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Abstract

Objective: To describe the state of the art on the role of the toll-like receptor 4
in the pathogenesis of periapical lesions in experimental models. Methods: A
systematic search procedure was carried out to reach the available literature
on the subject in databases and specialized scientific journals: MEDLINE,
Embase, Web of Science, Google Scholar, International Endodontic Journal,
Journal of Endodontics and Australian Endodontic Journal. Results: Four
studies were included in the scope of the review. From an operational point
of view, all studies induced the formation of periapical lesions by contami-
nation of root canals. The experimental models were rats and mice, includ-
ing animals that were wild-type or that had mutation or knockout in Tlr4
gene. In general terms, TLR4 signaling was associated with inflammation
and resorption of periapical tissue in wild-type mice and rats. The expres-
sion of this receptor tends to increase along the pathogenesis of periapical
lesions. In TLR4-deficient mice, controversial outcomes have been observed.
In a lipopolysaccharide hyporesponsive model due to Tlr4 mutation, there
is evidence of reduced periapical bone resorption. However, one study did
not observe these differences. Current studies have significant limitations
to consolidate these outcomes, including the number of animals in the ex-
periments, statistical analyzes and experimental periods used. Conclusion:

@ @@@ It is possible to conclude that TLR4 may act significantly in the genesis and

development of periapical lesions in experimental models.
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Introduction

Periapical lesions result from a long-lasting chronic inflam-
matory process caused by the presence of microorganisms and
their products or by-products in the periapical region, consid-
ering the attempt of the host’s immune system to fight the in-
fection. There is a predominance of Gram-negative anaerobic
bacteria during the development of these lesions, with lipopoly-
saccharides (LPS) in their outer cell membrane. When released
during these bacterias’ division, stress, or death, LPS molecules
trigger different events that initiate and/or exacerbate the in-

flammatory response and bone reabsorption>.

From a host defense perspective, Toll-like receptors (TLRs) are
pathogen recognition receptors (PRRs) that recognize patho-
gen-associated molecular patterns (PAMPs), such as LPS and
other bacterial lipoproteins during infection processes'', and
induce the recruitment of immune cells to the site of aggres-
sion, initiating the inflammatory molecular cascade by releasing
pro-inflammatory cytokines' . These events occur through the
assembly of the MyD88 molecule and the interferon-f§ adapter
inducer, two distinct signaling pathways that activate pro-in-
flammatory transcriptional responses through the NF-xB

pathway'>.

When considering the state of the art regarding the role of TLRs
in the pathogenesis of oral diseases, such as apical periodonti-
tis, investigating the role of Toll-like receptor 2 (TLR2), it was
demonstrated that TIr2 knockout (KO) mice had larger periapi-
cal lesions and an increased number of osteoclasts when com-
pared to wild-type mice. The absence of TLR2 influenced the
pathogenesis of periapical lesions, suggesting that this type of
receptors is relevant to understanding the molecular dynam-
ics during the genesis and development of these oral disease®®.
Furthermore, it has also been demonstrated that the MyD88
adapter molecule plays an important role in the development

of experimentally induced apical periodontitis in mice, as its
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absence (KO model) triggered larger periapical lesions and in-
tense inflammatory infiltrate after activation of different TLRs™.
In parallel, the absence of TLR2 and MyD88 can modulate the
expression of matrix metalloproteinases (2 and 9), influencing

the development of periapical lesions®.

After these investigations and outcomes, another question arose:
in addition to TLR2, do other TLRs, such as TLR4, play import-
ant roles in the pathogenesis of periapical lesions? Among the
TLRs already described, the Toll-like receptor 4 (TLR4) stands
out due to its involvement in the pathogenesis of several human
diseases. During an infection, TLR4 responds to LPS by acti-
vating an intracellular signaling cascade that produces pro-in-
flammatory mediators, characterizing the host response?:.
Therefore, the interaction of this receptor with immune-medi-
ated systemic pathological processes has been investigated and
reported™?2, However, as far as we know, there is no synthesis
of the state of the art about the role of TLR4 in the pathogene-
sis of periapical lesions in experimental models. Hereupon, the
objective of this study was to describe the state of the art on the
role of the toll-like receptor 4 in the pathogenesis of periapical

lesions in experimental models.

