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A B S T R A C T

Purpose: To explore whether receptor activator of nuclear factor kappa-B ligand (RANKL) is involved in the
nosogenesis of peri-implantitis and to reveal the regulatory mechanism in Porphyromonas gingivalis induced
RANKL production.
Methods: Therefore, we collected peri-implant crevicular fluid (PICF) and gingival tissues from healthy implants
and peri-implantitis patients. The expression of RANKL in samples was tested by ELISA, Western blot and im-
munofluorescence staining. The production of RANKL in THP-1 macrophages stimulated with P. gingivalis was
detected by qRT-PCR and Western blot. Then macrophages were pre-treated with neutralizing antibodies of Toll-
like receptor 2 (TLR2) or lectin-type oxidized LDL receptor 1 (LOX-1) and inhibitors of TLR2, LOX-1 or Erk1/2
before P. gingivalis stimulation to evaluate the roles of TLR2, LOX-1 and Erk1/2 in RANKL production by qRT-
PCR and Western blot.
Results: The protein level of RANKL was higher in PICF of peri-implantitis patients than healthy implants. We
observed increased RANKL expression in P. gingivalis infected macrophages compared to controls. RANKL in-
duced by P. gingivalis stimulation was mediated by TLR2 and Erk1/2 signaling pathway in THP-1 macrophages.
LOX-1 is involved in TLR2 induced RANKL expression.
Conclusion: RANKL was involved in peri-implantitis, and regulated by TLR2, LOX-1 and Erk1/2 signaling against
P. gingivalis infection. As the novel inflammation pathway triggers, TLR2 and LOX-1 which mediate RANKL
production seems to be potential drug targets of peri-implantitis.

1. Introduction

Being an oral inflammatory disease, peri-implantitis plagues ap-
proximately 30% patients treated with dental implant which is one of
the most frequently used treatments for patients' tooth replacement
[1–4]. Many treatments for peri-implantitis have been described in
former studies [5–7]. Unfortunately, there is still no one which has been
proved to be highly effective against peri-implantitis in these ther-
apeutic strategies.

In peri-implantitis, host and microbial factors lead to inflammation
in supporting tissues surrounding implants and finally may lead to a
complete loss of osseointegration [8,9]. As a bone loss biomarker, re-
ceptor activator of nuclear factor kappa-B ligand (RANKL) involved in
loss of osseointegration induces osteoclastic bone erosion [10,11].

Being a member of the tumor necrosis factor (TNF) superfamily,
RANKL, also known as the osteoprotegerin ligand (OPGL), affects the
immune system, bone regeneration and remodeling [12,13]. On the
myeloid lineage cells, RANKL acts as the key factor for osteoclast dif-
ferentiation and activation by binding the receptor activator of nuclear

factor kappa-B (RANK) [14,15]. As a dendritic cell survival factor in the
immune system, RANKL leads to osteoclastogenesis and bone loss by
regulating T cell-dependent immune response [16,17].

RANKL is also involved in pathogenesis of alveolar bone loss.
Previous study showed that RANKL mediated by Toll-like receptor 2
(TLR2) and TLR4 exacerbates alveolar bone resorption induced by
Porphyromonas gingivalis infection [18]. Serine dipeptide lipids of P.
gingivalis promote TLR2/RANKL induced bone loss in periodontitis
[19].

Up to now, no consensus about the difference of RANKL in the peri-
implant crevicular fluid (PICF) between peri-implantitis and healthy
implants has yet been reached in previous studies. Some studies showed
that the protein level of RANKL was higher in peri-implantitis [20,21],
and others did not show any significant difference [22,23]. Moreover,
the regulatory mechanism of RANKL production upon peri-implantitis
has not been good evaluated.

Therefore, we have twofold purpose in this study: to provide more
data about the RANKL level in PICF from peri-implantitis patients and
to reveal the regulatory mechanism of RANKL production upon P.
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gingivalis infection.

2. Materials and methods

2.1. PICF collection

This study was approved by the ethics committee of the Affiliated
Hospital of Qingdao University and conducted in accordance with the
Helsinki Declaration. Each patient provided informed consent.

Ten healthy implant patients and ten peri-implantitis patients were
studied. There are at least two dental implants in each patient. We in-
vestigated two implants of each patient. The criteria of diagnostic, in-
clusion and exclusion have been described in previous work from our
laboratory [24]. PICF samples were collected by sterile Periopapers
(Oraflow) which were placed in the sulcus of the gums and implants for
30 s. The second collection was in one minute later. The contents of
PICF were eluted by 50mM phosphate buffer contained 0.1mM phe-
nylmethylsulphonylfluoride for further tests.

