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Background and Objective: Chronic periodontitis is initiated by sequential colo-
nization with a broad array of bacteria and is perpetuated by an immune-
inflammatory response to the changing biofilm. Host recognition of microbes is
largely mediated by toll-like receptors (TLRs), which interact with conserved
pathogen-associated molecular patterns. Based on ligand recognition, TLR-2
and TLR-4 interact with most periodontal pathogens. Extracrevicular bacterial
reservoirs, such as the oral epithelial cells, contribute to the persistence of peri-
odontitis. Human saliva is a rich source of oral epithelial cells that express func-
tional TLRs. In this study we investigated the role of salivary epithelial cell
(SEC) TLR-2 and TLR-4 in patients with generalized chronic periodontitis.

Material and Methods: Unstimulated whole saliva (UWS) was collected from
patients with generalized chronic periodontitis and from healthy individuals
after obtaining informed consent. Epithelial cells isolated from each UWS sam-
ple were assessed for TLR-2, TLR-4, peptidoglycan recognition protein
(PGRP)-3 and PGRP-4 by quantitative real-time PCR. In addition, the SECs
were stimulated in vitro with microbial products for up to 24 h. The culture
supernatant was assessed for cytokines by ELISA.

Results: Stimulation with TLR-2- or TLR-4-specific ligands induced cytokine

secretion with differential kinetics and up-regulated TLR2 and TLR4 mRNAs, Mythily Srinivasan, MDS, PhD, Immunology
respectively, in cultures of SECs from patients with periodontitis. In addition, 'I-nadt?"ratoﬁl’j 1:'31‘{6‘2/0923‘ l’;"sii“ga” Street,
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Periodontitis is a significant global
oral health problem, with over 80% of
the adult population exhibiting some
form of the disease and 2-5% suffer-
ing from severe disease (1,2). Within
the periodontium, transition from
health to disease is initiated by a
change in the subgingival ecology
from healthy biofilm to pathogenic
biofilm (3,4). While treatment attenu-
ates inflammation and reduces the
pathogen burden in the subgingival
plaque, recurrence is associated with
re-establishment of the pathogenic
biofilm, suggesting the presence of
microbial that allow
re-infection or infection of new sites
(5). Under normal conditions, oral
microorganisms adhere to mucosal
surfaces in the mouth for survival and
multiplication (6,7). Exfoliating epi-
thelial cells from the buccal mucosa
have been shown to support a viable
polymicrobial intracellular flora (7,8).
Indeed, in patients with periodontitis,
disease-associated bacteria, such as
Porphyromonas gingivalis and Aggre-
gatibacter actinomycetemcomitans,
have been detected at high frequency
in the surface epithelial cells of oral
mucosa covering the cheek, tongue
and palate (9,10). Significantly, it has
been observed that periodontal treat-
ment does not affect the prevalence of
periodontopathic bacteria on oral
mucosal epithelial cells (11,12). In fact,
A. actinomycetemcomitans and P. gingi-
valis have been detected at the same
prevalence rate in oral mucosal epithe-
lial cells of the buccal mucosa and ton-
gue before and 3 months after
periodontal surgery (11,13). These
observations substantiate the role of
oral mucosal epithelial cells as poten-
tial sources for re-infection in
periodontitis.

Host recognition of microbes is
mediated largely by toll-like receptors
(TLRs) that bind highly conserved
pathogen-associated molecular pat-
terns typically shared by groups of
microorganisms. Ten mammalian
TLRs, and many of their ligands, have
been identified (14-16). Most peri-
odontal pathogens possess molecular
patterns recognized by TLR-2 and/or
TLR-4 (17-19). While TLR-4 is associ-
ated with recognition of gram-negative

reservoirs

bacterial lipopolysaccharides (LPS),
TLR-2 has been shown to interact with
the peptidoglycan of gram-positive
bacteria as well as with the LPS of
gram-negative P. gingivalis (20). Poly-
morphisms in CD14, a co-receptor for
TLR-2 and TLR-4, have been variably
associated with susceptibility to peri-
odontitis (21,22). Gingival epithelial
cells stimulated with P. gingivalis,
A. actinomycetemcomitans and Fuso-
bacterium nucleatum or their products
have been shown to respond via TLR-
2- and TLR-4-mediated signaling and
to promote cytokine secretion, impli-
cating a role for these receptors in the
pathogenesis of periodontitis (23,24).
TLR-2- and TLR-4-mediated signaling
has also been shown to modulate the
expressions of proteoglycan recogni-
tion protein (PGRP)-3 and PGRP-4,
molecules with antibacterial properties,
in oral epithelial cells (25).

