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Protease-activated receptor 2 (PAR2) is implicated in the pathogenesis of chronic inflammatory diseases, including periodonti-
tis; it can be activated by gingipain and produced by Porphyromonas gingivalis and by neutrophil protease 3 (P3). PAR2 activa-
tion plays a relevant role in inflammatory processes by inducing the release of important inflammatory mediators associated
with periodontal breakdown. The effects of periodontal treatment on PAR2 expression and its association with levels of proin-
flammatory mediators and activating proteases were investigated in chronic periodontitis patients. Positive staining for PAR2
was observed in gingival crevicular fluid cells and was reflective of tissue destruction. Overexpression of PAR2 was positively
associated with inflammatory clinical parameters and with the levels of interleukin-6 (IL-6), IL-8, tumor necrosis factor alpha,
matrix metalloprotease 2 (MMP-2), MMP-8, hepatocyte growth factor, and vascular endothelial growth factor. Elevated levels of
gingipain and P3 and decreased levels of dentilisin and the protease inhibitors secretory leukocyte protease inhibitor and elafin
were also associated with PAR2 overexpression. Healthy periodontal sites from individuals with chronic periodontitis showed
diminished expression of PAR2 mRNA and the PAR2 protein (P < 0.05). Furthermore, periodontal treatment resulted in de-
creased PAR2 expression and correlated with decreased expression of inflammatory mediators and activating proteases. We con-
cluded that periodontal treatment resulted in decreased levels of proteases and that proinflammatory mediators are associated
with decreased PAR2 expression, suggesting that PAR2 expression is influenced by the presence of periodontal infection and is
not a constitutive characteristic favoring periodontal inflammation.

Proteases are not merely degradative enzymes responsible for
hydrolysis of peptide bonds. Recent evidence shows that these

molecules allow communication among host cells and between
microorganisms and host cells, playing an important role under
numerous pathological conditions. Periodontal tissue breakdown
can be mediated by some endogenous host enzymes and bacterial
proteases found in the periodontal pocket, such as neutrophil ser-
ine proteinase 3 (P3), mast cell tryptase, and gingipains from Por-
phyromonas gingivalis (P. gingivalis). Recently, it was shown that
the biological activities of such proteases can be mediated by the
activation of protease-activated receptor 2 (PAR2). PAR2 belongs
to the family of G-protein-coupled, seven-transmembrane-do-
main receptors, and its activation occurs through proteolytic
cleavage of the N-terminal domain by serine proteinases, resulting
in the generation of a new N-terminal “tethered ligand,” which
binds to the receptor itself, resulting in its auto-activation (1).

PAR2 is expressed by many cell types found in the periodontal
tissues, including immune cells, osteoblasts, oral epithelial cells,
and gingival fibroblasts (2–5). Bacterial and host proteases such as
gingipains from P. gingivalis, P3, and mast cell tryptase have been
reported to activate PAR2, which highlights the significance of the
receptor in the pathogenesis of periodontitis.

PAR2 activation-associated enhanced biosynthesis of proin-
flammatory mediators has been well established (4–10). A previ-
ous study by our group demonstrated that PAR2 mediates host
cell mechanisms responsible for increased levels of prostaglandin
E2, gamma interferon, interleukin-� (IL-1�), and IL-6 and for the
resulting increased alveolar bone loss in a periodontitis model of
P. gingivalis infection in mice (8). Then, we demonstrated the
involvement of PAR2 in human periodontal disease by reporting
increased PAR2 expression in chronic periodontitis patients,

where higher expression levels of P3 and P. gingivalis were also
verified (11). This study also showed that in deeper periodontal
pockets, increased PAR2 expression and significantly increased
proinflammatory mediators were observed compared to the ex-
pression of the receptor in shallower pockets. We also demon-
strated that periodontal pockets presenting P. gingivalis show ele-
vated PAR2 expression compared to sites where the bacterium was
not observed, thus suggesting that P. gingivalis may disturb the
host inflammatory responses not only by regulating PAR2 func-
tion but also by enhancing its genetic expression (12). These re-
sults clearly suggested that PAR2 overexpression is an essential
element in periodontal inflammation severity.