2.2. Bacterial culture

P. gingivalis inoculum was provided by the Oral Laboratory of the
Affiliated Hospital of Qingdao University, and grown in gifu anaerobic
medium [25] broth at 37 °C under anaerobic conditions (5% H2 and 5%
CO2 and 90% N2). The bacteria were harvested after over night culture
when optical density at 650 nm was 1 (~109 colony forming units/ml),
and washed twice before infecting human macrophages.

2.3. In vitro experiments

We purchased Human THP-1 cells from China Center for Type
Culture Collection (Wuhan, China). Human macrophages used in our
experiments were differentiated from THP-1 cells with 100 nM phorbol
12-myristate 13-acetate (PMA; Sigma) for 48-hours at a density of
1× 106/well in 6-well plates. The cells were infected with live P. gin-
givalis at the multiplicity of infection (MOI) of 10, and harvested after 0,
4, 8, and 16-hours for qRT-PCR and after 0, 1/4, 1/2, 1, 4, and 16-hours
for Western blot.

To study the roles of TLR2 and LOX-1 in P. gingivalis induced RANKL
and LOX-1 production, TLR2 neutralizing antibody (R&D) (1 μg/ml),
TLR2 inhibitor C29 (MCE) (50 μM), LOX-1 neutralizing antibody (R&D)
(10 μg/ml), LOX-1 inhibitor Polyinosinic acid (Poly (I)) (Sigma)
(250 μg/ml) were used to pre-treat THP-1 macrophages 2-hours before
treated with P. gingivalis at 0, 8-hours for qRT-PCR and 0, 16-hours for
Western blot. IgG (R&D), DMSO or sterile water was used for corre-
sponding control.

To study the roles of Erk1/2 in P. gingivalis induced RANKL pro-
duction, Erk1/2 inhibitor SCH772984 (SelleckChem) (10 μM) was used
to pre-treat THP-1 macrophages 2-hours before treated with P. gingivalis
at 0, 8-hours for qRT-PCR and 0, 16-hours for Western blot. DMSO was
used for corresponding control.

2.4. Western blot

Bicinchoninic Acid Assay (Beyotime, China) was used to quantify
total protein of PICF or THP-1 macrophages. Each well of a 10%
polyacrylamide gel (BioRad) was loaded into total protein which was
separated with electrophoresis and transferred to nitrocellulose mem-
branes (Merck Millipore). Then anti-human RANKL (ProteinTech,
23408-1-AP, 1:1000), anti-human LOX-1 (ProteinTech, 11837-1-AP,
1:500) or anti-human β-actin (Cell Signaling, #12620, 1:1000) primary
antibodies were used to incubate with the nitrocellulose membranes for
overnight at 4 °C. And corresponding HRP-tagged secondary antibodies
(Cell Signaling) were used to incubate with membranes for 2-hours at
room temperature. Fusion Solo system (Vilber Lourmat) was used to
develop Western blot with ECL substrate, and to quantify

chemiluminescent signals showed by histograms.

2.5. Enzyme-linked immunosorbent assay (EILSA)

The EILSA protocol has been described in previous work from our
laboratory [24]. RANKL primary antibody (1:1000; ProteinTech) was
used for incubating with samples for 2-hours at room temperature on a
medium speed shaker. Then anti-rabbit secondary antibody (1:8000;
ProteinTech) was used to incubate for 1-hour. The substrate (Sigma)
was added into wells at 37 °C for 30min, followed by the optical density
measure with a micro titer plate reader.

2.6. Immunofluorescence staining

The gingival tissues from peri-implantitis patients were used for
RANKL immunofluorescence staining. The immunofluorescence pro-
tocol has been previously described [24]. The anti-human RANKL an-
tibody (1:100; ProteinTech) was used to incubate slides. Then the
AlexaFluor 488 (green) conjugated goat anti-rabbit IgG secondary an-
tibody (1:1000; Cell Signaling) was added followed by a DAPI staining
(1:500; Cell Signaling). Fluorescence microscopy was used to capture
digital images.

2.7. RNA isolation and qRT-PCR

The mRNA levels of RANKL and LOX-1 in THP-1 macrophages were
detected. PCR protocol has been described in previous publications
[24]. The primer pair sequences were as follows: β-actin F-TGGCACC
CAGCACAATGAA and R-CTAAGTCATAGTCCGCCTAGAAGCA; RANKL
F-GCAGCATCGCTCTGTTCCTGTA and R-GCATGAGTCAGGTAGTGCTT
CTGTG; LOX-1F-TCGGAAGCTGAATGAGAAATCC and R-CTTGCGGAC
AAGGAGCTGA.

2.8. Statistical analysis

The statistical significance of the ELISA, RT-PCR and Western blot
was determined with an unpaired, two-tailed Student's t-test. P < 0.05
was considered significant. All data were expressed as the mean ± SD.