Human saliva is a rich source of
exfoliated epithelial cells derived from
the mucosa covering various regions
of the mouth, including the gingiva,
cheek, tongue and palate (6,26). In
healthy subjects, exfoliation of epithe-
lial cells occurs as part of the process
of maintaining mucosal homeostasis
or as a result of mechanical separa-
tion (27). Previously, we and others
have reported that over 40% of epi-
thelial cells in unstimulated whole sal-
iva (UWS) are viable (6,28-30).
Bacterial invasion has been shown to
increase exfoliation of epithelial cells
from mucosal surfaces in humans and
in experimental models (31,32). In
chronic periodontitis, the degree of
inflammation has been correlated with
an elevated number of epithelial cells
in the gingival crevicular fluid that is
then admixed with the oral fluid (33).

Based on the observations of persis-
tent periodontal pathogens in mucosal
epithelial cells, increased exfoliation of
oral epithelial cells in periodontitis
and the viability of salivary epithelial
cells (SECs), we hypothesized that the
SECs in patients with chronic peri-
odontitis will be phenotypically dis-
tinct from those in healthy saliva. We
also postulated that SECs could repre-
sent an excellent tool with which to
evaluate the status of the host
response to periodontal pathogens in

chronic periodontitis. Our results
show that while the expression of
TLR-2 is marginally higher, that of
TLR-4 is significantly elevated in the
SECs of patients with chronic peri-
odontitis. Kinetic analysis suggested
that stimulation with TLR-4-specific
ligand induced an early up-regulation
of interferon-gamma (IFN-y) secretion
and that, with TLR-2 ligand, medi-
ated an initial increase in interleukin
(IL)-8 secretion in cultures of SECs
from patients with chronic periodonti-
tis. Furthermore, in patients with
chronic periodontitis the SECs exhib-
ited reduced levels of expression of
PGRP3 and PGRP4 mRNA:s.

Material and methods

Study population, clinical
measurements and treatment

The study cohort consisted of 20 sys-
temically healthy nonsmokers, report-
ing to Indiana University School of
Dentistry, who were diagnosed with
severe chronic periodontitis, were not
on antibiotics/anti-inflammatory ther-
apy and were without any other oral
pathological lesions. Twenty systemi-
cally healthy nonsmokers with no
known oral or systemic conditions
were recruited as control subjects.
Informed consent was obtained from
all participants in accordance with the
Institutional Review Board at Indiana
University Purdue University at
Indianapolis, Indianapolis (IUPUI).
Complete periodontal measurements,
including clinical attachment loss,
probing depth, plaque score and bleed-
ing score, were recorded. Only patients
exhibiting clinical attachment loss of
> 4mm in > 30% of sites (4048
sites) were included in the group with
severe chronic periodontitis, a strin-
gent selection as opposed to the rela-
tively common criteria of probing
depth > 4 mm and clinical attach-
ment loss of > 3 mm in four to 10
sites (34-36).

