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Abstract

The gingival epithelium is becoming known as a regulator of the oral innate immune responses to a variety of insults such
as bacteria and chemicals, including those chemicals found in cigarette smoke. We investigated the effects of whole
cigarette smoke on cell-surface-expressed Toll-like receptors (TLR)-2, 24 and 26, human b-defensin (HBD) and
proinflammatory cytokine expression and production in primary human gingival epithelial cells. Whole cigarette smoke
was shown to increase TLR2, TLR4 and TLR6 expression. Cigarette smoke led to ERK1/2, p38 and JNK phosphorylation in
conjunction with nuclear factor-kB (NFkB) translocation into the nucleus. TLR expression following cigarette smoke
exposure was down regulated by the use of ERK1/2, p38, JNK MAP kinases, and NFkB inhibitors, suggesting the involvement
of these signaling pathways in the cellular response against cigarette smoke. Cigarette smoke also promoted HBD2, HBD3,
IL-1b, and IL-6 expression through the ERK1/2 and NFkB pathways. Interestingly, the modulation of TLR, HBD, and cytokine
expression was maintained long after the gingival epithelial cells were exposed to smoke. By promoting TLR, HBDs, and
proinflammatory cytokine expression and production, cigarette smoke may contribute to innate immunity dysregulation,
which may have a negative effect on human health.
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"Fonds Émile-Beaulieu", Laval University Foundation (MR and WC). The funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: mahmoud.rouabhia@fmd.ulaval.ca

Introduction

Tobacco smoking has been associated with an increased

incidence of bacterial infections, chronic pulmonary obstructive

disease (COPD), asthma and bronchitis [1–3]. Smoking is also

a major risk factor in the development of various cancers,

including oral cancers that affect a significant number of people

worldwide each year [4].

The frequency of oral cancer is often indicative of the patterns

of use of tobacco products [5,6]. A dose-response relationship has

been established between the amount of tobacco product used and

oral cancer development [7–9]. Indeed, smoking severely impairs

several functions of both the alveolar macrophages and airway

epithelial cells, including the inhibition of lipolysaccharide (LPS)-

induced expression of TNF-a, IL-1b, and IL-6 [10–13], micro-

bicidal activity, and phagocytosis [14]. These observations suggest

that smoking suppresses the ability of the host to develop the

innate immune response to infection in the oral cavity [15,16].

Oral mucosa is under constant alert due to physical insults,

invading microbes, and chemicals. Epithelial cells, key actors of

innate immunity, not only play an important role in maintaining

the physical barrier between the host and the environment but also

actively participate in tissue innate immunity [17,18] by specifi-

cally expressing certain receptors, including toll-like receptors

(TLRs) that are involved in host immune response [19,20].

TLRs can be expressed on the cell surface (TLR1–6) or

expressed in intracellular vesicles such as endosomes and the

endoplasmic reticulum (TLR3, TLR7–9). These TLRs are

involved in the recognition of multiple foreign agents, including

microbes and toxic substances [21,22]. TLRs also contain

a cytoplasmic tail domain that is homologous to the interleukin-

1 receptor and is responsible for initiating various intracellular

signaling cascades. These signaling cascades include the activation

of NFkB, a crucial transcription factor that promotes the

expression of such immune response genes as cytokines,

chemokines, and co-stimulatory and adhesion molecules [21,22].

Several TLRs have been identified in humans, and each one

recognizes a specific PAMP. Epithelial cells, notably, have been

shown to express various TLRs, including TLRs 1–6 and 9 [23].

These TLRs are used by the epithelial cells to sense multiple

negative and positive stimuli [24]. For example, TLR2 expression

in keratinocytes by S. aureus or its components, peptidoglycan and

lipoteichoic acid, resulted in the activation of NFkB and sub-

sequent production of the neutrophil chemotactic factors IL-8 and

iNOS [25]. Previous studies have demonstrated that TLR3

activation by its ligand dsRNA (poly I:C) in human keratinocytes

induces the production of IL-8, TNFa, IL-18, and type I

interferon (IFNa/b) as well as the development of Th1-type

immune responses [26]. Furthermore, TLR5 activation in human

keratinocytes by its ligand, flagellin, resulted in the production of
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TNFa, IL-8, and the antimicrobial peptides human b-defensin 2

and 3 (HBD2 and HBD3) [27,28]. Lebre et al. showed that TLR3

and TLR9 activation in keratinocytes led to the selective

production of the chemokines CXCL9 and CXCL10, which

promoted memory T cell and type I interferon responses [29].

Epithelial cells also sensed C. albicans infection through TLR

activation and the production of the antimicrobial peptides HBD2

and HBD3 [30].

TLR activation is dependent on the common TLR adaptor

protein MyD88 [31,32]. When recruited, this protein leads to the

phosphorylation of downstream kinases such as IL-1R-associated

kinase (IRAK)-1 and IRAK4, and TGF-b-associated kinase

(TAK)1, as well as p38, JNK, and ERK MAP Kinases (MAPKs)

[33]. MAPKs mediate several cell functions, including the

phosphorylation of the transcription factors NFkB and AP-1 and

the transcription of proinflammatory and chemotactic cytokines

[34–36].

A dysregulation of TLR functions may lead to a decrease of

innate immunity and possible cancer development. This response

dysregulation may occur through cellular exposure to foreign

agents such as tobacco smoke. Indeed, it has been shown that

cigarette smoke condensate induces structural and functional

changes in the bronchial epithelium by altering cell signaling

pathways [37,38]. In addition to genetic insults, cigarette smoke

constituents have also been shown to activate biochemical

pathways that are associated with apoptosis, cell cycle progression,

and cell growth [39].

Based on the data generated with bronchial epithelium, we

hypothesized that cigarette smoke may also have a direct effect on

the innate immune response of the gingival epithelium by affecting

TLR expression and the production of proinflammatory cytokines

and antimicrobial peptides, such as HBDs. The primary goal of

this study was thus to investigate whether whole cigarette smoke

affected the expression of cell-surface-expressed TLRs (2, 4 and 6),

proinflammatory cytokines, and HBD-2 and -3 by normal human

gingival epithelial cells. Our second focus was to examine the

downstream signaling pathways (ERK1/2, p38, JNK, and NFkB )

in these cells following the exposure to whole cigarette smoke.

