:' frontiers
in Oral Health

ORIGINAL RESEARCH
published: 05 January 2022
doi: 10.3389/froh.2021.815728

OPEN ACCESS

Edited by:

Robert Allaker,

Queen Mary University of London,
United Kingdom

Reviewed by:

Sigrun Eick,

University of Bern, Switzerland
Hady Haririan,

Sigmund Freud University
Vienna, Austria

*Correspondence:
Daniel Grenier
Daniel.Grenier@greb.ulaval.ca

Specialty section:

This article was submitted to
Oral Infections and Microbes,
a section of the journal
Frontiers in Oral Health

Received: 15 November 2021
Accepted: 10 December 2021
Published: 05 January 2022

Citation:

Roy A, Ben Lagha A, Gongalves R
and Grenier D (2022) Effects of Saliva
From Periodontally Healthy and
Diseased Subjects on Barrier Function
and the Inflammatory Response in in
vitro Models of the Oral Epithelium.
Front. Oral. Health 2:815728.

doi: 10.3389/froh.2021.815728

Check for
updates

Effects of Saliva From Periodontally
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Oral Ecology Research Group, Faculty of Dentistry, Université Laval, Quebec City, QC, Canada

Background: Periodontitis is a multifactorial, bacteria-mediated chronic inflammatory
disease that results in the progressive destruction of the tooth-supporting tissues. It
is well-known that saliva from subjects suffering from this disease generally contains
higher levels of pro-inflammatory mediators, matrix metalloproteinases (MMP), and
bacteria-derived toxic products. The aim of this study was to investigate and compare the
effects of saliva from periodontally healthy and diseased subjects on the barrier function
and inflammatory response in in vitro models of the oral epithelium.

Methods: Unstimulated saliva samples from two groups of subjects, one with a healthy
periodontium (1 = 12) and one with severe generalized periodontitis (n = 11), were
filter-sterilized. All the saliva samples were analyzed using an immunological multiplex
assay to determine the levels of various cytokines and MMPs relevant to periodontitis. The
impact of saliva on epithelial barrier integrity was assessed by monitoring transepithelial
electrical resistance (TER) in an oral epithelium model using the B11 keratinocyte cell line.
GMSM-K oral epithelial cells were treated with saliva from both groups to determine their
ability to induce the secretion of interleukin-6 (IL-6) and interleukin-8 (IL-8), as determined
by an enzyme-linked immunosorbent assay (ELISA).

Results:  Saliva from the periodontitis subjects contained significantly higher
concentrations of matrix metalloproteinase-8 (MMP-8), matrix metalloproteinase-9
(MMP-9), IL-8, and C-X-C motif chemokine ligand 1 (CXCL1) compared to saliva
from the healthy subjects. Saliva from the healthy and periodontitis subjects affected
cytokine secretion and TER in a similar manner. More specifically, saliva from both
groups increased TER and induced IL-6 and IL-8 secretion in the in vitro oral epithelium
models used.

Conclusion: Independently of the presence or absence of periodontitis, saliva can
increase the relative TER and the secretion of IL-6 and IL-8 in in vitro models of the
oral epithelium.

Keywords: epithelial barrier, epithelial cells, inflammatory mediators, matrix metalloproteinase, periodontitis,
saliva
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INTRODUCTION

Periodontitis is a multifactorial, bacteria-mediated chronic
inflammatory disease that results in the progressive destruction
of the tooth-supporting tissues [1]. Data from epidemiological
studies have shown that up to 46% of the adult population is
affected by the disease, with different degrees of severity [2].
Periodontitis is primarily initiated by a dysbiotic dental biofilm
that accumulates in the subgingival areas around the teeth,
although disease progression is largely influenced by the host
immuno-inflammatory response and a variety of risk factors
such as smoking and uncontrolled diabetes [3, 4]. Over the
past few decades, several Gram-negative anaerobic bacterial
species have been clearly associated with the disease [5-7]. These
periodontal pathogens produce a variety of toxins and proteolytic
enzymes that can contribute to periodontal tissue destruction
[8, 9]. Although these bacteria can directly mediate tissue
breakdown, most of the destruction observed in periodontitis is
caused by a chronic, exaggerated, and uncontrolled inflammatory
response against them [3]. This chronic inflammatory state
is characterized by the release of pro-inflammatory cytokines,
which subsequently leads to matrix metalloproteinase (MMP)
production, connective tissue damage, and bone resorption [10,
11].

