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Soluble forms of Toll-like receptor 4 are present in human saliva
and modulate tumour necrosis factor-o. secretion by
macrophage-like cells
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Summary

In health, mucosal inflammation is prevented by tightly regulated responses
via Toll-like receptors (TLR) that interact with specific microbe associated
molecular patterns. Currently, 13 TLRs have been identified. Based on the

"Departments of Periodontology, School of
specificity of ligand recognition, TLR-2 and TLR-4 can recognize most oral
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commensal microorganisms. Recent identification of some soluble TLRs

(sTLRs) suggests additional regulatory roles for these receptors. We report
here the presence of sTLR-4 polypeptides in adult human saliva. Functionally,
the salivary sTLR-4 suppressed cytokine secretion by activated macrophages.
The sTLR-4 levels were elevated significantly in oral lichen planus (OLP), a
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chronic inflammatory condition of the oral mucosa characterized by clinical
persistence. In contrast, the epithelial cells in the saliva of OLP subjects
expressed significantly reduced TLR-2 and TLR-4 mRNA that correlated with
fewer bacteria/salivary epithelial cells. Investigating the soluble and cellular
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components of saliva is useful in identifying potential biomarkers for oral
mucosal lesions.
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Introduction

Lichen planus is a chronic inflammatory condition that
affects the skin, oral and genital mucous membranes [1].
Oral lichen planus (OLP) occurs as the primary manifesta-
tion in 15-35% of patients [2]. The mucosal lesions are
extremely uncomfortable, painful and persistent [3]. Patho-
logically, OLP is characterized by active epithelium and
subepithelial accumulation of lymphocytes. A putative
epithelium-specific autoantigen or signals from activated
epithelial cells could initiate the inflammatory process [4-6].

In general, epithelial cells may be activated by chemical/
microbial stimuli via Toll-like receptors (TLRs). TLRs re-
cognize conserved pathogen-associated molecular patterns
(PAMPs) shared by a large group of microorganisms [7].
Currently, 13 mammalian TLRs and many of their ligands
are known. TLR-2 and TLR-4 recognize the peptidoglycan
and the lipopolysaccharide (LPS) of Gram® and Gram™ bac-
teria respectively [8,9]. TLR-2 also acts as a receptor for the
LPS of Porphyromonas gingivalis, a common Gram~ oral
pathogen [10]. Both TLR-2 and TLR-4 recognize PAMPs
presented by Candida, a common fungal pathogen [11].
Thus, collectively, TLR-2 and TLR-4 can interact with most
oral commensal and pathogen. CD14 is a co-receptor that
facilitates PAMP recognition by both TLR-2 and TLR-4 [12].
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In addition to PAMPs, TLRs also bind endogenous mol-
ecules such as the heat shock proteins (HSP) [13]. HSP are
stress-related molecules that play an important role in
immune and inflammatory reactions. The epithelial cells in
OLP express elevated levels of HSP-60 and HSP-70 [14].
HSP-60 is a ligand for TLR-2 [15].

Stimulation of epithelial TLRs by pathogen or endo-
genous ligands mediates chemokine secretion, upregulates
intercellular adhesion molecule-1 expression and promotes
lymphocyte recruitment leading to cytokine secretion
[5,6]. It has been observed that while proinflammatory
cytokines [interleukin (IL)-1B/interferon (IFN)-y/tumour
necrosis factor (TNF)-a] promote TLR-4 expression, anti-
inflammatory (IL-4, IL-13) cytokines down-regulate TLR-4
significantly in epithelial cells [16,17]. Although most TLRs
are transmembrane receptors, recently soluble forms of
some TLRs (sTLR) have been identified in various body
fluids and cellular secretions [18-21]. It has been suggested
that the sTLRs may protect the host by sequestrating PAMPs
[7,22].

Because OLP occurs in constantly renewing epithelia
continuously exposed to commensal microorganisms, we
hypothesized that altered microbiota—epithelial interac-
tions may play a critical role in the persistence and/or
re-occurrence of the mucosal lesions. In recent years,
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considerable focus has been directed towards identifying
molecular markers in saliva for monitoring disease progres-
sion [23]. In addition to the soluble components, saliva is a
rich source of oral epithelial cells [24]. In this study we
investigated the presence and diagnostic potential of salivary
TLR-2 and TLR-4 in OLP.

