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Abstract

Dommisch H, Steglich M, Eberhard J, Winter J, Jepsen
S. Phosphatidylinositol-3-kinase inhibitor LY 294002 blocks
Streptococcus mutans-induced interleukin (IL)-6 and IL-8 gene
expression in odontoblast-like cells. International Endodontic
Journal, 41, 763-771, 2008.

Aim To investigate the involvement of the
phosphatidylinositol-3-kinase (PI3K) in interleukin-6
(IL-6) and interleukin-8 (IL-8) gene expression in
odontoblast-like cells when exposed to heat-killed
Streptococcus mutans.

Methodology Cultured human odontoblast-like
cells (Dulbecco’s modified Eagle’s medium) were pre-
treated with a specific inhibitor for PI3K (LY
294002) and subsequently stimulated with heat-
killed S. mutans for 6 and 24 h. After stimulation,
RNA was extracted from the cells and cDNA
synthesis was performed. Gene expression of IL-6
and IL-8 was analysed by real-time polymerase chain
reaction and normalized to the gene expression of
beta-actin. Cell survival was determined for stimula-
tion experiments.

Results The gene expression of IL-6 and IL-8 was
significantly increased in response to heat-killed S.
mutans (P = 0.002 and P < 0.001, respectively). After
6 h, the mRNA expression of IL-6 and IL-8 was
significantly higher than after 24 h of stimulation
(P =0.019 and P < 0.001, respectively). Pre-treat-
ment with the inhibitor LY 294002 blocked the
induced gene expression of IL-6 and IL-8 (P = 0.002
and P < 0.001, respectively). No differences in viable
cell counts were found after stimulation with heat-
killed S. mutans and/or pre-treatment with LY 294002
compared with the unstimulated control.
Conclusion Gene expression of IL-6 and IL-8 was
induced by heat-killed S. mutans via signalling path-
ways mediated by PI3K. These findings indicate that
odontoblasts respond to cariogenic bacteria with
increased gene expression of pro-inflammatory media-
tors and hence participate in immune processes.
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Introduction

The dental pulp is a complex tissue represented by
various cell types that are entirely surrounded by
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mineralized tissue. Demineralization and bacterial
colonization of the dental hard tissue (caries) are
accompanied by inflammatory reactions of the den-
tine—pulp complex (Izumi et al. 1995).

Cytokines are mediators that play an important role
during pro-inflammatory reactions and general
immune responses against pathogenic microorganisms.
Interleukin (IL)-6 belongs to the class of cytokines and
is synthesized by monocytes, lymphocytes, fibroblasts,
epithelial and endothelial cells (Akira et al. 1990), but
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also odontoblasts and dental fibroblasts (Lin et al.
2002, Dommisch etal. 2007a, Péddkkonen et al.
2007, Veerayutthwilai et al. 2007). In dental pulp
fibroblasts, IL-6 is rapidly inducible by black-pigmented
Bacteroides (Porphyromonas endodontalis, Porphyromonas
gingivalis, Prevotella intermedia) (Yang et al. 2003), LPS
from Escherichia coli (Coil et al. 2004 ), substance P and
calcitonin gene-related peptide (Yamaguchi et al. 2004,
Tokuda et al. 2005). In addition, it has been shown
that IL-6 was increased in dental pulp fibroblasts when
exposed to the pro-inflammatory mediators IL-1 beta
and tumour necrosis factor alpha (TNF-alpha) (Lin
et al. 2002). In cultured odontoblast-like cells, the
mRNA expression of IL-6 was increased dose-depen-
dently in response to human beta-defensin-2 (hBD-2)
(Dommisch et al. 2007a), which exhibits direct anti-
microbial activity against pathogenic microorganisms
(Lehrer 2004).