Periodontal disease is associated with clinical signs of
inflammation and an increase in gingival crevicular fluid
(GCF) volume and flow [12]. GCF is an exudate from
the wall of the gingival sulcus that exerts a protective
effect against periodontal pathogens [13]. GCF from sites
exhibiting periodontitis contains a variety of pro-inflammatory
mediators, toxic bacterial by-products, and host- and bacteria-
derived proteolytic enzymes [14-16]. Ultimately, GCF and its
content are released into the oral cavity and mix with the
whole saliva. Consequently, active periodontitis is associated
with elevated salivary concentrations of pro-inflammatory
mediators, including interleukin-1 beta (IL-1f), interleukin-
6 (IL-6), interleukin-8 (IL-8), and tumor necrosis factor
alpha (TNF-a) [17-21]. In addition, matrix metalloproteinase-
8 (MMP-8), matrix metalloproteinase-9 (MMP-9), and matrix
metalloproteinase-13 (MMP-13) are present in higher levels in
the saliva of individuals with periodontitis than in the saliva
of healthy individuals [18-21]. The above host-derived factors
have been proposed as salivary biomarkers for the diagnosis of
periodontitis [17-21].

The effect of human saliva on host cells has been assessed
in various studies. It has been reported that the exposure
of mouse-derived macrophages to human saliva leads to
cell differentiation into a pro-inflammatory phenotype and,
consequently, increased IL-6 and IL-12 production [22].
Likewise, three pro-inflammatory cytokines, namely IL-8, C-
X-C motif chemokine ligand 1 (CXCL1), and C-X-C motif
chemokine ligand 2 (CXCL2), that are produced by human
gingival fibroblasts are up-regulated following exposure to
saliva [23]. Moreover, gingival fibroblasts express these same
chemokines when exposed to artificial saliva containing bovine
mucins [24]. On the other hand, human oral epithelial cells
from the HSC-2 cell line do not exhibit a similar inflammatory

response when exposed to human or artificial saliva [23, 24].
Cvikl et al. also reported that saliva is a potent inducer of
IL-6 and IL-8 production by oral fibroblasts but not by oral
keratinocytes [25]. The exposure of oral keratinocytes to salivary
leptin isolated from human saliva increases their proliferation
and induces the secretion of keratinocyte growth factor (KGF)
and EGF [26]. To the best of our knowledge, there is no
current information available regarding the effect of saliva from
periodontally diseased subjects on epithelial barrier integrity and
the inflammatory response. The purpose of the present study
was to investigate and compare the effects of saliva from healthy
and periodontitis subjects on epithelial barrier integrity and the
inflammatory response in in vitro models of the oral epithelium.

MATERIALS AND METHODS

Subject Recruitment

A group of subjects with a healthy gingiva (n = 12) and a
group of subjects with severe generalized periodontitis (n = 11)
were recruited for the study from among the patients, staff, and
students of the Faculty of Dentistry at Université Laval. The
recruitment and saliva sampling were authorized by the local
Health Research Ethics Board (File number 2018-291A-1/18-03-
2019). All the participants provided written informed consent
and were admitted to the study following a complete periodontal
examination. The participants in the healthy group had to display
a bleeding on probing score <10%, probing depths <3 mm, and
no periodontal attachment loss due to periodontal disease. The
subjects in the periodontitis group had to exhibit generalized
stage III or IV periodontitis, grade B or C, according to the most
recent classification of periodontal disease [27]. Subjects were
excluded based on the following criteria: (i) being <18 years old,
(ii) having fewer than 20 teeth remaining, (iii) having received
a periodontal treatment in the previous 12 months, (iv) being a
smoker, (v) having used antibiotics and/or immunosuppressive
drugs in the previous 3 months, and (vi) presenting a systemic
disease that affects the immune system or periodontal health.

