
The gingival epithelial cells form the first
barrier against invasive bacteria and sep-
arate the internal host milieu from
microbes in the gingival pocket. Epithelial
cells also function as sensors for the
presence of bacteria. The direct physical

contact between the mucosal surface and
the bacteria triggers the expression of a
variety of immune response mediators
from epithelial cells so that protection
against bacteria is achieved via sophisti-
cated innate host defense mechanisms

(21). This activation of the innate defense
system is thought to be controlled by
cellular receptors that bind conserved
structures of microbial origin. One major
class of epithelial cell receptors that
recognize pathogen-associated molecular
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Background/aim: Periodontitis begins as the result of perturbation of the gingival
epithelial cells caused by subgingival bacteria interacting with the epithelial cells via
pattern recognition receptors. Toll-like receptors (TLRs) have been shown to play an
important role in the recognition of periodontal pathogens so we have studied the
interaction of TLR ligands with TLR2 and TLR5 for cytokine production in the cultures
of gingival epithelial cells.
Methods: Immunohistochemistry was used for the localization of TLR2 and TLR5 in
tissue specimens. Enzyme-linked immunosorbent assays were performed to detect the
levels of interleukin-1b (IL-1b) and tumor necrosis factor-a (TNF-a), released from
gingival epithelial cell cultures following stimulation with TLR ligand alone or in
combination with IL-17.
Results: Both TLR2 and TLR5 were increased in periodontitis (2128 ± 159 vs. 449 ± 59
and 2456 ± 297 vs. 679 ± 103, respectively, P < 0.001) including gingival epithelial
cells that stained strongly. Cultured gingival epithelial cells stimulated with their
respective ligands (HKLM, a TLR2 ligand that is also found in Porphyromonas
gingivalis, and flagellin, a TLR5 ligand that is also found in Treponema denticola)
produced both IL-1b and TNF-a. To mimic T-cell help, IL-17 was added. This further
greatly enhanced TLR ligand-induced IL-1b (P < 0.001) and TNF-a (P < 0.01)
production.
Conclusions: These findings show how pathogen-associated molecular patterns, shared
by many different periodontopathogenic bacteria, stimulate the resident gingival epithelial
cells to inflammatory responses in a TLR-dependent manner. This stimulation may be
particularly strong in periodontitis and when T helper type 17 cells provide T-cell help in
intercellular cooperation.
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patterns (PAMPs) is the family of Toll-like
receptors (TLRs) (27).
The TLRs may play a role in the host

response against those gram-negative and
gram-positive plaque bacteria (or actually
their PAMPs) that, according to the cur-
rently prevailing consensus, cause peri-
odontitis (13). Bacterial cell components
can stimulate host cells via TLRs to
produce proinflammatory cytokines, such
as interleukin-1b (IL-1b) and tumor necro-
sis factor-a (TNF-a), (9). The gingival
epithelial cells express several TLRs,
including TLR2 and TLR5 (16). Under
prolonged exposure to high ligand concen-
trations, TLR expression is subject to
change (20, 28). As the expression of the
two aforementioned TLRs was graded
higher in periodontal gingival tissues than
healthy control tissues in a recent descrip-
tive study (6), these TLRs were subjected
to a more detailed study. The pattern-
recognizing TLR2 is activated by bacterial
lipoproteins, lipoteichoic acid, and, in con-
junction with TLR1 or TLR6, by diacylated
or triacylated lipopeptides, respectively (2,
23). Ligands for TLR2 are typically found
in Porphyromonas gingivalis (7). TLR5
can sense flagellin, which is the major
subunit of bacterial flagella (3, 11) and is
found in Treponema denticola (17).
The innate immune response provides

the first line of defense against bacteria but it
also instructs the T cells of the adaptive
immune response. Binding of conserved
pathogen-derived molecules to TLRs acti-
vates signaling pathways, which in turn
results in the transcription of a number of
immune response genes that enhance anti-
gen presentation and the development of
T-cell responses. Interleukin-17 (IL-17) is a
T-cell-derived cytokine that enhances many
of the effects of IL-1b and TNF-a and
coexists with these cytokines at the sites of
the inflammation (15), such as periodontitis
(5).
It was hypothesized that ligands typi-

cally expressed by periodontopathogenic
bacteria and recognized by TLR2 or TLR5
stimulate gingival epithelial cells to pro-
duce proinflammatory cytokines and that
this process might be further enhanced by
epithelial cells cooperating with T cells (or
actually a T-cell product).

