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Abstract

Toll-like receptors (TLR) are essential for
the innate immune response against invading
pathogens and have been described in
immunocompetent cells of areas affected by
periapical disease. Besides initiating the
inflammatory response, they also directly regu-
late epithelial cell proliferation and survival in
a variety of settings. This study evaluates the
in situ expression of TLR4 in periapical granu-
lomas (PG) and radicular cysts, focusing on
the epithelial compartment.
Twenty-one periapical cysts (PC) and 10 PG

were analyzed; 7 dentigerous non-inflamed fol-
licular cyst (DC) served as control. TLR4
expression was assessed by immunohisto-
chemistry. TLR4 immunoreaction products
were detected in the epithelium of all speci-

mens, with a higher percentage of immunos-
tained cells in PG. Although TLR4 overexpres-
sion was detected in both PG and PC, there
were differences that seemed to be related to
the nature of the lesion, since in PG all epithe-
lial cells of strands, islands and trabeculae
were strongly immunoreactive for TLR4,
whereas in PC only some areas of the basal
and suprabasal epithelial layers were
immunostained. This staining pattern is con-
sistent with the action of TLR4: in PG it could
promote formation of epithelial cell rests of
Malassez and in epithelial strands and islands
the enhancement of cell survival, proliferation
and migration, whereas in PC TLR4 could pro-
tect the lining epithelium from extensive apop-
tosis. These findings go some way towards
answering the intriguing question of why
many epithelial strands or islands in PG and
the lining epithelium of apical cysts regress
after non-surgical endodontic therapy, and
suggest that TLR4 plays a key role in the patho-
biology of the inflammatory process related to
periapical disease. 

Introduction

Periapical granuloma (PG) and periapical
cyst (PC) are the most common inflammatory
jaw lesions. They are usually initiated by the
mixed microflora of infected root canals, which
includes Gram-positive and Gram-negative
bacteria.1 The invasion of bacteria or bacterial
toxins into the periapical region involves ini-
tially non-specific inflammatory reactions and
is followed by specific inflammatory reactions.2

In a non-specific inflammatory reaction, the
innate immune system recognizes highly con-
served pathogen-associated molecular pat-
terns (PAMP) from bacteria through a variety
of pattern recognition receptors (PRR); recog-
nition triggers the inflammatory reaction.3

Therefore, PRR such as toll-like receptors
(TLR) are essential for the innate immune
response. TLR are type I transmembrane pro-
teins that play a critical role in the early innate
immune response by sensing microorganism;2

13 distinct TLR have been identified, 10 of
which are characterized in humans.
Representative bacterial PAMP are lipopolysac-
charides (LPS) from Gram-negative bacteria,
lipotheichoic acid from Gram-positive bacteria
and peptidoglycan (PGN) from either Gram-
positive or Gram-negative bacteria.4 In
humans, PAMP recognition by TLR activates
the inflammatory reaction, including up-regu-
lation in immunocompetent cells of the genes
encoding inflammatory cytokines.5-7

Previous investigations have addressed TLR
expression in periodontal8 and periapical dis-
ease.5, 9-11 In the latter, TLR2 and TLR4 involve-

ment has been demonstrated at the onset of
the experimentally induced furcation lesions
of endodontic origin.11 Furthermore, TLR2 and
TLR4 up-regulation has been described in PG
and PC from patients,5,9 demonstrating that
their expression is associated with reactive
periapical inflammation. Yet, where periapical
disease is concerned, such investigations have
largely focused on TLR expression in immuno-
competent cells, whereas their association
with microbial pathogens and their expression
in the epithelium of inflammatory periapical
lesions (PL) have been neglected.TLR are also
expressed in epithelial cells of other tissues
including tumor cells.12-14 Thus, even though
inflammatory periapical disease is likely to be
sustained by the immune system via reaction
to bacterial antigens through TLR, TLR expres-
sion in the epithelium has not yet been report-
ed. Further investigation is thus required to
elucidate some aspects concerning the prolif-
eration of epithelial cell rests and the forma-
tion of apical cysts. Accordingly, TLR4 expres-
sion was examined by immunohistochemistry
in PG with proliferating epithelium and in
radicular cysts with emphasis on the epithelial
compartment.