Saliva Sampling and Processing

Saliva collection was based on the procedures outlined by
Navazesh and Kumar [28]. Unstimulated saliva was obtained
from the subjects, who were asked not to eat, chew gum, or use
any dental hygiene products for at least 1 hour before the saliva
was collected. Approximately 5ml of saliva was collected, over
a period of 10-15min, in sterile polypropylene tubes from each
subject. The samples were kept on ice until being centrifuged at
15,000 g for 20 min. Saliva samples were sterilized by filtration
through a 0.2-pum pore size membrane filter, and stored at —80°C
until used.

Analysis of Saliva Samples for Cytokines
and MMPs

The saliva samples were analyzed to determine their cytokine and
MMP content. Two 50-pL aliquots of each saliva sample were
sent to Eve Technologies (Calgary, AB, Canada) for analysis by
multiplexing technology using a bead analyzer, which includes a
dual laser system and a flow cytometry system. Multiplex assays
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for cytokines (Human Cytokine 65-Plex Discovery Assay) and
MMPs (Human MMP 9-Plex, TIMP 4-Plex Discovery Assay)
were performed.

Effect of Saliva on Epithelial Barrier
Integrity

The effect of saliva on the barrier function of the oral epithelium
was assessed in an in vitro model using the human oral
keratinocyte B11 cell line [29], which was kindly provided by
Dr. S. Groeger (Justus-Liebig-University of Giessen, Giessen,
Germany). This cell line was isolated from a biopsy of the buccal
gingiva and immortalized with a combination of the human
papilloma virus onkoproteins E6 and E7 [29]. Epithelial barrier
integrity was evaluated by monitoring transepithelial electrical
resistance (TER) using the protocol previously described by
Ben Lagha and Grenier [30]. The keratinocytes were cultivated
at 37°C in a 5% CO, atmosphere in Keratinocyte Serum-
Free Medium (K-SFM) supplemented with bovine pituitary
extract (50 pg/ml), recombinant human epidermal growth factor
(5ng/ml), and penicillin G-streptomycin (100 pg/ml). The cells
were seeded into a Costar® 6.5mm Transwell® with 10-pm
thick and 4-pm pore polyester membrane inserts (Corning Co.,
Cambridge, MA, USA) at a concentration of 3.5 x 10° cells per
insert. The inserts were incubated for 72 h to allow tight junctions
to form between the cells. Saliva samples were diluted 50, 25,
12.5, and 6.25% (v/v) in K-SFM and were added (100 wl) to
the apical compartment. K-SFM alone was used for the negative
control. Resistance between the apical and basal compartments
was determined in triplicate using a manual epithelial Ohm-
meter (EVOM?2; World Precision Instruments, Sarasota, FL,
USA) before and after 3, 6, 24, 48, and 72h of exposure to
each dilution of the individual saliva samples. The mean =+
standard deviation (SD) of the TER values of each subject groups
was calculated, and the relative TER was then expressed as a
percentage of the measurements recorded prior to the addition
of the saliva samples.

Effect of Saliva on the Inflammatory

Response of Oral Epithelial Cells

The effect of saliva on IL-6 and IL-8 secretion by oral epithelial
cells was assessed with an in vitro model using the GMSM-
K cell line [31], which was kindly provided by Dr. V. Murrah
(University of North Carolina, Chapel Hill, NC, USA), according
to a previously described protocol [32]. These oral epithelial
cells were isolated from a stillborn male fetus and transfected
with the shuttle vector plasmid, pZ189, containing the T-antigen-
coding region and replication origin from the Simian virus 40
(SV40) [31]. This cell line has an epithelial phenotype, which
was verified by electron microscopic and immunohistochemical
analyses [31]. GMSM-K cells were cultivated at 37°C in a
5% CO, atmosphere in Dulbecco’s modified Eagles medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine
serum (FBS) and penicillin G-streptomycin (100 pg/ml). The
epithelial cells, at a concentration of 1 x 10° cells/ml, were
seeded (100 pl) into wells of a 96-well microplate and incubated
for 24h to allow cell adhesion. Thereafter, cells were washed

with DMEM (lacking FBS and antibiotics) prior to add saliva
samples, diluted 50, 25, 12.5, and 6.25% in DMEM (100 pl;
lacking FBS and antibiotics) to the wells in triplicate assays.
DMEM alone was used for the negative control. The cells were
then incubated (37°C/5% CO,) for an additional 24 h before
collecting the cell-free supernatants. The supernatant samples
were stored at —20°C until IL-6 and IL-8 concentrations were
determined using commercial enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s protocol. The net amount of IL-
6 and IL-8 secreted by the cells was determined by subtracting
the initial concentrations of these cytokines in each saliva sample,
which were determined by ELISA. Assays were performed in
triplicate in two independent experiments and the means &= SD
were calculated.