Methods

Design

This was a bibliographic study, as a scoping review, following
systematic procedures to recover, evaluate and synthesize the
state of the art, following the guidelines described by Peters et
al.? (2015) and Lockwood et al.?® (2019). As steps for this objec-
tive, a guiding question was formulated, a search strategy was
delimited with descriptors and keywords, as well as the databas-
es and specialized scientific journals were selected. Then, the
scope of scientific materials to compose the bibliographic study
was retrieved, analyzed and synthesized*?. The items suggest-

ed by the Preferred Reporting Items for Systematic Reviews and

Rev Odontol Bras Central 2024; 33(92): 81-101 - DOI 10.36065/robrac.v33i92.1725 83



ROBRAC

Revista Odontolégica |G| 1087-3708

do Brasil Central

Pesquisa Cientifica

Meta-Analyses - extension for Scoping Reviews® were consid-
ered to structure and enhance the scientific report. There was
no need for ethical approval. The guiding question of this study
was: what is the role of TLR4 in the pathogenesis of periapical

lesions in experimental models?

Eligibility

To contemplate the objective, in vivo experimental studies using
animal models became eligible. As a criterion, studies whose
design, objective and hypothesis directly investigated the role
of TLR4 (including Tlr4) in the genesis and development of peri-
apical lesions in experimental models were included. There was
no restriction on publication period or language, but studies
that could not be accessed in full-text were excluded. Therefore,
studies in which TLR4 activation or expression was secondary
and not directly related to the pathogenesis of periapical lesions,
in addition to studies carried out in humans or in vitro methods,

were excluded from the scope.

Search strategy

The search strategies were elaborated with descriptors extract-
ed from the Medical Subject Headings vocabulary and keywords
used in the literature related to the theme, both selected by re-
searchers. A strategy was developed for the databases (#1) and
another for the specialized journals (#2), according to the pre-
liminary tests. It was observed that shorter and broader strate-
gies were more efficient in retrieving potentially eligible studies
by title and/or abstract. However, both strategies were applied
similarly. The MEDLINE/PubMed, Embase, Web of Science and
Google Scholar databases were selected, as well as the special-
ized scientific journals International Endodontic Journal, Journal
of Endodontics, and Australian Endodontic Journal. Chart 1 pres-
ents the search strategies used, including the combination of

descriptors and keywords with Boolean operators.
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CHART 1 - Search strategy applied in all data sources

Combination of descriptors and keywords Data sources

#1 (tollHike receptors 4 OR toll like receptor 4 OR TLR4)
AND (endodontics OR pulp diseases OR periapical
inflammation OR apical periodontitis OR periapical lesion)

MEDLINE/PubMed, Embase, Web of Science
and Google Académico

International Endodontic Journal, Journal of

#2 (toll-like receptor 4 OR toll like receptor 4 OR TLR4
(toll P : P ) Endodontics and Australian Endodontic Journal

Data collection

An independent evaluator carried out the search in all databas-
es and specialized scientific journals. The retrieved references
were read in order to verify the inclusion criteria for the scope
of the study, including title and abstract (pre-selection), and full-
text reading (decision). For each reference, a decision was made
between inclusion or exclusion. A second reviewer was consult-
ed when the first reviewer was uncertain, as well as reviewing
the eligibility of the references included by the first reviewer for
the scope of the study. Duplicates were removed after pre-selec-
tion by titles and abstracts. The last data collection was carried
out in August 2021. When a reference was deleted after full-text

reading, the reason was recorded.