Materials and Methods

General Reagents
1R3F cigarettes were purchased from the Kentucky Tobacco

Research & Development Center (Orlando, FL, USA). ELISA kits

were obtained from R&D Systems (Minneapolis, MN, USA). The

Beta defensin staining kit was obtained from Phoenix Pharma-

ceuticals Inc. (Burlingame, CA, USA). Primers were obtained from

Medicorp Inc. (Montréal, QC, Canada). PD98059, an inhibitor of

ERK1/2 kinase, and SB202190, a specific inhibitor for p38

kinase, were obtained from EMD Millipore (Billerica, MA, USA),

while SP600125, a JNK inhibitor, and IKK-2 inhibitor to block

NFkB were obtained from Enzo Life Sciences Inc. (Farmingdale,

NY, USA). Anti-ERK1/2 (Clone 631122) (1:1000), anti-phos-

phorylated ERK1/ERK2 (AF 108) (1:1000), and anti-p38 (9212)

(1:1000) were purchased R&D Systems; anti-phosphorylated p38

(Thr180/Tyr182, 92115) (1:1000) was purchased from Cell

signaling (Cell Signaling Technology, Inc. Danvers, MA, USA);

and anti-JNK1/2 (sc 1648) (1:1000), anti-phosphorylated JNK1/2

(sc 6254) (1:1000) and anti-NFkB (anti-p65, sc 109) (1:50) were

from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti–b-
actin (1:10 000) and peroxidase-conjugated antibodies (1:1000)

were from Sigma-Aldrich Canada Ltd. (Oakville, ON, Canada),

while Alexa-Fluor-488-conjugated secondary antibodies were from

Life Technologies Inc. (Burlington, ON, Canada).

Culture of Human Gingival Epithelial Cells
Normal human gingival epithelial cells (ScienCell Research

Laboratories; Carlsbad, CA, USA). were cultured in Dulbecco’s

modified Eagle’s–Ham’s F12 (3:1; DMEH) medium supplemented

with 5 mg/mL of human transferrin, 261029
M of 3,39,59-triiodo-

L-thyronine, 0.4 mg/mL of hydrocortisone, 10 ng/mL of epider-

mal growth factor, 100 IU/mL of penicillin G, and 10% fetal

bovine serum. The medium was changed three times a week.

When the culture reached 90% confluence, the cells were

detached from the flasks with a 0.05% trypsin–0.1% ethylenedia-

minetetraacetic acid (EDTA) solution, were washed twice and

were resuspended in DMEH-supplemented medium at a final

concentration of 106 cells/mL. Cells at the third passage were

used to perform the experiments.

Table 1. Primer sequences used for the qRT-PCR.

Gene name Primers sequences Product size (bp)

TLR-2 sense : 59-GCCTCTCCAAGGAAGAATCC-39
antisense : 59-TCCTGTTGTTGGACAGGTCA-39

144

TLR-4 sense : 59-AATCTAGAGCACTTGGACCTTTCC-39
antisense : 59-GGGTTCAGGGACAGGTCTAAAGA-39

116

TLR-6 sense : 59-CATCCTATTGTGAGTTTCAGGCAT-39
antisense : 59-GCTTCATAGCACTACATCCCAAG-39

121

b2-defensin sense : 59-TGTGGTCTCCCTGGAACAAAAT-39
antisense : 59-GTCGCACGTCTCTGATGAGG-39

105

b3-defensin sense : 59-CTTCTGTTTGCTTTGCTCTTCCT-39
antisense : 59-CTGTTCCTCCTTTGGAAGGCA-39

138

IL-1b sense : 59-CTGTCCTGCGTGTTGAAAGA-39
antisense : 59-TTGGGTAATTTTTGGGATCTACA-39

69

IL-6 sense : 59-TCTCCACAAGCGCCTTCG-39
antisense : 59-CTCAGGGCTGAGATGCCG-39

203

GAPDH sense : 59-GGTATCGTCGAAGGACTCATGAC-39
antisense : 59-ATGCCAGTGAGCTTCCCGTTCAGC-39

180

doi:10.1371/journal.pone.0052614.t001
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Figure 1. Whole cigarette smoke induced Toll-like receptor TLR2, 4, and 6 expression in normal human gingival epithelial cells.
Gingival cells were exposed to whole cigarette smoke for 15 or 30 min or left untreated and subsequently cultured for various time periods prior to
TLR gene expression analysis by qRT-PCR. TLR expression level at the cell membrane level was evaluated by flow cytometry. Representative
histogram plot of each TLR expression: dark curve =non-exposed control cells; white curve = smoke-exposed cells. (n = 6); (Panel A), gene expression
levels; (Panel B), protein expression. *, p,0.001.
doi:10.1371/journal.pone.0052614.g001
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Whole Cigarette Smoke Cell Challenge Assays
The gingival epithelial cells were seeded onto 35 mm

diameter610 mm deep Petri dishes at 36105 cells per plate in

DMEH medium and were incubated in a humidified atmosphere

containing 5% CO2 at 37uC. When the culture reached

approximately 80% confluence, the epithelial cell cultures were

overlaid with a thin layer of culture medium (1.5 ml) and were

placed inside a smoke chamber [40]. Briefly, a cigarette was placed

into one end of a tube linked to the chamber. On the other end,

a second tube linked the chamber to a standard vacuum. This

setup allowed the cigarette smoke to penetrate inside the chamber,

where the quantity/volume of smoke was controlled by a specific

valve. The cultures were placed into the chamber under sterile

conditions, and the chamber was hermetically covered prior to

burning the cigarette. Cultures were exposed to the smoke of one

whole cigarette for 15 or 30 min, after which time the cells were

fed fresh medium and were cultured for various durations; control

cells were not exposed to smoke. The temperature inside the

chamber remained stable. Following each culture period, the

epithelial cell cultures underwent analysis.

Quantitative Real-time RT-PCR
Total cellular RNA was extracted with the Illustra RNAspin

Mini (GE Health Care UK Ltd., Buckingham, UK). The

concentration, purity, and quality of the isolated RNA were all

determined using the Experian system and RNA StdSens analysis

kit according to the manufacturer’s instructions (Bio-Rad,

Hercules, CA, USA).