The effect of the stimulation described above on the viability
of GMSM-K epithelial cells was assessed using a MTT 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (MTT)
colorimetric assay according to the manufacturer’s protocol
(Roche Diagnostics GmbH, Mannheim, Germany). The assays
were performed in triplicate, and the relative viability was
calculated. A value of 100% viability was assigned to control cells
treated with DMEM alone.

Statistical Analysis

An unpaired students t-test was performed to compare the
composition of the saliva samples from both groups. The effect
of the saliva samples on epithelial cells was determined by
comparing the means of both groups and their controls using a
one-way ANOVA followed by Bonferroni multiple comparison
post hoc test. A p < 0.05 was considered statistically significant.
The statistical analysis was performed using Prism 8 (GraphPad
Software Inc, San-Diego, USA).

RESULTS

The saliva samples from the healthy and periodontitis subjects
were analyzed using multiplexing technology in order to compare
their content in various MMPs, TIMPs, and cytokines. Saliva
from the periodontitis subjects had significantly higher mean
levels of MMP-8 (p = 0.03) and MMP-9 (p = 0.03) than saliva
from the healthy subjects (Figure 1). The mean concentrations
of MMP-8 and MMP-9 in the saliva from the periodontitis
subjects were, respectively, 2.8 and 4.0 times higher than those
in the saliva from the healthy subjects. The mean salivary
concentrations of CXCL1 and IL-8 were 2.3 times higher (p
= 0.03) and 3.1 times higher (p = 0.02), respectively, in the
periodontitis subjects than in the healthy subjects (Figure 1).
The concentrations of other biomarkers that have previously
been reported to be higher in the saliva of periodontitis patients,
including IL-1p, IL-6, TNF-a, and MMP-13 [17-21], were not
detected in significantly higher concentrations in the saliva of the
periodontitis subjects than in the saliva of the healthy subjects
(Figure 1). All the additional cytokines, MMPs, and TIMPs
included in the multiplex assays were either found in similar
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FIGURE 1 | Concentrations of MMPs and cytokines in saliva samples from the periodontitis and healthy subjects. The horizontal black lines represent the mean
values. The differences between the mean salivary levels of the two groups were considered significant at p < 0.05 ().

amounts in saliva samples of the two subject groups or detected
in negligible amounts.

The effect of saliva on the integrity of the epithelial barrier
was evaluated by assessing variations in TER values in an in vitro
model of oral keratinocytes (B11 cell line) following exposure
to saliva samples from both groups of subjects. The statistical
analysis revealed no significant differences in the mean 4 SD of
the relative TER for the in vitro model exposed to saliva samples
from periodontitis or healthy subjects at any dilution (6.25, 12.5,
25, and 50%) or time point (0, 3, 6, 24, 48, and 72h) tested
(Figure 2). Although saliva (50% dilution) from the periodontitis
subjects showed a tendency to increase TER following a 24- or
48-h exposure, this was not significant.

Figure 3 shows the relative TER values (mean £ SD) of the
in vitro oral epithelium model following 3- and 6-h exposures
to saliva from the periodontitis and healthy subjects. Compared
to the controls (culture medium instead of saliva), the TER
values were significantly higher following a 3-h exposure to saliva
(12.5 and 25% dilutions) from either group. More specifically,
a treatment of the in vitro model with saliva (25% dilution)
from the periodontitis and healthy subjects was associated with
TER values that were 18 and 24% higher than the controls,
respectively. Conversely, a 3-h exposure to saliva (50% dilution)
from either group caused a decrease in TER values relative to the
controls. However, the difference was not statistically significant.

