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PAR-2 expression in the gingival 
crevicular fluid reflects chronic 
periodontitis severity

Abstract: Recent studies investigating protease-activated receptor 
type 2 (PAR-2) suggest an association between the receptor and 
periodontal inflammation. It is known that gingipain, a bacterial 
protease secreted by the important periodontopathogen Porphyromonas 
gingivalis can activate PAR-2. Previous studies by our group found that 
PAR-2 is overexpressed in the gingival crevicular fluid (GCF) of patients 
with moderate chronic periodontitis (MP). The present study aimed 
at evaluating whether PAR-2 expression is associated with chronic 
periodontitis severity. GCF samples and clinical parameters, including 
plaque and bleeding on probing indices, probing pocket depth and 
clinical attachment level, were collected from the control group 
(n = 19) at baseline, and from MP patients (n = 19) and severe chronic 
periodontitis (SP) (n = 19) patients before and 6 weeks after periodontal 
non-surgical treatment. PAR-2 and gingipain messenger RNA (mRNA) 
in the GCF of 4 periodontal sites per patient were evaluated by Reverse 
Transcription Polymerase Chain Reaction (RT-qPCR). PAR-2 and 
gingipain expressions were greater in periodontitis patients than in 
control group patients. In addition, the SP group presented increased 
PAR-2 and gingipain mRNA levels, compared with the MP group. 
Furthermore, periodontal treatment significantly reduced (p <0.05) 
PAR-2 expression in patients with periodontitis. In conclusion, PAR-2 is 
associated with chronic periodontitis severity and with gingipain levels 
in the periodontal pocket, thus suggesting that PAR-2 expression in the 
GCF reflects the severity of destruction during periodontal infection. 

Keywords: Chronic Periodontitis; Receptor PAR-2; Porphyromonas 
gingivalis; Argingipain, Porphyromonas Gingivalis.

Introduction

Protease activated receptors (PARs) belong to a family of G-protein 
seventransmembrane domain receptors. Activation of these receptors 
occurs through proteolytic cleavage of the extracellular domain, which 
generates a new N-terminal ligand that binds to the receptor itself, 
triggering intracellular signaling. To date, four types of PARs have been 
identified: PAR-1, -2, -3 and -4. These receptors have similar mechanisms 
of activation; however, they may have different tissue locations and 
functions, and can be activated by different proteases.1,2
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PAR-2, activated by trypsin, tryptase and 
coagulation factors VIIa and Xa, actively participates 
in inflammatory processes, such as neutrophil rolling, 
adhesion and extravasation of leukocytes, increased 
vascular permeability, edema, granulocyte recruitment 
and degranulation of mast cells.3,4,5,6 Recently, some 
studies have suggested the involvement of PAR-2 in 
periodontal inflammation.7,8,9,10,11,12,13,14

Lourbakos et al.,7 reported that the bacterial 
cysteine proteases produced by Porphyromonas 
gingivalis (Pg), gingipains, can activate PAR-2 in 
oral epithelial cells and induce the secretion of 
interleukin 6 (IL-6), a proinflammatory cytokine 
that stimulates the release of osteoclasts and bone 
resorption. In a previous study, PAR-2 activation by 
a selective agonist led to periodontal inflammation 
and alveolar bone loss in rats through a mechanism 
involving the release of prostaglandins and activation 
of matrix metalloproteinases (MMPs).10 In addition, 
human studies have found that patients with 
moderate chronic periodontitis show a higher 
gingival crevicular fluid (GCF) PAR-2 expression 
than healthy subjects.12 Thus, the studies in the 
literature strongly suggest an association of 
PAR-2 with inflammation and alveolar bone loss 
in chronic periodontitis. Accordingly, a recent 
study by Euzebio Alves et al., 2013,14 observed 
that periodontal treatment significantly reduced 
GCF PAR-2 expression in patients with moderate 
chronic periodontitis.

Interestingly, Euzébio-Alves et al.,14 found that 
the reduced expression of PAR-2 after non-surgical 
periodontal treatment was correlated with reduced 
gingipain expression, thus suggesting that increased 
PAR-2 expression in diseased patients is not a 
constitutive feature of the individual. However, 
to date, it has not been determined whether the 
severity of the disease is associated with increased 
PAR-2 expression. We hypothesized that PAR-2 
expression is higher in the GCF of patients with 
severe versus moderate chronic periodontitis. Thus, 
the aim of this study was to verify whether PAR-2 
expression in the GCF is associated to the intensity 
of the periodontal destruction.  