RNA (1 mg of each sample) was reverse transcribed into cDNA

using Maloney murine leukemia virus (M-MLV) reverse tran-

scriptase (Invitrogen Life Technologies, Mississauga, ON, Canada)

and random hexamers (Amersham Pharmacia Biotech, Inc., Baie

d’Urfé, QC, Canada). The conditions for the preparation of the

cDNA templates for PCR analysis were 10 min at 65uC, 1 h at

37uC, and 10 min at 65uC. Quantitative PCR (qPCR) was carried

out as previously described [41]. The quantity of mRNA

transcripts was measured using the Bio-Rad CFX96 real-time

PCR detection system. Reactions were performed using a PCR

supermix from Bio-Rad (iQ SYBR Green supermix). Primers

(Table 1) were added to the reaction mix at a final concentration

of 250 nM. Five microliters of each cDNA sample was added to

a 20 ml PCR mixture containing 12.5 ml of iQ SYBR Green

supermix (Bio-Rad), 0.5 ml of specific primers (TLR2, TLR4,

Figure 2. Human b-defensin-2 and -3 gene and protein expression levels increased when normal human gingival epithelial cells
were exposed to cigarette smoke. Confluent (80%) gingival epithelial cell cultures were exposed to whole cigarette smoke for 15 or 30 min or
left untreated and subsequently cultured for various time periods prior to gene expression analysis by qRT-PCR (3a and 3c). Data are expressed as the
means+SD (n = 5); *, p,0.01. The b-defensin secretion levels were quantified by ELISA (3b and 3d) of the supernatant of the cells exposed to cigarette
smoke and post-cultured for 24 h. Data are expressed the means+SD, (n = 6). **, p,0.0001.
doi:10.1371/journal.pone.0052614.g002
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TLR6, HBD2, HBD3, IL-1b, IL-6, or GAPDH) (Medicorp, Inc.,

Montréal, QC, Canada), and 7 ml of RNase/DNase-free water

(MP Biomedicals, Solon, OH, USA). Each reaction was performed

in a Bio-Rad MyCycler Thermal Cycler. For the qPCR, the CT

was automatically determined using the accompanying Bio-Rad

CFX manager. The thermocycling conditions for the TLRs were

established as 5 min at 95uC, followed by 35 cycles of 15 s at

95uC, 30 s at 60uC, and 30 s at 72uC, with each reaction

performed in triplicate. For the HBDs and interleukins, the

thermocycling conditions were 3 min at 95uC, followed by 30

cycles of 10 s at 95uC, 10 s at 63uC, and 30 s at 72uC, with each

reaction also performed in triplicate. The specificity of each primer

pair was verified by the presence of a single melting temperature

peak. GAPDH produced uniform expression levels varying by less

than 0.5 CTs between sample conditions and was therefore used

as a reference gene for this study. The amplified products were run

on an agarose gel to confirm that no spurious products were

amplified during the cycles. The results were analyzed using the

22DDCt (Livak) relative expression method.

FACS Analysis
Gingival epithelial cells (3 6 105) were cultured in DMEH

medium as described above. When the culture reached

approximately 80% confluence, the experimental cell cultures

were challenged with whole cigarette smoke for 15 min. The

culture medium was refreshed, and the cells were incubated for

an additional 24 h in a 5% CO2 humid atmosphere at 37uC.
To determine TLR expression, epithelial cells were detached

from the culture plates by trypsinization for 2 min. The cell

suspensions were then washed twice with DMEM culture

medium and were used to determine TLR2, TLR4, or TLR6

surface expression. To do so, cells (106) were incubated for 1 h

with anti-TLR2 (C19, sc 8690), anti-TLR4 (C18, sc8694), or

anti-TLR6 (N18, sc 5657) Goat-IgG polyclonal antibodies at

a final concentration of 10 mg/ml (Santa Cruz Biotechnology,

Santa Cruz, CA, USA). The cells were then washed twice with

sterile PBS/2% bovine serum albumin (BSA) and were in-

cubated with FITC-conjugated mouse anti-goat IgG antibody in

the dark for 45 min on ice, after which the cells were washed

thrice with PBS/2% BSA, resuspended in 500 ml of PBS, and

Figure 3. Human IL-1b and IL-6 gene and protein expression levels increased after normal human gingival epithelial cells were
exposed to whole cigarette smoke. Confluent (80%) gingival epithelial cell cultures were exposed to whole cigarette smoke for 15 or 30 min or
left untreated and then cultured for various time periods prior to gene expression analysis by qRT-PCR (5a and 5c). Data are expressed as the
means+SD (n = 5); *, p,0.01. IL-1b and IL-6 levels were quantified by ELISA (5b and 5d) of the cells exposed to cigarette smoke and post-cultured for
24 h. Data are expressed the means+SD, (n = 6). **, p,0.001.
doi:10.1371/journal.pone.0052614.g003
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analyzed with an EPICS ELITE ESP ow cytometer (Beckman-

Coulter, Miami, FL).

Cytokine and b-defensin Quantification
Experimental gingival epithelial cells at 80% confluence were

exposed to whole cigarette smoke for either 15 or 30 min, after

which the medium was refreshed and cells were cultured for

24 h. The supernatant from each condition was collected to

determine the IL-1b, IL-6, HBD2, and HBD3 levels. The

supernatants were collected in tubes containing 1 ml of a pro-

tease inhibitor cocktail (Sigma-Aldrich) and immediately filtered

through 0.22 mm filters and used to measure the mediator levels

by sandwich enzyme-linked immunosorbent assays (ELISA).

ELISA plates were read at 450 nm and were analyzed using

a Microplate Reader Model 680 (Bio-Rad, USA). The

minimum detectable concentrations were under 1 pg/ml for

IL-1b, 0.7 pg/ml for IL-6, 0.7 pg/ml for HBD2, and 1.5 pg/ml

for HBD3, as reported by the manufacturer. Each experiment

was repeated four times and the means+SD were calculated and

presented.