3. Results

3.1. RANKL was involved in peri-implantitis

To investigate the RANKL levels in PICF, we tested protein levels by
western blot and ELISA. Compare to healthy implants, the expression of
RANKL in protein level were higher in PICF of partial peri-implantitis
patients by Western blot (Fig. 1A). ELISA results (Fig. 1B) showed that
RANKL protein level was increased in PICF of peri-implantitis patients
(P < 0.05). RANKL expressed in partial gingival tissue of peri-im-
plantitis patient by immunofluorescence staining (Fig. 1C). These re-
sults indicated that RANKL was involved in the nosogenesis of peri-
implantitis.

3.2. RANKL elevated in P. gingivalis stimulated THP-1 macrophages

P. gingivalis is a momentous bacterial etiological agent associated
with peri-implantitis [26–28]. To investigate the expression of RANKL
in human macrophages upon P. gingivalis infection, we tested mRNA
and protein expressions by qRT-PCR and western blot. The expression
of RANKL in mRNA (Fig. 2A) and protein (Fig. 2B) levels was sig-
nificantly increased after the P. gingivalis stimulation in THP-1 macro-
phages (P < 0.05, respectively), which indicated that RANKL in-
creased by the stimulation of P. gingivalis in macrophages.
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3.3. TLR2 induced RANKL production upon P. gingivalis infection

To determine the role of TLR2 in P. gingivalis induced RANKL ex-
pression of human macrophages, neutralizing antibody and inhibitor
were used to blockade TLR2. With the pre-treatment of TLR2 neu-
tralizing antibody or inhibitor before P. gingivalis stimulation, the ex-
pression of RANKL in mRNA (Fig. 3A and C) and protein (Fig. 3B and D)
levels were significantly decreased in THP-1 macrophages (P < 0.05,
respectively). These results indicated that RANKL production induced
by P. gingivalis infection in human macrophages was induced by TLR2.

3.4. LOX-1 mediated RANKL production upon P. gingivalis stimulation

To determine the role of LOX-1 in P. gingivalis induced RANKL ex-
pression of human macrophages, neutralizing antibody and inhibitor
were used to blockade LOX-1. With the pre-treatment of LOX-1 neu-
tralizing antibody and inhibitor before P. gingivalis stimulation, the
expression of RANKL in mRNA (Fig. 4A and C) and protein (Fig. 4B and
D) levels were significantly decreased in THP-1 macrophages
(P < 0.05, respectively). These results indicated that RANKL produc-
tion induced by P. gingivalis infection in human macrophages was

mediated by LOX-1.

3.5. LOX-1 is involved in TLR2 induced RANKL regulation against P.
gingivalis

To determine the role of TLR2 in P. gingivalis induced LOX-1 ex-
pression of human macrophages, neutralizing antibody and inhibitor
were used to blockade TLR2. With the pre-treatment of TLR2 neu-
tralizing antibody or inhibitor before P. gingivalis stimulation, the ex-
pression of LOX-1 in mRNA (Fig. 5A and C) and protein (Fig. 5B and D)
levels were significantly decreased in THP-1 macrophages (P < 0.05,
respectively). These results indicated that LOX-1 is involved in TLR2
induced RANKL regulation against P. gingivalis.

3.6. Erk1/2 mediated P. gingivalis induced RANKL expression

Erk1/2 inhibitor SCH772984 was used to determine the role of
Erk1/2 in P. gingivalis induced RANKL expression in THP-1 macro-
phages. With Erk1/2 inhibitor pre-treatment, the expression of RANKL
in mRNA (Fig. 6A) and protein (Fig. 6B) levels were significantly de-
creased (P < 0.05, respectively). These results indicated that RANKL

Fig. 1. RANKL was involved in peri-implantitis. RANKL levels in PICF from healthy implants and peri-implantitis patients (n=10/group) were tested by Western
blot (A) and ELISA (B). Immunofluorescence staining results showed that RANKL (green) expressed in partial gingival tissue of peri-implantitis patients
(Magnification×400) (C).

Fig. 2. RANKL elevated in P. gingivalis stimulated THP-1 macrophages. P. gingivalis was used to stimulate THP-1 macrophages at 0, 4, 8, and 16-hours for qRT-PCR
(A), 0, 1/4, 1/2, 1, 4, and 16-hours for Western blot (B).
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production induced by P. gingivalis stimulation in human macrophages
was mediated by Erk1/2.

4. Discussion

Peri-implant, induced by a series of microbial factors including P.
gingivalis, Aggregatibacter actinomycetemcomitans and
Prevotellaintermedia, has been defined as inflammatory lesions of the

Fig. 3. TLR2 induced RANKL production upon P. gingivalis infection. TLR2 neutralizing antibody (1 μg/ml) and TLR2 inhibitor C29 (50 μM) were used to pre-treat
THP-1 macrophages for 2-hours, following by P. gingivalis treatment for 16-hours. The expression of RANKL was analyzed by qRT-PCR (A and C) and Western blotting
(B and D).