Material and methods

Study population

The study group consisted of 30 subjects reporting to the
Indiana University School of Dentistry (IUSD) presenting
characteristic clinical lesions of OLP [4], and 40 age- and
sex-matched control subjects with no known medical illness
or clinically identifiable oral lesions. Informed consent was
obtained from all subjects in accordance with the Indiana
University’s Institutional Review Board (IRB).

Collection and processing of saliva

Unstimulated whole saliva (UWS) was collected into a
chilled centrifuge tube [20]. Each sample was divided into
two parts. One part was clarified by centrifuging at 4000 g at
4°C for 10 min and stored in Complete™ Protease Inhibitor
Cocktail (Roche, Mannheim, Germany) at —80°C. Epithelial
cells were isolated from the second part of UWS [25]. The
samples diluted 1:10 in isotonic diluent (Hematronix, Inc.,
Benicia, CA, USA) and two drops of Zap-o-Globin lytic
reagent (Beckman Coulter, Fullerton, CA, USA) were centri-
fuged at 220-300 g for 10 min. The cell pellet resuspended in
sterile phpsphate-buffered saline was passed over a 20 um
sterile nylon membrane (Small Parts Inc., Miami Lakes, FL,
USA). The membrane-adherent epithelial cell-enriched
population was collected and stored at —80°C.

The UWS sample preparation

The UWS samples were depleted of amylase and immuno-
globulins by incubating serially with anti-human amylase
monoclonal antibody (mAb) (1:2500, catalogue no. ab8944;
Abcam, Cambridge, MA, USA) and protein G beads (Milte-
nyi Biotec, Inc., Auburn, CA, USA) at 4°C. No significant
difference was observed in the amount of total protein in
the UWS between the two groups, as determined by spec-
trophotometry (data not shown). For detection of sTLR-4,
the precleaned UWS samples were depleted further of
sCD14 and sTLR-2 by incubating sequentially with anti-
human CD14 mAD (clone 134603; R&D Systems, Minne-
apolis, MN, USA) and anti-human TLR-2 mAb (clone:
1030A5.138; Imgenex Corp., San Diego, CA, USA) respec-
tively. For detection of sTLR-2 and sCD14, the UWS
samples were depleted similarly of sCD14 and sTLR-2/
STLR-4 using anti-human TLR-4 mAb (clone 76B357;
Imgenex Corp.). For cytokine analysis, specific BD

OptEIA™ enzyme-linked immunosorbent assay (ELISA)
kits (BD Biosciences, San Jose, CA, USA) were used.

Immunoblot for sCD14, sTLR-2 and sTLR-4

Western blot analysis of salivary protein was performed
[18,19]. Ten pg of total protein in the precleaned UWS
samples were separated on 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis and transferred to
nitrocellulose membrane. After blocking and washing the
membrane was incubated with anti-human CD14 mAb
(1:1000), anti-human TLR-2 mAb (1:500), anti-human
TLR-4 mAb (1:1000; catalogue no. AF1478; R&D Systems)
or anti-human TLR-4 mAb (1:500) overnight at 4°C.
Binding was detected wusing horseradish peroxidase
(HRP)-conjugated secondary antibodies (Jackson Immuno-
Research Laboratories, West Grove, PA, USA) and visualized
with an enhanced chemiluminescence system (Amersham
Biosciences, Little Chalfont, Buckinghamshire, UK). The
images were obtained using GelLogic systems (Eastman
Kodak Company, Rochester, NY, USA). Specificity of detec-
tion was investigated by performing competition immuno-
blot assays with 5x molar excess of protein (CD14Fc or
TLR-4Fc) or peptides (TLR-2). The salivary sTLR-4 was
eluted from a parallel gel using a protein elution kit. Recom-
binant human CD14, TLR-2 and TLR-4 fusion proteins
(R&D Systems) were used as positive controls.