The present study was undertaken in order to answer the ques-
tion of whether overexpression of the receptor in chronic perio-
dontitis is due to the presence of the disease or to a constitutive
characteristic which favors periodontal inflammation. Therefore,
the present study aimed to investigate PAR2 expression in healthy
periodontal pockets of periodontitis patients and to evaluate
whether the impact of nonsurgical periodontal treatment on the
levels of endogenous and bacterial PAR2 activators and serine
protease inhibitors, as well as proinflammatory mediators associ-
ated with periodontal breakdown, is correlated with PAR2 down-
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regulation. An additional aim was to investigate the types of cells
which express PAR2 in the gingival crevicular fluid (GCF) of peri-
odontal patients.

MATERIALS AND METHODS
Study design and patient selection. Subject recruitment was conducted
between July 2010 and February 2012 at the periodontal clinic of the
University of São Paulo, School of Dentistry. The participants were in-
formed about the nature of the study and signed a consent form previ-
ously approved by the Institutional Committee on Research of the School
of Dentistry, University of São Paulo (FR337902, protocol 106/2010).

After an initial screening performed in 343 subjects, 31 moderate chronic
periodontitis (CP group) (13) and 31 periodontally healthy individuals (con-
trol group) who met the inclusion criteria were included in the study. The
inclusion criteria required that subjects be of both genders, that they had
never smoked (self-reported data), that they be between the ages of 21 and 63
years, and that they be in good overall health. The exclusion criteria included
the following: use of an orthodontic appliance; requirement of systemic anti-
biotic for measures that might cause transitory bacteremia; use of medica-
tions such as antibiotics, phenytoin, calcium antagonists, cyclosporine, or
anti-inflammatory drugs within the last 6 months before the initial appoint-
ment; regular use of hormonal contraceptives or hormone replacement ther-
apy; history of diabetes, hepatitis, or HIV infection or any other disease that
compromises the immune functions; pregnancy or lactation; immunosup-
pressive chemotherapy; and periodontal treatment within the last 6 months
before examination.

The study design consisted of two stages. In stage 1 (baseline), peri-
odontal examination and laboratory analyses were performed. A com-
plete periodontal examination was performed by the same certified peri-
odontist (M. Holzhausen), including plaque index (PI) and gingival index
(GI) (14), probing pocket depth (PD), clinical attachment level (CAL),
and bleeding on probing (BOP) at six sites (mesio-buccal, buccal, disto-
buccal, mesio-lingual, lingual, and disto-lingual) per tooth, using a man-
ual periodontal probe (PCPUNC 15; Hu-Friedy, Chicago, IL, USA). BOP
was determined by the presence or absence of bleeding assessed 30 s after
probing. An intraexaminer calibration was performed by evaluating 10
nonstudy patients who were examined twice for each clinical parameter
(kappa value, 0.92).

Based on the periodontal evaluation, the study population was divided
into the following groups: (i) control subjects (control group), having
�10% sites with BOP, �1% of sites with a PD of �5 mm, no sites with a
PD of �6 mm, �1% of sites with clinical attachment loss of �2 mm, and
no evidence of radiographic bone loss (31 individuals); (ii) moderate
chronic periodontitis (CP) subjects, having generalized chronic perio-
dontitis with moderate destruction, that is, having more than 30% of the
sites presenting PDs from 3 to 6 mm with CAL up to 4 mm and BOP in
more than 30% of the sites (31 individuals).

Control and periodontitis groups received oral prophylaxis and oral
hygiene instructions. Patients with chronic periodontitis (CP) received
nonsurgical periodontal treatment performed at four to six sessions in
accordance with the individual characteristics and conditions. The treat-
ment consisted of elimination of iatrogenic factors (restorations and pros-
theses, if needed), scaling and root planing through manual instruments
(Gracey curettes; Hu-Friedy, Chicago, IL, USA) and sonic devices (Mini-
piezon; EMS, Switzerland), coronal polishing, clinical integration (tem-
porary cavity restoration and hopeless-tooth extraction, if needed), and
review of basic procedures. These procedures were conducted by a single
experienced periodontist (V. T. Euzebio Alves).

The posttreatment phase lasted for 6 weeks (15). Within this period,
patients received weekly professional plaque control (reinforcement of
oral hygiene instructions, supragingival scaling, and prophylaxis) until
the reassessment.

In stage 2 (6 weeks after the end of stage 1) subjects with chronic
periodontitis who received nonsurgical periodontal treatment (treated

chronic periodontitis, or TCP, group) were recalled, and all periodontal
and laboratorial parameters were reassessed.

