJ. Oxi-
dized phospholipid inhibition of toll-like receptor
(TLR) signaling is restricted to TLR2 and TLR4:
roles for CD14, LPS-binding protein, and MD2 as
targets for specificity of inhibition. J Biol Chem
2008; 283: 24748-24759.



2492

H. Su, X. Yan, Z. Dong, W. Chen, Z.-T. Lin, Q.-G. Hu

30) LEE MKT, XU S, FITZPATRICK EH, SHARMA A, GRAVES

HL, CZERNIECKI BJ. Inhibition of CD4+CD25+ reg-
ulatory T cell function and conversion into Th1-
like effectors by a Toll-like receptor-activated
dendr it ic cel l  vaccine. PLoS One 2013; 8:
e74698.

31) MAHANONDA R, POTHIRAKSANON P, SA-ARD-IAM N, YA-
MAZAKI K, SCHIFFERLE RE, HIRUNPETCHARAT C, YONG-
VANICHIT K, PICHYANGKUL S. The effects of Porphy-

romonas gingivalis LPS and Actinobacillus actin-
omycetemcomitans LPS on human dendritic cells
in vitro, and in a mouse model in vivo. Asian Pac
J Allergy Immunol 2006; 24: 223-228.

32) JOTWANI R, PULENDRAN B, AGRAWAL S, CUTLER CW.
Human dendrit ic cells respond to Porphy-
romonas gingivalis LPS by promoting a Th2 ef-
fector response in vitro. Eur J Immunol 2003; 33:
2980-2986.