A 6-h exposure to saliva (12.5 and 25% dilutions) from either
the periodontitis or the healthy subjects resulted in significantly
higher TER values than those of the control (Figure 3). More

specifically, the TER values were 27 and 38% higher than that
of the control for the in vitro oral epithelium model treated
with saliva (25% dilution) from the periodontitis or healthy
subjects, respectively. Following a 6-h treatment with saliva
(50% dilution), TER was significantly higher than that of the
control only for the in vitro model treated with saliva from the
periodontitis subjects.

The effect of saliva from the periodontitis and healthy subjects
on the epithelial inflammatory response was investigated using
human oral epithelial cells (GMSM-K cell line). To exclude
the possibility that a decreased inflammatory response by the
epithelial cells may be caused by a cytotoxic effect, we evaluated
the impact of saliva from both groups on cell viability using
a MTT colorimetric assay. Epithelial cell viability following a
24-h exposure to the saliva samples is shown in Figure4. A
statistical analysis showed that there is no difference in epithelial
cell viability between the periodontitis and healthy subjects or the
negative control.

The secretion of IL-6 and IL-8 by oral epithelial cells treated
(24h) with saliva samples from the two groups at various
dilutions is shown in Figure5. The net amount of IL-6 and
IL-8 secreted by the cells was determined by subtracting the
levels of the cytokines in each saliva sample as determined
by ELISA. Compared to the controls, the saliva samples from
both groups induced significant IL-6 secretion by the epithelial
cells. However, no significant difference in saliva-induced IL-6
secretion by the periodontitis and healthy subjects was observed.
IL-6 concentrations of 1285.7 pg/ml and 1332.2 pg/ml were
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detected, respectively, following exposure to saliva (50% dilution)  dilution (50%). The treatment of epithelial cells with saliva from

from the periodontitis and healthy subjects. The saliva dilutions  the healthy subjects induced a significantly higher secretion of

tested (50, 25, 12.5, and 6.25%) did not give rise to any significant ~ IL-8 at a dilution of 50% compared to saliva at dilutions of 25,

differences with respect to the amounts of IL-6 secreted by the  12.5, and 6.25%. The saliva from the periodontitis subjects at a

epithelial cells. 50% dilution also induced a significantly higher secretion of IL-8
Oral epithelial cells stimulated with saliva from one or the  compared to saliva at dilutions of 12.5 and 6.25%. The treatment

other of the two subject groups secreted significantly higher  of the oral epithelial cells with saliva (50% dilution) from the

amounts of IL-8 compared to the control (Figure5). The  periodontitis and healthy subjects resulted in IL-8 levels of 3465.4

difference in IL-8 secretion by epithelial cells in response to the  and 3017.1 pg/ml, respectively.

saliva from each group was not statistically significant. However,

unlike TL-6, the amounts of IL-8 secreted by epithelial cells after ~ DISCUSSION

the exposure to saliva were influenced by the dilution of the

saliva samples. IL-8 secretion was significantly higher when the  Periodontitis is a chronic inflammatory disease that causes

saliva samples from the two groups were used at their lowest  the progressive destruction of the tooth-supporting structures,
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including the alveolar bone. Although the disease has been
associated with the presence of a number of Gram-negative
anaerobic bacterial species in the subgingival dental biofilm, most
of the damage caused to periodontal tissues is modulated by
the host immuno-inflammatory response [3, 7]. A dysregulated
inflammatory reaction by the host against local microorganisms
has been observed during periodontitis and is characterized by
a production of potent pro-inflammatory mediators such as IL-
18, TNF-a, IL-6, and IL-8, as well as various protein-degrading
enzymes such as MMP-8, MMP-9, and MMP-13, leading to
localized destruction [33, 34]. These host-derived factors, along
with various toxic bacterial by-products, can be found in the
GCF, which is a fluid expelled from the gingival sulcus and

ultimately mixes with the whole saliva in the oral cavity [17-21].
Consequently, various markers, indicative of periodontitis, can
be found in saliva [17-21]. In the present study, saliva samples
from periodontitis and healthy subjects were compared with
respect to their cytokine and MMP content as well as their effects
on barrier function and the inflammatory response in in vitro
models of the oral epithelium.

