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Abstract

Background: Trappin-2 is a potent serine protease inhibitor produced locally by the
epithelial and immune cells. It counters proteases like gingipain. This interaction in the
crevicular environment is still unexplored. Thus, this novel study aims to investigate the
gingival crevicular fluid (GCF) levels of gingipain and trappin-2 in periodontal health
and disease.

Methods: GCF was collected from 60 systemically healthy non-smoking individuals.
Periodontal parameters were recorded, and they were grouped as periodontally healthy
group (n=20), gingivitis group (n=20), and periodontitis stage Il grade A group (n=20).
Gingipain activity was assessed by ultraviolet spectrophotometer and trappin-2 was an-
alyzed by enzyme-linked immunosorbent assay (ELISA).

Results: The GCF trappin-2 level is significantly higher in periodontal health, in compar-
ison to gingivitis and periodontitis group (P<0.01). Conversely, the gingipain level is low
in health and higher in the periodontitis group (P<0.01). Correlation analysis shows an
inverse relationship between crevicular gingipain and trappin-2 levels in periodontitis
individuals (r = - 0.49; P<0.027).

Conclusion: GCF Trappin-2 levels negatively correlates with gingipain in patients with
periodontitis stage Il grade A. The interplay between these could also help us to differen-
tiate between gingival health, gingivitis, and early periodontitis.

Keywords: Trappin-2; Anti-proteases; Gingipain; Gingival Crevicular Fluid;

Periodontitis; Inflammation.

Introduction

Periodontitis is a chronic multifactorial inflammatory
disease associated with dysbiotic plaque biofilms and
is linked to several systemic diseases (Papapanou e al.,
2018). The progression from periodontal health to dis-
ease involves complex interactions between the host
and bacteria (Giannobile WV., 2008). As pro-inflam-
matory enzymes increase in the gingival crevicular fluid
(GCF) the epithelial cells secrete protease inhibitors
like elafin, trappin-2, and leukocyte protease inhibitors
that protect the gingival tissue from excessive damage
(Kretschmar S, ez al., 2012). The epithelial expression
of protease inhibitors is modulated by various oral bac-
teria (Laugisch O ez 4l., 2012; Sallenave JM, 2010).
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Studies relate protease inhibitor levels, mainly elafin to
various forms of periodontal disease (Yin L and Dale
BA, 2007; Kantyka T ez al., 2009). The results of elafin
levels are quite contradictory, as some show increase in
the aggressive form of periodontitis (Yin L and Dale
BA, 2007), others show it to be decreased (Kantyka T
et al., 2009). Trappin-2 is a precursor of clafin and is
structurally related to secretory leukocyte protease in-
hibitor (Bingle CD and Vyakarnam A 2008). It pos-
sesses antibacterial properties (Laugisch O ez al., 2012;
Sallenave JM, 2010) and is mainly secreted by the epi-
thelial cells (i.e. keratinocytes, endometrial cells, bron-
chial cells, and the epithelial cells of large intestine),
alveolar macrophages, and gamma delta T cells (Verrier
Tetal.,2012).

There is enough evidence suggesting the con-
tribution of proteolytic enzymes (gingipain) along
with an array of other virulence factors such as
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lipopolysaccharides, capsular material, and fimbriae by
red-complex microorganisms to pathogenicity of peri-
odontal disease (Kantyka T e al., 2009; Kretschmar S
et al.,2012; Drannik AG ez al.,2011; Hamedi M ez al.,
2009). Collectively gingipain can impair neutrophil
function, manipulate the complement pathway, inter-
fere with coagulation and kinin cascades, cleave immu-
noglobulins, inactivate endogenous protease inhibi-
tors, as well as degrade the extracellular matrix proteins
and bioactive peptides (Zhang R ez 4l., 2016; Kantyka
T et al., 2009; Verrier T ez al., 2012). Consequently it
can be stated that gingipain play an important role in
modulating the balance between host proteases and
their inhibitors at the infection site (Imamura T ez
al., 2009). We hypothesize that trappin-2 level down
regulation by gingipain is based on the severity of the
periodontal disease. Therefore in this novel study, we
aim to investigate the GCF levels of gingipain and trap-
pin-2 in periodontally healthy, generalized gingivitis
and periodontitis stage II grade A individuals.