Outcomes

The major outcomes were TLR4-related findings in the patho-
genesis of periapical lesions. Therefore, aspects related to the
activation and expression of TLR4 or Tlr4 in periapical tissues
were considered, including histopathological, cellular, molec-
ular and genetic evaluations. Secondarily, methodological as-
pects related to experimental models, periapical lesion induc-
tion methods and authors’ inferences were recorded. Outcomes
were evaluated and recorded by the first independent evaluator
and checked by the second to minimize divergences and avoid
errors. To record the data obtained from the studies for analysis
and synthesis, the evaluators used the tables designed to sum-
marize and expose the outcomes related to the objective, filling

them out sequentially.
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Results

Initially, 356 references were retrieved from databases and spe-
cialized scientific journals. At the end of the screening process,
four studies**33 met the eligibility criteria and were selected
to compose the scope of the review. Figure 1 shows the study
screening flowchart. It is possible to observe that these studies
synthesized used rats or mice as experimental models to induce
the periapical lesion. Charts 2 and 3 present the main method-
ological characteristics of the studies included in the scope of

the review.

Hou et al.* (2000) induced periapical lesion by pulp exposure of
mandibular first molars in C3H/He] mice, LPS-hyporesponsive
animal model due to Tlr4 deficiency, the gene responsible for the
expression of TLR4. From the authors’ perspective, the impact

of TLR4 absence on the host’s immune response to endodontic
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FIGURE 1 - Study screening flowchart
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infections was unknown. Then, they decided to compare bone
resorption after pulp exposure and infection stimuli between
TLR4-deficient and wild-type (C3H/HeOu]J) mice. After pulp
tissue exposure, active contamination of the root canals with
four endodontic pathogens was performed: Prevotella inter-
media, Streptococcus intermedius, Fusobacterium nucleatum, and
Peptostreptococcus micros. The authors chose to seal the cavi-
ty after contamination (resin composite), justifying a possible

superinfection by microorganisms in the oral cavity.

CHART 2 - The main methodological characteristics of the studies included in the scope of the review

Induction of

(Al:::r‘)"s Journal Experimental animal models (n) %%l:jtéfsl (ann)lmal periapical lesion
y (methods)
C3H/HeOud mice, 6-8
Hou et al. ) ) C3H/HeJ mice, 6-8 weeks old o Yes
Infection & Immunity weeks old
(2000)* (n=10) (pulp exposure)
(n=10)
) C3H/Hed mice, BALB/c mice,
Fouad etal.  International Yes
(2001)* Endodontic Journal Gweekold Gweekcold (pulp exposure)
(n=20) (n =20)
) ) TLR2 knockout mice and TLR2/TLR4 C57BL/6J mice,
Rider et al. The Anatomical ) Yes
knockout mice, 6-week-old 6-week-old
(2016)* Record ) ) (pulp exposure)
(n = uncertain) (n = uncertain)
Liuetal. Journal of Wistar rats, unspecified age Yes
(2017)% Endodontics (n=42) (pulp exposure)

CHART 3 - The main methodological characteristics of the studies included in the scope of the review

Authors Experimental

(year) Pulp exposure methods Teeth periods Analysis
Y round bur at slow speed, active ) 3 weeks in
Hou et al. o ) Mandibular first : ) )
(2000)" contamination with endodontic pathogens, molars experimental and Histomorphometric
with cavity sealing control groups
% high-speed bur, active contamination ) 2,4, 6 and 8 weeks ) )
Fouad et al. ) ) ) ) Mandibular first ) Histopathological;
with nonspecific pathogens, without cavity in experimental and ) )
(2001)* : molars Histomorphometric
sealing control groups
Morphometric (micro-computed
) Not specified, active contamination with ) 10 days and 3 weeks P (_ p‘
Rider et al. ) ) ) Mandibular first i tomography); Histopathological;
endodontic pathogens, unspecified cavity in experimental and i ) )
(2016)* i molars Real-time polymerase chain reaction
sealing control groups
(RT-PCR)
Liuet al. % round bur, passive contamination, Mandibular first 0,7, 14,21,28¢e Histopathological; Morphometric;
(2017)% without cavity sealing molars 35 days Immunostaining
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After 21 days, all animals were euthanized. As a result, the au-
thors reported that histomorphometric analysis indicated peri-
apical bone resorption in both infected animal models. However,
it was observed that TLR4-deficient mice had lower bone re-
sorption (mm?) when compared to wild-type. Considering all the
experiments of the study, the authors suggest that the pro-in-
flammatory signaling by LPS-TLR4 activation favors the bone
resorption of the periapical tissues after the infection of the

pulp tissue®.