In this study, saliva, instead of GCF, was used since it offers
several advantages, being produced in much greater amounts
(required for assays) and not requiring an invasive procedure.
Unstimulated saliva samples obtained from the subjects with
severe generalized periodontitis were analyzed by multiplexing
for their content of various MMPs and inflammatory mediators
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and were compared to the results from saliva samples collected
from a second group of periodontally healthy subjects. This
analysis revealed that the levels of salivary MMP-8 and
MMP-9 were significantly higher in the periodontitis subjects.
This observation is in agreement with previous studies that
investigated salivary markers for periodontitis. Ramseier et al.,
for example, compared biomarkers in unstimulated whole saliva
from subjects with gingivitis and from periodontally healthy
subjects to subjects with mild to severe periodontitis [35].
They reported significantly elevated levels of MMP-8 and
MMP-9 in saliva from the periodontitis subjects compared
with saliva from the healthy subjects [35]. Ebersole et al.
also reported higher salivary MMP-8 levels in subjects with
periodontitis compared to subjects with gingivitis or a healthy
periodontium [36].

In the present study, we also observed that the levels of
IL-8 and CXCL1, two neutrophil chemoattractant chemokines,
were significantly higher in the saliva from the periodontitis
subjects than in the saliva from the healthy subjects. These two
salivary biomarkers are not usually reported as being present
at higher levels in periodontitis subjects [18, 20]. For instance,
a similar study by Kawamoto et al. [37] compared various
chemokine and cytokine levels in whole saliva from subjects
with generalized severe periodontitis and from subjects with
a healthy periodontium. Although their general method for
patient selection and saliva sampling was comparable to that
of the present study, no significant difference was observed for
CXCL1 and IL-8 levels [37]. Ramseier et al. [35] also reported
no significant differences between the two subject groups with
respect to IL-1P, IL-6, and TNF-a levels, which is in agreement
with our results. However, these observations are not consistent
with other studies that reported elevated salivary IL-18 and IL-6
levels in periodontitis subjects. Ebersole et al. [36] evaluated IL-
1B, and IL-6 concentrations in saliva from a cohort of 209 subjects

with periodontitis, gingivitis, and a healthy periodontium and
found that salivary levels of these biomarkers were more elevated
in the periodontitis subjects than in the other two groups.
According to our findings, while IL-1p and IL-6 levels had a
tendency to be higher in the periodontitis group, the difference
with the healthy group was not significant. These discrepancies
can be explained in part by the small number of participants
included in our study, as well as the saliva method collection and
the cytokine quantification assay used.

The oral mucosa, which is composed of a layer of epithelial
cells covering a fibrous connective tissue, separates and protects
the underlying structures from the external environment.
Epithelial cells are tightly connected to each other by a variety
of transmembrane proteins to form the epithelial barrier, which
is the first line of defense against periodontal pathogens and
their toxins [38, 39]. Epithelial cells also play a major role in the
activation of the inflammatory response in periodontal tissues
by producing various cytokines, including IL-6 and IL-8 [38].
We investigated the effects of saliva from periodontally healthy
subjects and from subjects with severe generalized periodontitis
on oral epithelial cells (barrier function and cytokine secretion)
and compared the two subject groups. To the best of our
knowledge, there is no report in the scientific literature regarding
the effect of saliva from periodontitis subjects on epithelial barrier
integrity and the inflammatory response. The impact of saliva on
epithelial barrier integrity was assessed by measuring TER in an
in vitro model exposed to various dilutions of saliva. Saliva from
the two groups of subjects modulated epithelial barrier function
in a similar way since no difference was observed between the
two groups. A significant increase in TER was observed following
a short exposure (3 and 6h) to the 25 and 12.5% dilutions
of the saliva samples. In comparison, although not statistically
significant, the 50% dilution of the saliva samples initially caused
a slight decrease in TER after 3 h, which subsequently increased
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FIGURE 5 | Effect of various dilutions of filter-sterilized saliva from the periodontitis and healthy subjects on the secretion of IL-6 (A) and IL-8 (B) by oral epithelial cells
(GMSM-K cell line) following a 24-h exposure. Data are expressed by subject group as the mean + SD of cytokine concentrations determined in triplicate assays. The
difference with the control group was considered to be significant at p < 0.05 (*). A difference with the respective 50% saliva dilutions was considered to be significant
at p < 0.05 (¢). No significant difference was observed between the periodontitis and healthy groups at any saliva dilution.