The chemokine IL-8 represents an inducible chemo-
tactic factor for a number of immune cells and is
specifically involved in the activation of polymorpho-
nuclear leucocytes (neutrophils) (Schroder & Christo-
phers 1992). IL-8 is synthesized in macrophages,
monocytes, fibroblasts, epithelial cells (Schroder &
Christophers 1992) and dental pulp fibroblasts (Patel
et al. 2003) as wells as odontoblasts (Levin et al. 1999,
Dommisch et al. 2007a). In experiments using dental
pulp fibroblasts, IL-8 protein levels were increased in
response to Prevotella intermedia (Tokuda et al. 2002),
Fusobacterium nucleatum (Thaweboon et al. 2006), LPS
from E. coli (Chang et al. 2005), substance P and
calcitonin gene-related peptide (Patel et al. 2003). The
expression of IL-8 was demonstrated in the odontoblast
cell layer after stimulation with LPS from E. coli (Levin
et al. 1999) and in dental pulp-derived cells in response
to Streptococcus mutans (Engels-Deutsch et al. 2003).
Similar to IL-6, the mRNA expression of IL-8
was increased in cultured odontoblast-like cells
when exposed to the antimicrobial peptide hBD-2
(Dommisch et al. 2007a).

Streptococcus mutans is recognized as a major aetio-
logic factor in caries development and progression
(Donkersloot & Hoerman 1974). Progressive and inva-
sive carious lesions lead to interaction of S. mutans and
dental pulp cells, which may be accompanied with
inflammatory reactions of the dentine—pulp complex
(Jontell et al. 1998, Hahn et al. 2000). Immunohisto-
logical analysis of dental pulp tissue showed increased
expression of pro-inflammatory mediators such as IL-1
beta, TNF-alpha, IL-6 and IL-8 in tissue from carious
teeth compared with tissue from caries-free teeth
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(McLachlan et al. 2004). Elevated expression of IL-6
and IL-8 in response to S. mutans was shown in
epithelial cells, endothelial cells (Vernier et al. 1996),
monocytes (Soell et al. 1994), human plasma (Chia
et al. 2002) and in dental pulp-derived cells (Engels-
Deutsch et al. 2003).

Phosphatidylinositol-3-kinase (PI3K) represents an
important enzyme involved in a number of processes
including intracellular trafficking. Previous studies on a
number of different cell types showed that the PI3K
takes part in intracellular signalling with subsequent
IL-6 and IL-8 expression (Xu et al. 2004, Yadav et al.
2006, Yeh et al. 2006, Gobert et al. 2007, Turner et al.
2007, Wrann et al. 2007). Currently, there are no data
available showing the effects of inhibiting PI3K-medi-
ated pathways in odontoblasts.

The purpose of this study was to show mRNA
expression of IL-6 and IL-8 in response to heat-killed
S. mutans stimulation of cultured odontoblast-like cells.
Furthermore, the hypothesis that PI3K-dependent
pathways mediate the gene expression of IL-6 and
IL-8 in response to heat-killed S. mutans was tested.

Methods

Cell culture

Human odontoblast-like cells were cultured from
freshly extracted, intact third molars with immature
roots. Donors were healthy patients (age 20-25 years)
that underwent routine surgical procedures in the
Department of Oral Surgery, University Hospital Bonn
(Germany). The study was conducted in full accor-
dance with the declared principles (World Medical
Association Declaration of Helsiki, version VI, 2002)
and was approved by the Ethics Committee of the
University of Bonn. All patients had been informed
about this study and signed a letter of informed
consent. Tooth preparation and subsequent culturing
of odontoblast-like cells were performed according to
established and described protocols (Tjaderhane et al.
1998, Dommisch et al. 2007a, Veerayutthwilai et al.
2007). Briefly, before disinfection using 70% (v/v)
ethanol, each tooth surface was cleaned from blood and
periodontal ligament. To dissect the root fragment from
the crown, teeth were cut perpendicular to their long
axis apically to the cemento-enamel junction using
sterile instruments. The dental pulp tissue was then
removed from the crown by means of sterile forceps.
Crowns with attached odontoblasts were placed in
Dulbecco’s modified Eagle’s medium (DMEM, 10% fetal
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calf serum, penicillin, streptomycin, amphotericin;
PAA, Colbe, Germany) and cultured at 37 °C in a
humidified atmosphere (5% CO,). In this study, two
teeth derived from one donor were included for
stimulation experiments. For verification of the odonto-
blast phenotype and cell differentiation, gene expres-
sion of the dentine sialophosphoprotein (DSPP) was
measured, and an increased gene expression after 24 h
(Fig. 1) was shown.