Cellular assay

Human macrophage-like Thp-1 cells (gift from Dr Klemz,
Department of Microbiology and Immunology, Indiana
University School of Medicine) (1 x 10* cells/well) were cul-
tured in the presence or absence of Escherichia coli LPS
(1 pug/ml) (Sigma, St Louis, MO, USA) and either 10 ng of gel
eluted sTLR-4 or recombinant TLR-4Fc or a combination of
STLR-4/TLR-4Fc and 10 pug of recombinant sCD14 and
sMD2. Supernatants were collected at 4h and stored at
—80°C. In a separate experiment, the Thp-1 cells were pre-
stimulated with 1 pg/ml of LPS, rested for 8 h and restimu-
lated with LPS (0-1 pg/ml) in the presence of precleaned
UWS only, precleaned UWS preincubated with 10 pug of
anti-human CD14/anti-human TLR-2/anti-human TLR-4
or both anti-human CD14 and anti-human TLR-4. The two-
step stimulation up-regulated TLR-4 expression in Thp-1
cells (data not shown) facilitating their use for the in-vitro
functional studies [21]. Unmanipulated and LPS (0-1 pg/ml)
only treated cultures were included as controls. Supernatants
collected at 2 h were stored at —80°C.

The ELISA for sCD14, sTLR-2 and sTLR-4

One pg of protein from each precleaned UWS sample was
assessed for the presence of sCD14/sTLR-2/sTLR-4 by
ELISA. For sCD14 a sandwich ELISA kit was used [20,22].
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The sTLR-2 and sTLR-4 were detected using anti-human
TLR-2 mAb and anti-human TLR-4 mAb (R&D Systems)
respectively. Bound antibodies were detected using HRP-
conjugated anti-mouse immunoglobulin (Ig)G followed by
TMB (3,3’,5,5 -tetramethylbenzidine) substrate (Pharmin-
gen, San Diego, CA, USA). Purified recombinant human
CD14Fc, TLR-2Fc and TLR-4Fc (R&D Systems) were used to
develop a standard curve. Absorbance at 450 nm was read in
a microplate reader (model 680; Biorad Laboratories, Her-
cules, CA, USA). The amount of TNF-at in the culture super-
natants was measured using the BD OptEIA™ ELISA kit.

Determination of bacterial count/salivary epithelial cell

A monolayer of salivary epithelial cells smeared on a histo-
logical slide was stained by the basic Gram method [26].
The slides were visualized under a light microscope
(Microphot-Fxa; Nikon, Instruments Inc, Melville, NY,
USA). The images captured with a three-colour charge-
coupled device (red—green—blue, DXM1200; Nikon) were
analysed using the National Institutes of Health image
version 1-62 (http://rsbweb.nih.gov/ij/). The red, blue and
purple stains were separated by colour deconvolution and
the intensities of purple stain were used to determine the
characteristics of bacterial staining [27]. The histograms of
15 epithelial cells in each UWS sample were used to calcu-
late the average staining intensity/epithelial cell, referred to
as the Gram staining intensity (GSI) [28]. The GSI repre-
sents an objective measurement of bacterial count/epithelial
cell in each UWS sample.

Multiplex polymerase chain reaction for bacterial
analysis of salivary epithelial cells

Polymerase chain reaction (PCR) identification of bacteria
in oral epithelial cells was performed as described previously
[29]. Briefly, DNA from epithelial cells was extracted using
DNA extraction kits (Oragene™; DNA Genotek, Inc.,
Ottawa, Ontario, Canada). 16S rRNA was amplified from
equal amounts of DNA with conserved (universal) 16S
rRNA gene-specific primers (forward primer 5-AGAGTT
TGATCMTGGCTCAG-3" and reverse primer 5-TACGGY
TACCTTGTTACGACTT-3’) in a PTC-100 programmable
Thermocycler (M] Research Inc., Watertown, MA, USA).
The amplified products were processed for multiplex PCR, as
described previously, using the previously published primer
sets Bacteroides forsythus (Bf), Actinobacillus actinomycetem-
comitans (Aa), Porphyromonas gingivalis (Pg) and conserved
reverse primer C11R. Streptococcus mutans was amplified in
a separate PCR reaction [30]. The PCR products were visu-
alized by gel electrophoresis and the images acquired using
GelLogic systems. The molecular sizes of the amplicons were
determined by comparison with a commercial DNA molecu-
lar size marker (1 Kb DNA ladder; Invitrogen, Carlsbad, CA,
USA).

