
MyD88 knockout mice develop initial enlarged
periapical lesions with increased numbers of
neutrophils

R. A. Bezerra da Silva, P. Nelson-Filho, M. P. Lucisano, A. De Rossi, A. M. de Queiroz &
L. A. Bezerra da Silva
Department of Pediatric Dentistry, School of Dentistry of Ribeir~ao Preto, University of S~ao Paulo, Ribeir~ao Preto, SP, Brazil

Abstract

Bezerra da Silva RA, Nelson-Filho P, Lucisano MP,

De Rossi A, de Queiroz AM, Bezerra da Silva LA.

MyD88 knockout mice develop initial enlarged periapical

lesions with increased numbers of neutrophils. International

Endodontic Journal, 47, 675–686, 2014.

Aim To characterize the formation and progression

of experimentally induced periapical lesions in teeth

of MyD88 knockout (MyD88 KO) mice compared with

wild-type (WT) mice.

Methodology Periapical lesions were induced in

the mandibular first molars of 30 WT and 30 MyD88

KO mice. After 7, 21 and 42 days, the animals were

euthanized and the mandibles were subjected to histo-

technical processing. Histological sections were

stained with haematoxylin and eosin (HE), TRAP his-

toenzymology, Brown and Brenn staining and immu-

nohistochemistry (RANK, RANKL, OPG). Data were

subjected to statistical analysis by the nonparametric

Mann–Whitney and Kruskal–Wallis tests and the

Dunn post-test, using the SPSS software, version 17.0

(a = 0.05).

Results Regarding the periapical lesion size, the

MyD88 KO group had significantly higher values

than the WT group in the periods of 7 (P = 0.001)

and 21 days (P = 0.05). A larger number of neu-

trophils in the MyD88 KO group were observed

(P = 0.01 at 7 days, P = 0.004 at 21 days and

P < 0.001 at 42 days). Regarding the number of

osteoclasts, no statistically significant difference was

observed between the groups at any of the experimen-

tal periods (P = 0.884 at 7 days, P = 0.506 at

21 days and P = 0.211 at 42 days).

Conclusions In the absence of MyD88, the animals

had larger periapical lesions, with a severe inflamma-

tory infiltrate and a significantly larger number of

neutrophils.
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Introduction

The activation of the host immunoinflammatory

response to infection occurs via pattern recognition

receptors (PRRs), which are expressed in different

cell compartments and which recognize intracellu-

lar and extracellular pathogens. PRRs identify

pathogen-associated molecular patterns (PAMPs),

which are structurally conserved antigenic moieties

that are found both within the pathogens’ surface

and structure (Hedayat et al. 2012). Toll-like recep-

tors (TLRs) stand out amongst PRRs (Hirao et al.

2009, Kawai & Akira 2009), participating in the

early recognition of various pathogens and immune

response activation (Hedayat et al. 2012).

Intracellular pathways of TLRs are activated

through Toll/IL-1 receptor (TIR) domain interactions

with proteins or adapter molecules that are recruited

to the site, amongst which myeloid differentiation

factor 88 (MyD88) stands out (Loures et al. 2011).
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MyD88 participates in the activation of all of the

TLRs (except TLR3) and triggers the activation of pro-

tein kinases and transcription factors that stimulate

the expression of genes that are involved in the

inflammatory response (Gomes et al. 2012). Studies

have evaluated the effect of MyD88-dependent signal-

ling in immune system activation and performance in

response to infection with different pathogens

(Hughes et al. 2005, LaRosa et al. 2008, Koh et al.

2010, Loures et al. 2011, Hanke et al. 2012, Ishib-

ashi et al. 2012). Although the precise contribution of

this molecule is not entirely understood, the results

tend to indicate that MyD88 plays a key role in con-

trolling infection, the immediate activation of the

innate immune system, cytokine production and

adaptive immune response activation in late stages

(Koh et al. 2010).

Toll-like receptors are highly expressed in multiple

cell types that are associated with endodontic infec-

tions. The activation of these receptors causes the

stimulation of multiple pro-inflammatory cytokines,

including IL-1, TNF-a and IL-6. These cytokines are

involved in the increased production of receptor acti-

vator of nuclear factor-kappa B ligand (RANKL),

which regulates osteoclastogenesis and bone resorp-

tion (Bar-Shavit 2008, Hirao et al. 2009).