S. mutans culture and cell treatment

Wild-type S. mutans (kindly provided by Prof. Dr Sahl)
was cultured in LB-medium (10 g trypton, 5 g yeast
extract, 10 g NaCl; Roth, Karlsruhe, Germany)
overnight at 37 °C (16 h). Bacterial numbers were
estimated by absorbance measurement. To avoid bac-
terial growth during stimulation experiments, S. mu-
tans (including culture supernatant) was heat-killed in
boiling water for 3 min.

The odontoblast-like cells were grown to 80%
confluence and subsequently stimulated with heat-
killed S. mutans including culture supernatant using
an amount equivalent to a multiplicity of infection
(MOI) of 100 : 1. For stimulation with heat-killed
S. mutans, a MOI of 100 : 1 was determined in prelimi-
nary experiments. Clear induction of genes of interest
combined with consistent cell survival over the exam-
ined time period was considered as crucial criteria for
the MOI-evaluation. Cells were then incubated for
either 6 or 24 h at 37 °C. The pharmacological inhi-
bitor 4-morpholinyl-8-phenyl-4H-1-benzopyran-4-one

DSPP mRNA

Fold change
(normalized to beta-actin)

o = N W »~» U1 O
I

6 hours 24 hours

Figure 1 Gene expression of the dentine sialophosphoprotein
(DSPP) in odontoblast-like cells. Cells were cultured in
Dulbecco’s modified Eagle’s medium for 6 and 24 h. The
mRNA expression of DSPP was slightly increased (about 3.5-
fold) over the time. Bars and error bars represent mean values
and standard deviation, respectively. Each bar represents three
experimental replications (n = 3).
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(LY294002; Calbiochem, Darmstadt, Germany) was
used to specifically block phosphatidylinositol-3-
kinase activity. For inhibition experiments, cells were
pre-incubated with 163 pmol L™' LY 294002 1h
prior to bacterial stimulation (Huang et al. 2005b,
2006). Both Blank bacteria medium and LY 294002
(163 pmol L™!) were mixed with DMEM and there-
fore served as negative controls for stimulation experi-
ments. The amount of control bacteria medium was
equivalent to a MOI of 100 : 1 but without bacterial
cells. Experimental groups were:

e unstimulated odontoblast-like cells (including
DMEM; 6 and 24 h),

e odontoblast-like cells treated with heat-killed S.
mutans (including DMEM, heat-killed S. mutans using
a MOI of 100 : 1 and bacteria media; 6 and 24 h),

e odontoblast-like cells treated with bacteria media
(including DMEM, blank bacteria media using an
amount equivalent to a MOI of 100 : 1; 6 and 24 h),
e pre-treated odontoblast-like cells with LY 294002
(163 umol L") and stimulated with heat-killed
S. mutans (including DMEM, heat-killed S. mutans using
a MOI of 100 : 1 and bacteria media; 6 h),

e odontoblast-like cells treated with blank bacteria
medium and LY 294002 (163 pmol L™') (including
DMEM, blank bacteria media using an amount equiv-
alent to a MOI of 100 : 1; 6 h) and

e odontoblast-like cells treated with LY 294002
(163 pmol L™Y) (including DMEM; 6 h). Each experi-
ment was performed in triplicate (n = 3).