Materials and methods

Source of data and ethics

Sixty participants who fulfilled the inclusion crite-
ria were enrolled in the study, which was conducted
from March - December 2019 at the Department
of Periodontology; (Bangalore Institute of Dental
Sciences and Post Graduate Research Center) Approval
for the study was obtained from the ethics committee
of the institute (No. 161117). A written informed
consent was obtained from all the participants as per
Helsinki’s guidelines (2013) after the purpose, treat-
ment procedures, and recall intervals were explained in
detail. Medical and dental history was compiled and an
oral examination was carried out by an experienced ex-
aminer (SRK). Inclusion criteria included systemically
healthy non-smoking participants of both genders be-
tween 30-60 years of age. Exclusion criteria included
systemic diseases such as diabetes mellitus, hyperten-
sion, coronary artery diseases, and pregnant or lactat-
ing women. None of the participants had received any
form of periodontal therapy or gave a history of anti-
biotic or anti-inflammatory drug usage in the past 6
months. The number of cigarettes per day was record-
ed and only non-smokers (without history of cigarette
smoking) were recruited for the study.

Clinical examination and grouping

Full mouth clinical examination was carried out by a
single trained periodontist (SRK). Measurement of
probing depth (PD), clinical attachment loss (CAL),
gingival index (GI) (Loe H, 1967), plaque index
(PI) (Turesky S er al., 1970), gingival bleeding in-
dex (GBI) (Ernest N, 1996) and periodontal disease
index (PDI) (Sigurd P.Ramfjord, 1967) at six sites

per tooth except third molars was done. A manual

periodontal probe t was used to record clinical param-
eters. Orthopantomograph was taken for evaluating
the radiographic bone loss. Participants were classified
into three groups based on their periodontal status
according to the criteria proposed by the 2017 World
Workshop on the classification of Periodontal and Peri-
implant diseases (Caton J ez /., 2018). Periodontally
healthy group (Group 1) included volunteers with an
intact periodontium who had bleeding on probing
(BOP) <10% and PD < 3mm without CAL or radio-
graphic signs of alveolar bone loss. The gingivitis group
(Group 2) included volunteers with no probing attach-
ment loss, PD < 3mm, and BOP > 30% with or with-
out radiographic crestal bone loss. Periodontitis stage
II (Group 3) included volunteers with inter-dental
CAL (at site of greatest loss) 3-4mm, PD < Smm, and
radiographic bone loss extending to the coronal third
of the root (15-33%) and mostly horizontal. Since the
patients included in the group 3 were non smokers and
non diabetic the grade modifier was suggestive of grade
A. The extent of the disease for group 2 and group 3

was generalized.

Collection of GCF samples

GCF samples were collected for all 60 individuals a
day after the clinical parameters were recorded to avoid
blood associated with the probing of inflamed sites.
Sampling site selection was made by the same experi-
enced examiner who did the clinical recordings (SRK)
and the second examiner (DP) collected the samples.
Two to three non-adjacent sites per individual were se-
lected as sampling sites in the gingivitis group. Samples
were taken from the mesiobuccal and distobuccal sites,
which demonstrated a higher clinical sign of inflamma-
tion (GI scores of 2 and 3) whereas for the periodontitis
group two sites from different quadrants (deepest peri-
odontal site/pocket X quadrant) were chosen. Multiple
sites (four to six sites) with an absence of clinical inflam-
mation were selected for sampling in the periodontally
healthy group to ensure the collection of an adequate
amount of GCFE. On the following day, the individuals
were instructed to rinse their mouth and the area which
was chosen for sample collection was air-dried gently,
supra gingival plaque was removed without irritating
the marginal gingiva using a manual universal scaler.
Calibrated microcapillary pipette ¥ was placed at the
entrance of the sulcus gently touching the gingival mar-
gin. A standardized volume of 2uL of crevicular fluid
was collected. Correction for different volumes of GCF
obtained from healthy sites if necessary was done using
molecular-grade water or de-ionized water. The samples
contaminated with blood or saliva was discarded. The
collected GCF sample was immediately transferred into
plastic vials and stored at — 80°C until further analysis.
(Egelberg J and Attstrom R., 1973).
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Analysis of trappin-2

The levels of trappin-2 in GCF were measured by dou-
ble-antibody sandwich enzyme-linked immunosorbent
assay (ELISA) using commercial kit § with the sen-
sitivity of 0.10 pico-grams per millimeter (pg/mL).
Standard dilutions of the collected GCF samples were
done according to the manufacturer’s instructions.
The antigen-antibody reaction in the well plates was
stopped using 50ul of stop solution in each well and the
intensity of the color change from blue to yellow was
measured at 450 nm. Results are presented as pg/mL
of protein.