Isolation and culture of epithelial
cells from UWS

UWS was collected by the drool-
ing method, and epithelial cells were



isolated as described previously
(28,30). Briefly, subjects were instru-
cted to fast for 2 h before saliva collec-
tion. Seated with their head tilted
towards one side, each subject was
requested to provide a minimum of
2 mL of UWS by drooling passively
for 5-10 min into a chilled centrifuge
tube. All UWS samples were centri-
fuged at 250 g for 10 min at 4°C. The
cellular sediment obtained was recon-
stituted in isotonic saline supple-
mented with two drops of Zap
Oglobin (Stem Cell Technologies, Van-
couver, BC, Canada) to lyse blood cor-
puscles and centrifuged at 1271.7 g for
10 min at 4°C. After washing in saline,
the cell suspension was filtered
through a membrane of 20 micron
pore size. The epithelial cell-enriched
cell preparation was then assessed by
light microscope for morphology,
reconstituted in RPMI-1640 (Catalog
#10-040-CV; Mediatech Inc., Minne-
sota, MN, USA) supplemented with
5% fetal bovine serum (Hyclone fetal
bovine serum, Catalog # SH30070;
Thermo Scientific, Logan, UT, USA)
and 5% dimethylsulfoxide (Catalog #
67-68-5; Sigma-Aldrich, St Louis, MO,
USA), and stored at —80°C until fur-
ther analysis. Each SEC sample prepa-
ration was stained for CD3 (Catalog
#347347; BD Biosciences, San Jose,
CA, USA) and CD45 (Catalog
#555483; BD Biosciences) to screen
for the absence of blood-derived cells.
After thawing, the SEC samples were
washed twice each in serum-free RPMI-
1640 and keratinocyte growth factor
medium (Catalog # 131-500a; CELL
Applications, Inc., San Diego, CA,
USA). The SECs were then cultured in
keratinocyte growth factor supple-
mented with 4 mm glutamine (Cataolog
# ICN 19467880; MP Biomedicals,
Solon, OH, USA) and 5% penicillin
and streptomycin (Catalog # 1670049;
MP Biomedicals) in an atmosphere of
5% CO, at 37°C. After three to four
passages, the cells were rested in serum-
free medium for 12 h. Approximately
1 x 10° cells were plated in 96-well
plates and stimulated with 1 mg/mL of
Escherichia coli LPS (Product # L-3880;
Sigma-Aldrich), a TLR-4 ligand or
20 units/mL of protein peptide deriva-
tive (PPD) (Difco Laboratories,

TLR-2 and PGRP in chronic periodontitis

Detroit, MI, USA), a mycobacterial
pathogen-associated molecular pattern
recognized by TLR-2. Supernatants
and cells collected 4, 8 and 24 h after
stimulation were assessed for cytokines
and TLR expression, respectively.

Flow cytometry

The cells isolated from the UWS
samples were stained for cytokeratin-
13, TLR-2 and TLR-4. For detection
of cytokeratin, the SECs were per-
meabilized briefly with phosphate-
buffered saline containing 1% Tween-
20 and then incubated with goat
polyclonal anti-(human cytokeratin-
13) Ig (Catalog # GWB-Q00515;
Genway Biotech Inc., San Diego,
CA, USA) followed by fluorescein
isothiocyanate-conjugated mouse anti-
goat IgG (Catalog # Sc2356; Santa
Cruz Biotechnology Inc., Santa Cruz,
CA, USA). For detecting TLR-2 and
TLR-4, the SECs were incubated
with phycoerythrin-conjugated mouse
polyclonal anti-(human TLR-2) Ig
(clone 38396)/anti-(human TLR-4)
Ig (clone 610015) (R&D Systems,
Minneapolis, MN, USA). Gingival
epithelial cells obtained by swabs and
stained with isotype-matched anti-
body were used as controls. The
stained cells were fixed in 1% para-
formaldehyde and analyzed on a
FACS Calibur flow cytometer (BD
Biosciences).