To evaluate odontoblast-like cell survival, control
cells and stimulated cells (with and without LY 294002
treatment) were stained with Trypan Blue® (0.4%;
Invitrogen, Karlsruhe, Germany) after 6 and 24 h
(Thaweboon et al. 2006). Cell numbers of unstained
(viable) and stained (nonviable) were counted and
analysed. Experiments for evaluation of cell survival
were performed with six replicates in each group.

Conditions for RT-PCR and real-time PCR

After stimulation, total RNA was extracted using the
RNeasy Mini Kit (Qiagen, Hilden, Germany) and the
reverse transcription reaction was performed using
500 ng of total RNA. RNA extraction and reverse
transcription reaction were carried out following stan-
dard protocols as described previously (Dommisch et al.
2007b). The reaction mix contained 1x reverse trans-
criptase (RT) buffer, 250 nmol L™' oligo-(dT)-primer,
10 mmol L' dNTP mix, 50 U of RT and 13 U of
RNase inhibitor (Invitrogen). Experimental controls
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without RT enzyme were included with every experi-
ment.

The mRNA expression level of IL-6 and IL-8 was
evaluated by means of real-time PCR using the iCycler®
(Bio-Rad, Hercules, CA, USA) according to the manu-
facturer’s instructions. In addition, the gene expression
of beta-actin (housekeeping gene) was determined and
the mRNA expression of the DSPP was analysed for
verification of the odontoblast phenotype. PCR reac-
tions were carried out in a total volume of 25 pL,
including 1 pL of cDNA and 250 nmol L™! primers. All
primer sequences were published elsewhere (Dommisch
et al. 2007a). Melting curve analysis was performed to
confirm that the amplified product was specific.
Standard curve analysis was conducted confirming a
linear dependency (efficiency) between the cDNA
concentration and the threshold cycle (Ct) calculated
by the iCycler® software (Bio-Rad). All reactions were
carried out in duplicate and average Ct-values
were calculated. Sample values were normalized to
the expression of the housekeeping gene beta-actin and
relative expression was calculated using an established
mathematical model (Pfaffl 2001). PCR negative
controls were performed using water (1 pL) instead of
cDNA.

Statistical analysis

The data from real-time PCR experiments were statis-
tically analysed using the two-tailed t-test for unpaired
samples (SPSS, Version 14, Munich, Germany). For
analysis of cell survival, nonparametric Kruskal-Wallis
H-test and Mann—Whitney test were applied (SPSS).
With both evaluations, a level of P < 0.05 was consid-
ered as significant.

Results

Heat-Killed S. mutans induced IL-6 and IL-8 in
odontoblast-like cells

For stimulation experiments, odontoblast-like cells were
exposed to heat-killed S. mutans for 6 and 24 h. After
6 h of stimulation, the gene expression of both IL-6 and
IL-8 was significantly induced in response to heat-killed
S. mutans (P = 0.002 (mean difference: —1579.9; 95%
confidence interval of the difference: —2175.4/-84.5)
and P < 0.001 (mean difference: —105.5; 95% confi-
dence interval of the difference: —119.8/-92.2), respec-
tively) (Fig. 2a,b). For IL-6, the mRNA expression was
significantly higher in odontoblast-like cells when
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stimulated for 6 h compared with 24 h [P = 0.019
(mean difference: 1370.8; 95% confidence interval of
the difference: 756.5/1985.1)] (Fig. 2a). The mRNA of
IL-8 also showed a significantly higher expression after
6 h compared with 24 h of stimulation with heat-killed
S. mutans [P < 0.001 (mean difference: 94.5; 95%
confidence interval of the difference: 76.7/112.2)]
(Fig. 2b). Controls using blank bacterial media did not
influence the gene expression of IL-6 and IL-8 in
odontoblast-like cells (Fig. 2a,b).