TLR-2, TLR-4, oral epithelium, saliva and oral lichen planus

Semiquantitative measurement of reverse
transcription—-PCR for CD14, TLR-2 and TLR-4 mRNA

Because the cohortincluded in this study consisted of patients
with a clinical diagnosis of OLP, we obtained 15 tissues each
with histological diagnosis of OLP or fibroma from the [USD
repository following IRB approval. The epithelial cells were
dissected selectively using a PixCell II Laser capture micro-
dissection system (Arcturus Engineering, Mountain View,
CA,USA) [31]. Total cellular RNA was isolated using a Qiagen
RNA isolation kit (Invitrogen) and reverse-transcribed using
an iScript cDNA synthesis kit (Biorad, Austin, TX, USA). An
equal amount of cDNA was used to amplify CD14, TLR-2 and
TLR-4 using Platinum PCR Supermix (Invitrogen). Primers
were designed using Primer Express software as follows:
CD14 forward: 5° CGTGCGCGACAGGGCGTTCT-3,
reverse: 5’ TAAAGGTGGGCAGGTT-3"; TLR-2 forward: 5
ACCTGTGTGACTCTCCATCC-3’, reverse: 5 GCAGCATC
ATTGTTCTCTC-3; TLR-4 forward: 5TTCCTCTCCTGC
GTGAGAC-3’, reverse: 5 TTCATAGGGTTCAGGGACAG-3’
and small proline-rich protein 2a (SPRR2a) forward: 5’AGT
GCCAGCAGAAATATCCTCC-3’, reverse: 5’GAACGAGGT
GAGCCAAATATC C-3".The CD14, TLR-2 and TLR-4 mRNA
in Thp-1 cells were amplified as positive controls. The PCR
products were visualized and images acquired as before.
The intensity of the amplified bands, determined using
Kodak 1D image analysis software (Eastman Kodak
Company, Rochester, MN, USA), were normalized with the
corresponding SPRR2a signal [20].

Statistical analysis

The differences in the analysed soluble proteins in UWS of
normal and OLP subjects were determined by one-way
ANova and Tukey’s post hoc analysis. Student’s t-test was
used to determine the differences in the mRNA levels of
CD14, TLR-2 and TLR-4 and GSI/epithelial cells between the
groups. P values less than 0-05 were considered significant.

Results

Clinical features

The average age for OLP and healthy subjects was
61-7 = 0-56 years and 57-4 = 0-9 years respectively. OLP was
common in women, with a female : male ratio of 3-4:1. Clini-
cally, OLP patients presented papular, erosive or ulcerative
mucosal lesions with characteristic Wickham’s striae [3].
UWS was collected from all individuals and evaluated as
follows.

The sTLR-4 polypeptides are found in adult
human saliva

We first investigated the UWS for the presence of sTLR-4 by
immunoblot analyses. The detection limit for TLR-4Fc was
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Fig. 1. Detection of soluble Toll-like receptor (sTLR)-4 in human
saliva: (a) decreasing concentration of recombinant TLR-4Fc was
subjected to immunoblot analysis with goat anti-human TLR-4
polyclonal antibody. (b) Precleaned unstimulated whole saliva (UWS)
samples (lanes 3—5) from normal individuals containing 10 pg of
proteins were probed with the anti-human TLR-4 polyclonal
antibody. Up to four sTLR-4 peptides were detected. Lanes 1 and 2
represent molecular weight (MW) and recombinant TLR-4-Fc
respectively. (c¢) The specificity of the detection was confirmed by
performing protein (TLR-4Fc) competition by immunoblotting.