Quantitative real-time PCR

Total RNA isolated from epithelial
cells using the RNeasy Mini-Kit (Qia-
gen Sciences, Valencia, CA, USA) was
reverse transcribed using the iScript
cDNA synthesis kit (BioRad, Hercules,
CA, USA). Five-hundred nanograms
of cDNA was used for real-time
quantitative  PCR as  described.
Message for small proline-rich protein
2a (SPRR2a), a gene abundantly
expressed in stratified squamous epithe-
lia and that of the housekeeping gene,
beta-actin, were amplified as internal
and endogenous controls, respectively.
The primers were: TLR-2 forward:
5-GGCCAGCAAATTACCTGTGT-
3" and TLR-2 reverse: 5'-TCTCCACC
CAGTAGGCATC-3; SPRR2a for-
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ward: 5-AGTGCCAGCAGAAATAT
CCTCC-3'" and SPRR2a reverse: 5-GA
ACGAGGTGAGCCAAATATCC-3,
PGRP-3 forward: 5-CTGAAGGAG
GCCCCACTCCCT-3' and PGRP-3
reverse:  5-GCTGAGCCAGCTTG-
GCT GGTG-3"; PGRP-4 forward:
S-TTTTGCCCTCCTCCC-CTGCCA-3'
and PGRP-4 reverse: 5-ATGAGG-
TTTGGAGG CCCTTGG-A-3"; and
beta-actin forward: 5-GCCAACCG-
CGAGAAGATGA-3'" and beta-actin
reverse: 5'-CATCACGATG CCAGT-
GGTA-3". Amplifications were per-
formed in duplicate and normalized to
beta-actin. At the end of the PCR cycles,
specificities of the amplification prod-
ucts were controlled by dissociation
curve analysis. The gene specific thresh-
old cycle (Cy) for each sample was cor-
rected by subtracting the C, for
SPRR2a. Untreated controls were cho-
sen as reference samples and the C, for
all experimental samples was subtracted
from the AC, for the control samples
(AACy) (37). The magnitude of change in
mRNA was expressed as 274AC |

Statistical analysis

Statistical difference in the soluble
and cellular molecules between the
healthy and the diseased cohorts was
determined using the pairwise #-test.
p <0.05 was considered significant.
All assays were repeated three times.

Results

Demographic and clinical features

The general and demographic features
of the healthy controls and the
chronic periodontitis cohort are pro-
vided in Table 1. Periodontal mea-
surements, including plaque index,
bleeding on probing and the percent-
ages of sites with pocket depth
>4 mm and mean clinical attachment
loss of >4 mm were significantly
higher in the periodontitis cohort than
in the healthy controls (Table 1). In
the group with severe periodontitis
almost 90% of sites exhibited clinical
attachment loss of > 4 mm, indicat-
ing that this cohort is a stringent rep-
resentation of severe periodontal
disease.
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Table 1. Demographic details and clinical measurements

Patient profile Healthy Chronic periodontitis
Age (years) 28.60 + 2.44 41.67 £+ 10.07
Gender ratio (M:F) 10 : 8 9:9

Pocket depth (mm) 1.5 £0.11 349 £ 0.65
Clinical attachment loss (mm) 1 4+0.11 4.05 + 0.69
Bleeding on probing (%) 5.07 £2.21 54.84 + 24.37
Plaque index (%) 24.86 + 10.41 64.66 + 15.28

Sites with pocket depth > 4 mm (%) NA 71.17 + 34.12

Sites with clinical attachment loss > 4 mm (%) NA 89.39 + 30.94

Values are given as mean or mean + SD, unless indicated otherwise.

F, female; M, male.

SECs express increased levels of
TLR-2 and TLR-4 in chronic
periodontitis

The nature of the SECs was con-
firmed by staining with cytokeratin-
13, a protein abundantly expressed in
oral epithelial cells (38) (Fig. 1A).
The percentage of viable SECs, deter-
mined by toluidine blue exclusion
using an automated cell counter, was
similar in the UWS samples from
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both the healthy controls (58.26 +
22.7%) and the subjects with chronic
periodontitis (54.05 + 15.8%). This is
in contrast to the previous observa-
tions of increased numbers of epithe-
lial cells in the gingival crevicular
fluid of subjects with severe periodon-
titis (33). The discrepancy could be
largely attributed to the differences in
the biospecimen — crevicular fluid vs.
UWS. The SECs from both healthy
controls and patients with chronic
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periodontitis exhibited considerable
amounts of TLR-2 and TLR-4 pro-
teins, as determined by flow cytome-
try (Fig. IB and 1C). Quantitative
PCR suggested that the levels of
TLR2 mRNA and T7LR4 mRNA
were significantly higher in the SECs
from patients with chronic periodonti-
tis compared with those from healthy
controls (Fig. 1D and 1E).