Fig. 4. LOX-1 mediated RANKL production upon P. gingivalis stimulation. LOX-1 neutralizing antibody (10 μg/ml) and LOX-1 inhibitor Poly(I) (250 μg/ml) were used
to pre-treat THP-1 macrophages for 2-hours, following by P. gingivalis treatment for 16-hours. The expression of RANKL was analyzed by qRT-PCR (A and C) and
Western blotting (B and D).

Fig. 5. TLR2 induced RANKL production upon P. gingivalis infection. TLR2 neutralizing antibody (1 μg/ml) and TLR2 inhibitor C29 (50 μM) were used to pre-treat
THP-1 macrophages for 2-hours, following by P. gingivalis treatment for 16-hours. The expression of LOX-1 was analyzed by qRT-PCR (A and C) and Western blotting
(B and D).
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surrounding hard and soft tissues [26–28]. In the study, we demon-
strated that RANKL which is a bone loss biomarker participated in the
pathogenesis of peri-implantitis. Rakic et al. [20,21] found that the
protein level of RANKL in PICF from peri-implantitis patients was
higher than healthy implants. Duarte et al. [22] found that there was no
significant difference of RANKL in PICF from peri-implantitis patients
and healthy implants. Our study showed that RANKL increased in PICF
of partial peri-implantitis patients. In consideration of our following
results that RANKL expression could induced by P. gingivalis stimula-
tion, no consensus about RANKL in PICF was possiblely interrelated
with the different microbial factors of dental peri-implantitis.

The enlarged blood vessels and infiltrated inflammatory cells in-
cluding macrophages, lymphocytes and plasma cells occupied more
than half of the connective soft tissue surrounding peri-implantitis [29].
The pathogenesis of periprostheticosteolysis is induced by severe
macrophages derived inflammatory response and osteoclastogenesis.
Based on this, we chose P. gingivalis stimulated THP-1 macrophages
model to reveal the regulatory mechanism of RANKL in peri-implantitis.
Wachi et al. [30] found that the stimulation from P. gingivalis LPS ele-
vated RANKL expressions in MC3T3-E1 and GE-1 cells. Yamaguchi et al.
[31] found that P. gingivalis oral infection increased alveolar bone loss
and induced gingival IL-1β, IL-18, and RANKL expression in mice. Our
results also reveal that RANKL elevated in P. gingivalis stimulated THP-1
macrophages.

As an important pattern recognition receptor, TLR2 is associated
with osteoclastogenesis [32,33]. Kassem et al. [34] found that TLR2
induced RANKL expression to raise bone resorption and periosteal os-
teoclast development in Staphylococcus aureus septic arthritis. How-
ever, TLR2 is not the only pattern recognition receptor which is re-
sponse for RANKL dependent bone resorption. Ohgi et al. [35] found
that TLR2 induced LOX-1 up-regulation in mouse bone marrow cells to
promote osteoclastogenesis. LOX-1 is a pattern recognition receptor
belongs to the C-type lectin superfamily [36]. Oxidized low-density li-
poprotein, apoptotic cells, bacteria and fungi are main ligands for LOX-
1 [37,38]. Atherosclerosis induced by P. gingivalis is also correlated with
LOX-1 [39,40]. Mai Nakayachi et al. [41] found that the expression of
RANKL, IL-1β and prostaglandin E2 evoked by the inflammation were
reduced in LOX-1 deficiency mice. Our previous study found that LOX-1
involves in IL-1β production and extracellular matrix breakdown in

peri-implantitis [24]. In present study, our data demonstrated that
down-regulation of TLR2 or LOX-1 reduced RANKL expression in P.
gingivalis stimulated THP-1 macrophages. LOX-1 is involved in TLR2
induced RANKL regulation against P. gingivalis.

As the serine-threonine protein kinases group comprised by JNK,
p38 and ERK1/2, MAPKs play important roles in host immune response
and proinflammatory cytokines production [42,43]. Park et al. [44]
found that 4-O-methylhonokiol suppressed RANKL-induced osteoclas-
togenesis by ERK1/2, AKT, and NF-kB pathways in bone marrow-de-
rived macrophages. Yu et al. [45] found that RANKL gene expression
was up-regulated by LPS induced ERK1/2 signaling pathway activation
in MLO-Y4 cells. Our data indicated that the activation of Erk1/2
mediated TLR2 and LOX-1 induced RANKL expression in P. gingivalis
stimulated THP-1 macrophages.

In summary, our present study indicated that RANKL was involved
in peri-implantitis, and regulated by TLR2, LOX-1 and Erk1/2 signaling
against P. gingivalis infection. As the novel inflammation pathway
triggers, TLR2 and LOX-1 which mediate RANKL production seems to
be potential drug targets of peri-implantitis.
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