Materials and Methods
Study design and tissue samples
This cross-sectional study was performed

using tissue blocks from surgical samples of
inflammatory radicular cysts and PG archived
in 2001-2012.15-18 Tissue blocks and data
regarding patients and samples were obtained
from the Department of Dentistry, Federal
University of Bahia, Brazil. PL were diagnosed
based on clinical and histopathological find-
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ings, as previously described.9 Inclusion crite-
ria were sufficient material for immunohisto-
chemistry and presence of epithelial cell rests
of Malassez (ERM) in PG. Exclusion criteria
were evidence of previous endodontic treat-
ment, refractory endodontic disease and speci-
mens with sinus tract.9 To choose specimens
meeting the inclusion and exclusion criteria, a
serial section per block was stained with
hematoxylin-eosin and microscopically evalu-
ated. The study sample therefore consisted of
21 PC cysts and 10 PG from 31 patients (18
males and 13 females). The mean age of
patients was 49.6±8.4 (range 35-63).
Dentigerous non-inflamed follicular cyst (DC,
n=7) served as control. The study was
approved under Ethical Approval number
646.081 by the School of Dentistry, Federal
University of Bahia, Brazil.

Histological staining and immuno-
histochemical reactions 
Four-micron serial sections from each case

were cut from formalin-fixed, paraffin-embed-
ded blocks of representative PG and PC areas.
One section per tissue block was stained with
hematoxylin-eosin to select specimens. The
other sections were mounted on poly-L-lysine-
coated glass slides to be further processed for
immunohistochemical reaction. TLR4 antibody
(H-80; sc-10741) was obtained from Santa
Cruz Biotechnology Inc. (Santa Cruz, CA,
USA); the dilution was established based on
negative and positive controls (1/40 for TLR4).
Immunohistochemistry was performed with a
Benchmark® XT autostainer (Ventana
Medical Systems, Tucson, AZ, USA).
Deparaffinization was done in xylene and
rehydration with graded alcohol series. The
standard linked streptavidin-biotin horserad-
ish peroxidase technique (LSAB-HRP) with
the iView DAB Detection Kit (Ventana Medical
Systems Tucson, AZ, USA) was used to detect
staining. Sections were counterstained with
type-II-Gill’s hematoxylin, dehydrated with
ethanol and permanently coverslipped.
Positive controls for immunohistochemistry
consisted of tissue sections of oral squamous
cell carcinoma. A negative control was
obtained in all cases by substituting the pri-
mary antibody with normal mouse serum.

Evaluation of immunohistochemistry
Slides were examined under a light micro-

scope (Olympus Cx31; Tokyo, Japan) at 400x
magnification. Immunoreactivity was assessed
by two expert pathologists, who were blinded
to the clinical-pathological data, and scored by
a semi-quantitative scale (extent score, ES).
Cases were assigned to one of 4 categories: 0
(0 to <5% immunostained cells), 1 (6% to
<40% immunostained cells, 2 (41% to <70%
immunostained cells) or 3 (>71% immunos-

tained cells). The percentage of positive cells
was determined from the analysis of 100 cells
in 10 random areas at 40x magnification. For
each patient the highest ES was selected for
further statistical analysis.

Statistical analysis
Means and standard deviations were calcu-

lated for ES in each sample (Table 1). Data
were analyzed using the Kruskal-Wallis test, to
compare ES in the epithelial linings of PG, PC
and DC. Statistical analysis was conducted
using SPSS (SPSS® release 16.0, Chicago, IL,
USA).

Results

The study sample consisted of 10 PG and 21
PC. PG were characterized by a cell-rich gran-
ulation tissue and ERM, which formed strands
or islands of epithelium. PC exhibited fully
developed cavities lined by stratified squa-
mous epithelium with variable thickness and
fibrous connective tissue walls. In all speci-
mens inflammatory cell infiltrate density
ranged from moderate to intense.
TLR4 immunoreaction products were detect-

ed in the epithelium of all specimens, though
with different percentages of immunostained
cells. TLR4 immunolabeling in PG was seen in
nearly all epithelial cells forming strands and
islands, whereas in PC it was mostly in basal
and parabasal layers of the cystic epithelial lin-
ing, but not all cells were immunolabeled;
indeed, areas showing immunostained cells
interspersed with groups of unstained cells
were frequently detected. The ES was highest
in PG (2.7±0.4); in PC it was 1.8±0.6 (Figure 1).
Very few cells in control samples showed
immunostaining (ES, 0.28±0.4 for DC).
Differences among groups were significant;
the ES of PC and PG were significantly greater
than the one of DC (0.001<P<0.01). The ES of
PG was significantly greater than that of PC
(0.01<P<0.05). TLR4 was always localized in
the cytoplasm and cell membrane.