Methodology

Patient selection and study protocol
Patients were recruited at the dental clinics of the 

School of Dentistry, University of Sao Paulo (FOUSP). 
After being advised of the nature and objectives of the 
study, the patients signed an informed consent form 
approved by the ethics committee of the School of 
Dentistry, University of São Paulo, Brazil (FR-337902, 
Protocol 106/2010).

The subjects were enrolled consecutively, based 
on the inclusion and exclusion criteria. Patients of 
both genders aged 25 to 60 years, with good general 
health, were included. In this evaluation, a medical 
history and a clinical examination were performed.

This study included 19 patients with generalized 
severe chronic periodontitis (SP group) - presence of 
periodontal attachment loss ≥ 5 mm in over 30% of 
the remaining teeth,15 19 patients with generalized 
moderate chronic periodontitis (MP group) - presence 
of periodontal attachment loss of 3-4 mm in over 
30% of the remaining teeth,15 and 19 periodontally 
healthy patients (C group) – absence of clinical 
signs of inflammation and/or attachment loss15. 
Exclusion criteria were the following: need for 
prophylactic antibiotic therapy;16 diabetic, smoker, 
immunocompromised, pregnant or lactating patients; 
use of drugs such as phenytoin and cyclosporine or 
calcium channel blockers such as nifedipine; previous 
periodontal treatment and/or antibiotic use in the last 
six months; presence of severe occlusal discrepancies 
and/or use of orthodontic appliances; abutment teeth 
or prosthesis retainers, teeth with grade II and III 
mobility, and teeth with endodontic lesions.

The clinical parameters analyzed were: visible 
plaque index (PI),17 bleeding on probing (BP) index,18 
probing pocket depth (PPD)19 and clinical attachment 
level (CAL),19 and were determined by using a manual 
probe (PCPUNC 15-6, Hu-Friedy, Chicago, IL, USA). 
The clinical evaluation was performed by two trained 
and calibrated examiners. Calibration was done 
before performing the baseline exams, and again 
before performing the re-evaluation exams. The 
reproducibility of intra- and interexaminer was 
verified by the intraclass correlation coefficient for 
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continuous variables (PPD and CAL) and the kappa 
coefficient (0.92).

Patients with moderate and severe chronic 
periodontitis received non-surgical periodontal 
treatment, which consisted of oral hygiene instructions, 
scaling and root planing with manual instruments 
(Gracey curettes, Hu-Friedy, Chicago, IL, USA) and 
sonic devices (Minipiezon®, EMS, Nyon, Switzerland), 
and clinical integration (temporary restoration of 
cavities, extraction of hopeless teeth, and elimination 
of iatrogenic restorative factors, if necessary). Healthy 
patients received prophylaxis and oral hygiene 
instructions for plaque control. 

The treatment sessions were defined by the 
characteristics and conditions of each patient. 
Forty-five days after the end of the non-surgical 
periodontal treatment, all the patients were submitted 
to weekly professional plaque control (oral hygiene 
reinforcement, supragingival scaling and dental polish) 
until the time of the reassessment appointment. During 
re-evaluation, the same initial clinical parameters as 
those described above were evaluated. 

Gingival crevicular fluid (GCF) sample 
collection

The deepest periodontal site per quadrant 
was selected for GCF sampling in the MP group 
(4 mm ≤ PPD ≤ 5 mm) and in the SP group (PPD > 5 mm). 
After the patients received periodontal therapy, GCF 
was collected from the same 4 sites. One healthy 
periodontal site per quadrant, with absence of 
inflammation and/or attachment loss, was sampled 
in the control group. After removal of the supragingival 
plaque with periodontal curettes, the periodontal 
sites were isolated using sterile cotton rolls, and a 
periopaper strip (Periopaper Collection Strip, Oraflow, 
Plainview, NY, USA) was introduced in the gingival 
sulcus/periodontal pocket until a mild resistance was 
felt, and was then left in place for 30 seconds. After 
removal, the volume of GCF was determined using 
an appropriate device (Periotron 6000, IDE Interstate, 
Amityville, NY). The periopaper was placed in plastic 
tubes containing 400 μl of phosphate buffer solution 
(pH 7.4). After being vortexed for 30 seconds, the samples 
were centrifuged in a refrigerated microcentrifuge for 
10 minutes at 6000g, and the precipitate was stored 

at 80°C in tubes containing 1 ml of RNA stabilizing 
reagent, Tri-Reagent (Sigma, St. Louis, USA) until 
further analysis.