Fouad and Acosta’ (2001) induced periapical lesions by pulp
exposure of mandibular first molars in C3H/HeJ and BALB/c
(wild-type) mice to compare the progression of periapical le-
sions. After pulp chamber opening and exposure, an endodontic
file previously contaminated with oral microbiota from the gin-
gival sulcus and tongue dorsum was inserted. The cavity sealing
was not mentioned and the animals were euthanized after two,
four, six or eight weeks of root canal contamination. The cavity
was not sealed and the animals were euthanized after two, four,
six or eight weeks of root canal contamination. As a result, his-
topathological and histomorphometric evaluations did not indi-
cate differences in the inflammatory pattern or bone resorption
(mm?) between the different animal models used. The authors
suggested that Tlr4 deficiency may not significantly modulate
the pathogenesis of periapical lesions induced by nonspecific

microorganismes.

Rider et al.** (2016) considered the relationship between TLR2
and TLR4 in the pathogenesis of periapical lesions. The au-
thors induced periapical lesions by pulp exposure of mandib-
ular first molars in three different experimental animal mod-
els (C57BL/6]J): wild-type, TLR2 KO, and TLR2/TLR4 double KO
(dKO) mice. The aim was to demonstrate how TLR2 and TLR4
interactions can modulate periapical lesions induced by polymi-
crobial endodontic infection (Prevotella intermedia, Streptococcus

intermedius, Fusobacterium nucleatum and Parvimonas micra).

Rev Odontol Bras Central 2024; 33(92): 81-101 - DOI 10.36065/robrac.v33i92.1725 88



ROBRAC

Revista Odontolégica |G| 1087-3708

do Brasil Central

Pesquisa Cientifica

Although the authors cite methodological references, the pulp
exposure and cavity sealing procedures were not detailed. The
animals were euthanized after ten days and three weeks of root

canal contamination.

After 21 days, by microtomography analysis, the TLR2 KOmice
showed larger periapical lesions (mm?), while the dKO mice (TLR2
and TLR4) showed a similar size to thewild-type. Histopathological
analysis indicated that tissue inflammation was more advanced
in TLR2 KO mice after ten days. In addition, after real-time poly-
merase chain reaction (RT-PCR), TLR4 signaling was higher in
TLR2 KO animals at day 21, although with no significant differ-
ence compared to wild-type animals. The authors observed an
interaction between the two receptors, and pointed out antago-

nistic roles in the regulation of periapical bone resorption3.

Liu et al.3 (2017) examined TLR4 expression and localization
during the development of experimentally induced periapical
lesions in Wistar rats by pulp exposure of mandibular first mo-
lars. The authors measured the number of TLR4-positive cells
during the genesis and progression of periapical lesions. There
was no active contamination with pathogens and the cavity re-
mained exposed to the oral environment. With the exception
of the negative control, the animals were euthanized between
seven days and five weeks. As a result, the authors observed
that the expression of TLR4 (positive cells) increased progres-
sively in the experimental periods, in parallel with the increase
in the periapical lesion size (mm?), indicating bone resorption.
Additionally, among the TLR4-positive cells, several of these
were lymphocytes. Therefore, the authors suggested that TLR4

may be associated with the pathogenesis of periapical lesions.

Discussion
Considering the four investigations detailed here and their out-
comes, it is essential to recognize that several limitations are

present. It is important to highlight that none of them details
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the sample size estimation to determine the number of animals
needed in the experiment, and no random allocation procedure
was described. This perspective is important because compar-
isons were often made between groups with a small number of
animals, such as ten in Hou et al.* (2000), five or ten in Fouad
and Acosta® (2001), three to five in Rider et al.?* (2016) and seven
in Liu et al.33 (2017), as well as using parametric approaches (e.g.
analysis of variance and ¢ tests). Without a sample size estima-
tion based on variability, it is reasonable to question whether the
number of animals is plausible for the number of groups com-
pared, as well as whether the use of parametric tests in small

samples did not increase the chance of type I error.