A recent study evaluated the formation and pro-

gress of experimentally induced periapical lesions in

TLR2 knockout mice (Da Silva et al. 2012). The lack

of this receptor was shown to cause the formation of

more extensive periapical lesions, with a higher num-

ber of osteoclasts than was observed in wild-type

(WT) mice. These results indicated a key role of TLR2

during the immunoinflammatory response that is trig-

gered to fight infection of the root canal system and

periapical tissue.

Although the role of adapter molecule MyD88 in

controlling infection and immune system activation

has been examined, its function/involvement in the

development and progression of periapical lesions has

not been investigated. For these reasons, the aim of the

current study was to describe the formation and pro-

gression of experimentally induced periapical lesions in

the teeth of MyD88 knockout mice compared with WT

mice. This analysis was performed with conventional

light microscopy, fluorescence microscopy, tartrate-

resistant acid phosphatase (TRAP) histoenzymology,

Brown and Brenn staining and immunohistochemistry.

The null hypothesis was that the formation and pro-

gression of periapical lesions would not be different

between MyD88 knockout and WT mice.

Materials and methods

The current research project was initially submitted

and approved by the Ethics Committee on Animal Use

of the University of S~ao Paulo (Comiss~ao de �Etica no

Uso de Animais da Universidade de S~ao Paulo, USP),

Ribeir~ao Preto Campus (Case no. 11.1.91.53.0). Thirty

male WT C57BL/6 mice between 6 and 8 weeks of age

were used. The mice weighed an average of 20 grams

and were purchased from the Central Animal Facility

of the University of S~ao Paulo (Biot�erio Central da Uni-

versidade de S~ao Paulo), Ribeir~ao Preto Campus. Thirty

C57BL/6 MyD88 knockout mice (MyD88 KO) were

also examined, which were provided by the Genetics

Animal Facility of the School of Medicine of Ribeir~ao

Preto (Biot�erio de Gen�etica da Faculdade de Medicina

de Ribeir~ao Preto), USP and from The Jackson Labora-

tory, Bar Harbor, ME, USA. All of the animals were

maintained in the animal facility of the School of Den-

tistry of Ribeir~ao Preto (Faculdade de Odontologia de

Ribeir~ao Preto), USP, and received routine care.

The induction of periapical lesions

The animals were anaesthetized intramuscularly with

ketamine (10% ketamine, Agener Uni~ao Qu�ımica Far-

macêutica Nacional S/A, Embu-Guac�u, S~ao Paulo,

Brazil) at a dose of 150 mg kg�1 body weight and

2% xylazine (Dopaser, Laborat�orios Calier, SA, Barce-

lona, Spain) at a dose of 7.5 mg kg�1 body weight to

perform the surgical procedures.

The induction of periapical lesions was performed

on the mandibular first molars, totalling 60 teeth for

each group of animals. Initially, the crown opening

was performed via the occlusal surface using a stain-

less steel round bur (no. ¼ - GDK Densell Dental

Technology, Buenos Aires, Argentina) that was

mounted on a low-speed handpiece. The root canals

were located using a sterilized endodontic number

08 K-file (Dentsply Maillefer, Ballaigues, Switzerland)

and were exposed to the oral environment to induce

periapical lesions. Following periods of 7, 21 and

42 days, the animals were randomly submitted to

euthanasia in a CO2 chamber.

Histotechnical processing and microscopic

evaluation

Following euthanasia, the mandibles were removed,

fixed, decalcified and submitted to routine histologi-

cal processing (Da Silva et al. 2012). Semi-serial
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5-lm-thick sections were longitudinally cut through-

out the length of the periapical lesion.

Sections that were representative of each experi-

mental group were stained with haematoxylin and

eosin (H&E) and submitted to light microscopy analy-

sis to observe the features of the root canal and the

periapical and apical regions and to count the num-

ber of inflammatory cells (neutrophils). A parallel

morphometric analysis of the area of the periapical

lesions using fluorescence microscopy was performed.