Analysis of gingipain activity

The activity of gingipain in the GCF was determined
using chromogenic substrate N Benzoyl-L-Arginine-p-
Nitroanilide (BAPNA). ! 10 ul of GCF samples were
pre-incubated in 200 mM (milli mole) Tris hydrochlo-
ride (HCL),100 mM sodium chloride (NaCl), 5mM
calcium chloride (CaClz,) pH 7.6, supplemented with
10 mM cysteine, for 5 minutes at 37°C and assayed for
amidase activity with 0.5 mM substrate in the total
volume of 200 pL. The ability to cleave the substrate
was determined by measuring the p-nitroaniline levels
indicated by the change in absorbance at 405 nm using
an Ultraviolet (UV) spectrophotometer ! at 405 nm at
intervals of 0 min and after 120 minutes. The difference
between the initial absorbance and final absorbance
(Optical density) was calculated to determine the ac-
tivity of gingipain. (Eley BM., Cox SW, 1996) The rate
of product development was computed by dividing the
change in absorbance over time. Results are presented
as nano mol per minute (nmol/min) of protein.

disease - An observational report

Statistical Analysis

Sample size estimation was done using G Power v.
3.1.9.2.# considering the effective size to be measured
(f) at 40%, power of the study at 85% and the margin
of the error at 10% the effective sample size was cal-
culated to be around sixty individuals. To test the nor-
mality of the data Shapiro-Wilk test was applied and
the non-parametric test was suggested. All the recorded
clinical and biochemical parameters were statistically
analyzed using SPSS software version 20 ** The median
and Interquartile range were obtained for all the clini-
cal and biochemical parameters and compared among
the groups using the Kruskal Wallis test followed by
post hoc Mann Whitney. Correlations between the
biochemical and clinical parameters were done using
Spearman’s correlation statistics. The level of signifi-
cance (P-Value) was set at P<0.05.

Results

Demographic data and clinical parameters among the
three groups are summarized in Table 1. The mean
age of the subjects included in Group 1, Group 2 and
Group 3 was 36.50 + 4.29, 37.05 + 3.8 and 48.60 + 5.8
respectively. The mean percentage of female and male
subject in group 1 was 70% and 30%, Group 2 was 50%
and 50% and in Group 3 was 35% and 65% respective-
ly. The periodontitis group showed significantly high-
er PD, PI, GI, and CAL compared to gingivitis and
healthy group. Intergroup comparison of clinical pa-
rameters (PD, CAL, GI, GBI, and PDI) using Kruskal-
Wallis showed significant differences among the groups
(P <0.01).

Table 1. Demographics and full mouth parameters among study groups.

Patient characteristics hI::itl(:(;o(rrllt:gz)) G(:EZ::;S Per(iNoti;r(\)t)itis Kruskal wallis P value
Age (years) 36,5 37.05 48 - 0.01*
Gender (F/M) 14/6 10/10 7/13 - 0.08
PD(mm) 1.55(0.43) 1.85(0.24) 4.1(0.85) 44.98 0.01*
CAL(mm) 0 0 4.17(1.6) 0.01*
Pl 0.65(0.61) 2(0.29) 2.83 (0.42) 50.82 0.05*
Gl 0.79(0.13) 1.99(0.42) 2.5(0.56) 47.69 0.05*
GBI 7.14(2.14) 70.08(16.96) 82.14(5.36) 51.93 0.01*
PDI 0.13(0.06) 0.72(0.33) 3.41(1.31) 52.50 0.05*

All data are given in terms of median (Inter quartile range); * statistically significant
PD-Probing depth; CAL- Clinical attachment loss; Pl-plaque index; Gl-gingival index; GBI- gingival bleeding index; PDI- periodontal

disease index; F-Female; M- Male.

t University of North Carolina probe. Hu-Friedy, Chicago, IL.USA

# Micro pipettes,Sigma Aldrich, MO,USA.

§ RayBiotech, Inc, LA, USA

I BAPNA SIGMA, MO, USA

¥ TecanSPECTRA Flour Plus, Artisan technology group, IL, USA
# Heinrich-Heine-Unversitat Dusseldorf, Germany.