Gene expression of IL-6 and IL-8 was PI3K-
dependent

For inhibition experiments, odontoblast-like cells were
pre-incubated with the specific inhibitor LY 294002
targeting the PI3K pathway. In response to heat-killed
S. mutans, the gene expression of IL-6 was significantly
reduced in cells pre-incubated with the inhibitor
compared with untreated but stimulated odontoblast-
like cells [P = 0.002 (mean difference: 1533.3; 95%
confidence interval of the difference: 937.8/2128.8)].
The mRNA expression of IL-6 in controls using blank
bacteria media mixed with LY 294002 (163 pmol L™1)
and LY 294002 (163 pmol L™!) alone was significant
lower compared with untreated, but stimulated cells
[P = 0.003 (mean difference: 1484.7; confidence inter-
val of the difference: 863.7/2105.8) and P = 0.002
(mean difference: 1473.9; confidence interval of the
difference: 878.3/2069.7), respectively]| (Fig. 3a).

The IL-8 mRNA expression was significantly lower
in LY 294002 pre-incubated compared with untreated
but stimulated odontoblast-like cells when exposed to
heat-killed S. mutans [P < 0.001 (mean difference:
103.9; 95% confidence interval of the difference:
89.6/118.3)] (Fig. 3b). The gene expression of IL-8
in controls using blank bacteria media mixed
with LY 294002 (163 pmol Lfl) and LY 294002
(163 pmol L™Y) alone was significantly lower com-
pared with untreated, but stimulated cells [P < 0.001
(mean difference: 105.4; confidence interval of the
difference: 90.9/119.9) and P < 0.001 (mean differ-
ence: 105.3; confidence interval of the difference: 90.9/
119.6), respectively]| (Fig. 3b).

Cell survival

After treatment with LY 294002 and stimulation with
heat-killed S. mutans, cell survival was tested using the
Trypan-Blue® test. Inhibitor treatment and stimulation
with heat-killed S. mutans did not affect viable cell
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changes.

counts in comparison with the unstimulated control
(P = 0.944). No differences in counts of nonviable cell
were detected in treatment and control groups
(P = 0.306). In the control and treatment group, the
number of viable cells was significantly higher than the
number of nonviable cells after 24 h (P < 0.002)
(Fig. 4).

Discussion

Deep carious lesions commonly cause inflammatory
reactions of the dentine—pulp complex (Jontell et al
1998, McLachlan et al. 2004). Interleukins such as
IL-6 and IL-8 are involved in pro-inflammatory reac-
tions and hence are strongly induced as a result of
bacterial infections (Akira et al. 1990, Schroder &
Christophers 1992). Both odontoblasts and dental pulp
fibroblasts synthesize IL-6 and IL-8 when stimulated by
bacteria or bacterial components (Tokuda et al. 2002,
Yang et al. 2003, Chang et al. 2005).