Subsequently, sequential specimens were evaluated by

(i) TRAP activity histoenzymology to identify and

count the osteoclasts, (ii) Brown and Brenn staining

to identify the presence and location of bacteria and

(iii) immunohistochemistry to identify osteoclastogen-

esis markers (receptor activator of nuclear factor j B

[RANK], RANKL and osteoprotegerin [OPG]).

All of the analyses were performed using an Axio

Imager.M1 microscope (Carl Zeiss MicroImaging

GmbH, G€ottingen, Germany) that was coupled to an

AxioCam MRc5 camera (Carl Zeiss MicroImaging

GmbH). The analyses were only performed in the dis-

tal roots of mandibular first molars using sections

simultaneously showing the coronal, the middle and

the apical thirds of the root canal, the apical foramen

and the alveolar bone. All of the analyses were per-

formed by a single experienced assessor, without prior

knowledge of the group under analysis.

Descriptive microscopic analysis of the

characteristics of the root canal and the apical and

periapical regions

The descriptive analysis of the root canal and the peri-

apical and apical regions was performed on sections

that were representative of each period and each exper-

imental group, according to the following parameters

(Da Silva et al. 2012): root canal: necrosis (total or par-

tial); apical cementum: surface characteristics (regular

or irregular); periodontal ligament: size (normal or

increased), the characteristics of the inflammatory cell

infiltrate and the presence of oedema and collagen

fibres; alveolar bone: the absence/presence of

resorption, osteoclasts and osteoblasts.

Fluorescence microscopy morphometrics

The morphometric assessment of the area of the peri-

apical lesions was performed on the H&E-stained spec-

imens using an Axio Imager.M1 microscope at 109

magnification, operating in fluorescence mode, as

described by De Rossi et al. (2007) and Da Silva et al.

(2012). The size of the periapical lesion was outlined

and measured in lm2, excluding the intact structures

(i.e. the periodontal ligament, the cementum and the

alveolar bone), which were easily identified by strong

green fluorescence, and including areas of resorption

and inflammatory infiltrate, which were identified by

the lack of fluorescence and a darkened appearance.

Inflammatory cell count (neutrophils)

The neutrophil count was subsequently performed for

the same representative sections using light micros-

copy and was based on their morphological charac-

teristics (i.e. darkly stained cells with multilobed,

horseshoe-shaped nuclei). The neutrophils were

counted in the middle region of the lesion, adjacent to

the apical foramen, in an area of approximately

0.08 mm2, according to De Rossi et al. (2008) and

Da Silva et al. (2012). The results are expressed as

the number of cells.

Tartrate-resistant acid phosphatase (TRAP) activity

histoenzymology

TRAP activity was used for osteoclast staining and

counting as described by Da Silva et al. (2012). The

results are expressed as cell number, according to Da

Silva et al. (2012).

Brown and Brenn modified staining

Brown & Brenn (1931) staining was used to assess

the presence of absence of bacteria and their location

in the crown of the tooth, root canal system and peri-

apical tissues (cementum, periodontal ligament and

alveolar bone; Chen et al. 1999). Scores from 0 to 5

were assigned for this assessment (De Rossi et al.

2008, Da Silva et al. 2012) using the following

system: 0, the absence of bacteria; 1, the presence of

bacteria in the tooth’s crown; 2, the presence of

bacteria in the cervical third of the root canal; 3, the

presence of bacteria in the middle third of the root

canal; 4, the presence of bacteria in the apical third

of the root canal; and 5, the presence of bacteria in

the periapical lesion.