0-25ug with anti-human TLR-4 polyclonal antibody
(Fig. 1a) and 1 pg with anti-human TLR-4 mAb (data not
shown). Analysis of precleaned normal UWS samples using
anti-human TLR-4 mAb showed four sTLR-4 polypeptides
of 90, 78, 54 and 44 kDa (Fig. 1b; data not shown). The
intensity of each band varied among donors. Preincubation
of anti-human TLR-4 mAb with TLR-4Fc abrogated or
reduced substantially the detection of most polypeptides
(Fig. 1c). Only a weak signal of the 54 kDa peptide was
detected, suggesting that part of this signal may be non-
specific or may represent cross-reaction of anti-TLR-4 mAb
with other polypeptide(s), such as the sCD14, migrating to
the same position.

The sTLR-4 in saliva is functional

Next we investigated the functional potential of the sTLR-4
in saliva. Stimulation of human macrophages with LPS has
been shown to mediate TNF-o secretion [21]. We observed
that the presence of either recombinant human TLR-4Fc or
salivary sTLR-4 isolated by gel electrophoresis suppressed
TNEF-a secretion by LPS-stimulated Thp-1 cells (data not
shown). This inhibition was overcome when cultures were
added to recombinant human CD14-Fc and MD-2Fc. Pre-
viously, the CD14 and MD2 fusion proteins have been
shown to bind TLR-4Fc with high avidity [32]. Hence, it is
likely that the CD14-Fc and MD2Fc sequestered the sTLR-4
in UWS, allowing for unhindered cellular stimulation by
LPS. Collectively, these observations support a functional
potential for the 90kDa sTLR-4 peptide isolated from
saliva.

In order to determine the inhibitory potential of sTLR-4
polypeptides in the UWS, we stimulated Thp-1 cells with
LPS in the presence of UWS depleted of sCD14/sTLR-4/
STLR-2/sCD14 and sTLR-4. Thp-1 cells stimulated with
LPS in the presence of UWS preincubated with increasing
concentrations (0-10 pug/ml) of anti-human TLR-4 mAb
exhibited dose-dependent suppression of TNF-a secretion.
A significant suppression of TNF-ou secretion was also
observed in the Thp-1 cell cultures stimulated with LPS
in the presence of UWS-preincubated with anti-human
CD14 mAb at 2-5 ug/ml (data not shown). It is speculated
the sCD14 concentration in the UWS is the limiting
factor. Significantly pronounced dose-dependent suppres-
sion of TNF-a secretion was observed in the Thp-1 cell
cultures stimulated with LPS in the presence of UWS
preincubated with increasing concentrations of both
anti-human CD14 and anti-human TLR-4 antibody. The
responsiveness of the Thp-1 cells to LPS was not inhibited
in the presence of UWS preincubated with anti-human
TLR-2 antibody. Taken together, these results suggest that
sCD14 and sTLR-4 in the UWS either bind LPS and
sequester PAMP or block LPS delivery to cell surface
TLR-4.

»
»

Fig. 2. Soluble Toll-like receptor (sTLR)-2 and sTLR-4 are increased in the unstimulated whole saliva (UWS) of oral lichen planus (OLP) patients:
sCD14, sTLR-2 and sTLR-4 were investigated by immunoblot (a, b and ¢ respectively) and measured by enzyme-linked immunosorbent assay
(ELISA) (d). The sCD14 was detected as a 55 kDa protein (lane 10). Lanes 1-3 and 4-7 represent UWS samples from control and oral lichen planus
(OLP) subjects respectively. (b) sTLR-2 polypeptides present in precleaned UWS (10 ug total protein) by Western blotting. The specificity of the
detection was confirmed by performing peptide competition by immunoblotting. The anti-TLR-2 monoclonal antibody (mAb) was preincubated
(+) (lanes 1a, 2a) or not (—) (lanes 3a, 4a) with excess of the peptide/TLR-2Fc. Lanes 1-4 and 5-8 represent UWS samples from control and OLP

subjects respectively. (Sup) Culture supernatants of human peripharal blood mononuclear cell (PBMC) cultures stimulated with concanavalin A