Western Blot Analysis of Signaling Pathways
Gingival epithelial cells at 80% confluence were cultured in

serum-free medium for 24 h prior to exposure to whole

cigarette smoke for 15 or 30 min. Following each exposure

period, the medium was refreshed, and the cells were cultured

for various time points. The cells were then detached with

trypsin, centrifuged and resuspended in lysis buffer containing

25 mM of Tris-HCl, pH 8.0, 150 mM of NaCl, 1 mM of

EDTA, 10% glycerol, 0.1% SDS, 0.05% sodium deoxycholate,

and 1% Triton X-100. Added to the homogenized samples

were 0.5 mM of proteinase inhibitor PMSF and the phospha-

tase inhibitors NaF (10 mM) and Na3VO4 (2 mM). Following

1 h of incubation at 4uC, the samples were centrifuged at

.12,000 g for 2 min, after which the supernatants were

collected and subsequently stored at 220uC.
The protein concentration was determined using the Bradford

assay. Equal amounts of total protein (20 mg) in reducing sample

buffer (61.5 mM of Tris, 2% SDS, 10% glycerol, and 100 mM of

DTT) were boiled for 5 min and migrated using a 4% stacking gel,

followed by 7%, 10%, or 12% acrylamide SDS-PAGE. The gels

were then transferred to PVDF membranes with Tris-glycine

refrigerated transfer buffer (25 mM of Tris, 19.2 mM of glycine,

20% methanol, and 100 mM of Na3VO4) for 1 h at 100 V. The

blots were then incubated overnight with the appropriate primary

antibody to total and phosphorylated ERK1/2, total and

phosphorylated JNK, or total and phosphorylated p38, after

which the membranes were washed and incubated for 1 h in the

appropriate peroxidase-conjugated secondary antibody. Antibody

detection was performed using the ECL detection system

(Amersham Pharmacia Biotech, Piscataway, NJ, USA) according

to the manufacturer’s instructions. Luminescence was visualized

by autoradiography.

NFkB Cell Labeling
Human oral epithelial cells (56105) were grown in chamber

slides for 24 h and then exposed to cigarette smoke for 15 min.

Following exposure, the cells were cultured for 24 h and

subsequently fixed in 60% acetone/40% methanol at 220uC
for 30 min, after which the cells were permeabilized with 0.2%

Triton X-100 in PBS at room temperature for 10 min prior to

antibody staining. The cultures were then overlaid with NFkB
antibody anti-p65 (sc 109) for 1 h. Following extensive washing,

the cells were overlaid with FITC-conjugated secondary

antibody for 45 min. The slides were then washed and the

nuclei were stained with Hoechst dye (1 mg/ml) for 15 min at

room temperature. The slides were examined by two

independent pesrons. At lest ten randomized fields were

observed under a fluorescence microscope and photographed.

Representative photos were presented.

Inhibition of MAP Kinases and NFkB Signaling Pathways
To assess the contribution of MAP kinases in the cigarette

smoke-mediated innate immunity mediators, 80% confluent cell

cultures were pre-incubated for 45 min with 10 mM (non-toxic for

the cells) of commercially available inhibitors to p38 (SB202190),

ERK (PD98059), IKK-2, and JNK (SP600125) prior to exposure

to whole cigarette smoke for 15 and 30 min. The cells were then

post-cultured for 6 h, after which the total cellular RNA was

extracted and used to perform qRT-PCR for different genes, as

described above.

Gingival Epithelial Cell Passage (SubCultures)
To investigate the effect of cigarette smoke on gingival epithelial

cell subcultures, we exposed cells (80% confluence) to cigarette

smoke for 15 min, refreshed the medium, and cultured for 24 h,

after which the cells were detached from the culture plates using

trypsin, counted, seeded at 106 cells per flask, and subcultured up

to 50% confluence (4 days). These cells were then detached and

subcultured for 3 days. This step was repeated one more time,

resulting in a total subculture period of 10 days. Following the

third subculture, the cells were used to extract the total RNA, as

described previously. The extracted RNA from each condition was

subsequently used to assess TLR2, HBD2, and IL-6 gene

expression.

Statistical Analyses
Each experiment was performed at least four times, with

experimental values expressed as the means 6 SD. The statistical

significance of the differences between the control (non-exposed)

and the experimental (cigarette smoke exposed) values was

determined with a one-way ANOVA. Posteriori comparisons were

performed using Tukey’s method. Normality and variance

assumptions were verified using the Shapiro-Wilk test and the

Brown and Forsythe test, respectively. All of the assumptions were

fulfilled. P values were declared significant at #0.05. Data were

analyzed using the SAS version 8.2 statistical package (SAS

Institute Inc., Cary, NC, USA).

Figure 4. Whole cigarette smoke promoted ERK1/2 and JNK phosphorylation and NFkB translocation from the cytoplasm to the
nucleus of gingival epithelial cells. Confluent (80%) cell cultures were exposed to whole cigarette smoke for 15 or 30 min or left untreated; cells
were then cultured for various time periods prior to Western blot and immunofluorescence analyses. Panel (A) shows the Western blot results. Equal
amounts of whole-cell protein lysates were separated on 12% gels, transferred to a PVDF membrane, and detected using total and phosphor-specific
antibodies. The scanned gel shown is representative of four independent experiments. Panel (B) shows the immunofluorescence results. Cells (500
000) were seeded onto glass slides and cultured for 24 h, then exposed to whole cigarette smoke for 15 min. Following exposure, the cells were
cultured for 24 h, then permeabilized and stained with primary anti- NFkB monoclonal antibody and FITC secondary antibody. The cell nucleus was
revealed by Hoechst (n = 4).
doi:10.1371/journal.pone.0052614.g004
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Figure 5. TLR modulation by whole cigarette smoke leads to ERK1/2, p38, JNK, MAP kinase and NFkB activations. Confluent (80%)
gingival epithelial cell cultures were incubated with 10 mM of ERK inhibitor (PD98059), 10 mM of p38 inhibitor (SB202190), 10 mM of JNK inhibitor
(SP600125), or 10 mM of NFkB inhibitor (IKK-2) for 45 min before exposure to cigarette smoke for 15 or 30 min. The cells were then incubated 6 h,
after which the total RNA was extracted, and TLR expression was analyzed by qRT-PCR (n = 6). *, p,0.001 when comparing the values obtained in the
presence and absence of inhibitor.
doi:10.1371/journal.pone.0052614.g005
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Results

Whole Cigarette Smoke Increased TLR2, TLR4, and TLR6
Expression by the Gingival Epithelial Cells
As shown in Figure 1A, the exposure of normal human gingival

epithelial cells to whole cigarette smoke for 15 or 30 min followed

by a culture for 1, 3, or 6 h led to an increase of mRNA

expression. TLR2 expression levels significantly (p,0.05) in-

creased following exposure for 15 and 30 min compared to those

observed in the non-stimulated cells. It is interesting to note that

following the 30-min exposure to cigarette smoke, the 6-hour

culture showed greater (p,0.001) TLR2 expression than did the

3-hour culture, suggesting that the effect of the cigarette smoke on

the epithelial cells was maintained.