SECs exhibit elevated response to
TLR-2 and TLR-4 ligands in chronic
periodontitis

Exfoliating oral epithelial cells have
been shown to host intracellular peri-
odontopathic bacteria, suggesting that
these cells may act as extracrevicular
reservoirs and contribute to the per-
sistence of chronic periodontitis (7,8).
Here, we investigated the response of
SECs to microbial products. When
stimulated with LPS, a TLR-4 ligand,
the epithelial cells from the UWS of
patients with chronic periodontitis
exhibited significantly increased secre-
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Fig. 1. Salivary epithelial cells (SECs) from patients with chronic periodontitis express elevated levels of toll-like receptor (TLR)-2 and
TLR-4. Epithelial cells isolated from the unstimulated whole saliva (UWS) of patients with chronic periodontitis or healthy controls were
assessed by flow cytometry for cell-surface expression of cytokeratin 13 (A), TLR-2 (B) and TLR-4 (C). Light gray line, isotype control;
dark gray line, healthy controls; black line, patients with chronic periodontitis. Total RNA extracted from the epithelial cells was reverse
transcribed and equal amounts of cDNA were used to amplify TLR-2 and TLR-4 by SYBR®Green real-time PCR. Amplification of
small proline rich protein 2a (SPRR-2a) was performed as the internal control. (D) Relative quantities of TLR2 and TLR4 mRNAs with
respect to SPRR2a mRNA were determined using the 2722 method, as described in the Material and methods. (E) Gel electrophoresis
of the PCR products SPRR-2a (112 bp), TLR-2 (148 bp) and TLR-4 (100 bp). CP, chronic periodontitis. *p < 0.05, compared with

control saliva.



tion of the proinflammatory cytokines
IFN-y and IL-12, compared with the
epithelial cells from the UWS of con-
trol subjects (Fig. 2A and 2B). No
significant difference was observed in
IL-6, IL-8, tumor necrosis factor-
alpha and IL-4 secretion by the LPS-
stimulated epithelial cells from the
UWS of either group (Fig. 2A). Stim-
ulation with PPD, a TLR-2 ligand,
mediated marginally decreased IFN-y
secretion and dramatically lower 1L-8
secretion in cultures of epithelial cells
from UWS from patients with peri-
odontitis compared with those from
healthy controls (Fig. 2C). We next
investigated the kinetics of cytokine
secretion by the SECs. Following
stimulation with LPS, IFN-y secretion
peaked at an earlier time point (4 h)
in cultures of SECs from healthy con-
trols compared with the 8-h peak in
cultures of SECs from patients with
periodontitis  (Fig. 3A). Stimulation
with PPD induced IFN-y secretion
that peaked at 24 h in cultures of
SECs from both healthy subjects and
patients with periodontitis (Fig. 3B).
The IL-8 concentration was signifi-
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cantly higher at each time point in the
supernatant of LPS-stimulated cul-
tures of SECs from healthy controls
compared with those from patients
with periodontitis (Fig. 3C). Stimulation
with PPD induced a significantly
higher burst of IL-8 secretion, as early
as 4 h after stimulation, in cultures of
epithelial cells from the UWS of
patients with periodontitis compared
with the epithelial cells from healthy
controls (Fig. 3D).

We next investigated the regulation
of TLRs by microbial products.
Quantitative real-time PCR showed
that stimulation with PPD induced a
linear up-regulation of TLR2 mRNA
in SECs from healthy controls as well
as in those from patients with peri-
odontitis, expression being signifi-
cantly higher in the latter cohort than
in the former at each time point
(Fig. 3E). Twenty-four hours after
stimulation with LPS, a dramatic up-
regulation of TLR4 mRNA was
observed in epithelial cells from the
UWS of patients with chronic
periodontitis compared with those
from healthy controls (Fig. 3F). Pre-
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Fig. 2. Salivary epithelial cells (SECs) from patients with chronic periodontitis exhibit an
enhanced response to lipopolysaccharide (LPS) and protein peptide derivative (PPD):
1 x 10° SECs isolated from patients with chronic periodontitis or from healthy controls
were cultured in the presence of (A,B) Escherichia coli LPS (1 mg/mL) or (C) PPD
(20 units/mL). Supernatant was collected at 24 h and the concentrations of interleukin
(IL)-6, IL-8, tumor necrosis factor-alpha (TNF-a), IL-4, interferon-gamma (IFN-y) and
IL-12 were assessed by ELISA. CP, chronic periodontitis.*p < 0.05, compared with