(ConA) (lane 11) or recombinant human TLR-4Fc (lane 12) were loaded as controls. (c) Precleaned UWS samples containing 10 g of proteins

were subjected to immunoblot analysis with anti-human TLR-4 mAb. Recombinant human TLR-4Fc was included as control (lane 14). Lanes 1-7
and 8-13 represent UWS samples from OLP and control subjects respectively. MW, molecular weight. (d) The amount of sCD14, sTLR-2 and
sTLR-4/pg of total proteins in the precleaned UWS of normal and OLP patients were determined by ELISA. (e) Quantitative estimation of the
cytokines interleukin (IL-8), IL-12 and interferon-y/pig of total proteins in the precleaned UWS of normal and OLP patients as determined by

ELISA. = P < 0-05 and represents statistical significance compared with control saliva.
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The sTLR-2 and sTLR-4 are elevated in the UWS of
OLP patients

Previously, we and others have reported the presence of
sCD14 in the UWS [20,22]. Here we observed equivalent
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amounts of sCD14 in the UWS of both normal and OLP
patients (Fig. 2a and d). Immunoblot analysis showed four
sTLR-2 polypeptides of 54, 40, 34 and 30 kDa in precleaned
normal UWS (Fig. 2b, lanes 1-4). Preincubation of anti-
TLR-2 polyclonal antibody with blocking peptides abrogated
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Fig. 3. CD14, Toll-like receptor (sTLR)-2 and TLR-4 are expressed in
epithelial cells in unstimulated whole saliva (UWS). (a) Epithelial cells
from unstimulated whole saliva (UWS) of patients with oral lichen
planus (OLP) (lanes 6-10) or control subjects (lanes 1-5) were
assessed for the expression of CD14 [758 base pairs (bp)], TLR-2

(498 bp), TLR-4 (398 bp) mRNA and small proline-rich protein 2a
(SPRR2a) (110 bp) mRNA by reverse transcription—polymerase chain
reaction using specific primers. (b) Semiquantitative measurement of
CD14, TLR-2 and TLR-4 mRNA normalized to the SPRR2a levels.

*P < 0-05.

the 54, 40 and 30 kDa polypeptides (Fig. 2b, lanes la—2a).
Interestingly, the 34 kDa and 40 kDa sTLR-2 peptides was
absent in the UWS of OLP patients (Fig. 2b, lanes 5-8). Four
polypeptides sTLR-4 of 90, 78, 54 and 44 kDa were detected
in precleaned normal adult UWS (Fig. 2¢, lanes 8-13). Only
the higher molecular weight TLR-4 polypeptide (90 kDa
and78 kDa) was detected in the UWS of OLP patients
(Fig. 3, lanes 1-7). Quantitatively, the sSTLR-2 and sTLR-4
levels were elevated significantly in the UWS of OLP patients
compared with those of control subjects (Fig. 2d).
Consistent with previous reports, we observed signifi-
cantly higher levels of IL-8, IL-12-p40 and IFN-y in the UWS

of patients with OLP compared with control subjects
(Fig. 2e) [33].

Exfoliated epithelial cells in saliva and tissue
epithelium express reduced TLR-2 mRNA in OLP

The cellular components of saliva include leucocytes and
functional epithelial cells [25]. We determined the amount of
mRNA of CD14, TLR-2 and TLR-4 in salivary epithelial cells
by reverse transcription (RT)-PCR. The amount of each
mRNA was normalized to that of SPRR2a, an epithelial
differentiation-specific gene (Fig. 3) [34]. Previously, bacte-
rial infection has been associated with elevated SPRR2a
mRNA in the intestinal mucosa in mice [35]. However, we did
not observe significant difference in the SPRR2a mRNA
expression in oral epithelial cells derived from the UWS of
control individuals (475 * 2196 arbitrary units) and OLP
patients (485 = 197 arbitrary units). The discrepancy may be
attributed to the variations in the degree of differentiation
between the oral and the intestinal epithelial cells [36]. Alter-
natively, differences in the inherent properties of the kerati-
nocytes in different species and/or at different sites may
contribute to the variation [37]. The level of TLR-2 mRNA in
oral epithelial cells was significantly lower in patients with
OLP compared with those of controls (Fig. 3a and b). The
TLR-4 mRNA was also decreased in the salivary epithelial cells
of OLP patients, although the reduction was less pronounced
than that of TLR-2 mRNA. The amount of CD14 mRNA did
not differ significantly between the groups (Fig. 3b).