In this study, the mRNA expression of IL-6 and
IL-8 was analysed in cultured odontoblast-like cells.
The aim was to determine whether the IL-6 and IL-8
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mRNA expression is inducible in response to heat-
killed S. mutans. Furthermore, it was hypothesized
that an induction of IL-6 and IL-8 mRNA expression
in odontoblast-like cells is mediated via signalling
pathways involving PI3K. To address the questions,
odontoblast-like cells were cultured from patient
samples (third molars) according to established
protocols (Tjaderhane et al. 1998, Dommisch et al.
2007a, Veerayutthwilai et al. 2007). The odontoblast
phenotype was confirmed by analyzing the gene
expression of DSPP (Begue-Kirn et al. 1998). Odon-
toblast-like cells were then stimulated with bacterial
preparations of heat-killed S. mutans. To exclude false
interpretation of stimulation experiments, cell sur-
vival was analysed using the Trypan-Blue® test
(Thaweboon et al. 2006). It could be shown that
more than approximately 75% of control and stim-
ulated cells were still viable after 6 and 24 h. It was
noticed that there was higher variability in the viable
cell counts when cells were exposed to heat-killed
S. mutans. As only moderate variations were docu-
mented in counts of nonviable cells, it may be
speculated that cell proliferation was affected by the
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Figure 3 Gene expression of Interleukin-6 and -8 (IL-6, IL-8)
in odontoblast-like cells pre-treated with the PI3K-inhibitor LY
294002 and subsequent exposure to heat-killed Streptococcus
mutans (6 h). (a) The IL-6 gene expression was significantly
higher in cells that were not pre-treated compared with LY
294002-pre-treated odontoblast-like cells when responding to
heat-killed S. mutans (P = 0.002). (b) The IL-8 gene expression
was significantly higher in cells that were not pre-treated
compared with LY 294002-pre-treated odontoblast-like cells
when responding to heat-killed S. mutans (P < 0.001). The
mRNA expression of IL-6 and IL-8 in controls using blank
bacteria media mixed with LY 294002 (163 pmol L™!) and LY
294002 (163 pmol L™Y) alone was significantly lower com-
pared with untreated, but stimulated cells (P < 0.003 and
P < 0.002, respectively). Bars and error bars represent mean
values and standard deviation, respectively. Each bar repre-
sents three experimental replications (n = 3). SM, stimulation
with S. mutans; BM, blank bacteria medium mixed with
DMEM; LY, pre-treatment with the PI3K inhibitor LY 294002
mixed with DMEM; *significant changes.

exposure to heat-killed S. mutans. Therefore, addi-
tional effects on the gene expression of IL-6 and IL-8
because of exceeded cell death as a response to
bacterial antigens could be excluded.

Recent studies have demonstrated that odonto-
blasts and dental pulp fibroblasts take part in
regulation of immune processes by expressing
pro-inflammatory mediators (Levin etal 1999,
Dommisch et al. 2007a, Veerayutthwilai et al.
2007). Odontoblasts with their processes extending
into the dentinal tubuli represent the outer cell
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layer of the dental pulp adjacent to the dentine.
Inflammatory reactions of the dental pulp may occur,
even though advanced carious lesions would not
have reached the pulp chamber. Bacteria and bacte-
rial components that invade into dentinal tubuli and
therefore stimulate odontoblasts and/or dental fibro-
blasts may cause this reaction.

This study reports increased mRNA expression of
IL-6 and IL-8 in odontoblast-like cells in response to
heat-killed S. mutans. In the time-dependent experi-
ment, the gene expression of IL-6 and IL-8 showed
higher levels after 6 h than after 24 h of stimulation
suggesting early immune responses of odontoblast-like
cells. Increased expression of IL-6 and IL-8 at early
time-points could be shown in several studies on dental
pulp fibroblasts (Patel et al. 2003, Yang et al. 2003,
Tokuda et al. 2005). Stimulation experiments showed
that the gene expression of IL-8 was increased in
odontoblasts when exposed to LPS from E. coli (Levin
et al. 1999). Recently, it was demonstrated that odon-
toblasts express pattern-recognition receptors such as
toll-like receptor-2 (TLR-2) and TLR-4 (Veerayutthwilai
et al. 2007). In response to the activation of TLR-2/
TLR-4, the gene expression of pro-inflammatory medi-
ators (TNF-alpha, IL-8) and antimicrobial peptides
(macrophage-inflammatory-peptide-3-alpha, MIP-3 al-
pha; hBD-2) were affected in odontoblasts (Veer-
ayutthwilai et al. 2007).

It is a recent finding that odontoblasts synthesize
antimicrobial peptides (hBD-1, hBD-2) (Dommisch et al.
2005), which may also be able to modulate immune
reactions of the dental pulp (Dommisch et al. 2007a).
Stimulation experiments using recombinant hBD-2 led
to increased gene expression of IL-6 and IL-8 in
cultured odontoblast-like cells (Dommisch et al.
2007a). MIP-3 alpha and beta-defensin-2 possess anti-
microbial properties against S. mutans and Lactobacilli
casei, which present major aetiologic factors in caries
development (Shiba et al. 2003).