GCF sampling. In the chronic periodontitis group, the deepest site per
quadrant (4 mm � PD � 6 mm) was used to collect GCF. In addition, one
healthy periodontal site (no attachment loss) from any of the four quad-
rants was also sampled in this group. After periodontal therapy, GCF was
collected from the same sites of these subjects. In the control group, one
healthy periodontal site (no attachment loss) per quadrant was sampled.

Supragingival plaque was carefully removed, and periodontal sites
were isolated. Periopaper strips (Periopaper Collection Strip; Oraflow,
Plainview, NY, USA) were introduced one at a time into the gingival
sulcus or periodontal pocket and removed after 30 s. Two strips were used
to collect GCF samples from each site and were analyzed by quantitative
PCR (qPCR). In addition, another two strips from the same sites were
collected on a different day and used for Western blot (WB) analysis. In
both qPCR and WB, the four sites were analyzed separately. Pooled sam-
ples were used only for Bio-Plex analysis. First, the individual volume of
GCF samples was determined by a moisture meter (Periotron 6000; IDE
Interstate, Amityville, NY, USA), and then the four strips were combined
for the analyses of protease inhibitors and inflammatory biomarkers. GCF
samples were discarded for further analysis if they were visibly contami-
nated with blood. The strips were stored at �80°C. GCF sample collection
for flow cytometry analysis was performed using an intracrevicular wash-
ing technique (16) at the same sites used for GCF sampling by paper strips.

Gene expression analysis. PAR2, P3, gingipain, and dentilisin gene
expression from crevicular fluid samples was assessed by quantitative PCR
(qPCR). Total RNA (tRNA) was obtained by mixing samples of crevicular
fluid in TRizol reagent according to the manufacturer’s instructions. For
tRNA quantification, the pellet was resuspended in 12 �l of 0.01% diethyl
pyrocarbonate (DEPC)-treated water; readings were performed using 1
�l of the sample, in duplicate. After quantification, 10 �l of the remaining
tRNA was used for first-strand cDNA synthesis using SuperScript II and
RNaseOut. Reverse transcriptase samples were submitted to real-time
PCR amplification using GoTaq qPCR Master Mix (Promega) and spe-
cific oligonucleotides for PAR2, P3, glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), gingipain, and dentilisin as well as constitutive bac-
teria, which were obtained from GenBank (http://www.ncbi.nlm.nih.gov
/tools/primer-blast) (Table 1). Real-time PCRs were performed using the
Corbett Research system (Corbett Life Sciences, Sydney, Australia).
The conditions for PCR were as follows: 95°C for 2 min, followed by 40
cycles of 95°C for 15 s and 60°C for 1 min. Expression data were
calculated from the cycle threshold (CT) value using the ��CT method
for quantification (17). Gene expression of GAPDH mRNA was used
for normalizing PAR2 and P3 expression, and expression of the con-
stitutive gene (bacterial 16S rRNA gene) was used for normalizing
gingipain and dentilisin expression. Results were expressed in arbi-
trary units relative to the variation of induction (fold increase) com-
pared to the control group. All oligonucleotides utilized in this proto-
col were purchased from Invitrogen Co., San Diego, CA.

Western blot analysis. Samples of crevicular fluid were homogenized
in 60 �l of lysis buffer (50 mM Tris-HCl, pH 7.4, containing 1 mM phen-
ylmethylsulfonyl fluoride [PMSF], 2 mM orthovanadate [Na3VO4], 1
mg/ml leupeptin, 1 mg/ml aprotinin, 1 mg/ml pepstatin, EDTA, and 2
mM Triton X-100 1%). Homogenates were centrifuged at 13,000 � g for
30 min. Twenty micrograms of total proteins was separated by electro-
phoresis on a 15% polyacrylamide gel and transferred onto a nitrocellu-
lose membrane. Nonspecific binding sites were blocked using a blocking
solution (3% bovine albumin serum in Tris-buffered saline solution with
1% Tween) for 1 h at 24°C. Membranes were then incubated overnight at
4°C with anti-PAR2 (1:100; Santa Cruz) diluted in blocking solution and
then with horseradish peroxidase (HRP)-conjugated anti-mouse (1:
2,000; Santa Cruz) diluted in blocking solution for 1 h at room tempera-
ture. The immunoreactive bands were revealed by chemiluminescence
using an enhanced chemiluminescence (ECL) kit (Thermo Scientific,
USA), visualized by autoradiography, and quantified densitometrically
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using Image J software (National Institutes of Health). Membranes were
then stripped, blocked, and incubated with GAPDH antibody (1:1,000;
Santa Cruz) and anti-rabbit (1:5,000; Jackson ImmunoResearch), diluted
in blocking solution, for 2 h at room temperature. GAPDH bands were
used to normalize PAR2 expression levels. Values were expressed as arbi-
trary units.