Similarly, pulp exposure procedures differed among these stud-
ies. In all of them, there was mechanical exposure of the pulp tis-
sue, using burs and endodontic files for exploration. However,
three studies carried out active contamination of root canals
using endodontic3®?? or nonspecific pathogens?'. Only one study
allowed contamination of root canals by exposing the open
cavity to the oral environment and its pathogens (passive con-
tamination)®. In addition, one study performed cavity sealing
after root canal contamination®, two studies left the cavities
exposed to the oral environment3"3 and one study did not spec-
ify this conduct®. Anyway, there was destruction of periapical
bone tissue, indicating the formation of periapical lesions in all

experimental models used.

Another significant limitation observed was the experimental
period adopted in these investigations. Two investigations al-
lowed evaluating TLR4-related outcomes at different stages of
periapical tissue inflammation progression3* while two others
adopted a restricted evaluation period, limiting their conclu-
sions to them332, It was possible to observe important differenc-
es in the degree of inflammation and resorption of the periapical
tissue when more experimental periods were designed, which
should be taken into account when interpreting TLR4-related

outcomes.
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Regarding animal models, the use of C3H/He] mice was ob-
served in two studies. It is known that this strain has been used
for over 30 years to study pathological processes related to LPS-
TLR4 signal transduction pathway. In this lineage, at the cellu-
lar level, lymphocytes, fibroblasts and macrophages do not de-
velop an activation phenotype, being similar to the KO model
in the response stimulated by LPS3*3. In the other studies, in
addition to wild-type models, there was no use of an exclusively
TLR4 KO model, only a double one (TLR2/TLR4)%.

In summary, taking into account all limitations, three stud-
ies converge and support the pro-inflammatory role of TLR4-
mediated signaling in the pathogenesis of experimental peri-
apical lesions in animal models, inducing inflammation and
resorption of bone tissue in the periapical region. Deficient sig-
naling involving TLR4 can attenuate the inflammatory process,
reducing the periapical lesion sizes compared to non-deficient
controls. The number of TLR4-positive cells tends to increase

during the development of periapical lesions33233,

Fouad and Acosta’' (2001) diverged from this perspective by re-
porting that there was no difference in the size of periapical
lesions between a TLR4-deficient model and wild-type mice.
In addition to the limitations pointed out here, the authors re-
ported a high variability in the periapical lesion sizes from wild-
type mice. Furthermore, periapical lesions appeared to reduce
after the peak of the fourth week (no statistical analysis prop-
erly performed by the authors). Therefore, the authors suggest
that an experimental variability can explain the differences be-
tween the experimental models, considering that a spontaneous
repair is unlikely. It is important to remember that the authors
carried out active contamination with non-specific pathogens.
However, there are no reports of cavity sealing performed to
expose the pulp tissue, allowing its interaction with the oral

environment.
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In parallel to the TLR4-outcomes, three of the four studies in-
cluded in the scope of the review evaluated the expression of in-
flammatory cytokines in experimental models, especially those
that modulate bone resorption®32 In Hou et al.° (2000), it was
observed that wild-type mice showed significantly increased
production of interleukin-1 alfa (IL-1a), beta (IL-1f3) and inter-
leukin-12 (IL-12) than TLR4-deficient mice after enzyme-linked
immunosorbent assay (ELISA) in periapical tissue. In peritoneal
macrophages (in vitro), a similar outcome was observed for IL-1a
and IL-1B, although wild-type cells showed marked variability

in these variables.

In Rider et al.3? (2016), it was observed that in vitro macrophages
from TLR2 KO mice showed higher expression of IL-1f3 com-
pared to wild-type and dKO (TLR2/TLR4), suggesting that sup-
pression of TLR2 signaling may exacerbate TLR4 signaling, as
well as supporting increased periapical bone resorption. Lastly,
in Fouad and Acosta3' (2001), there was no consistent difference
in IL-10 expression between experimental models. The authors
maintain that the differences between their outcomes and Hou
et al3° (2000) derive from the method, since they did not car-
ry out active contamination with specific endodontic-related
pathogens, as well as they did not seal the open cavity in the
mouse molars. It is important to consider that TLR4 signaling
does not constitute a single tissue inflammation pathway, oc-
curring simultaneously with other regulatory mechanisms, in-
cluding other Toll-like receptors and their roles, which justifies
the expression of pro-inflammatory cytokines to some degree

in all models3°-3.