Discussion 

TLR are transmembrane proteins expressed
on sentinel cells of the immune system such as
macrophages and dendritic cells.19 They are
also found in non-immune cells such as ker-
atinocytes of skin and oral mucosa and gas-
trointestinal and female reproductive tract lin-
ing.20-23 On these lining epithelia TLR act as
pathogen sensors. Recently, it has become
increasingly apparent that TLR also recognize
damage/danger-associated molecular patterns
(DAMP), endogenous molecules released from
damaged and dying cells.12 These events can
trigger sterile inflammation without detectable
infection.24 Novel TLR functions in cell prolifer-
ation, cell survival and tissue repair have also
recently been described.25-26

The growth rate or activity of inflammatory
PL depends on the balance between cell prolif-
eration and death; therefore proliferation
markers, besides apoptotic reactions, have
been extensively investigated.18,27,28 These
studies have suggested that regression of
epithelial strands in PG and of the lining
epithelium in apical cysts are most likely
caused by programmed cell death. After non-
surgical endodontic therapy the restricted-
potential basal stem cells in the epithelial
strands or lining epithelium of cysts stop pro-
liferating due to a decline of inflammatory
mediators, proinflammatory cytokines, and
growth factors. Furthermore, the terminally
differentiated squamous cells in the epithelial
strands and lining epithelium of a cyst will die
of programmed cell death, similar to that of
surface epithelial cells of the oral epitheli-
um.18,27,28 TLR, which are also involved in
epithelial cell proliferation, cell survival and
tissue repair, could therefore be of interest to
understand the pathobiology of periapical
inflammatory disease.
Among TLR, TLR2 and TLR4 have been stud-

ied in the inflammatory infiltrate of PC and PG.
The presence of TLR2-expressing inflammato-
ry cells described in PG and PC indicated that
the disease is likely to be sustained by the
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Table 1. Clinical-pathological data of the specimens, with mean and standard deviations
of the extent score. Differences among groups were significant; extent score was signifi-
cantly greater in periapical cysts and granulomas than in follicular cysts (0.001;<P<0.01);
extent score of periapical granulomas was significantly greater (0.01;<P<0.05) than that
of periapical cysts. 

Periapical lesions                                                                                    ES

Periapical granulomas                                                                                                        2.7±0.4
Periapical granulomas                                                                                                        1.8±0.6
Periapical granulomas                                                                                                       0.28±0.4
ES, Extent score;  PC, periapical cysts; DC, follicular cysts.
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immune system via reactions to bacterial anti-
gens.5,9,10 The same conclusions have been
drawn in the only TLR4 study,9 where TLR4 has
been found to be constitutive and non-consti-
tutively expressed in human epithelial
cells;13,20,21,23,29,30 no data are available about its
expression in ERM and the epithelium cyst lin-
ing of PC. The present study examined its

expression in PL by immunohistochemistry
focusing on the epithelial compartment.
Our findings demonstrated TLR4 overex-

pression both in PG and PC, although with dif-
ferences related to the nature of the lesion. In
fact, in PG all epithelial cells of strands, islands
and trabeculae were strongly immunoreactive
for TLR4, whereas in PC only some areas of the

basal and suprabasal layers of epithelium
showed TLR4 immunostaining. This staining
pattern is consistent with the known functions
of TLR4, since TLR4 could promote cell sur-
vival, proliferation and migration of epithelial
strands and islands in ERM, whereas in PC it
could protect the lining epithelium from exten-
sive apoptosis. This agrees with its overex-
pression in PG and its moderate expression in
PC, where it may participate in maintaining
the thickness of radicular cyst lining epitheli-
um, which depends on the balance between
cell proliferation and apoptosis. These findings
go some way toward answering the intriguing
question of why many epithelial strands or
islands in PG and the lining epithelium of api-
cal cysts regress after non-surgical endodontic
therapy. TLR4 ligation leads to activation and
translocation of the nuclear transcription fac-
tor-�B (NF-�B) from cytoplasm to the nucleus,
where it induces the expression of a set of tar-
get genes.12,31 Therefore, activated NF-�B plays
an important role in cell differentiation and
proliferation, in response to a variety of physi-
ological and pathological stimuli.12 Activated
NF-�B has been described in some odontogenic
lesions and among these in PC;32 the TLR4
upregulation described in this study in PL
epithelium could thus be a pathway of NF-�B
activation.
Based on our findings and on previous evi-

dence linking PL to chronic inflammation via
TLR - which would play a significant role in the
recognition of endodontic pathogens and trig-
ger adaptive immune responses against
endodontic pathogens2 - it is reasonable to
assume a key role for TLR4 in the pathobiology
of the inflammatory processes related to peri-
apical disease. In this very complex interplay
of many bioactive molecules, the up- or down-
regulation of these bioactive molecules might
be a key mechanism in the regulation of
inflammatory.9 Further work harnessing addi-
tional investigation methods is required to elu-
cidate the possible contribution of TLR4 to
inflammatory PL.
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