PAR-2 and gingipain mRNA expression 
The PAR-2 mRNA expression present in the GCF 

samples was evaluated by Reverse Transcription 
Polymerase Chain Reaction (RT-qPCR). Total RNA 
(tRNA) was obtained by homogenization of the 
GCF using Trizol (guanidine isothiocyanate) (GITC) 
solubilized in a phenol solution, according to the 
manufacturer (Invitrogen Brasil, LTDA., São Paulo, 
Brazil). Quantification of tRNA was determined by 
resuspending the pellet in 12 μl of 0.01% inactivated 
diethylpyrocarbonate (DEPC) water, and the readings 
were performed with 1 μl of the sample in duplicate. 
After quantification, the remaining 10 μl of the tRNA 
was used to synthesize the cDNA of the first strand, 
using SuperScript II and RNaseOUT. The GoTaq qPCR 
Master Mix (Promega, Madison, WI, USA) and the 
specific oligonucleotides for PAR-2 and Arg-gingipain 
B (RgpB), obtained from the GenBank (http://www. 
Ncbi.nlm.nih.gov/tools/primer-Blast) (Table 1), were 
used for the analysis.  GAPDH gene expression was 
used as a reference gene for PAR-2 expression analysis, 
and 16S ribosomal RNA was used as a constitutive 
bacterial gene for gingipain analysis. The reactions were 
performed with the Corbett Research system (Corbett 
Life Sciences, Sydney, Australia). The oligonucleotides 
were purchased from Invitrogen Co., San Diego, CA.

Statistical analysis
A priori sample size calculation revealed a 

requirement of 16 patients for the three groups 
(control, MP, and SP), assuming a standard deviation 
of 1.5 and an anticipated PAR-2 genetic expression 
difference of 2, with a significance level of 5% and a 
statistical power of 90%. Thus, considering a loss to 
follow-up of 15%, 19 patients were included per group.

The normality of the distribution of each 
variable was assessed by the Shapiro-Wilk 
test. The differences between the two chronic 
periodontitis groups (MP and SP) and the control 
group were analyzed by one-way ANOVA. In case 
of significant differences between these groups, 
posthoc two-group comparisons were assessed 
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with the Tukey-Kramer test. Comparisons between 
baseline and post-treatment within the chronic 
periodontitis groups were analyzed with a paired 
ttest. Differences in the ration of males to females, 
and the incidence of BP among the groups, were 
analyzed with a X2 test. 

The Pearson correlation analysis was performed 
with the parameters of individual sampled sites, 
and was used to test the associations between PAR-2 
gene expression and PPD, CAL and gingipain gene 
expression. The analyses and graphics were done using 
the GraphPad Prism statistical software (GraphPad 
Software Inc., La Jolla, CA, USA). A value of p <0.05 
was considered statistically significant. Data were 
expressed as means ± standard deviation. 

Results

Nineteen patients were selected for each group, 
based on the inclusion and exclusion criteria. Three 
patients from the SP group were excluded during the 
study for not attending the appointments. 

The results of the demographic analysis showed 
similarity in gender distribution, nine females and 
ten males, aged between 31 and 58 years (Table 2).

Clinical parameters
Statistical analysis showed significant differences 

(p < 0.05) for all the periodontal clinical parameters 
for both the chronic periodontitis patients (MP and 
SP) and the control patients. PPD and PI parameters 

were statistically higher in the SP than the MP 
group (p < 0.05).

Non-surgical periodontal treatment statistically 
reduced the PI, BP and PPD parameters (p < 0.05) 
in both the MP and the SP groups (Table 3). In addition, 
periodontal treatment led to a significant improvement 
in CAL, only in the SP group (p < 0.05). 

Table 3 shows that the periodontal clinical 
parameters (PPD, CAL, BP and PI) of the sample sites 
were statistically higher (p <0.05) in the periodontitis 
groups than the control group. Treated periodontal 
sites from the chronic periodontitis groups (MP 
and SP) showed significant reductions (p<0.05) 
in the PPD, CAL, BP and PI parameters (Table 4).

PAR-2 expression in the GCF
Severe chronic periodontitis patients presented 

a higher PAR-2 expression (p < 0.05) than either 

Table 2. Demographic data

Variable Control group
Moderate 

periodontitis
Severe 

periodontitis

N 19 19 16

Gender 10M/9F 10M/9F 9M/7H

Age 
(years)

42.5 ± 7.92 43.74 ± 9.78 43.42 ± 7.00

Differences in the ratio of males to females were analyzed by a X2 
test. The differences between the control group and the chronic 
periodontitis groups were analyzed by one-way ANOVA followed by 
post-hoc two-group comparisons assessed by the Tukey-Kramer test. 
N: number of patients; M: male; F: female.

Table 1. Sequence of primers used for cDNA amplification.