unstimulated cells.
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viously, stimulation of immortalized
oral keratinocytes with microbial
products has been shown to modulate
the expression of antibacterial factors,
such as PGRPs, via TLR-2/TLR-4-
mediated signaling (33,39). We observed
that expression of PGRP-3 and PGRP-
4 is significantly decreased in the
epithelial cells derived from the UWS
of patients with chronic periodontitis
compared with the epithelial cells
from control subjects (Fig. 4A and
4B).

Discussion

Cell exfoliation is a characteristic fea-
ture of epithelia covering the external
surface and the internal cavities of the
body. In physiological conditions,
exfoliation is closely associated with
the homeostatic control of the cell pop-
ulation and tissue size (40). Impaired
physiological —apoptosis, microbial
invasion, disturbances in the intercellu-
lar adhesion systems and/or distur-
bances in the epithelial-mesenchymal
interactions potentially contribute to
increased exfoliation of epithelial cells
(40-42). While the potential clinical
benefits of cytologic and cytometric
analyses of the exfoliated epithelial
cells in the diagnosis of many patho-
logical conditions, including oral can-
cer, precancer, type Il diabetes and
burning mouth syndrome (39,43,44),
are well established, the clinical appli-
cations of epithelial cells obtained from
body fluids are relatively unexplored
(45,46). The origin (kidney, ureter and
urinary tract mucosa) and the func-
tional efficacy of epithelial cells isolated
from urine have been recently docu-
mented (47,48). Primary cultures of
epithelial cells from the urine of dia-
betic subjects exhibited increased
expression and activity of the renal glu-
cose transporter (45,48). Similarly, epi-
thelial cells isolated from stools retain
markers of anatomic location (proxi-
mal colon vs. distal colon), can be
maintained in cultures and serve as
potential research tools for biomarker
investigations (49,50). Multiple mam-
mary cell lines have been established
from epithelial cells derived from
breast milk (51). Here we report the
functional efficacy of epithelial cells
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Fig. 3. Comparative analysis of the response of salivary epithelial cells (SECs) from patients
with chronic periodontitis to toll-like receptor (TLR)-2 and TLR-4 ligands: 1 x 10> SECs
from patients with chronic periodontitis or from healthy controls were cultured in the pres-
ence of (A, C, E) Escherichia coli lipopolysaccharide (LPS) (1 mg/mL) or (B, C, D) protein
peptide derivative (PPD; 20 units/mL). Supernatant collected at the indicated time points was
assessed for (A.B) interferon-gamma (IFN-y) and (C,D) interleukin-8 (IL-8). Total RNA
extracted from the epithelial cells at the end of 24 h was reverse transcribed and equal
amounts of cDNA were used to amplify TLR-2 and TLR-4 by SYBR®Green real-time PCR.
Amplification of small proline rich protein 2a (SPRR-2a) was performed as the internal con-
trol. The relative quantities of (E) TLR2 and (F) TLR4 mRNAs, with respect to SPRR2a,
were determined using the 2722¢ method, as described in the Material and methods. CP,
chronic periodontitis. *p < 0.05, compared with unstimulated cells.

derived from human saliva in respond-
ing to antigenic stimulation and
explore their applications in chronic
periodontitis.