Immunohistochemistry

The reactions were performed using the avidin–

biotin–peroxidase complex method (indirect method),
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as described by Da Silva et al. (2012). The primary

antibodies that were used were anti-RANK (polyclonal

rabbit antibody H300 sc:9072, diluted 1:700; Santa

Cruz Biotechnology Inc., Dallas, TX, USA), anti-

RANKL (polyclonal goat antibody n-19 sc:7628;

Santa Cruz Biotechnology Inc.; diluted 1:400) and

anti-OPG (polyclonal goat antibody n-20 sc:8468;

Santa Cruz Biotechnology Inc.; diluted 1:700). The

slides were incubated with biotinylated secondary

antibody (goat anti-rabbit IgG-B sc-2040 and rabbit

anti-goat IgG-B sc-2774; Santa Cruz Biotechnology

Inc., diluted 1:200). The identification of osteoclasto-

genesis markers was performed using an Axio Ima-

ger.M1 microscope under conventional light. The

results are expressed qualitatively, considering the

presence/absence and location of markers, as

described by Da Silva et al. (2012).

Statistical analysis

The comparison of the areas of the periapical lesions,

the number of osteoclasts and the number of inflam-

matory cells between periods within the same group

of animals (WT and MyD88 KO) was performed using

the nonparametric Kruskal–Wallis test and Dunn’s

post-test. The comparisons for samples following the

same period of time between different groups of ani-

mals (WT and KO MyD88) were performed using the

nonparametric Mann–Whitney test. The data were

analysed using the Statistical Package for the Social

Sciences SPSS software (version 17.0; SPSS Inc, Chi-

cago, IL, USA), at a 5% significance level.

Results

Descriptive microscopic analysis of the

characteristics of the root canal and both the

apical and periapical regions

WT animals exhibited total necrosis of the pulp tissue

7 days following periapical lesion induction. The peri-

odontal ligament was slightly enlarged, with the occa-

sional presence of inflammatory cells, which were

predominantly mononuclear. The cementum surface

was regular, without resorption areas. The alveolar

bone was normal, with osteoblasts on their surface.

The median lesion size in this period was

60 842.5 lm2 (Fig. 1a,b). At the 21-day time-point,

the pulp tissue was completely necrotic, and the root

cementum exhibited surface irregularities. The peri-

odontal ligament was enlarged, with extensive oedema

and areas of fibrillar dissociation. Predominantly

mononuclear inflammatory cells were scattered

throughout the region. The alveolar bone was observed

to be bare and to exhibit areas of resorption. The med-

ian lesion size at this time was 74 368.0 lm2 (Fig. 1e,

f). The radicular pulp exhibited total necrosis at day

42. The periodontal ligament was severely enlarged,

exhibiting dense inflammatory infiltrate, predomi-

nantly mononuclear, diffusely throughout the region.

The cementum and alveolar bone exhibited extensive

resorption areas. The median lesion size at this time

was 258 088.0 lm2 (Fig. 1i,j).

With respect to MyD88 KO animals, the specimens

also exhibited total necrosis of the pulp tissue at day 7

as determined by the descriptive analyses. The peri-

odontal ligament was moderately enlarged, exhibiting

mixed and diffuse inflammatory infiltrate, with the con-

siderable presence of neutrophils. The surface cemen-

tum was regular, whereas the alveolar bone exhibited

resorption areas and no osteoblasts on its surface.

Moreover, the periodontal ligament exhibited areas of

oedema onset and fibrillar dissociation. The median

lesion size at this time was 123 803.0 lm2 (Fig. 1c,d).

At day 21, the pulp tissue was completely necrotic. The

cementum exhibited early resorption areas, making its

surface slightly irregular. The periodontal ligament

was enlarged, with areas of oedema and the dissocia-

tion of collagen fibres. There was mixed inflammatory

infiltrate with mononuclear and polymorphonuclear

cells spread throughout the periapical region, with the

considerable presence of neutrophils. The alveolar bone

was observed to be bare, with areas of resorption. The

median lesion size at this time was 153 306.0 lm2

(Fig. 1g,h). At 42 days, the radicular pulp exhibited

total necrosis. The periodontal ligament was severely

enlarged, with fibrillar dissociation and oedema. A

dense mixed inflammatory cell infiltrate was observed

diffusely across the region, with the presence of abun-

dant neutrophils. The alveolar bone far from the root

apex did not have osteoblasts on its surface. The root

cementum was irregular due to resorption areas, and

there was intense resorption activity in the alveolar

bone, with a strong presence of clastic cells. The

median lesion size at this time was 467 777.0 lm2

(Fig. 1k,l).