Variable Forward (F) and reverse (R) Gene bank access number Fragment size

GAPDH (F) 5’-TGGTATCGTGGAAGGACTCATGAC-3’ NM_002046 80pb

GAPDH (R) 5’- ATGCCAGTGAGCTTCCCGTTCAGC-3’    

PAR-2 (F) 5’- TGCTAGCAGCCTCTCTCTCC -3’ NM_053897.2 92pb

PAR-2 (R) 5’- TGTGCCATCAACCTTACCAA -3’    

Gingipain (F) 5’-CCTACGTGTACGGACAGAGCTATA-3’ NC_010729  70pb

Gingipain (R) 5’-AGGATCGCTCAGCGTAGCATT-3’    

16S Ribosomal (F) 5’-TCGGTATTGAGGAAGGTTGG-3’ NC_015571   86pb

16S Ribosomal (R) 5’-CTGCTGGCACGGAGTTAG-3’    
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periodontally health patients (threefold increase) 
and or moderate chronic periodontitis patients 
(twofold increase). Non-surgical periodontal 
treatment significantly reduced (p < 0.05) PAR-2 
gene expression in the periodontitis groups (both 
MP and SP) (Figure 1).

There was a positive correlation between the 
PAR-2 expression in the GCF and the mean PPD 
values (r = 0.64; p < 0.01) and the CAL values 
(r = 0.40; p < 0.01)

Gingipain expression in the GCF 
Gingipain mRNA expression was significantly 

higher (p < 0.05) in the chronic periodontitis (both MP 
and SP) patients than the control patients. Moreover, 
the SP group showed a higher gingipain expression 
than the MP group (p < 0.05) (Figure 2).

After periodontal therapy, gingipain expression 
was decreased in both groups (MP and SP) compared 
to baseline (p < 0.05). There was a positive correlation 
between gingipain expression and PAR-2 expression 
in the GCF (r = 0.41; p < 0.01) (Figure 2).

Discussion

The present study examined the expression of 
PAR-2 in patients with different severity of chronic 
periodontitis. The main finding of this study was 
the positive correlation between periodontal disease 
severity and PAR-2 expression in the GCF. Patients 
with severe chronic periodontitis showed a twofold 
higher PAR-2 expression than patients with moderate 
chronic periodontitis, and threefold higher expression 
than periodontally healthy patients. 

Table 3. Mean and standard deviation of clinical periodontal parameters of the control and the chronic periodontitis groups at 
baseline and after nonsurgical periodontal therapy.

Variable Control group
Moderate periodontitis 

(baseline)
Moderate periodontitis 

(after)
Severe periodontitis 

(baseline)
Severe periodontitis 

(after)

PPD (mm) 1.84 ± 0.28 2.79 ± 0.41a 2.22 ± 0.29a,b 3.30 ± 0.7a,b,c 2.33 ± 0.31a,b,d

CAL (mm) 2.11 ± 0.37 3.51 ± 0.57a 3.15 ± 0.65a 4.14 ± 1.03a,c 3.26 ± 0.95a,d

BP (%) 3.33 ± 2.89 55.87 ± 20.83a 16.47 ± 27.00b 42.14 ± 20.09a,c 11.14 ± 4.45b,d

PI (%) 11.88 ± 10.78 86.85 ± 14.95a 25.91 ± 14.95b 63.33 ± 23.00a,b,c 15.47 ± 7.65b,c,d

PPD: probing pocket depth; CAL: clinical attachment level; BP: bleeding on probing; PI: plaque index; a: statistically different (p < 0.05) from 
the control group; b: statistically different (p < 0.05) from the moderate periodontitis group at baseline; c: statistically different (p < 0.05) from 
the moderate periodontitis group after periodontal therapy; d: statistically different (p < 0.05) from the severe periodontitis group at baseline.

Table 4. Mean and standard deviation of clinical periodontal parameters of the periodontal sample sites from the control and the 
chronic periodontitis groups at baseline and after nonsurgical periodontal therapy.

Variable Control group
Moderate periodontitis 

(baseline)
Moderate periodontitis 

(after)
Severe periodontitis 

(baseline)
Severe periodontitis 

(after)

PPD (mm) 2.15 ± 0.47 5.05 ± 0.81a 3.19 ± 0.87a,b 6.26 ± 1.17a,b,c 3.13 ± 0.72a,b,d

CAL (mm) 2.24 ± 0.53 6.13 ± 1.15a 4.39 ± 1.15a,b 7.01 ± 1.44a 4.48 ± 1.05a,d

BP (%) 0.00 ± 0.00 100.00 ± 0.00a 26.32 ± 35.82a,b 73.68 ± 28.23a,c 21.31 ± 16.90a,d

PI (%) 2.21 ± 6.61 91.55 ± 13.95a 33.40 ± 32.07a,b 49.10 ± 30.50a,b,c 7.73 ± 13.45a,b,d

PPD: probing pocket depth; CAL: clinical attachment level; BP: bleeding on probing; PI: plaque index; a: statistically different (p < 0.05) from 
the control group; b: statistically different (p < 0.05) from the moderate periodontitis group at baseline; c: statistically different (p < 0.05) from 
the moderate periodontitis group after therapy; d: statistically different (p < 0.05) from the severe periodontitis group at baseline.