Material and methods

Patients and gingival tissue samples

Gingival tissue sampleswere collected from
10 adult patients with periodontitis (age
range 31–45 years) during routine peri-
odontal flap operations after the initial phase
of periodontal therapy comprising conven-

tional scaling and root planing. Ten healthy
control specimens were obtained from the
extraction operations performed for
retained wisdom teeth (age range 20–
37 years). All subjects were in good general
health, none of them had used antibiotics
within the preceding 6 months and none of
them was a smoker. Subjects in each group
with a history of drug use associated with
gingival overgrowth were excluded. The
periodontal status of patients was assessed
using plaque and gingival bleeding indices
and probing depth (1). The local ethical
committee approved the research plan and
informed consent was obtained from all
patients. After removal, the samples were
immediately fixed in phosphate-buffered
saline–4% formol solution before process-
ing into paraffin blocks.

Immunohistological stainings

Deparaffinized tissue sections were incu-
bated in 2.6 lg/ml rabbit anti-human
TLR2 immunoglobulin G (IgG) or
1.3 lg/ml rabbit anti-human TLR5 IgG
(Santa Cruz Biotechnology, Santa Cruz,
CA). The avidin–biotin–peroxidase com-
plex method (Vectastain Elite ABC kit,
Vector Laboratories, Burlingame, CA) was
used for immunohistochemical localiza-
tion of TLRs in accordance with the
manufacturer’s instructions. Randomly
selected images were captured using · 20
objective magnification. The number of
TLR2 and TLR5 immunoreactive cells
was counted in three randomly selected
fields using semi-automated AnalySIS
image analysis software (Soft Imaging
Systems, AnalySIS, Munster, Germany).

Cell culture stimulation

Human gingival epithelial cells isolated
using an explant culture technique were
maintained in keratinocyte growth medium
2 (PromoCell, C-20211, Heidelberg, Ger-
many) containing the supplement provided
by the manufacturer. The cells were grown
to confluence in 10-cm tissue culture plates
with a medium change every 4–5 days.
Thereafter, the confluent cells were resee-
ded into six-well plates before culture with
or without various stimulants. Cells were
incubated in the presence of HKLM-TLR2
agonist (108 cells/ml, InvivoGen, San
Diego, CA), HKLM-TLR2 agonist plus
IL-17 as the costimulant (IL-17, 10 ng/ml,
R&D Systems Inc., Minneapolis, MN),
Salmonella typhimurium Flagellin-TLR5
agonist (100 ng/ml, InvivoGen) or
S. typhimurium Flagellin-TLR5 agonist
plus IL-17. Control and conditioned media

were collected after 24 h of incubation and
stored at )80�C. Cultures were performed
in triplicate and the concentrations of
cytokines in the supernatants were deter-
mined with enzyme-linked immunosorbent
assay (ELISA) kits.

ELISA

The levels of IL-1b and TNF-a were
analyzed from gingival epithelial cell cul-
ture supernatants. The ELISA was per-
formed with commercial colorimetric
sandwich ELISA kits in accordance with
the manufacturer’s instructions (Quantiki-
ne, R&D Systems). The kits provided the
minimum detection limits as 3.9 pg/ml and
15.6 pg/ml, for IL-1b and TNF-a, respec-
tively.

Statistical analysis

Statistical calculations were made using the
Prism data analysis program (GraphPad
Software Inc., San Diego, CA). One-way
analysis of variance (anova) followed by
Bonferroni’s multiple comparison test was
used to compare stimulated and non-stim-
ulated epithelial cells. P-values <0.05 were
considered statistically significant. The
Mann–Whitney U-test was used to analyze
the differences between the adult periodon-
titis patients and the controls.

Results

Expression of cytokines in gingival tissues

In the healthy gingival tissue most of the
TLR2 and TLR5 immunoreactive cells
were found in the epithelium. The overall
intensity of TLR2 and TLR5 immunore-
activity in the epithelium was stronger in
periodontitis than in the controls. Evalua-
tion of the total number of TLR2
(2128 ± 159 vs. 449 ± 59) and TLR5
(2456 ± 297 vs. 679 ± 103) immunoreac-
tive cells showed an increase in periodon-
titis compared with controls, (P < 0.001
for both). The TLR immunoreactive cells
were, in particular, in periodontitis not
only found in epithelial cells but also in
subepithelial macrophages, fibroblasts and
endothelial cells (Fig. 1A–D). IgG staining
controls were negative, confirming the
specificity of the staining (data not shown).