**IBM® SPSS” Statistics, IBM Corporation, NY, USA.
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Biochemical findings

GCF trappin-2 was detected in all samples. Median
(Inter-quartile range) from ELISA readings were 6.1
(1.68) pg/mL in the healthy group; 3.79 (1.03) pg/mL
in the gingivitis group; and 1.49 (0.68) pg/mL in the
periodontitis group. The trappin-2 levels were signifi-
cantly lower in the periodontitis group when compared
to the healthy and gingivitis group (P< 0.01, Table 2).
Inter-group post hoc analysis also revealed significant
differences between the groups (P< 0.01; Table 3).
GCEF gingipain were detected in all samples. Median
(Interquartile range) concentrations were 0.018 (0.01)
nmol/min in the healthy group 0.048(0.02) nmol/
min in the gingivitis group, 0.15 (0.06) nmol/min in
the periodontitis group. The gingipain levels were sig-
nificantly higher in the periodontitis group when com-
pared to healthy and gingivitis group (P< 0.01, Table
2). Inter-group post hoc analysis also revealed signifi-
cant differences between the groups (P< 0.01, Table 3).

Correlation analysis between trappin-2, gingi-

pain, and clinical parameters

Spearman’s correlation between clinical parameters
(PI, GL PDI and GBI) and GCF trappin-2 for group
1 showed weak negative insignificant results, while
a weak positive correlation was found between trap-
pin-2 and PD and CAL. In group 2 there was a weak
to moderate negative correlation (PI, GI, PDI and
CAL) with significance only with GI (P=0.037) and

PDI (P=0.033). A weak to moderate positive insignif-
icant correlation was found between trappin-2 and PD
and GBI In group 3 there was a weak moderate neg-
ative correlation between trappin-2 and PD, PDI, PI
and CAL. The correlation was significant only for PD
(P=0.008) and CAL (P=0.039) (Table 4a).

Spearman correlation analysis between levels of
GCF Gingipain and clinical parameters in group 1
showed a moderate positive correlation with PI, GI,
PDI and GBI but was insignificant. A moderate nega-
tive correlation was found for PD and CAL which was
again insignificant. In group 2 there was a weak nega-
tive correlation to PI and GBI which was insignificant.
A weak to moderate positive correlation was found be-
tween gingipains and PD, CAL (P=0.005) and GI. In
group 3 there was a weak positive correlation with PI,
PDI, PD and CAL, a very weak negative correlation
between GI and GBI (Table 4b).

Correlation analysis between trappin-2 and gin-
gipain

The Spearman’s correlation between Trappin-2 and
GCF-Gingipain are presented in (Figure 1). A weak
negative correlation was observed for Trappin-2 and
GCF-Gingipain in healthy and gingivitis groups but
was not statistically significant. In the periodontitis

group, a moderate negative correlation was observed
(r=-0.49) and was statistically significant (P=0.027).

Table 2. Comparison of GCF trappin-2 and gingipain among groups using Kruskal-Wallis.