Briefly, the descriptive microscopic analysis

revealed a more intense inflammatory infiltrate,

with the abundant presence of mononuclear and

polymorphonuclear cells and extensive tissue

destruction, in the MyD88 KO group compared

with the WT mice, which predominantly showed
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mononuclear cells (Fig. 2e,f). Figure 2 presents

microscopic events observed during the descriptive

analysis of the root canal system and apical and

periapical regions.

Fluorescence microscopy morphometrics

A significant difference between the time-points was

observed in the WT mice group, and Dunn’s post-test

indicated that the lesions were significantly larger at

the 42-day time-point than at the 7- (P < 0.001) and

21-day (P = 0.001) time-points. With respect to the

My88 KO group, measures were also observed to be

significantly higher at the 42-day time-point than at

the 7- (P = 0.001) and 21-day (P = 0.005) time-points.

The comparison of the 7-, 21- and 42-day time-

points between the MyD88 KO (Fig. 1d, h and l) and

WT (Fig. 1b, f and j) groups revealed a significant

difference in the experimental 7- (P = 0.001) and

21-day (P = 0.05) time-point, with significantly

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

Figure 1 Photomicrographs of representative HE-stained microscopic sections of WT and MyD88 KO animals at 7-, 21- and

42-day experimental periods. In a, c, e, g, i and k, the sections were observed under conventional light microscopy for a

descriptive analysis of the root canal system and apical and periapical regions and for measurement of neutrophil counts. In b,

d, f, h, j and l, the images were obtained by the fluorescence technique for measuring the size of periapical lesions (109).
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higher values for the MyD88 KO group. With respect

to the 42-day time-point, there was a numerical trend

towards the same behaviour, but no statistically

significant difference was observed (P = 0.09).

Table 1 outlines the median, minimum and maxi-

mum values of periapical lesion area based on fluores-

cence microscopy analysis and the statistical analysis

of the results. The results are given for all of the

experimental periods (7, 21 and 42 days) and for the

different groups (WT and MyD88 KO).

Inflammatory cell count (neutrophils)

A significant difference was observed in the WT mice

between the periods of evaluation (P = 0.01). The

number of neutrophils that were observed at the

21-day time-point was significantly higher than at

the 7- (P < 0.01) and 42-day (P = 0.03) time-points.

With respect to the MyD88 KO group, the values

observed at the 42-day time-point were significantly

higher than for the 21-day (P = 0.01) time-point,

(a) (b)

(c) (d)

(e) (f)

Figure 2 Photomicrographs obtained under conventional light microscopy representative of the microscopic events observed

during the descriptive analysis of the root canal system and apical and periapical regions after experimental induction of peri-

apical lesions in the WT and MyD88 KO animals, at the different experimental periods: (a) apical and periapical regions. Necro-

tic pulp tissue (NP), severely increased width of the periodontal ligament (PL) space and bone alveolar (B) with resorption

areas (MyD88 KO – 42 days; 109). (b) Detail of image A (square) showing the cemental surface (C) with resorption areas

(arrow), fibrillar dissociation and inflammatory cells (MyD88 KO – 42 days; 409). (c) Detail of image A revealing a severely

increased width of the periodontal ligament (PL) space, with areas of oedema and fibrillar dissociation, mixed and diffuse

inflammatory infiltrate, and large number of neutrophils. The alveolar bone (B) appears denuded and exhibits osteoclasts

(arrow) on its surface (MyD88 KO – 42 days; 409). (d) Detail of image A showing increased width of the periodontal ligament

PL) space and alveolar bone (b) distant from the root apex and severely resorbed (MyD88 KO – 42 days; 409). (e) Periodontal

ligament (PL) with dense, diffuse, predominantly mononuclear infiltrate inflammatory, characteristic of WT group (WT – 42

days; 409). (f) Periodontal ligament (PL) with dense, diffuse, mixed infiltrate inflammatory, with large number of neutrophils,

characteristic of MyD88 KO group (MyD88 KO – 42 days; 409).
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whereas no significant difference was observed

between the other periods.