Induction of proinflammatory cytokines in

human gingival epithelial cells upon

stimulation with TLR2 or TLR5 ligands with

and without IL-17

The effect of HKLM or Flagellin on the
cytokine production of confluent gingival
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epithelial cells showed that such stimula-
tion significantly increased IL-1b and
TNF-a production. The combination of
HKLM or Flagellin with IL-17 induced
much more IL-1b and TNF-a than the
TLR ligands when used alone (Figs 2, 3).

Discussion

The present study demonstrates that TLR2
and TLR5 are expressed on oral epithelial
cells and that these receptors have the
potential to stimulate production of the
proinflammatory cytokines IL-1b andTNF-a
upon stimulation with their respective
ligands. These results strongly suggest that
TLR2 and TLR5 are functional in epithelial
cells. This is important because the epithe-
lium forms the first line of defense against
bacteria in the gingival pocket.
Gingiva, the outer layer of the oral

cavity, is consistently exposed to more

than 500 bacterial species of both com-
mensal and pathogenic nature (22). The
host immune response employs TLR-
dependent and non-TLR-dependent path-
ways to recognize pathogens and bacteria
(17). Continuity of the epithelial cell layer
has been thought not only to act as a
physical barrier against exogenous noxious
stimuli but also to play an active role in the
modulation of immune responses (19). We
hypothesized that as innate pathogen
detectors, TLRs should be expressed by
epithelial cells. Our findings that epithelial
cells express TLR2 and TLR5 in immu-
nohistochemically stained tissue samples
support this hypothesis and extend earlier
findings showing TLR2 and TLR5 expres-
sion in corneal, gastric and intestinal
epithelial cells (8, 24, 31). They also
extend a recent study by Kinane et al.,
who reported TLR messenger RNA
expression in gingival epithelial cells (16).

Binding of PAMPs to their pattern-
recognizing TLRs activates a proinflam-
matory cytokine network and up-regulation
of costimulatory molecules, which link the
rapid innate response to the adaptive
immunity (27). In line with such reasoning,
stimulation of human gingival epithelial
cells with TLR2 or TLR5 ligands greatly
increased the production of both IL-1b and
TNF-a. Their potent proinflammatory
properties mean that the corresponding
ligand–receptor interaction in vivo might

A B
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Fig. 1. Immunolocalization of Toll-like receptor 2 (TLR2) and TLR5 in gingival tissue. Total
number of TLR2 (2128 ± 159 vs. 449 ± 59) and TLR5 (2456 ± 297 vs. 679 ± 103) immunoreactive
cells showed an increase in periodontitis (B, D) compared with controls (A, C), (P < 0.001 for both).
Scale bar 100 lm, analysis by t-tests.

Fig. 2. Effect of flagellin and flagellin plus
interleukin-17 (IL-17) or HKLM and HKLM
plus IL-17 on induction of IL-1b concentration
in gingival epithelial cultures in vitro. The
results are from triplicate measurements, for
both non-stimulated/negative (light gray bars)
and stimulated cultures (gray and black bars),
mean ± SEM are shown. *P < 0.05,
**P < 0.01, ***P < 0.001, analyses by anova.

Fig. 3. Effect of flagellin and flagellin plus
interleukin-17 (IL-17) or HKLM and HKLM
plus IL-17 on induction of tumor necrosis
factor-a (TNF-a) concentration in gingival epi-
thelial cultures in vitro. The results are from
triplicate measurements, for both non-stimu-
lated/negative cultures (light gray bars) and
stimulated cultures (gray and black bars),
mean ± SEM are shown. *P < 0.05, **P <
0.01, ***P < 0.001, analyses by anova.
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significantly contribute to gingivitis and
periodontitis.
P. gingivalis and T. denticola are only

two examples out of hundreds of poten-
tially periodontopathogenic bacteria that
have been demonstrated in deep gingival
pockets and plaques (4, 30). On the other
hand, the ligand specificity of the TLRs is
very broad as they recognize patterns often
shared by tens or hundreds of different
microbes. This is exemplified by the fact
that in contrast to numerous T-cell receptor
specificities, only 10 different pattern-rec-
ognizing TLRs have been found in man.
Therefore, our findings suggest that par-
ticipation of relatively few but shared
microbial patterns may play a key role in
the early epithelial inflammatory response
and, via up-regulation of the costimulatory
molecules (14, 29), such as IL-1b and
TNF-a, also in the late adaptive immune
response. Periodontitis might provide a
useful model to study inflammatory
diseases, which are caused by many
microbes, not only by one.
Both P. gingivalis and T. denticola are

