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Introduction

Summary

Endodontic infections are polymicrobial infections resulting in bone
destruction and tooth loss. The host response to these infections is com-
plex, including both innate and adaptive mechanisms. Osteopontin
(OPN), a secreted, integrin-binding protein, functions in the regulation of
immune responses and enhancement of leucocyte migration. We have
assessed the role of OPN in the host response to endodontic infection
using a well-characterized mouse model. Periapical bone loss associated
with endodontic infection was significantly more severe in OPN-deficient
mice compared with wild-type 3 weeks after infection, and was associated
with increased areas of inflammation. Expression of cytokines associated
with bone loss, interleukin-1a (IL-1a) and RANKL, was increased 3 days
after infection. There was little effect of OPN deficiency on the adaptive
immune response to these infections, as there was no effect of genotype
on the ratio of bacteria-specific immunoglobulin G1 and G2a in the
serum of infected mice. Furthermore, there was no difference in the
expression of cytokines associated with T helper type 1/type2 balance:
IL-12, IL-10 and interferon-y. In infected tissues, neutrophil infiltration
into the lesion area was slightly increased in OPN-deficient animals 3 days
after infection: this was confirmed by a significant increase in expression
of neutrophil elastase in OPN-deficient samples at this time-point. We
conclude that OPN has a protective effect on polymicrobial infection, at
least partially because of alterations in phagocyte recruitment and/or per-
sistence at the sites of infection, and that this molecule has a potential
therapeutic role in polymicrobial infections.
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severe in animals with impaired neutrophil>* or macro-
phage’ function. The role of the adaptive immune system

Endodontic infections are typically polymicrobial infec-
tions of the dental root canal system."” Bacterial species
gain access to this space through defects in the tooth
structure, often advanced caries or stress-related cracks
and fissures. The associated inflammatory response at the
apex of the root results in loss of the surrounding peri-
apical bone. These infections, together with periodontitis,
are unusual in combining bone resorption with a poly-
microbial infection. The inflammatory response to these
infections has been best characterized in the mouse sys-
tem, and involves a robust activation of the innate
immune system. The resultant bone loss is much more
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in these infections is less clear — mice lacking the classic
T helper type 1 (Thl) cytokines interleukin-12 (IL-12)
and interferon-y (IFN-y) have comparable susceptibility
to endodontic infections to wild-type mice,’ whereas IL-
10-deficient mice are significantly more susceptible to
infection-associated bone loss.”

Osteopontin (OPN) is a secreted phosphoprotein with
various roles in the immune responses. It is made by
T cells and macrophages, and binds to a series of inte-
grins, as an intact protein or as proteolytically cleaved
fragments.® Its activities associated with immune/inflam-
matory responses include regulation of Th1/Th2 balance,’
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enhancement of dendritic cell function'® and regulation
of IL-17 production."’ Tt is also important in the regula-
tion of the innate immune response, enhancing the accu-
mulation of neutrophils and macrophages at sites of
injury.'*'* Osteopontin has been shown to down-regulate
IL-10" so we predicted that it might enhance bone
destruction associated with endodontic infections.

Here we have assessed the host response to endodontic
infections in OPN-deficient mice. Unexpectedly, we found
that in the absence of OPN, the inflammatory response
and resultant bone loss associated with these infections
was much more severe than in wild-type (WT) mice. We
present data suggesting that this observation may be
related to the role of OPN in the innate immune system.

Materials and methods

Mice

Wild-type and OPN™~ mice were maintained on a 129
(S1,S7) mixed background16 as separate colonies under
specific pathogen-free conditions. Colonies were main-
tained to minimize inbreeding, and WT and OPN™'~ col-
onies were interbred every 2 years. All procedures were
approved by the Forsyth Institutional Animal Care and
Use Committee.