Periodontally

Periodontitis

GCF Biomarkers healthy(n=20) Gingivitis (N=20) Kruskal wallis P value
Trappin-2 (pg/mL) 6.1 (1.68) 3.79 (1.03) 1.49 (0.68) 51.31 0.01*
Gingipain (nmol/min) 0.018 (0.01) 0.048(0.02) 0.15 (0.06) 47.38 0.01*
All data are given in terms of median (Inter quartile range); * statistically significant
pg/ml- picograms/milliliter; nmol/min- nanomol/ minute; GCF-gingival crevicular fluid.
Table 3. Post- hoc analysis using Mann Whitney.
Variables “Group? “Group3 “Group3
Mean diff P value Mean diff P value Mean diff P value
Pl -1.47 0.01* -2.21 0.01* -0.733 0.01*
Gl -1.07 0.01* -1.69 0.01* -0.62 0.01*
PDI -0.51 0.01* -3.08 0.01* -2.57 0.01*
PD -0.29 0.01* -2.78 0.01* -2.49 0.01*
GBI -63.22 0.01* -74.88 0.01* -11.65 0.01*
CAL -0.12 0.15 -3.08 0.01* -2.95 0.01*
TRAPPIN- 2 2.30 0.01* 4.65 0.01* 2.35 0.01*
GINGIPAIN -0.029 0.01* -0.123 0.01* -0.094 0.01*

* statistically significant

PD-Probing depth; CAL- Clinical attachment loss; Pl-plaque index; Gl-gingival index; GBI- gingival bleeding index; PDI- periodontal

disease index; Group1- healthy; Group2-Gingivitis; Group 3- Periodontitis
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Table 4a. Spearman’s correlation of clinical parameters with trappin-2 levels.

Clinical Parameters Healthy Gingivitis Periodontitis

r value P value r value P value r value P value

Pl -0.44 0.052 -0.23 0.31 -0.21 0.36

Gl -0.15 0.51 -0.46 0.037* 0.10 0.64

PDI -0.38 0.09 -0.47 0.033* -0.20 0.39
PD 0.25 0.28 0.054 0.82 -0.57 0.008*

GBI -0.20 0.38 0.13 0.58 -0.093 0.69
CAL 0.36 0.11 -0.21 0.37 -0.46 0.039*

* statistically significant; PD-Probing depth; CAL- Clinical attachment loss; Pl-plaque index; Gl-gingival index; GBI- gingival bleeding

index; PDI- periodontal disease index.

Table 4b. Spearman’s correlation of clinical parameters with gingipain levels.

Clinical Parameters Healthy Gingivitis Periodontitis
r value P value r value P value r value P value
Pl 0.15 0.51 -0.17 0.46 0.25 0.28
Gl 0.14 0.53 0.15 0.52 -0.05 0.81
PDI 0.11 0.04 0.28 0.22 0.017 0.4
PD -0.40 0.07 0.06 0.77 0.27 0.24
GBI 0.22 0.33 -0.07 0.76 -0.27 0.24
CAL -0.43 0.05 0.59 0.005* 0.15 0.52

* statistically significant; PD-Probing depth; CAL- Clinical attachment loss; Pl-plaque index; Gl-gingival index; GBI- gingival bleeding

index; PDI- periodontal disease index.

0.164
@ Group III

r=-0.49

" 0.04- r=-0.18

Group II

Group I

=-029 %

T T 1
4 6 3

Trappin 2

Figure 1. Correlation be-
tween trappin-2 and gin-
gipain. Group | - Peri-
odontally healthy; Group
II- Gingivitis group; Group
1lI- Periodontitis group.
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Discussion

The results of this novel observational study, shows that
GCEF level of trappin-2 negatively correlates with the
severity of periodontal disease, while gingipain show
a positive correlation. It is of interest to note that the
reduction of GCF trappin-2 levels from health to dis-
case follows a unique predictive pattern and correlates
strongly with increasing PD and CAL. We postulate
that the thin line of difference between healthy and
gingivitis to early stages of periodontitis is better pre-
dicted by measuring the GCF trappin-2 levels rather
than going clinically. There is no literature evaluating
GCF trappin-2 levels in periodontitis to allow compar-
ison. However, the conclusion drawn is consistent with
previous research which shows a negative correlation
between salivary levels of trappin-2 to various system-
ic inflammatory diseases (Kretschmar S ez al., 2012;
Baranger K ez al., 2008) and periodontitis (Afacan B
etal.,2018) . Of late, innovative methods for gingipain
inhibition in the periodontal pockets using vectors of
bacterial, viral origin, plant-based, and also synthetic
derivatives are being widely researched (Snipas SJ ez
al., 2001; Taiyoji M ez al., 2013; Ingar Oslen and Jan
Potempa, 2014). Therefore estimating levels of gingi-
pain and trappin-2 will not only help us to understand
the host-microbial interaction but also be of use in de-
veloping newer therapeutic strategies.