The epithelial cells in saliva are
derived from different regions of the
oral mucosa. The oral epithelium
exhibits considerable variation in the
degree of differentiation in different
regions of the oral cavity. While the
lining mucosa that covers approxi-
mately 60% of the oral cavity (area
of buccal mucosa > labial mucosa >
ventral tongue) is nonkeratinized, the
masticatory that

mucosa covers

approximately 25% of the oral cavity
(e.g. gingiva) is predominantly parak-
eratinized and the specialized mucosa
that covers approximately 15% of the
oral cavity (e.g. dorsum of the ton-
gue) is orthokeratinized (52,53). The
sulcular epithelium at the junction of
the gingiva and the tooth is also non-
keratinized (5). In general, the non-
keratinized epithelium exhibits a
higher rate of proliferation and a fas-
ter turnover than the keratinized epi-
thelium (54). Thus, based on the area
of distribution and the turnover time
of the epithelium in different regions,

it is highly likely that a greater pro-
portion of the epithelial cells in saliva
are derived from the nonkeratinized
mucosal epithelium. Following exfoli-
ation, while some epithelial cells
undergo detachment-induced apopto-
sis (anoikis), others maintain their
structural integrity and viability for
extended periods of time, ranging
from minutes to hours (40). A signifi-
cant proportion of primary oral epi-
thelial cells isolated from tissue
explants have been shown to be resis-
tant to anoikis (55).

A strong association of periodo-
ntal pathogens with exfoliating oral
mucosal epithelial cells has been sub-
stantiated using different techniques,
including DNA hybridization
(12,56), culture-based study (57),
advanced imaging techniques (such
as fluorescence in-situ hybridization)
and confocal microscopy with spe-
cies-specific probes (7). Indeed, based
on the propensity to culture A. ac-
tinomycetemcomitans, it has been
suggested that oral mucosal epithelial
cells exhibit a high diagnostic value
to identify young adults colonized
with this bacterium (57). Further-
more, it has been reported that the
presence of Prevotella intermedia, A.
actinomycetemcomitans, P. gingivalis,
Tannerella forsythia and Treponema
denticola in mucosal epithelial cells is
not affected by treatment for chronic
periodontitis, suggesting that recol-
onization may occur from the oral
mucosa and contribute to recurrent
or refractory disease (11,12). Thus,
despite the turnover of the nonkera-
tinized oral mucosa, periodontal
pathogens seem to persist in the epi-
thelial cells of patients with chronic
periodontitis. It is speculated that the
cellular invasion with pathogens
(7,58,59) and/or the ability to bind,
release and transfer from one surface
(mucosa) to another (tooth), as
shown for
A. actinomycetemcomitans (60), could
contribute to the persistence of peri-
odontopathic bacteria in oral epithe-
lial cells.

The ability of oral epithelial cells to
respond to microbial stimulation is
well documented (12,56,58). Previ-
ously, epithelial cells from buccal
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Fig. 4. Salivary epithelial cells (SECs) express decreased levels of peptidoglycan recognition
protein (PGRP)-3 and PGRP-4 in chronic periodontitis. Epithelial cells were isolated from
the unstimulated whole saliva (UWS) of patients with chronic periodontitis or healthy con-
trols and assessed for PGRP-3 and PGRP-4 by real time-PCR. (A) Relative quantities of
PGRP3 and PGRP4 mRNAs, with respect to small proline rich protein 2a (SPRR2a)
mRNA, were determined using the 222 method, as described in the Material and meth-
ods. CP, chronic periodontitis. (B) Gel electrophoresis of the PCR products SPRR-2a
(112 bp), PGRP-3 (106 bp) and PGRP-4 (78 bp). *p < 0.05, compared with cells from
control saliva. The first four lanes are representative samples of SECs from healthy con-
trols and lanes 5-8 represent SEC from patients with chronic periodontitis.