Flow cytometric analysis. Flow cytometry was performed in order to
detect the presence of PAR2 on the GCF cell surface. Samples of GCF,
collected by an intracrevicular washing technique (16), were centrifuged
at 1,800 rpm at 4°C for 10 min and resuspended in 200 �l of phosphate-
buffered saline (PBS; pH 7.2) Gibco-Invitrogen). Ten microliters of sam-
ples was used to perform cell counts using a Neubauer chamber. Next, the
cells were incubated with 2.5 �l of human TruStain FCX (Fc receptor
blocking solution) (BioLegend, San Diego, CA, USA) for 10 min to block
nonspecific binding. After cells were washed with PBS, they were incu-
bated for 45 min with 2 �l of specific antibodies for epithelial cells (cyto-
keratin 19; conjugated to peridinin chlorophyll protein [PerCP]) and
PAR2 receptor (PAR-2/SAM-11; conjugated to fluorescein isothiocyanate
[FITC]) and 1.5 �l of antibody to leukocytes (CD45; conjugated to phy-
coerythrin [PE]) (Santa Cruz Biotechnology, Santa Cruz, CA, USA). After
another washing step, the samples were immediately subjected to flow
cytometry analysis.

For each sample, up to 10,000 events were acquired. Analysis by flow
cytometry was performed using a FACSCalibur flow cytometer (Becton,
Dickinson and Co., USA), and recorded events were analyzed using Cell
Quest software (Becton, Dickinson and Co., USA). PAR2 expression in
epithelial cells and leukocytes was determined as the percentage of posi-
tive cells.

Determination of GCF protease inhibitors and inflammatory bio-
markers. The four strips (one per quadrant) were pooled and eluted in
400 �l of PBS. The samples were vortex mixed three times (30 s each), and
the strips were removed before sample centrifugation at 10,000 � g for 10
min at 4°C. The amounts of elafin and secretory leukocyte protease inhib-
itor (SLPI) within the GCF samples were determined using commercially
available enzyme-linked immunosorbent assay (ELISA) kits (R&D Sys-
tems, Minneapolis, MN, USA), according to the manufacturer’s instruc-
tions. GCF samples were diluted in 100 �l of sterile 0.01 M sodium phos-
phate buffer, pH 7.4, before being applied to the microplates. The
concentrations of the protease inhibitors were calculated by the Softmax
data analysis program (Molecular Devices, Menlo Park, CA, USA).

To determine GCF levels of IL-6, IL-8, tumor necrosis factor alpha
(TNF-	), hepatocyte growth factor (HGF), vascular endothelial growth

factor (VEGF), matrix metalloprotease 2 (MMP-2), and MMP-8, we used
a Bio-Plex cytokine assay kit (Human VersaMAP Multiplex Development
System; R&D Systems, Minneapolis, MN). The assay was read on a Bio-
Plex suspension array system, and the data were analyzed with Bio-Plex
Manager software, version 4.0.

Statistical analysis. Comparisons between pre- and posttreatment as
well as between diseased and healthy sites (within the chronic periodon-
titis group) were analyzed by a paired t test. The differences between the
chronic periodontitis group and control group were analyzed by an un-
paired t test. The incidence of BOP among groups was analyzed by a
chi-square test. For correlation analysis, a linear correlation test was used.
Pearson’s correlation coefficient was used to calculate bivariate correla-
tions between the covariates.

The analysis and graphics of this study were carried out using the
statistical program GraphPad Prism, version 4.0. A P value of �0.05 was
considered statistically significant. Data are expressed as means 
 stan-
dard deviations (SD).