Discussing these outcomes, it is important to consider that
TLR4, before the development of periapical lesions, acts on the
pulpal immune response to external agents, such as bacterial
components, especially LPS. It has already been shown that
odontoblasts and endothelial cells of the blood vessels of the

dental pulp express TLR4, including its mRNA. In vitro, LPS
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and bacteria stimulated TLR4 expression, and the suppression
of its signaling may interfere with the differentiation of pulpal
stem cells, characterizing an important immunological role of
these receptors before bone reabsorption in the periapical re-
gion33, Hirai et al.* (2019) also demonstrated how damage-as-
sociated molecular patterns (DAMPs) and PAMPs could acti-
vate the TLR4 signaling pathway and trigger an inflammatory

response in the periapical tissue.

In a similar perspective, Mutoh et al.¥’ (2007) evaluated the ex-
pression of TLR4 in experimentally inflamed pulp tissue (pulpi-
tis). After cavity preparation in BALB/c wild-type mice maxillary
molars, evaluated from zero to 72 hours, the authors observed
that mRNA levels for TLR4 were low compared to TLR2 (30
times higher than TLR4 at nine hours). After this peak, TLR2 ex-
pression drastically reduced up to 72 hours, while TLR4 expres-
sion was low and constant throughout the period. However, im-
munohistochemical analysis demonstrated that macrophages
and dendritic cells from pulp tissue were stained with anti-TLR4
antibodies in the early stage of experimental pulpitis. In the mu-
rine model with severe combined immunodeficiency, with up
to 24 hours of dentin exposure after cavity preparation, Mutoh
et al.3® (2009) observed that TLR2 and TLR4 mRNA expression
show biphasic patterns, with a peak after three hours of bacte-
rial infection. After the peak, TLR2 and TLR4 mRNA expression
decreased up to nine hours and increased again after 24 hours.
Regarding the cells that expressed TLR4 during pulpal inflam-
mation, they were often macrophages, polymorphonuclear
(PMN) and dendritic-like cells.

In experimentally induced furcation lesions of endodontic origin
in rat molars, after unsealed pulpotomies, Chokechanachaisakul
et al.* (2010) observed that TLR2 and TLR4 expression increased
(including its nRNA), and positive cells for these receptors were
found predominantly in the periodontal ligament below the den-

tin in the furcation region. Furthermore, TLR4 gene expression
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(mMRNA) was also demonstrated in pulpal macrophages from
LPS-stimulated mice by Chokechanachaisakul et al.* (2011). In
addition, Lin et al.* (2013) showed that the cellular expression of
TLR2 and TLR4 in inflammatory external root resorption and
external cervical resorption were directly correlated with the
presence of bacteria. Morphologically, TLR2 or TLR4 positive
cells showed similarities with endothelial cells, plasma cells,

mononuclear inflammatory cells, and PMNss.

In summary, this evidence supports that Toll-like receptors are
often expressed during pulpal immune response, as well as in
the development of periapical lesions. However, there is no in-
formation about what role TLR4 would play in these patholog-
ical processes, such as experimental pulpitis. It was possible to
question whether it would also act in a pro-inflammatory way3”
4, This evidence would be relevant to comprehensively under-
standing how TLR4-mediated signaling affects pulpal and peri-
apical tissues during pathological processes, whereas there is no
gap with regard to its expression (considering all evidence men-
tioned). For example, what degree of pulpal inflammation will
be seen in a TLR4 KO model after pulp exposure? Will suppres-
sion of the TLR4 pathway substantially reduce pulpal inflam-
mation and delay pulpal necrosis when compared to wild-type
animal models? Will other signaling pathways be overexpressed
in this circumstance, such as TLR2? How does this impact the

development of periapical lesions?