TLR2 was not the only Toll receptor affected by cigarette

smoke, as TLR4 expression was also up regulated. This increase

was detectable 1 h post-exposure. Cell exposure for 15 or 30 min

showed a significant (p,0.05) increase of TLR4 mRNA expres-

sion compared to that observed in the controls (cells not exposed to

the smoke). This TLR4 mRNA expression was not linked to the

Figure 6. Whole cigarette smoke promoted human b-defensin-2 and -3 expression through the ERK1/2 MAP kinase and NFkB
signaling pathways. Confluent (80%) gingival epithelial cell cultures were incubated with 10 mM of ERK inhibitor (PD98059), 10 mM of p38 inhibitor
(SB202190), 10 mM of JNK inhibitor (SP600125), or 10 mM of NFkB inhibitor (IKK-2) for 45 min before exposure to cigarette smoke for 15 or 30 min. Six
hours later, total RNA was extracted, and HBD gene expression was analyzed by qRT-PCR (n = 6). *, p,0.05; **, p,0.01 when comparing values
obtained in the presence and absence of inhibitor. The results are expressed as the means+SD, (n = 5).
doi:10.1371/journal.pone.0052614.g006
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exposure time. TLR6 showed the same pattern of expression as

TLR4. A 1-hour culture after cell exposure to smoke recorded

approximately two times more TLR6 expression than with the

non-exposed cells. Greater TLR6 mRNA expression levels were

obtained at 3 and 6 h post-exposure. Thus, the data show that

whole cigarette smoke increased TLR2, TLR4, and TLR6 mRNA

expression.

To confirm these data, we studied the TLR protein expression

using flow cytometry. As shown in Figure 1B, following exposure

to cigarette smoke for 15 min and culture for 24 h, elevated

TLR2, TLR4, and TLR6 protein expression compared to non-

exposed control cells was recorded.

Cigarette Smoke Exposure Induced Human b-defensin 2
and 3 Expression and Production by Normal Human
Gingival Epithelial Cells
It is well known that gingival epithelial cells express various

TLRs including TLRs 2–6 and 9 [16]. Mammalian cells use these

TLRs as sensors to detect various external agents such as microbes

and chemicals. This TLR signaling results in innate immune

responses that involve the release of various mediators such as b-
defensins [29]. Because whole cigarette smoke was shown to

increase TLR expression and production by gingival epithelial

cells, we investigated the b-defensin (HBD) status. Figure 2a shows

that HBD2 mRNA expression significantly (p,0.05) increased

following cellular exposure to cigarette smoke for 15 or 30 min.

This increase was maintained for 1, 3 and 6 h post-exposure to the

smoke. Protein levels confirmed this increased HBD2 mRNA

expression. Indeed, ELISA measurement of HBD2 at 24 h post-

exposure to cigarette smoke demonstrated a significant (p,0.001)

increase of HBD2 levels compared to those recorded in the non-

exposed gingival cell cultures (Fig. 2b). Furthermore, the level of

HBD2 obtained with 30 min of exposure was significantly

(p,0.05) higher than with 15 min of exposure. Thus, whole

cigarette smoke increased HBD2 expression and production by the

gingival epithelial cells. These results raised questions regarding

HBD3 expression and production. The answers are reported in

Figure 2c, which shows that exposure for 15 or 30 min to whole

cigarette smoke followed by culture for 1, 3 or 6 h led to increased

HBD3 mRNA expression. The greatest effect continued to be

observed with the 30-min exposure. Furthermore, the 3 h post-

exposure time point gave the highest levels of HBD3 mRNA

expression. This modulatory effect of the smoke was confirmed by

assays of protein production. As shown in Figure 2d, ELISA

analysis revealed a significant (p,0.01) increase of HBD3 levels in

the culture supernatant of the gingival epithelial cells exposed to

whole cigarette smoke compared to the non-exposed cultures. In

addition, the levels of HBD3 obtained after 30 min of exposure

were significantly (p,0.01) higher than those obtained after

15 min. Overall, both HBD2 and HBD3 expression was up

regulated following gingival exposure to cigarette smoke.

Cigarette Smoke Exposure Induced IL-1b and IL-6
Expression and Secretion by the Normal Human Gingival
Epithelial Cells
Because the activation of TLRs led to pro-inflammatory

cytokine expression [42], and because we demonstrated that

cigarette smoke stimulated the expression of these TLRs by

gingival epithelial cells, we proceeded to examine IL-1b and IL-6

expression and secretion. As shown in Figure 3a, exposure of the

gingival epithelial cells to whole cigarette smoke for 15 or 30 min

followed by culture for different time periods led to an increase of

IL-1b mRNA expression after 3 and 6 h post-culture. This

significant (p,0.01) increase was comparable in both exposure

periods. The increased IL-1b mRNA expression was confirmed by

protein secretion. Figure 3b shows the significant (p,0.001)

increase of IL-1b level at 15 or 30 min of exposure to cigarette

smoke and subsequent culture for 24 h. Furthermore, it should be

noted that the longer the exposure time to cigarette smoke, the

greater were the IL-1b secretion levels by the gingival epithelial

cells. Similar observations were made with IL-6. Figure 3c and

d show significant (p,0.01) increases of IL-6 mRNA expression

and secretion at 3 and 6 h post-exposure in the smoke-exposed

cells. The same range of IL-6 increase was obtained at 15 and

30 min of exposure to whole cigarette smoke. Overall, cigarette

Figure 7. Whole cigarette smoke promoted human b-defensin-
2 and -3 secretions through the ERK1/2 MAP kinase and NFkB
signaling pathways. Confluent (80%) gingival epithelial cell cultures
were incubated with 10 mM of ERK inhibitor (PD98059), 10 mM of p38
inhibitor (SB202190), 10 mM of JNK inhibitor (SP600125), or 10 mM of
NF-kB inhibitor (IKK-2) for 45 min before exposure or not to cigarette
smoke for 15 mn. 24 hours later, supernatants were collected and used
to measure the b-defensin secretion levels by ELISA kits. Data are
expressed the means+SD, (n = 4).
doi:10.1371/journal.pone.0052614.g007
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smoke promoted IL-1b and IL-6 expression by gingival epithelial

cells.