RESULTS
Patients’ characteristics. Thirty-one patients with generalized
moderate chronic periodontitis (CP) were matched for age and
gender with each control individual. As shown in Table 2 no sig-
nificant differences were observed between the CP and control
groups with regard to the mean age (P � 0.7601) or with regard to
the number of teeth (P � 0.8507).

At baseline the mean values of PD, CAL, BOP, PI, and GI were
statistically higher (P � 0.0001) in individuals from the CP group
than in those from the control group. After periodontal nonsur-
gical treatment, the individuals showed a significant improvement
of all the clinical parameters compared to the baseline values (TCP
versus CP, P � 0.0001). However, TCP group mean values for the
evaluated clinical parameters were still higher than control values
(PD, CAL, and GI, P � 0.0001; BOP, P � 0.0017; PI, P � 0.0407)
(Table 2).

Table 3 shows that the clinical parameters (PD and CAL) and
GCF volume of the sampled periodontal sites from the CP group
were statistically higher (P � 0.05) than those from the control
group. Healthy sites at baseline and treated sites (TCP) from the
CP group showed significant decreases in PD, CAL, and GCF vol-
ume compared with diseased sites at baseline (P � 0.0001).

TABLE 1 Sequence of primers used for cDNA amplification

Target Sequencea

GenBank
accession no.

Fragment
size (bp)

PAR2 F, 5=-TGCTAGCAGCCTCTCTCTCC-3= NM_053897.2 92
R, 5=-TGTGCCATCAACCTTACCAA-3=

Proteinase 3 F, 5=-TCTGCTTCGGAGACTCAGGT-3= NM_002777.3 111
R, 5=-GCGTGAAGAAGTCAGGGAAA-3=

GAPDH F, 5=-TGGTATCGTGGAAGGACTCATGAC-3= NM_002046 80
R, 5=-ATGCCAGTGAGCTTCCCGTTCAGC-3=

Gingipain F, 5=-CCTACGTGTACGGACAGAGCTATA-3= NC_010729 70
R, 5=-AGGATCGCTCAGCGTAGCATT-3=

Dentilisin F, 5=-TCTTACGGAACCGAATTTGC-3= AE017226.1 82
R, 5=-CGT TACCCA TCGCAATTACC-3=

16S rRNA gene F, 5=-TCGGTATTGAGGAAGGTTGG-3= AB791176.1 86
R, 5=-CTGCTGGCACGGAGTTAG-3=

a F, forward; R, reverse.
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PAR2 is downregulated after periodontal treatment. PAR2
mRNA expression in the gingival crevicular fluid cells in chronic
periodontitis patients was significantly higher than in periodon-
tally healthy patients (P � 0.0003) and significantly reduced after
nonsurgical periodontal treatment (P � 0.0001) (Fig. 1A).

PAR2 protein levels were also elevated in chronic periodontitis
patients compared with those of controls (P � 0.0384). Six weeks
after periodontal treatment, these levels were significantly reduced
(P � 0.0074) (Fig. 1B). Therefore, periodontal treatment not only
downregulated the genetic expression of the receptor but also de-
creased its translated protein levels. Interestingly, there was a very
strong positive correlation (r � 0.8935) between PAR2 mRNA
expression and PAR2 protein levels (Fig. 1C). Furthermore,
healthy periodontal sites from chronic periodontitis individuals
showed diminished expression of PAR2 mRNA (P � 0.0092) and
PAR2 protein level (P � 0.0413) compared to periodontal sites
within the same patient.

There was a strong correlation between PAR2 mRNA and the

values for mean PD (r � 0.6308), mean CAL (r � 0.7741), and
GCF volume (r � 0.5223).

Moreover, the flow cytometric analysis demonstrated that CP
patients had a higher percentage of PAR2-expressing cells than
control patients (4.7% 
 0.014% versus 3.3% 
 0.012% for leu-
kocytes and 2.9% 
 0.01% versus 1.5% 
 0.005% for epithelial
cells; P � 0.001) (Fig. 1D).

PAR2 potential activators and their inhibitors. Gingipain
mRNA expression was significantly lower in control patients than
in chronic periodontitis patients (P � 0.0004). After periodontal
treatment, both gingipain and dentilisin mRNA expression levels
significantly decreased (P � 0.0039 and P � 0.0234, respectively)
(Fig. 2A and B).