5Braz. Oral Res. 2017;31:e16



PAR-2 expression in the gingival crevicular f luid ref lects chronic periodontitis severity

Interestingly, it was previously demonstrated that 
the genetic upregulation of PAR-2 reflects its translated 
active protein levels in chronic periodontitis sites.14 
In fact, there is a very strong positive correlation 
(r = 0.8935) between PAR-2 mRNA expression and 
PAR-2 protein levels in the GCF. 

The present study showed that PAR-2 expression 
was sig n i f icant ly associated with c l in ica l 
measurements of disease severity (e.g., pocket 
depth and attachment level). In addition, non-
surgical periodontal treatment reduced PAR-2 
expression in patients with chronic periodontitis, 
and this reduction was associated with improved 
clinical parameters. This corroborates the study 
by Euzébio-Alves et al.,14 which also verified the 
reduction in proinflammatory cytokines, such as 
IL-6, IL-8, TNF-α, MMP-2, MMP-8, HGF, and VEGF. 

Since the PAR-2 expression in the present study 
was analyzed in the GCF samples, it may reflect the 
expression of the cells present in this environment, 
such as lymphocytes, neutrophils, mast cells and 
oral epithelial cells.1,2,7,8,9,20,21  It is known that 
activation of the PAR-2 receptor in these cells could 
lead to the secretion of several proinflammatory 
cytokines, such as IL-1, IL-1β, IL-6, IL-8, IFN-γ, 
PGE2, and MMP 9.8,9,22,23,24 Interestingly, the study 
by Euzébio-Alves et al.,14 clearly demonstrated 
that epithelial cells and leukocytes present in the 
GCF express PAR-2, and that the presence of the 

potential activators, gingipains and neutrophil 
serine proteinase 3, and SLPI and elafin serine 
protease inhibitors all influence its expression.

The present study also demonstrated that PAR-2 
expression in the GCF reflects the presence of infection 
by Pg, since there was a positive correlation between 
the expression of PAR-2 and the expression of the 
bacterial protease gingipain, which plays a known role 
in PAR-2 activation.7,8,9 A previous study by Fagundes 
et al.,13 also found a positive association between the 
greater presence of Pg-positive periodontal sites and 
increased PAR-2 expression. Similarly, other studies 
associated the presence of microorganisms with 
increased PAR-2 expression: Helicobacter pylori in 
human gastric epithelial cells,25 Salmonella typhimurium 
in mouse neutrophils of peripheral blood,26 influenza 
A/PR-8/34 virus in the epithelial cell airways of 
mice,27 and Cryptosporidium parvum in human ileocecal 
epithelial cells.28

It should be pointed out that the analyses 
performed in the present study did not aim to 
demystify the cascades of activation in which the 
PAR-2 is involved, or any other interaction that occurs 
between gingipain and the host and/or other factors 
involved in periodontal destruction. Rather, the scope 
of this study was to evaluate the association between 
disease severity and PAR-2 expression. Future studies 
may clarify the inflammatory mechanisms associated 
with the activation of PAR-2 in periodontal disease, 

*Statistically different (p <0.05) from the control group; 
**Statistically different (p < 0.05) from the moderate chronic 
periodontitis group at baseline; ***Statistically different (p < 0.05) 
from the severe chronic periodontitis group at baseline.

Figure 1. Mean and standard deviation of PAR-2 mRNA in the 
GCF of the control group and groups with chronic periodontitis 
at baseline and after non-surgical periodontal therapy.
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Figure 2. Mean and standard deviation of gingipain mRNA in the 
GCF of the control group and groups with chronic periodontitis 
at baseline and after non-surgical periodontal therapy.
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using pharmaceutical agents that could modulate 
the receptor.

Conclusion

In conclusion, the present study demonstrated 
that PAR-2 mRNA in the GCF reflects the severity 
of periodontal destruction. The data reported in 
this study provide a basis for future prospective 
longitudinal studies on the possible relevance of PAR-2 
as a prognostic marker in periodontitis, and for a better 

understanding of disease immune-inflammatory 
processes, as a prerequisite for designing future 
treatment strategies. 
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