To test the hypothesis that PI3K is involved in
mediating the gene expression of IL-6 and IL-8,
cultured odontoblast-like cells were stimulated with
heat-killed S. mutans. Recent studies have demon-
strated elevated levels of IL-6 and IL-8 in several cell
types, but not yet in odontoblasts (Soell et al. 1994,
Vernier et al. 1996, Chia et al. 2002). In this study,
odontoblasts-like cells were treated with a specific
inhibitor for PI3K (LY 294002) prior to the stimula-
tion with heat-killed S. mutans. It could be demon-
strated that LY 294002 blocked the signalling
pathway involved in IL-6 and IL-8 gene expression.

© 2008 International Endodontic Journal



Dommisch et al. IL-6 and IL-8 in odontoblasts

p < 0.002

100 T
& 80
=)
-
X
-
~ 60
S
[
a
§ 40—
c I
°
O 20 I?I é =
0 1 T T 1 T T
Control S.mutans LY + S. mutans Control S.mutans LY + S. mutans
Viable cells Non-viable cells

Figure 4 Comparison of viable and non-viable cell counts. Stimulation with S. mutans and pre-treatment with LY 294002 (LY) did
not affect viable and non-viable cell counts compared with the unstimulated control (P = 0.944 and P = 0.306, respectively).
Approximately 75% of all cells were still viable in all treatment groups after 24 h compared with untreated and unstimulated cells,
respectively (P < 0.002). Boxplots show minimum and maximum values (error bars), 25 percentile (lower boxplot line), median
(middle line in box) and 75 percentile (upper boxplot line). Each boxplot represents six experimental replications.

These findings are in concert with a recent study on
endothelial cells stimulated with viridans group strepto-
cocci (Yeh et al. 2006). Here, inhibition of PI3K
blocked IL-6 and partly IL-8 expression (Yeh et al
2006). So far, involvement of PI3K in IL-6 and IL-8
expression was tested in a number a different cell
types (endothelial cells, carcinoma cells, cardial fibro-
blasts, microglia cells, retinal pigment cells, adipo-
cytes, monocytes, neutrophils) (Bian et al. 2004, Xu
et al. 2004, Ajuwon & Spurlock 2005, Huang et al.
2005a, Yadav et al. 2006, Tang et al. 2007, Turner
et al. 2007, Wrann et al. 2007). Although odonto-
blasts are covered and therefore protected by dental
hard tissues (enamel and dentine), these data indicate
that odontoblasts respond to bacterial antigens with
increased gene expression of pro-inflammatory medi-
ators, and utilize PI3K as it has been shown for cells,
such as monocytes and neutrophils, that actively take
part in host immune responses. These studies and
this report provide evidence that PI3K may be crucial
in pathways signalling the gene expression of
IL-6 and IL-8.

In conclusion, this study on cultured odontoblast-like
cells showed increased gene expression of the pro-
inflammatory mediators IL-6 and IL-8 in response to
heat-killed S. mutans. The treatment of odontoblast-like
cells with the pharmacological inhibitor LY 294002
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(specific for PI3K) blocked the S. mutans-induced gene
expression of both IL-6 and IL-8.

Conclusion

Odontoblasts represent the first cell type of the dentine—
pulp complex that may respond to cariogenic bacteria.
The results of this study showed that heat-killed S.
mutans induces the gene expression of IL-6 and IL-8 in
odontoblast-like cells in vitro. This induction was
blocked when cells were pre-treated with the specific
PI3K inhibitor LY 294002. It is suggested that odon-
toblasts recognize bacteria, respond rapidly with ele-
vated mRNA expression of pro-inflammatory mediators,
and therefore actively participate in immune responses.
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