mucosal swabs of pediatric patients
with Crohn’s disease were shown to
secrete elevated amounts of chemo-
kines upon stimulation with LPS (61).
More pertinent to our study, epithe-
lial cells derived from saliva have
been shown to secrete cytokines in
response to Candida albicans (62). We
observed that stimulation with TLR-
2- or TLR-4-specific ligands induced
differential responses in epithelial cells
derived from healthy controls com-
pared with those from saliva of
patients with chronic periodontitis.
While LPS stimulation significantly
suppressed secretion of IL-8, stimula-
tion with PPD induced an early
increase of IL-8 secretion in cultures
of SECs from patients with periodon-
titis. While LPS stimulation of SECs
from patients with periodontitis medi-
ated significant IFN-y secretion at 8 h
poststimulation, PPD stimulation of
cultures of SECs from healthy sub-
jects or from patients with periodonti-
tis had equivocal effects. The expression
of TLR4 mRNA was significantly
lower at earlier time points and
increased dramatically at 24 h after
LPS stimulation of epithelial cells
from UWS of patients with periodon-
titis. The expression of TLR2 mRNA
was consistently higher in SECs from
patients with chronic periodontitis. In
contrast, although the SECs from

healthy controls exhibited significantly
lower levels of TLR4 mRNA com-
pared with SECs from patients with
chronic periodontitis, stimulation with
LPS up-regulated TLR4 mRNA.
Recently, the salivary concentrations
of certain periodontal pathogens,
namely P. gingivalis, P. intermedia
and T. forsythia, have been shown to
be higher in patients with periodonti-
tis (63). Furthermore, the saliva of
patients with periodontitis has been
shown to contain increased amounts
of TLR-2 and TLR-4 ligands or stim-
ulants (64).

PGRPs are a class of innate
immune-associated proteins that influ-
ence  host-pathogen  interactions
through antibacterial, anti-inflamma-
tory and peptidoglycan hydrolytic
properties (65). High expression of
PGRP-3 and of PGRP-4 has been
observed in mature epithelial cells of
the tongue and in the mucous cells of
the submandibular salivary gland,
respectively (66). Previously, Uhera
et al. (25) showed that TLR-2- and
TLR-4-mediated signaling modulated
PGRP-3 and PGRP-4 expression in
oral squamous cell carcinoma-derived
epithelial cell lines. Our data showed
that SECs from subjects with peri-
odontitis exhibited significantly lower
levels of expression of PGPR-3 and
PGRP-4. In this context it is interest-
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ing to note that deficiency of PGRP-3
or PGRP-4 increases susceptibility to
bacterial infections, whereas the pres-
ence of PGRP-3 or PGRP-4 protects
against inflammation (67).

The reported association of period-
ontopathic bacteria with oral mucosal
epithelial cells, and the differences in
SEC phenotype between patients with
periodontitis and healthy individuals,
suggest that SECs could be valuable
in investigating the pathogenesis of
periodontitis. Taking together the ele-
vated presence of TLR-2 and TLR-4
stimulants in the saliva (64) and our
observations of differential responses
of the SECs from patients with
chronic periodontitis to TLR ligands,
it is postulated that the TLR-2- and
TLR-4-mediated signaling of SECs
may contribute functionally to the
persistence of periodontitis. However,
it is cautioned that extraneous agents,
such as medications and/or superim-
posed fungal infection, could poten-
tially contribute to the modulation of
epithelial cell responses to TLR stim-
ulation in vivo.

Conclusions

Tissue destruction in periodontitis
does not follow a predictable pattern
either temporally or spatially (68,69).
Assessment of innate immunologic
parameter(s) that reflect modulation
of the host response to microbial bio-
film may provide information on the
extent of the host response (19,70).
Consistent with this, our data suggest
that the TLR-2- and TLR-4-mediated
signaling of epithelial cells derived
from the saliva of patients with
chronic periodontitis could provide an
indication of the host-microbe inter-
action reflecting immune activity and
hence that of the disease status in
chronic periodontitis. Future studies
that correlate the soluble and mem-
brane-associated TLRs in saliva with
concomitant microbial assessment will
help to determine the mechanistic
association with the pathogenic spec-
trum of periodontitis. Accumulating
evidence implicating multiple innate
immune-associated markers (including
TLRs, nucleotide-binding oligomeri-
zation domains and PGPRs) in peri-
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odontitis suggests that complementary

or

suppressive networks amongst

these receptors may determine the dis-
ease outcome.
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