The comparison of the 7-, 21- and 42-day time-

points between the MyD88 KO and WT groups

revealed a significant difference at the 7- (P = 0.01),

21- (P = 0.004) and 42-day (P < 0.001) time-points,

with significantly higher values for the MyD88 KO

group.

Table 2 outlines the median, minimum and maxi-

mum values of the neutrophil counts that were found

in the middle region of the lesion, adjacent to the api-

cal foramen and the statistical analysis of the results.

The results are given for each of the experimental

periods (7, 21 and 42 days) and for the different

groups (WT and MyD88 KO).

Histoenzymology of tartrate-resistant acid

phosphatase (TRAP) activity

For both of the groups, (i.e. WT and MyD88 KO), no

significant difference in osteoclast count was observed

between the 7-, 21- and 42-day time-points

(P = 0.226 and 0.457, respectively). The comparison

of the 7-, 21- and 42-day time-points between the

WT and MyD88 KO groups also revealed no

significant difference for the experimental 7-day

(P = 0.884), 21- (P = 0.506) or 42-day (P = 0.211)

time-points. TRAP-staining-positive cells surrounding

the periapical lesions of the WT and MyD88 KO

groups are illustrated in Fig. 3.

Table 3 outlines the medians, minimum and maxi-

mum values of the osteoclast count in the resorption

lacunae and in direct contact with the alveolar bone

surrounding the periapical lesions. The statistical

results are given for the experimental periods (7, 21

and 42 days) and for the different groups (WT and

MyD88 KO).

Modified Brown and Brenn staining

With respect to the assessment of bacterial presence

and location in the root canal system and periapical

tissues, specimens from the group of WT animals

were rated with a score of 4 at days 7, 21 and 42.

The presence of a large amount of bacteria was noted

in the tooth crown and the cervical third of the root

canal, including the dentinal tubules and the interra-

dicular region. The amount of bacteria progressively

decreased towards the apical region, with small num-

ber of bacteria in the middle and apical thirds and no

bacteria detected in the periapical lesions. Conversely,

in the MyD88 KO group, microbial infection was

more strongly spread throughout the root canal sys-

tem, including the periapical region and the lesion;

this group was rated with a score of 5. Bacteria were

found abundantly in the tooth crown and the cervical

and middle thirds of the root canal, with deep pene-

tration in the dentinal tubules. The specimens exhib-

ited bacteria in the apical third, the foramen exit, the

cement lacunae and the periapical lesion (Fig. 4).

Table 1 The comparison between the fluorescence microscopy-based periapical lesion area measurements at different experi-

mental time-points for MyD88 KO and WT animals and between the different groups of animals following the same periods of

evaluation

7 days 21 days 42 days

P*M (Mn–Mx) M (Mn–Mx) M (Mn–Mx)

WT 60 842.5 (26 446.0–106 925.0) 74 368.0 (23 738.0–278 760.0) 258 088.0(87 696.0–765 935.0) <0.001

MYD88 KO 123 803.0 (92 083.0–175 784.0) 153,306.0 (85 444.0–242 377.0) 467 777.0 (101 560.0–759 868.0) 0.002

P** 0.001 0.05 0.09

M: median; Mn: minimum; Mx: maximum; P*: Kruskal–Wallis test; P**: Mann–Whitney test.

Table 2 The comparison between the neutrophil counts at the different experimental periods in MyD88 KO and WT animals

and between the different groups of animals following the same evaluation periods

7 days 21 days 42 days

P*M (Mn–Mx) M (Mn–Mx) M (Mn–Mx)

WT 13.0 (10.5–18.0) 25.0 (16.0–41.0) 16.0 (12.5–26.0) 0.01

MYD88 KO 109.0 (69.0–158.5) 85.0 (46.5–112.5) 158.0 (70.5–246.0) 0.02

P** 0.01 0.004 <0.001

M: median; Mn: minimum; Mx: maximum; P*: Kruskal–Wallis test; P**: Mann–Whitney test.
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Immunohistochemistry

RANK-positive staining was noted in specimens from

both of the groups, generally in the apical foramen

region. RANKL staining was noted in specimens in

both the MyD88 KO and WT groups at 7, 21 and

42 days, primarily in the apical foramen region and

within the periapical lesion. OPG staining was noted

in specimens from animals of the WT and MyD88

KO groups, especially within the lesion, at all of

the experimental periods. Staining was also noted in

the specimens from the WT group at the ends of the

periapical lesion. Photomicrographs that are

representative of RANK, RANKL and OPG staining

are shown in Fig. 5, indicating their locations.