Gingipain PAR2 mRNA expression was also significantly lower
in healthy sites compared to affected periodontal sites in the same
subject from the CP group (P � 0.0438). Moreover, periodontal
treatment also decreased P3 mRNA expression in patients with
moderate chronic periodontitis (P � 0.0108) (Fig. 2C).

TABLE 2 Demographic and clinical parameters of the control group and moderate chronic periodontitis group at baseline and 6 weeks after
nonsurgical periodontal treatment

Parametera

Value for the parameterb

Control group (n � 31)

Moderate chronic periodontitis group (n � 31)c

Baseline 6 wk posttreatment
(n � 31)

Demographic characteristics
Age of group (yr [range]) 43.16 
 9.60 (24–63) 44.12 
 9.08 (21–64)
No. of patients by age

20–35 yr 6 6
36–50 yr 18 18
51–65 yr 7 7

Gender (no. of patients)
Male 17 17
Female 14 14

No. of teeth (range) 26.54 
 1.92 (24–28) 23.25 
 3.17 (18–28)

Periodontal characteristics
PD (mm) 1.80 
 0.27 2.99 
 0.65* 2.35 
 0.49*†

CAL (mm) 2.31 
 0.34 3.77 
 0.69* 3.38 
 0.74*†

BOP (%) 3.43 
 3.02 63.37 
 23.3* 17.64 
 24.75*†

PI 0.17 
 0.13 1.43 
 0.45* 0.31 
 0.38*†

GI 0.11 
 0.12 1.76 
 0.42* 0.54 
 0.47*†

a PD, probing depth; CAL, clinical attachment level; BOP, bleeding on probing; PI, plaque index; GI, gingival index.
b Values for the age of the group, number of teeth, and periodontal characteristics are means 
 SD.
c *, statistically different compared with the control group (P � 0.05); †, statistically different compared with baseline values (P � 0.0001).

TABLE 3 Clinical parameters and GCF volume of the periodontal sites from control group and moderate chronic periodontitis group at baseline
and 6 weeks after nonsurgical periodontal treatment

Parametera

Value for the parameter (mean 
 SD)b

Control
group

Moderate chronic periodontitis group

Baseline
6 wk
posttreatment Healthy sites

PD (mm) 2.08 
 0.04 5.61 
 0.13* 3.20 
 0.13† 2.65 
 0.08†

CAL (mm) 2.14 
 0.05 6.53 
 0.17* 4.19 
 0.17*† 3.18 
 0.13†

GCF vol (�l) 0.30 
 0.06 0.73 
 0.05* 0.41 
 0.04*† 0.37 
 0.05†

a PD, probing depth; CAL, clinical attachment level; GCF vol, gingival crevicular fluid volume.
b *, statistically different compared with the control group (P � 0.05); †, statistically different compared with the baseline (P � 0.0001).
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The level of SLPI was significantly decreased in the CP group in
comparison with control patients (P � 0.0385). After periodontal
treatment, levels of SLPI increased; however, this increase was not
significant (P � 0.05) (Fig. 3A). On the other hand, elafin levels

were not different among groups; in spite of a trend toward greater
values for the control group, there were no significant differences
(P � 0.1422) (Fig. 3B).

Interestingly, there was a strong correlation between PAR2

FIG 1 (A) Mean PAR2 mRNA expression in the gingival crevicular fluid (GCF) cells of the control group, the periodontitis group before (CP) and after (TCP)
nonsurgical periodontal treatment, and healthy sites from the periodontal group. (B) Western blot of PAR2 proteins from control, CP, or TCP group (top panel),
quantified by densitometry analysis of the blots (bottom panel). (C) Positive correlation between PAR2 mRNA and PAR2 protein levels. (D) GCF PAR2-expressing
epithelial cells and leukocytes from control and periodontitis groups. Data are means 
 SD. *, P � 0.05 compared with control values; †, P � 0.05 compared with CP
values.

FIG 2 (A) Mean expression of gingipain mRNA in the control group and periodontitis group before (CP) and after (TCP) nonsurgical periodontal treatment
and at healthy sites from the periodontal group. Levels of dentilisin (B) and P3 (C) mRNAs in the periodontitis group before (CP) and 6 weeks after (TCP)
nonsurgical periodontal treatment are shown. Data are means 
 SD. *, P � 0.05, compared with control values; †, P � 0.05, compared with CP values.
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mRNA and the expression of gingipain mRNA and P3 mRNA (r �
0.72 and r � 0.49, respectively). In addition, an inverse correlation
was observed between PAR2 mRNA and dentilisin mRNA and
SLPI levels (r � �0.64 and r � �0.43, respectively).