anaerobic gram-negative bacteria. Their
concentrations are often periodically much
increased in periodontitis so they are
thought to play an important role in the
pathogenesis of periodontal disease (12,
30). This corresponds well with the obser-
vations about gingival epithelial cells
expressing TLR2 and TLR5 (6, 16), their
changed expression pattern in periodontitis
as well as the ability of their PAMP-type
ligands to stimulate epithelial cells to
produce IL-1b and TNF-a (10, 25). These
findings support the role of the innate
epithelial cell-mediated immune response
in the pathogenesis of periodontitis.
Although disease-typical PAMPs

greatly enhanced IL-1b and TNF-a pro-
duction by epithelial cells, the addition of
IL-17 markedly further increased their
production. These results are in agreement
with those of earlier studies demonstrating
that IL-17 appears to function in conjunc-
tion with IL-1b and TNF-a to exacerbate
the inflammatory process in inflammatory
diseases (5). IL-17 is a T-cell-derived
proinflammatory cytokine that is mainly
produced by activated T cells. High levels
of IL-17 as well as increased numbers of
IL-17-secreting T cells have been detected
in periodontitis lesions (26). Our data
further demonstrate that stimulation of
epithelial cells with TLR ligands combined
with IL-17 synergistically enhances IL-1b
and TNF-a production. It can be con-
cluded, therefore, that TLR stimulation in
the absence of IL-17 stimulation could
initiate the host response. Nevertheless, the

progression of inflammation leads also to
T-cell involvement in the lamina propria,
which further aggravates the process and
might contribute to severe, destructive
periodontitis.
In conclusion epithelial cell stimulation

with TLR2 and TLR5 ligands, shared by
many potential periodontopathogenic bac-
teria, leads to an increased production of
IL-1b and TNF-a. Furthermore, the syn-
ergistic effect of the T cell-derived cyto-
kine IL-17 with such TLR ligands suggests
a possible cooperative link between the
native and adaptive arms of the host
defense, which if excessive and prolonged
may contribute to propagation of peri-
odontitis.

Acknowledgments

This research was funded by the Univer-
sity of Helsinki.

References

1. Ainamo J, Bay I. Problems and proposals
for recording gingivitis and plaque. Int Dent
J 1975: 25: 229–235.

2. Aliprantis AO, Yang RB, Mark MR et al.
Cell activation and apoptosis by bacterial
lipoproteins through Toll-like receptor-2.
Science 1999: 285: 736–739.

3. Andersen-Nissen E, Smith KD, Strobe KL
et al. Evasion of Toll-like receptor 5 by
flagellated bacteria. Proc Natl Acad Sci U S
A 2005: 102: 9247–9252.

4. Asai Y, Jinno T, Igarashi H, Ohyama Y,
Ogawa T. Detection and quantification of
oral treponemes in subgingival plaque by
real-time PCR. J Clin Microbiol 2002: 40:
3334–3340.

5. Beklen A, Ainola M, Hukkanen M, Gürgan
C, Sorsa T, Konttinen YT. MMPs, IL-1, and
TNF are regulated by IL-17 in periodontitis.
J Dent Res 2007: 86: 347–351.

6. Beklen A, Hukkanen M, Richardson R,
Konttinen YT. Immunohistochemical local-
ization of toll-like receptors 1–10 in peri-
odontitis. Oral Microbiol Immunol 2008:
23: 425–431.

7. Burns E, Bachrach G, Shapira L, Nussbaum
G. Cutting edge: TLR2 is required for the
innate response to Porphyromonas gingiva-
lis: activation leads to bacterial persistence
and TLR2 deficiency attenuates induced
alveolar bone resorption. J Immunol 2006:
177: 8296–8300.

8. Gewirtz AT, Navas TA, Lyons S, Godowski
PJ, Madara JL. Cutting edge: bacterial
flagellin activates basolaterally expressed
TLR5 to induce epithelial proinflammatory
gene expression. J Immunol 2001: 167:
1882–1885.

9. Graves DT, Cochran D. The contribution of
interleukin-1 and tumor necrosis factor to
periodontal tissue destruction. J Periodontol
2003: 74: 391–401.

10. Hatada EN, Krappmann D, Scheidereit C.
NF-jB and the innate immune response.
Curr Opin Immunol 2000: 12: 52–58.

11. Hayashi F, Smith KD, Ozinsky A et al. The
innate immune response to bacterial flagel-
lin is mediated by Toll-like receptor 5.
Nature 2001: 410: 1099–1103.