Cigarette Smoke Promoted the Phosphorylation of ERK1/
2, p38 and JNK, as well as NFkB Translocation into the
Nucleus
Having shown that cigarette smoke increased TLR, HBD, and

proinflammatory cytokine expression and secretion through the

MAP kinase pathway that included ERK and JNK, we

hypothesized that cigarette smoke would also promote TLR-

induced epithelial cell proinflammatory responses by activating

downstream signaling intermediates. To address this possibility, we

first analyzed the effect of smoking on ERK1/2, p38, and JNK

phosphorylation. As shown in Figure 4A, ERK1/2 was phos-

phorylated beginning at 60 min with a high level at 180 min, JNK

was phosphorylated beginning at 30 min with a high level at

180 min, and p38 was phosphorylated beginning at 15 min with

high level at 30 min post-exposure to cigarette smoke. This result

confirms the TLR modulation by cigarette smoke through the

ERK132, JNK and p38 MAP kinase. Figure 4A shows that this

phosphorylation was promoted by cigarette smoke as early as

30 min post-exposure to cigarette smoke and remained detectable

even after 180 min post-exposure. However, at the 180 min

culture time point, JNK phosphorylation was lower than ERK1/2

phosphorylation. For p38, phosphorylation was promoted by

cigarette smoke as early as 15 min, with a high level at 30 min

post-exposure to cigarette smoke (Fig. 4). This p38 phosphoryla-

tion was maintained at 60 and 180 min post exposure to cigarette

smoke (data not shown).

Next, we investigated the nuclear translocation of the NFkB
transcription factor by immunofluorescence staining of NFkB.
As shown in Figure 4B, cigarette smoke stimulated the nuclei-

labeled cells with NFkB in the gingival epithelial cell cultures.

The percentage of NFkB-positive nuclei in the smoke-exposed

culture was as high as 60% compared to that recorded by the

non-exposed cells. This result suggests a role of the NFkB
pathway following the exposure of the gingival epithelial cell to

cigarette smoke.

Figure 8. Whole cigarette smoke promoted IL-1b and IL-6 expression through the ERK1/2 and NFkB signaling pathways. Confluent
(80%) gingival epithelial cell cultures were incubated with 10 mM of ERK inhibitor (PD98059), 10 mM of p38 inhibitor (SB202190), 10 mM of JNK
inhibitor (SP600125), or 10 mM of NFkB inhibitor (IKK-2) for 45 min before exposure to cigarette smoke for 15 or 30 min. Six hours later, total RNA was
extracted, and cytokine gene expression was analyzed by qRT-PCR (n = 6). *, p,0.05; **, p,0.01 when comparing values obtained in the presence
and absence of inhibitor. The results are expressed as the means+SD, (n = 5).
doi:10.1371/journal.pone.0052614.g008
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Cigarette Smoke Modulates TLRs, HBDs and
Proinflammatory Cytokines through Specific Pathways
To confirm the signaling pathway activated by cigarette smoke

and it effect on TLRs, HBDs and proinflammatory cytokine

expression, we used specific signaling pathway inhibitors. As

shown in Figure 5A, the addition of an ERK1/2 inhibitor

(PD98059) significantly (p,0.01) reduced TLR2 expression

compared to that observed in the cells cultured without inhibitor.

The same results were obtained when using inhibitors of p38

(SB202190), JNK (SP600125), and NFkB (IKK-2). These results

suggest a role of different MAP kinase pathways in TLR2

expression by gingival epithelial cells following exposure to whole

cigarette smoke. Analyses of the signaling pathways engaged in

TLR4 expression revealed that ERK1/2, p38, JNK MAP kinases,

and NFkB were involved, as specific inhibitors to each of these

kinases significantly reduced TLR4 mRNA expression (Fig. 5B).

However, the NFkB pathway appeared to be the most involved in

the smoke-exposed gingival cells. In contrast, the JNK pathway

was moderately involved in only those cultures exposed for 15 min

to cigarette smoke. Additionally, our results (Fig. 5C) indicate that

the same signaling pathways (ERK1/2, p38, JNK, and NFkB)
were modulated by the TLR6 increase following gingival epithelial

cell exposure to the smoke.

Modulation of HBD by cigarette smoke also involved specific

signaling pathways. As shown in Figure 6A, only the inhibition of

ERK or NFkB had a significant (p,0.01) impact on the effect by

the cigarette smoke, as both of these MAP kinase inhibitors had

a similar profile of action against the cigarette smoke-induced

HBD2 mRNA expression in gingival epithelial cells. The blockage

of ERK and NFkB followed by exposure of the cells to cigarette

smoke for 30 min produced an effect that was similar to that

observed with the 15-min exposure, and a similar observation was

made with HBD3. As shown in Figure 6B, only the inhibition of

ERK and NF-kB inhibited the cigarette smoke-induced HBD3

mRNA expression. Both ERK and NFkB inhibitors displayed

a significant (p,0.01) and similar behavior against cigarette

Figure 9. Whole cigarette smoke promoted human IL-1b and IL-6 secretions through the ERK1/2 MAP kinase and NFkB signaling
pathways. Confluent (80%) gingival epithelial cell cultures were incubated with 10 mM of ERK inhibitor (PD98059), 10 mM of p38 inhibitor
(SB202190), 10 mM of JNK inhibitor (SP600125), or 10 mM of NFkB inhibitor (IKK-2) for 45 min before exposure or not to cigarette smoke for 15 min.
supernatants were collected 24 h later and used to measure the secretion of IL-1b and IL-6 by ELISA kits. Data are expressed the means+SD, (n = 4).
doi:10.1371/journal.pone.0052614.g009
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smoke-induced HBD3 expression by gingival epithelial cells. The

inhibitory effects at 15 and 30 min of exposure were thus

comparable (Fig. 6B). Protein analyses confirmed the specific

involvement of ERK or NFkB. As shown in Figure 7A, the

inhibition of ERK or NFkB had a significant (p,0.01) impact on

the effect by the cigarette smoke, as both of these MAP kinase

inhibitors had a similar profile of action against the cigarette

smoke-induced HBD2 protein secretion by gingival epithelial cells.

The blockage of ERK and NFkB followed by exposure of the cells

to cigarette smoke for 15 min produced a decrease of hBD2

secretion (Fig. 7A). The same results were obtained with 30 min

exposure to cigarette smoke (data not shown). Similar observations

were made with hBD3. Only the use of inhibition of ERK and

NFkB inhibitors led to a significant (p,0.01) down regulation of

hBD3 secretion by gingival epithelial cells following exposure to

cigarette smoke for 15 min (Fig. 7B).