Microscopically, OLP tissues exhibited epithelial atrophy,
basement membrane zone degeneration and presence of a
dense band of subepithelial inflammatory cell infiltration
(data not shown). RT-PCR analysis showed reduced TLR-2
mRNA expression significantly in the epithelium of OLP
tissues compared with that of normal mucosa. The CD14
and TLR-4 mRNA expressions did not vary between the
groups (Fig. 4a and b).

The GSI/oral epithelial cell is decreased in OLP

Shedding oral epithelial cells have been shown to act as
reservoirs for commensal oral bacteria [38]. In order to
investigate the relationship between TLR expression and
microbial association/colonization, a portion of the epithe-
lial cells from each UWS sample was stained by the Gram
method [26]. Very few, if any, Gram™ bacteria were identified
in the epithelial cells. Image analysis of stained individual
epithelial cells after colour deconvolution suggested fewer
bacteria in the salivary epithelial cells of OLP patients com-
pared with those of controls. The density of bacteria associ-
ated with the epithelial cells measured in terms of GSI/
epithelial cells was significantly lower in the OLP cohort than
that of control subjects (data not shown).

Amplification of common oral commensals was per-
formed to confirm the bacterial presence in salivary epithe-

290 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 156: 285-293



OLP epithelium Control epithelium
1 2 3 4 5 6 7 8 9 10

SPRR2a

CD14

TLR-2

TLR-4

(b)
20
18
16 | O Control
14
12 |

iu Han

CD14 TLR-2 TLR-4

HOLP

mRNA (arbitrary units)

—_
O NP~ ®O®O
T

Fig. 4. Pure populations of epithelial cells were obtained from
histologically normal buccal mucosa (lanes 6-10) or tissues that
exhibit features of oral lichen planus (OLP) (lanes 1-5) by laser
capture microdissection. (a) Expression of CD14 mRNA [758 base
pairs (bp)], Toll-like receptor (TLR)-2 mRNA (498 bp) and TLR-4
mRNA (398 bp). The first lane (indicated) in the top three panels
represent respective mRNA expression in Thp-1 cells. Expression of
SPRR2a (110 bp) abundant in oral epithelium was amplified as
control. (b) Quantitation of the band intensity was performed by
densitometry. Data are presented as average intensity * standard
error. *P = 0-05.

lial cells. Multiplex PCR analyses suggested the presence of
both Gram™ (B. forsythus and P. gingivalis) and Gram* bac-
teria (S. mutans and A. actimomycetemcomitans) in these
cells. Although the PCR method does not distinguish
between intracellular and cell surface bacteria, it corrobo-
rates their association with the epithelial cells (data not
shown). Others have used a similar strategy for determining
the bacterial loads in oral epithelial cells by incorporating
fluorescent reporter molecules into the PCR products [38].

Discussion

The presence of juxta-epithelial band of lymphocytes is a
pathognomonic feature of OLP. Chemokines secreted by
activated epithelial cells facilitate recruitment of lympho-
cytes to the mucosa [5,6]. Oral epithelial cells are activated
by exogenous/endogenous stimuli via TLRs [9]. Based on the
specificity of ligand recognition, TLR-2, TLR-4 and CD14

TLR-2, TLR-4, oral epithelium, saliva and oral lichen planus

constitute a set of receptors that can recognize most oral
microorganisms [9,10,39]. We report here the presence of
sTLR-4 in the UWS and discuss salivary TLRs as potential
biomarkers for OLP.

We detected four sTLR-4 polypeptides in the normal
UWS. The extracellular domain (ECD) of human TLR-4 has
been estimated to be ~70 kDa, that increases to ~95 kDa with
glycosylation [21,40]. Hence, it is speculated that the 90 kDa
sTLR-4 polypeptide in the UWS may correspond to the full
ECD and the other sTLR-4 polypeptides may represent its
splice variants. An alternative-spliced TLR-4 mRNA encod-
ing a 20 kDa soluble form of TLR-4 has been reported in
mice [41]. Alternatively, the lower molecular weight sTLR-4
polypeptides may originate from proteolytic processing
of TLR-4. Previously, the sTLR-2 polypeptides in human
plasma, breast milk and saliva have been suggested to repre-
sent processed fragments of the TLR-2 protein [18,19].