PAR2 expression is associated with increased levels of in-
flammatory biomarkers in the GCF. GCF levels of IL-6 (Fig. 4A),
IL-8 (Fig. 4B), TNF-	 (Fig. 4C), MMP-1 (Fig. 4D), MMP-2 (Fig.
4E), MMP-8 (Fig. 4F), HGF (Fig. 4G), and VEGF (Fig. 4H) were
increased in the gingival crevicular fluid of patients from the CP
group compared to levels in the control group (P � 0.05), and
they were significantly reduced after periodontal treatment (P �
0.05). Interestingly, a strong correlation was found between PAR2
mRNA and GCF levels of IL-6, IL-8, TNF-	, HGF, and VEGF (r �
0.55).

DISCUSSION

Protease-activated receptors (PARs) are innate immune receptors
that recognize specific bacterial or endogenous serine proteases
and initiate defensive immune responses. The receptors from the
PAR family have similar structures and mechanisms of activation
but can be expressed by different cells and play distinct roles in
pathophysiological processes, such as growth, development, in-
flammation, tissue repair, and pain (18–20). There are four mem-
bers of this family: PAR1, PAR3, and PAR4, which can be activated
by thrombin, and PAR2, which can be activated by serine pro-
teases such as trypsin, neutrophil proteinase 3, tissue factor/factor
VIIa/factor Xa, mast cell tryptase, membrane-tethered serine pro-
teinase 1, or gingipains (4, 21).

PAR2 is expressed by epithelial cells, endothelial cells, fibro-
blasts, osteoblasts, myocytes, neurons, astrocytes, lymphocytes,
neutrophils, and mast cells (1, 3, 5, 22–24), where it plays several
roles in inflammation (4, 5, 21, 25–29). In fact, PAR2 activation
has been associated with several chronic inflammatory conditions
(1, 26, 30–32). Furthermore, in vitro and in vivo studies have
clearly suggested that PAR2 also plays a role in periodontal inflam-
mation (7, 8, 11, 12). As a novel outcome of the present study, we
have clearly demonstrated that epithelial cells and leukocytes pres-
ent in the gingival crevicular fluid express PAR2 and that the pres-
ence of the potential activators, gingipains and P3, and the serine
protease inhibitors SLPI and elafin influences its expression.

Overexpression of PAR2 was positively associated with inflam-
matory clinical parameters and with the levels of IL-6, IL-8,
TNF-	, host-derived MMP-2, MMP-8, HGF, and VEGF. Elevated
levels of gingipain and P3 and decreased levels of dentilisin and
SLPI were also associated with increased PAR2 expression.
Healthy sites of periodontitis patients showed decreased PAR2
expression, as did sites of control patients. Furthermore, peri-

odontal treatment resulted in decreased PAR2 expression, corre-
lated with improved clinical parameters, decreased expression of
inflammatory mediators and activating proteases, and increased
levels of SLPI. We concluded that periodontal treatment resulted
in decreased levels of proteases and proinflammatory mediators
and is associated with decreased PAR2 expression, suggesting that
PAR2 overexpression is due to the presence of periodontal infec-
tion and is not a constitutive characteristic favoring periodontal
inflammation.

Gingipains have been shown to activate PAR2 in immune in-
flammatory cells and in cells from the oral epithelial barrier, lead-
ing to increased production of proinflammatory mediators (4, 8,
10, 33–35) and activation of signaling pathways associated with
increased inflammatory responses (36). In addition, neutrophil
protease 3 was also shown to activate host cells through PAR2,
inducing the release of proinflammatory cytokines (6), which not
only have a direct effect on periodontal destruction but can also
act indirectly by upregulating MMP expression (37, 38). There-
fore, there is compelling evidence in the literature showing that
both P. gingivalis, through its gingipains, and neutrophil P3 make
use of host cell PAR2 to exacerbate the inflammation seen in
chronic periodontal disease. Accordingly, in our present study,
chronic periodontitis patients presented increased PAR2 expres-
sion associated with increased expression of proteases and in-
creased levels of proinflammatory mediators responsible for peri-
odontal tissue breakdown.