Proinflammatory cytokines were also modulated by cigarette

smoke through specific signaling pathways. As shown in Figure 8A,

the cell cultures with MAP kinase or NFkB inhibitors and

exposure to cigarette smoke demonstrated that only the inhibition

of ERK or NFkB caused significant (p,0.01) inhibition of IL-1b
mRNA expression. These inhibitory effects on the ERK1/2 and

NFkB were similar whether the cells were exposed to the smoke

for 15 or 30 min. The effect with IL-1b was also similarly observed

with IL-6. Figure 8B shows that the inhibition of ERK or NFkB,
but not p38 or JNK, caused a decrease of smoke-induced IL-6

mRNA expression. Protein analyses supported the mRNA data.

Indeed, the use of specific inhibitors to ERK or NFkB, and

exposure for 15 min to cigarette smoke showed significant

(p,0.01) inhibition of the secretion of IL-1b and IL-6 by gingival

epithelial cells (Fig. 9). Similar results were obtained with ERK or

NFkB inhibitors then cell exposure for 30 min to cigarette smoke

(data not shown).

The Effect of Cigarette Smoke on TLR, HBD2, and IL-6
Expression was Maintained Over Gingival Epithelial Cell
Passages
As the cigarette smoke increased TLR, HBD, and proinflam-

matory cytokine expression by the gingival epithelial cells, we

hypothesized that the effect of the smoke was transmitted from one

cell generation to another. To address this possibility, epithelial

cells were exposed to cigarette smoke, cultured for 4 days, and

then trypsinized three times for each three-day subculture period

to ensure continuous exponential growth. At the end of the third

subculturing, total RNA was extracted, and TLR2, HBD2, and

IL-6 mRNA expression was analyzed. As shown in Figure 10,

subculturing the cells that were exposed to cigarette smoke did not

contribute to reducing the level of TLR2 mRNA expression by the

gingival epithelial cells. Indeed, even after three passages, the

TLR2 mRNA expression remained significantly (p,0.01) high in

those cells exposed to cigarette smoke and subcultured or not,

compared to the TLR2 mRNA expression observed in the non-

exposed cultures (Fig. 10). Interestingly, TLR2 expression levels in

the smoke-exposed subcultured cells were comparable to those in

the smoke-exposed non-subcultured cells. Similar results were

obtained with HBD2 (Fig. 10). The level of HBD2 mRNA

expression in the smoke-exposed subcultured cells was significantly

(p,0.01) higher than that recorded by the non-exposed cells.

However, no significant difference was recorded between the HBD

mRNA expression levels in the smoke-exposed subcultured cells

and those in the non-subcultured cells under the same conditions.

This observation suggests that the stimulatory effect of cigarette

smoke on HBD2 expression was maintained from one passage to

another. Similar results were obtained with IL-6 mRNA expres-

sion (Fig. 10) levels, which were significant (p,0.01), as high levels

of IL-6 mRNA were found in the smoke-exposed subcultured cells

and smoke-exposed non-subcultured cells compared to the control

cells. HBD2 and IL-6 mRNA modulations were confirmed by

protein analyses (Fig. 11) showing high levels of HBD2 and IL-6

secretions by gingival epithelial cells exposed to cigarette smoke for

15 min then subcultured 3 different times.

Discussion

The most common type of oral cancer is squamous cell

carcinoma, which develops from the stratified squamous epithe-

Figure 10. The effect of whole cigarette smoke on TLR2, human
b-defensin-2, and IL-6 expression by gingival epithelial cells
was maintained over multiple cell passages. Confluent (80%)
gingival epithelial cell cultures were exposed to whole cigarette smoke
for 15 min or left untreated, followed by culture for 3 h, after which the
cells were detached and used either to extract total RNA or to
subculture for 4 days. This subculture was repeated twice every 3 days
for a total culture period of 10 days. Extracted RNAs from the different
conditions were analyzed by qRT-PCR. Data are expressed as the
means+SD (n = 5); *, p,0.0001.
doi:10.1371/journal.pone.0052614.g010
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lium lining the mouth and pharynx [7,8,43]. This form of cancer

accounts for approximately 90% of oral malignancies and may be

promoted by cigarette smoke [43,44]. Tobacco combustion

products contain both gaseous and particulate components

[45,46]. Cigarette smoke constituents first interface with the

immune system at the mucosal surface lining with the oral cavity

as an initial contact leading to the possible deregulation of innate

immunity in the oral mucosa. This hypothesis is supported by this

study, which demonstrates an increase of TLR2, 4, and 6

expression by gingival epithelial cells following exposure to the

gaseous and particulate components of cigarette constituents.

This up regulation of TLR expression by gingival epithelial cells

exposed to whole cigarette smoke is reported here for the first time

and supports previously reported data with various other cell

types. Indeed, it was reported that cigarette smoke extracts

increased TLR4 expression by the bronchial epithelial cell line 16-

HBE [47], and cigarette smoke condensate was shown to promote

the TLR4/MyD88 signaling-dependent production of inflamma-

tory cytokines including IL-a and pro-IL-1b [48].

In our study, however, the increased TLR2 expression by

whole cigarette smoke contradicts previously reported data [47–

49]. This difference may be explained by the cell type used and

the experimental conditions. TLR2 modulation in gingival

epithelial cells by cigarette smoke may be explained by the

capacity of these cells to sense different harmful agents, such as

bacteria, or chemicals such as those found in cigarette smoke.

The immune response function of epithelial cells also involves

TLR6 [50]. Following contact with various agents including

Figure 11. Human b-defensin-2 and IL-6 secretions by gingival epithelial cells were maintained over multiple cell passages
following exposure to cigarette smoke. Confluent (80%) gingival epithelial cell cultures were exposed to whole cigarette smoke for 15 min or
left untreated, followed by culture for 24 h, after which supernatants were collected and used to determine the levels of HBD2 or IL-6 by ELISA. Data
are expressed as the means+SD (n = 5).
doi:10.1371/journal.pone.0052614.g011
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cigarette smoke, TLR6 may be modulated. As the first study of this

phenomenon, we demonstrated an increase in TLR6 expression

by gingival epithelial cells following exposure to whole cigarette

smoke, which may suggest that, similar to TLR2 and TLR4,

TLR6 expression represents a defensive strategy used by epithelial

cells to overcome the effect of cigarette smoke through a pro-

inflammatory mediating response.

A similar activation of TLRs by cigarette smoke was reported

with lymphocytes collected from patients suffering from chronic

obstructive pulmonary disease (COPD) [51]. TLR activation was

also reported in H. pylori-associated gastric cancer [52]. Further-

more, the high-mobility group box-1 (HMGB1) protein, a cyto-

kine-like factor expressed by multiple mammalian cells, is known

to be strongly up regulated in breast cancer, colon cancer,

melanoma, pancreatic cancer, and prostate cancer, and this up

regulation activates TLR2 and TLR4 expression in immune cells,

thereby facilitating cancer progression and metastasis [53].