to values comparable to those observed for the in vitro models
exposed for 6h to higher saliva dilutions. Overall, these results
suggested that saliva tends to promote a higher TER. This
observation can be attributed to the presence of various growth
factors in saliva such as EGE or hormones like leptin, that
can have a positive influence on epithelial cell migration and
proliferation [26, 40]. Interestingly, no partial breakdown of
the epithelial barrier, as indicated by a decrease in TER, was
observed following the exposure to saliva collected from the
periodontitis subjects. This suggests that bacterial by-products
such as toxins and proteolytic enzymes in the saliva from
periodontitis subjects were not present in sufficient amounts
to negatively affect epithelial barrier integrity. MMP-9, which
was found in higher concentration in saliva from periodontitis
subjects in our study, has been reported to induce the breakdown
of the intestinal epithelial barrier in a mouse model [41]. Since no
impairment of epithelial barrier integrity was observed with the

saliva samples from the periodontitis patients, this suggests that
MMP-9 concentrations in the samples were either too low to have
an effect or that the MMP-9 was in an inactive form.

In the present study, IL-6 and IL-8 secretion by oral epithelial
cells (GMSM-K cell line) was assessed following the exposure
to filter-sterilized saliva from periodontitis or healthy subjects.
Significant secretion of IL-6 and IL-8 by epithelial cells was
detected after a 24-h exposure to saliva from the two groups
of subjects compared to the control. While the amount of IL-
8 secreted by the cells decreased with an increase in the saliva
dilution, no such effect was observed for IL-6. Pro-inflammatory
mediators or bacterial by-products in the saliva from the two
groups may have been responsible for inducing IL-6 and IL-8
secretion by the oral epithelial cells. It is also possible that the
inflammatory response triggered by the saliva may in part be
modulated by other substances that are constitutively present in
saliva. Interestingly, salivary lactoferrin, an antibacterial cationic
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peptide, has been reported to induce the production of IL-8,
IL-6, and MCP-1 by oral epithelial cells [42]. A study by Cvikl
et al. [25] reported that IL-6 and IL-8 secretion by gingival
fibroblasts, primary gingival epithelial cells, and immortalized
oral epithelial cells (HSC-2 cell line) following a 24-h exposure
to sterile saliva (10-fold dilution) from healthy donors induced
a strong production of IL-6 and IL-8 by fibroblasts and that
the epithelial cells secreted insignificant amounts of the two
cytokines. These contradictory results may be explained by the
fact that the saliva samples used in the present study were less
diluted. Also, in the present study, the saliva samples were tested
on GMSM-K epithelial cells, which may react differently than
other cell lines. It is worth mentioning the study of Miiller et al.,
who reported that a commercial artificial saliva (Glandosane®,
Cell Pharm, Bad Vilbel, Germany) significantly increased IL-8
expression by oral epithelial cells (HSC-2 cell line) while the three
other artificial saliva they tested did not have a substantial impact
[24]. This indicates that small variations in the composition
of artificial or natural saliva likely influence the inflammatory
response of epithelial cells. The composition of saliva obtained
following masticatory stimulation can vary slightly compared
to unstimulated saliva [43]. It is thus also possible that the
saliva collection protocol used in the present study may have
caused the contradictory results that we and Miiller et al.
[24] obtained.

In conclusion, our study showed that filter-sterilized saliva
collected from periodontitis subjects and from healthy subjects
had a similar effect on the barrier function and the inflammatory
response of in vitro oral epithelium models. Exposure to saliva
generally tended to increase the TER of oral epithelial cells.
This may help preventing periodontal pathogens to translocate
through the epithelial barrier and reach the underlying
connective tissue. In addition, we observed a significant increase
in the secretion of IL-6 and IL-8 when the epithelial cells were
exposed to the saliva samples. Within the limitations of the in
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