12. Hinrichs JE, Wolff LF, Pihlstrom BL,
Schaffer EM, Liljemark WF, Bandt CL.
Effects of scaling and root planing on
subgingival microbial proportions standard-
ized in terms of their naturally occurring
distribution. J Periodontol 1985: 56: 187–
194.

13. Jenkinson HF, Dymock D. The microbiol-
ogy of periodontal disease. Dent Update
1999: 26: 191–197.

14. Kaisho T, Akira S. Toll-like receptor func-
tion and signaling. J Allergy Clin Immunol
2006: 117: 979–987.

15. Katz Y, Nadiv O. Interleukin-17 may have a
central role in inflammatory joint diseases
as a ‘‘fine-tuning’’ cytokine. Isr Med Assoc
J 2000: 2 (Suppl.): 21–22.

16. Kinane DF, Shiba H, Stathopoulou PG et al.
Gingival epithelial cells heterozygous for
Toll-like receptor 4 polymorphisms As-
p299Gly and Thr399ile are hypo-responsive
to Porphyromonas gingivalis. Genes Im-
mun 2006: 7: 190–200.

17. Mahanonda R, Pichyangkul S. Toll-like
receptors and their role in periodontal health
and disease. Periodontol 2000 2007: 43:
41–55.

18. Mahanonda R, Sa-Ard-Iam N, Montreeka-
chon P et al. IL-8 and IDO expression by
human gingival fibroblasts via TLRs.
J Immunol 2007: 178: 1151–1157.

19. Manor A, Lebendiger M, Shiffer A, Tovel
H. Bacterial invasion of periodontal tissues
in advanced periodontitis in humans.
J Periodontol 1984: 55: 567–573.

20. Ortega-Cava CF, Ishihara S, Rumi MAK
et al. Strategic compartmentalization of
Toll-like receptor 4 in the mouse gut.
J Immunol 2003: 170: 3977–3985.

21. Rakoff-Nahoum S, Paglino J, Eslami-Var-
zaneh F, Edberg S, Medzhitov R. Recogni-
tion of commensal microflora by toll-like
receptors is required for intestinal homeo-
stasis. Cell 2004: 118: 229–241.

22. Paster BJ, Boches SK, Galvin JL et al.
Bacterial diversity in human subgingival
plaque. J Bacteriol 2001: 183: 3770–3783.

23. Schwandner R, Dziarski R, Wesche H,
Rothe M, Kirschning CJ. Peptidoglycan-
and lipoteichoic acid-induced cell activation
is mediated by Toll-like receptor 2. J Biol
Chem 1999: 274: 17406–17409.

24. Smith MF Jr, Mitchell A, Li G et al. Toll-
like receptor (TLR) 2 and TLR5, but not
TLR4, are required for Helicobacter pylori-
induced NF-kappa B activation and chemo-
kine expression by epithelial cells. J Biol
Chem 2003: 278: 32552–32560.

25. Tak PP, Firestein GS. NF-jB: a key role in
inflammatory diseases. J Clin Invest 2001:
107: 7–11.

26. Takahashi K, Azuma T, Motohira H,
Kinane DF, Kitetsu S. The potential role
of interleukin-17 in the immunopathology
of periodontal disease. J Clin Periodontol
2005: 32: 369–374.

27. Takeda K. Evolution and integration of
innate immune recognition systems: the
Toll-like receptors. J Endotoxin Res 2005:
11: 51–55.

TLR2 and TLR5 in periodontitis 41



28. Totemeyer S, Foster N, Kaiser P,Maskell DJ,
Bryant CE. Toll-like receptor expression in
C3H/HeN and C3H/HeJ mice during Salmo-
nella enterica serovar typhimurium infec-
tion. Infect Immun 2003: 71: 6653–6657.

29. Vasselon T, Detmers PA. Toll receptors: a
central element in innate immune responses.
Infect Immun 2002: 70: 1033–1041.

30. Yang HW, Huang YF, Chou MY. Occur-
rence of Porphyromonas gingivalis and
Tannerella forsythensis in periodontally
diseased and healthy subjects. J Periodontol
2004: 75: 1077–1083.

31. Zhang J, Xu K, Ambati B, Yu FS. Toll-like
receptor 5-mediated corneal epithelial
inflammatory responses to Pseudomonas
aeruginosa flagellin. Invest Ophthalmol
Vis Sci 2003: 44: 4247–4254.

42 Beklen & Konttinen