(a)(b) (e)

(c)

(d) (g)

(f)

Figure 3 Photomicrographs of representative microscopic sections of WT animals (a, b, c and d) and MyD88 KO animals (e, f

and g) at 7-, 21- and 42-day experimental periods, stained with the tartrate-resistant acid phosphatase (TRAP) histoenzymology

technique for identification and counting of osteoclasts (10x). Image A shows osteoclastic cells present in the resorption

lacunae in direct contact with the alveolar bone surrounding the periapical lesion of WT animal (40x).
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Discussion

The results found in the current study evidenced that

MyD88 KO mice developed more extensive periapical

lesions than WT animals, most likely due to the dam-

age to the immune system caused by the lack of the

adapter molecule MyD88, which participates in TLR

Table 3 The comparison of the osteoclast counts following different experimental periods in MyD88 KO and WT animals and

between the different groups of animals following the same periods of evaluation

7 days 21 days 42 days

P*M (Mn-Mx) M (Mn-Mx) M (Mn-Mx)

WT 7.5 (4.0–27.5) 8.0 (1.5–34.5) 14.0 (3.5–35.5) 0.226

MYD88 KO 10.25 (3.0–15.5) 10.25 (6.5–16.0) 12.0 (8.0–17.0) 0. 457

P** 0.884 0.506 0.211

M: median; Mn: minimum; Mx: maximum; P*: Kruskal–Wallis test; P**: Mann–Whitney test.

(a) (b)

(c)

(d)

(e) (f)

Figure 4 Photomicrographs of representative microscopic sections of MyD88 KO animals sainted with the modified Brown and

Brenn technique showing the presence and location of bacteria in the root canal system and periapical tissues: (a) Panoramic

photomicrograph revealing intense bacterial contamination in all tooth extension (109). (b) Coronal root canal third with a large

number of microorganisms (409). (c) Detail of image B in which dentinal tubules with intense presence of bacteria can be seen.

(d) Detail of image A in which microorganisms can be seen in the apical third and resorption craters. (e) Detail of image A show-

ing a large number of bacteria in the cemental lacunae. (f) Detail of image A showing microorganisms in the periapical lesion.
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signalling. A progressive increase in periapical lesion

size was noted from the beginning of the experiment

to the end, and MyD88 KO animals developed mark-

edly larger lesions by the 7- and 21-day time-points.

Although there was no statistically significant differ-

ence on the 42-day time-point, periapical lesions of

the MyD88 KO animals were larger and there was a

numerical trend towards the same behaviour

observed on the previous time-points. This observa-

tion was correlated with differences in the characteris-

tics of inflammatory infiltrate, which was further

exacerbated and showed a considerable presence of

neutrophils and mononuclear cells in MyD88 KO ani-

mals, with deficient control of its chronification.

In the current study, the quantitative analysis of

neutrophil number confirmed the qualitative descrip-

tion and revealed a significantly higher number of

these cells in the MyD88 KO group than in WT

animals at all of the time-points. Neutrophils have a

very brief lifespan and act within the inflammatory

infiltrate for approximately 3 days (Reinke & Sorg

2012), indicating that the bacterial aggressor stimu-

lus was more intense and persistent in the MyD88

KO group, stimulating neutrophil migration until the

final time-point of the experiment. Moreover, it is pos-

sible that molecular events and the mechanisms that

are involved in the control of neutrophil influx to

inflammatory sites are mediated by MyD88.

(a)

(c)

(e)

(b)

(d)

(f)

Figure 5 Photomicrographs representative of microscopic sections of WT and MyD88 KO animals subjected to the immunohis-

tochemical technique for detection of the osteoclastogenesis markers RANK, RANKL and OPG, at the different experimental

periods, indicating their locations (a, c, e - 109; b, d, f - 409).
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The lack of studies evaluating the effect of the mol-

ecule MyD88 on the development of periapical lesions

precludes a direct comparison with the present

results. However, the current study is consistent with

previous results, which demonstrated that the MyD88

signalling pathway is essential for infection control

and for the adequate and efficient organization of the

inflammatory and immune response (LaRosa et al.