The microbial species of the red complex and orange
complex predominate with increasing pocket depth
(Papapanou PN ez al., 2018; Socransky SS ez al., 1998).
In these host-microbial interactions, the dominance of
P gingivalis in degrading protease inhibitors is of im-
portance (Nakayama M and Ohara, 2017; Eley BM and
Cox SW, 2003). Likewise, our results also show negli-
gible gingipain levels in health and increased gingipain
levels in the diseased. Correlation statistics in our study
show a positive correlation between gingipain and peri-
odontitis. This along with the inverse relation between
gingipain and trappin-2 levels across the three groups
in our study emphasizes the role of gingipain in the
disease process; starting from adherence, colonization,
nutrient acquisition, neutralization of host defenses,
and manipulation of an inflammatory response. These
may eventually lead to invasion, tissue destruction, and
systemic dissemination (Jan P ez al., 2003).

Trappin 2, also known as serine protease inhibitor
belongs to the chelonianin family and is a precursor for
elafin (Zani M-L ez al., 2009). The previous study re-
lates decreased salivary trappin-2 levels to periodontitis
(Afacan B ez al., 2018). Our study demonstrates trap-
pin-2 levels in the GCF to be higher in the periodontal-
ly healthy group (6. 23 pg/ml) compared to gingivitis
(3.92 pg/ml) and periodontitis groups (1.57 pg/ml).
The influence of trappin-2 expression on the course of
inflammatory diseases and periodontitis still remains

inconclusive. Possible explanations for the reduction
in levels could be the direct degradation of trappin-2
by bacteria proteases like gingipain or indirect degrada-
tion by pro-inflammatory cytokines like interleukin-1§
and neutrophils elastases. The pleiotropic effects of
trappin-2 play a pivotal role in the regulation of im-
mune response (Drannik AG ez al., 2012). Therapeutic
agents are developed to target serine protease inhibitors
in the medical field (Gibbons A ez 4/., 2010; Korkmaz
B et al,2011). On the similar lines we feel the need to
develop potential anti-proteinase molecules which help
to restore the proteinase-antiproteinase balance, there-
by limiting the exaggerated inflammation in diseased
periodontal sites.

Correlating the gingipain and trappin-2 levels in
our study confirms this interaction between bacterial
enzymes and host proteinase inhibitors. This inverse
relation is mainly because gingipain present as extracel-
lular bacterial vesicles cleave elaffin and trappin-2. The
degraded product obtained alters the peptide reserve
pool and serves as nutrients for various other asaccha-
rolytic pathogens, thereby changing the ecology from
health to disease (Zhou J ez al., 2017; Afacan B ez al.,
2018; Guyot N ez al., 2005). However, we acknowl-
edge that there may be additional factors other than
gingipain, such as cathepsins and neutrophils elastase
which may be involved to decrease the levels of prote-
ase inhibitors in gingival crevicular fluid (Takii R ez 4/.,
2005). However gingipain have shown to inhibit all of
the above-said factors as well. Furthermore, gingipain
may facilitate the bacterial invasion into the host tissues
and activate the latent host tissue collagenases (Matrix
Metalloproteinase 1 and Matrix Metalloproteinase
-8), thus promoting host tissue enzyme-mediated tis-
sue destruction, and thereby completely inactivating
the proteins important in host defense (Bellemare A
et al., 2010; Bartnicka D ez /., 2019). Thus we would
like to state that the site-specific interactions between
gingipain derived from periodontopathic red-complex
bacteria and trappin-2, can be more read into by the
crevicular fluid analysis rather than saliva or serum and
hold the key for further understanding of this complex
host-microbiome interactions.

Absence of bacterial culture to prove these results
could be an important limitation of this study. However
additional interventional study involving a larger pop-
ulation across different age groups along with bacterial
culture is needed to confirm these important findings
of the present study.

Conclusion

The GCF gingipain and trappin-2 levels show a signifi-
cant inverse relationship in periodontitis stage I grade
A patients. Future researches using gingipain inhibi-
tors and increasing levels of trappin-2 by various new
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formulations could be of assistance for understanding
the host bacterial interactions as well as rendering per-

sonalized periodontal care.
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