Overall, our study and others [53] in the literature point to a role

of TLRs in cancer and suggest that this phenomenon may be

stimulated by cigarette smoke. The activation of TLR may lead to

the activation of multiple intracellular signals, including MAP

kinases, as shown by ERK1/2, p38 and JNK phosphorylation,

which was confirmed by the use of specific MAP Kinase and

NFkB inhibitors. The involvement of TLRs through ERK1/2 and

JNK was also reported with cell stimulation by either LPS or

bacteria [54]. These MAP kinases appear to be the most solicited,

as p38 MAP kinase was not involved. Non-activation of p38 was

previously reported in an HBE cell line exposed to cigarette smoke

extracts [47].

The implication of ERK1/2 and JNK following TLR

modulation is critical to the initiation of the proinflammatory

response through the production of such cationic peptides as

human b-defensins [55,56]. Exposure of gingival epithelial cells to
whole cigarette smoke promoted HBD2 and HBD3 expression

through the ERK1/2 MAP kinase and NFkB pathways. These

data are not in agreement with previous reports [55,56] showing

that acrolein (a major component of cigarette smoke) and cigarette

smoke extract suppressed HBD2 expression by sinonasal epithelial

cells and gingival epithelial cells. Furthermore, using pharyngeal

washing fluid and sputum from current and former smokers with

acute pneumonia, Herr et al.57 reported decreased HBD2 levels

and demonstrated that smoke exposure reduced HBD2 expression

in vitro in airway epithelium in response to bacterial stimulation

[57]. In contrast, with a murine model, Shibata et al.58 reported

increased HBD2 mRNA expression in lung tissue after exposure to

cigarette smoke for six months [58]. Similar results were reported

with a rat model [59]. These conflicting findings may be explained

by the different experimental model used in each study.

Furthermore, the cell type may be of considerable importance,

as gingival epithelial cells and bronchial epithelial cells may react

differently when exposed to the same stimulus, including cigarette

smoke.

In our study, whole cigarette smoke led to an increase in HBD3

expression and secretion by the gingival epithelial cells. This study

is the first to report such a response. The increased HBD3

supports results obtained with HBD2 following cell exposure to

whole cigarette smoke, thus confirming the proinflammatory

response of gingival cells following exposure to cigarette smoke.

The smoke-induced expression of HBD2 and HBD3 both

involved the ERK1/2 and NFkB signaling pathways. This result is

consistent with previously reported studies in which cigarette

smoke extracts activated the ERK pathway in human dendritic

cells [60] and human gingival epithelial cells exposed to nicotine

[61], and the NFkB pathway in human bronchial epithelial cells

[62].

TLR and HBD modulated expression by whole cigarette smoke

could be supported by pro-inflammatory cytokine (IL-1b and IL-6)

induction. Indeed, cell exposure to whole cigarette smoke resulted

in a significant increase in IL-1b expression and production. This

increase also involved the ERK1/2 MAP kinase and NFkB
pathways, which is consistent with previously reported data

showing the active role of IL-1b in the pathogenesis of multiple

pulmonary diseases, such as pulmonary infection, fibrosis, cancer,

and emphysema [63,64]. The implication of IL-1b was also

confirmed in an animal model, showing that cigarette smoke-

induced emphysema was reduced in mice that were null for the

receptors of IL-1b and TNF-a [63]. Furthermore, cigarette smoke

extract was shown to up regulate IL-1b expression by pulmonary

epithelial cells [65]. IL-6 up regulation was also observed following

cell exposure to cigarette smoke. Gingival epithelial cells exposed

to whole cigarette smoke demonstrated a significant increase of IL-

6 mRNA expression and protein secretion. As a pro-inflammatory

cytokine, an increase of IL-6 was also reported in smokers [66], in

HBE16 human airway epithelial cells [67], and in human

bronchial epithelial cells [68].

The results of this study indicate that the inflammatory process

launched by the gingival epithelial cells following exposure to

whole cigarette smoke involves ERK1/2 and NFkB as key

pathways, and to a lesser extent, the JNK MAP kinase in the case

of the TLRs. The activity of several MAP kinase pathways was

measured by Western blot and immunofluorescence analyses on

the cigarette smoke-exposed cells, revealing a marked phosphor-

ylation of ERK1/2 and a translocation of NFkB from the

cytoplasm to the nucleus. These signaling pathways were also

involved in TLR, HBD, and pro-inflammatory cytokine regulation

in the smoke-exposed gingival epithelial cells, which suggests that

these cells activated their innate immune response through the

ERK1/2 and NFkB pathways and therefore play a crucial role in

protecting against the effect of the cigarette smoke. These data are

consistent with reports that cigarette smoke induces mucus

hypersecretion through the ERK1/2 and JNK pathways [69,70].

The effect of cigarette smoke on gingival epithelial cells may be

either transient or maintained over a long period of time. For this

reason, gingival epithelial cells were exposed to cigarette smoke

and then maintained for long culture periods. Reported here for

the first time, it is interesting to note that during ten days of

culture, with three subculture times, the high levels of TLR-2,

HBD2, and IL-6 expression were maintained up to 10 days post-

exposure to cigarette smoke and that these levels were comparable

to those recorded with smoke-exposed cells cultured for short

periods of time (1, 3 and 6 h). Maintaining a high pro-

inflammatory status for such a long time may be physiologically

consequential, as cells are immunologically active through TLR2,

HBD, and IL-6 expression [71]. This innate immunity status may

be important for the early sensing and control of bacterial

infections [72]. However, continuous TLR2 expression over a long

period may be a sign of cancer, as reported in cancer tissue studies

[73]. In conclusion, this study reveals new potential mechanisms

by which cigarette smoke may contribute to the onset of the oral

innate immunity reaction, as the smoke compounds increased the

expression of specific innate immunity receptors. In turn, this

expression promoted a pro-inflammatory response through the

expression and production of cationic peptides and the pro-

inflammatory cytokines IL-1b and IL-6. These mediators may be

efficient at limiting microbial invasion; however, these events may

also contribute to generating negative feedback by inducing

gingival epithelial cell overstimulation and solicitation, which may
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ultimately lead to epithelial oral squamous cell carcinoma

development.
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