Secretory leukocyte protease inhibitor (SLPI) is expressed by
epithelial and immune cells, where it plays a role as an “alarm”
proteinase inhibitor mediating anti-inflammatory and antimicro-
bial effects. In the present study, SLPI levels correlated inversely
with the severity of periodontal inflammation. Thus, decreased
levels of SLPI were found in chronic periodontitis patients,
whereas periodontal treatment led to its upregulation. Since ser-
ine protease-derived activities are crucial for the activation of
PAR2, in our study, reduced levels of SLPI were associated with
increased expression of the proteases gingipain and P3 and in-
creased PAR2 expression. Similar to our data, a results of a previ-
ous study also demonstrated that reduced SLPI levels and higher
serine protease activities in the gastric mucosa of Helicobacter py-
lori-infected individuals were correlated with PAR2 overexpres-
sion (39). The decreased levels of SLPI at the sites with P. gingivalis
infection might be explained by the ability of the arginine-specific
gingipains (Rgps) not only to decrease its secretion but also to
degrade it (40–42). The reduced concentrations of SLPI may be
associated with the loss of the host protective capacity and in-
creased susceptibility to breakdown from chronic infection. These

FIG 3 Mean SLPI (A) and elafin (B) GCF levels from the control group and the periodontitis group before (CP) and after (TCP) nonsurgical periodontal
treatment are shown. Data are means 
 SD (n � 8 per group). *, P � 0.05, compared with control values.
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data reinforce the role played by P. gingivalis on PAR2-mediated
periodontal inflammation (12).

In addition, in the present study we demonstrated that system-
ically healthy periodontitis patients have elevated levels of HGF in
the crevicular fluid, which is in agreement with other studies from
the literature (43–45). We also observed decreased HGF concen-
tration after periodontal treatment. HGF is a cytokine produced
by human gingival and ligament fibroblasts upon stimulation
with proinflammatory cytokines and bacterial virulence factors,
including gingipains of P. gingivalis. Interestingly, it was shown
that production of HGF by human gingival fibroblasts upon stim-

ulation with Rgp occurred through PARs, specifically PAR1 and
PAR2 (46). Accordingly, in the present study elevated levels of
HGF were associated with increased MMP-2 and MMP-8, and
VEGF levels in the crevicular fluid of periodontitis patients were
correlated with PAR2 overexpression. Furthermore, this in-
creased expression was also associated with elevated levels of gin-
gipain expression and proinflammatory mediators. Then, these
results suggest that gingipains may activate PAR2 in gingival cre-
vicular fluid cells, leading to HGF secretion in inflamed periodon-
tal sites.

The oral bacterial organism Treponema denticola (T. denticola)

FIG 4 GCF levels of IL-6 (A), IL-8 (B), TNF-	 (C), MMP-1 (D), MMP-2 (E), MMP-8 (F), HGF (G), and VEGF (H) in patients from the control group and from
the periodontitis group before (CP) and after (TCP) nonsurgical periodontal treatment are shown. Data are means 
 SD (n � 8 per group). *, P � 0.05,
compared with control values; †, P � 0.05, compared with CP values.
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is an anaerobic spirochete particularly associated with severe and
refractory periodontal disease. T. denticola produces an outer
membrane-associated chymotrypsin-like protease, named den-
tilisin, which can degrade a variety of humoral proteins, including
basement membrane components, serum proteins, and bioactive
peptides (47). Also, it has been suggested that dentilisin may dis-
arm PAR2 or inhibit further activation (8). Interestingly, we have
made the novel finding of an inverse relationship between PAR2
expression and the expression of dentilisin in the periodontal sites
of patients with moderate chronic periodontitis. Thus, it can be
suggested that bacterial proteases produced by other periodontal
pathogens could also play a role in activation or suppression of
PAR2 function or expression. Whether other PAR2-interfering
bacterial proteases exist needs to be further investigated in order
to explore their effects on PAR2-mediated periodontal inflamma-
tion.

In conclusion, we have shown that PAR2 expression in GCF
cells is reflective of periodontal tissue destruction and that peri-
odontal treatment results in its downregulation. Our results link
the expression of PAR2 with its known activators and with several
tissue breakdown mediators. Therefore, our data support the de-
velopment of antagonists of human PAR2 or inhibitors of PAR2-
activating proteases as potential disease-modifying therapeutic
agents for chronic periodontitis.
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