As we analysed whole saliva for its presence, the source of
sTLR-4 in the UWS can be only speculated. Possible sources
include secretions of salivary glands, mucosal epithelial
cells and salivary leucocytes. Interestingly, the endocervical
glands in the female genital mucosa have been suggested to
secrete a granular form of sTLR-4 in the human cervix
[42,43]. sTLRs are thought to function as decoy receptors to
sequestrate circulating PAMPs [7,22]. Recombinant TLRs
attenuate TLR-mediated cellular activation [19,41,44]. Here
we showed that the response of human macrophage-like
cells to LPS is abrogated in the presence of the 90 kDa
sTLR-4 polypeptide/UWS. Depletion of salivary sCD14 and
sTLR-4, the PRRs that recognize bacterial LPS abrogated this
suppression.

Polymorphisms in TLR-2 and TLR-4 are associated vari-
ably with chronic mucosal inflammatory conditions such as
asthma, atopy and colitis [45,46]. The observed absence of
select TLR-2 and TLR-4 polypeptides in the UWS of OLP
patients may be suggestive of associated TLR-2 and/or TLR-4
gene polymorphism. Clearly, careful and extensive studies
are needed to investigate the possible correlation. Quantita-
tive estimation showed significantly higher sTLR-4 in the
UWS of patients with OLP. Interestingly, the inflammatory
cytokines TNF-a and IFN-y have been shown to up-regulate
TLR-4 expression in human monocytes [47]. Pathologically,
OLP tissues exhibit subepithelial accumulation of mono-
nuclear cells and increased proinflammatory cytokines [48].
It is tempting to speculate that the oral epithelial cells in this
local milieu may exhibit up-regulation of TLR-4 and either
active secretion or proteolytic cleavage may account for the
elevated sSTLR-4 in the UWS of OLP patients. It has been
suggested that the intestinal epithelial cells secrete sCD14
and modulate mucosal immune responses in colitis [49].

The oral epithelium exhibits a higher turnover rate in OLP
[6,50]. This may precipitate exposure to hitherto unexposed/
less-exposed microflora mediating altered TLR expressions
and further epithelial activation. Analysis of salivary epithe-
lial cells provides a non-invasive method of identifying
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biomarkers for mucosal lesions [23,25]. Molecular analysis
showed dramatic reduction in the TLR-2 mRNA expression
that correlated with the reduced GSI in oral epithelial cells
from the UWS of OLP patients. The higher TLR-2 mRNA
expression in oral epithelial cells of control individuals may
be attributed to the continuous exposure to the predomi-
nantly Gram® microflora in the healthy oral cavity [51].
Potential proliferation of Candida species, hepatitis C virus
infection or a relative increase in the ratio of Gram™ to Gram*
population in the local flora may alter the epithelial TLR
homeostasis in OLP [4,6,52,53]. The reduced TLR-2 mRNA
may represent one of the modulations.

Although the biopsy tissues evaluated for epithelial
expressions of TLR-2 and TLR-4 were not from the same
cohort as the UWS samples, it is interesting to observe that
the TLR-2 mRNA was reduced significantly in the epithe-
lium of the inflamed mucosa in OLP. Reduced TLR-2 expres-
sion in the epithelium in conditions of inflammation has
been reported in chronic allergic rhinitis and acute anterior
uveitis [54,55].

In conclusion, elevated sTLR-4 in the saliva and the
increased ratio of the TLR-4 to TLR-2 expression in the
tissue epithelium suggest altered microbial contacts in OLP.
Perturbations in the expression and response of the epithe-
lial TLRs to the local flora have been shown to modulate
mucosal inflammation in colitis and psoriasis [42,56,57].
Future studies will elucidate the role of salivary TLRs in oral
mucosal health and disease.
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