2008, Koh et al. 2010, Loures et al. 2011).

In this context, the noted difference in bacterial

presence and location between groups, as shown by

Brown and Brenn staining, stands out. Bacteria were

more severely disseminated throughout the root

canal system in the MyD88 KO group, being abun-

dantly found in the cervical, middle and apical

thirds, including the periapical lesion, indicating

a loss of host resistance and infection fighting

ability in MyD88 KO mice, which is consistent with

previous studies.

MyD88 is used by all of the TLRs, except TLR3,

and transduces signals that culminate in NF-jB acti-

vation, the induction of pro-inflammatory mediators,

including TNF-a and IL-6, and the production of IFN

types I, a and b (Siednienko et al. 2011). Further-

more, MyD88 activates IL-1 (IL-1R, IL-18R and IL-

33R) receptors, and consequently, the intracellular

signalling and cytokine production that are induced

by these receptors are also down-regulated in the

absence of this adapter molecule (Kawai & Akira

2011, Loures et al. 2011). In this field, it was shown

that MyD88 expression in dental follicle cells leads to

monocyte chemoattractant protein-1 (MCP-1) and

RANKL up-regulation, which is needed for osteoclas-

togenesis (Liu et al. 2010a). Thus, the genetic deletion

of MyD88 in the current study promoted the silencing

of many key signalling pathways, which most likely

exacerbated the inflammatory process, increased the

area of the periapical lesions and resulted in the dys-

functional activation and organization of the immune

response. These findings are in agreement with

Graves et al. (2011), who reported that the inhibition

of an immune response component in endodontic

lesions causes a reduction in resistance to bacterial

infection and the formation of more extensive osteo-

lytic lesions.

Therefore, MyD88 molecule plays a key role during

inflammatory and immune responses that are trig-

gered to fight infections in the root canal system and

the periapical tissue during the genesis and the devel-

opment of periapical lesions, indicating a protective

function.

In agreement with the literature (De Rossi et al.

2008, Liu et al. 2010b, Xiong et al. 2010, Silva et al.

2011, Da Silva et al. 2012), osteoclasts were observed

to be associated with the resorption areas in the peri-

apical regions of WT and MyD88 KO mouse teeth in

the current study. However, differences in the number

of these cells were not observed between the groups

following any of the experimental periods. This result

suggests that the increased tissue destruction that

was observed in specimens in the MyD88 KO group

may have also been caused by other immunoinflam-

matory mechanisms in addition to those inducing

osteoclast differentiation and activation. These mecha-

nisms include the expression of pro-inflammatory

cytokines, which may have been increased by the

presence of more aggressive products, by-products

and other virulent factors in the endodontic infections

of MyD88 KO animals.

Based on immunohistochemical analysis, similar

levels of RANK, RANKL and OPG staining

were observed in WT and MyD88 KO animals at the

7-, 21- and 42-day time-points. Therefore, the involve-

ment of these osteoclastogenesis mediators in periapi-

cal lesion development is confirmed, as previously

described (Vernal et al. 2006, Menezes et al. 2008,

Moraes et al. 2011, Da Silva et al. 2012).

Importantly, this is the first study to evaluate the

effects of the adapter molecule MyD88 on endodontic

infections and the development of periapical lesions,

precluding direct comparison of the current results

with those of previous studies. Further studies are

required to elucidate the functions that are performed

by this molecule and the mechanisms that are trig-

gered upon its genetic silencing. Such mechanisms

include compensation, stimulation and inhibition

of immunoinflammatory events and bone resorption

following the recognition of microorganisms and

periapical lesion onset.

Conclusion

MyD88 KO animals developed more extensive periapi-

cal lesions, with a severe inflammatory infiltrate and

significantly greater numbers of neutrophils than WT

animals. Therefore, the null hypothesis was rejected.
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