Although TLR4 expression continues to be investigated and re-
ported in the literature, both in animal models and in human
dental pulp (ex-vivo approaches)*#®, to the best of our knowl-
edge, these questions have not been fully elucidated. In periapi-
cal lesions, TLR4 signaling is important for the production and
release of inflammatory cytokines that induce bone resorption,
such as IL-10 and IL-1(33*%2. The positive influence of TLR4 sig-
naling on osteoclast differentiation has also been demonstrated

in recent studies using animal models*+.
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After this overview, it is also possible to understand that the in-
terface between TLR4 and periapical lesions in animal models
is similar to findings in humans (samples of periapical cysts or
granulomas), corroborating this evidence. It has already been
demonstrated that TLR4 mRNA is significantly expressed in
human periapical lesions, both in cases of symptomatic and as-
ymptomatic apical periodontitis, as well as its expression was
correlated with the expression of matrix metalloproteinases
(MMP-8 and MMP-13), establishing a link between TLR4 ex-
pression and other events related to tissue destruction in patho-

logical processes, such as collagen matrix degradation*.

On the other hand, in human genetic approaches, polymor-
phisms in the gene that expresses TLR4 (Tlr4) were not associat-
ed with a higher risk of developing periapical pathologies when
comparing endodontic patients with and without periapical le-
sion®. In the same perspective, it was demonstrated that poly-
morphisms in this gene were not associated with the presence
of apical periodontitis after endodontic treatment, suggesting
that these do not influence the response of periapical tissues af-
ter clinical interventions®, although there is evidence that Tlr4
mutations may be associated with an increased risk of Gram-

negative bacterial infections in intensive care units°.

Conclusions

After examining the state of the art, it is possible to conclude
that Toll-like receptors can play a significant role in the patho-
genesis of periapical lesions in experimental models. Regarding
the TLR4, current evidence suggests a pro-inflammatory role,
triggering tissue inflammation and bone reabsorption of the

periapical tissue by pro-inflammatory cytokines release.
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O papel do receptor do tipo toll 4 na
patogénese das lesoes periapicais em modelos
experimentais: uma revisao de escopo

Resumo

Objetivo: Descrever o estado da arte sobre o papel do receptor do tipo Toll
4 na patogénese de lesdes periapicais em modelos experimentais. Métodos:
Foi realizado um procedimento sistematizado de busca para alcancar a lite-
ratura disponivel acerca do tema em bases de dados e periddicos cientificos
especializados: MEDLINE, Embase, Web of Science, Google Académico,
International Endodontic Journal, Journal of Endodontics e Australian
Endodontic Journal. Resultados: Foram incluidos quatro estudos ao esco-
po da revisdo. Do ponto de vista operacional, todos os estudos induziram a
formacao de lesdes periapicais pela contaminacdo dos canais radiculares.
Os modelos experimentais foram ratos e camundongos, incluindo animais
selvagens ou que apresentavam mutacdes ou knockout no gene Tlr4. Em
termos gerais, a sinalizacio do TLR4 esteve associada a inflamacao e reab-
sorcao do tecido periapical em camundongos e ratos selvagens. A expressio
deste receptor tende a aumentar ao longo da patogénese de lesdes periapi-
cais. Em camundongos deficientes para TLR4, desfechos controversos foram
observados. Em um modelo hiporresponsivo de lipopolissacarideo devido a
mutacao em Tlr4, hd evidéncia de redugido da reabsorc¢io ¢ssea periapical em
um estudo. Entretanto, um estudo ndo observou estas diferengas. Os estudos
atuais apresentam limitagdes significativas para consolidar tais desfechos,
incluindo o nimero de animais nos experimentos, andlises estatisticas e pe-
riodos experimentais utilizados. Conclusio: E possivel concluir que TLR4
pode atuar significativamente na génese e no desenvolvimento de lesdes
periapicais em modelos experimentais.

PALAVRAS-CHAVE: Endodontia; Doencgas Periapicais; Receptor 4 Toll-Like.
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