Periapical infection

Periapical infections were performed using an established
p1ro‘tocol.2’6’7 Briefly, mice, 612 weeks of age, were anaes-
thetized with ketamine/xylazine and immobilized and
mounted on a jaw retraction board. Molar pulps were
exposed by using a #1/4 round bur under a surgical micro-
scope. Ten microlitres of bacterial suspension at 10'° cells/
ml in 2% carboxymethyl cellulose was inoculated into the
exposed root canal. Mice were allowed to recover and were
maintained under standard conditions until they were
sacrificed. On death, mandibles were dissected and fixed in
4% paraformaldehyde before analysis by micro-computed
tomography (microCT) or histology. For RNA preparation,
bone blocks containing the first molars were dissected,
cleaned of soft tissue and snap frozen in liquid nitrogen.
Trizol reagent (Invitrogen, Carlsbad, CA) was used to
prepare total RNA from crushed bone blocks.

Bacterial preparations

Common human endodontic pathogens Prevotella inter-
media ATCC 25611, Streptococcus intermedius ATCC
27335, Fusobacterium nucleatum ATCC 25586 and Pepto-
streptococcus micros ATCC 33270 were grown on tryptic
soy broth with yeast agar plates, and subsequently in
mycoplasma liquid medium under anaerobic conditions
(80% N,, 10% H, and 10% CO,). The cells were har-
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vested by centrifugation at 7000 g for 15 min and resus-
pended in phosphate-buffered saline (PBS) and quantified
spectrophotometrically. For pulp infection, a mixture of
the four species was diluted into 2% carboxymethyl cellu-
lose in PBS at 2-5 X 10° each species/ml.

MicroCT was performed on isolated, fixed mandibles
using a Skyscan-1172 or a Shimadzu SMX-225CT cone-
beam type tomograph. Areas of bone loss were deter-
mined as described in Leshem et al.'” Briefly, acquired
stacks were re-sliced using IMAGE] software (Wayne Ras-
band, National Institutes of Health, Bethesda, MD) to
obtain the ‘pivot’ section, which included the mesial and
distal roots of the mandibular first molar and which
exhibited a patent distal root canal apex. The area of
bone loss (radiolucency) in this section was measured
using PHotosHOP (Adobe, San Jose, CA) and IMAGE], and
expressed in mm?. This analysis was performed by an
investigator blinded to the genotype of the samples.

Histology and immunohistochemistry

Fixed mandibles were decalcified in 5% formic acid/10%
citrate, and embedded in paraffin. The entire mandible was
sectioned at 6 pum/section, and every fifth section was
stained with haematoxylin & eosin to identify the lesion
area. Images of the stained sections were obtained with a
dissecting microscope and imported into IQBASE software
(Mediacybernetics, Bethesda, MD). Bone loss in appropri-
ate sections was estimated by measuring the distance from
the first molar proximal root surface to the closest bone
edge at the bottom of the root and on both sides using the
measurement functions in IQBase. These numbers were
obtained for all stained sections spanning the base of the
root (four to six sections), and averaged. Neutrophils were
identified with antibody 7/4'® (AbD Serotec, Raleigh, NC)
at 0-22 pg/ml, and macrophages with F4/80'° (Harlan) at
1 : 10; both were detected with biotinylated goat anti-rat
antibody and the Vector ELITE ABC kit (Vector Laborato-
ries, Burlingame, CA). Osteoclasts were identified using a
rabbit antiserum to cathepsin K, as previously described.*’
No primary controls were included in each experiment,
and there was no reactivity of the secondary antibodies
alone. Semi-quantitative estimates of phagocyte accumula-
tion in tissue sections were obtained by measuring the area
of intense staining using IMAGE] or IQBask: in 3-day sam-
ples, the root canal of infected mice stained strongly for
neutrophils, and the neutrophil accumulation was esti-
mated by measurement of the length of the pulp chamber
occupied by neutrophils.

Quantitative reverse transcription—polymerase chain
reaction (qPCR)

One to two micrograms RNA prepared from bone
blocks (approx. 5 mm?’, containing the infected molar
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and associated bone, from which gingival tissue was
removed) was reverse transcribed using standard tech-
niques; for each sample a control reaction was performed
without reverse transcriptase. Complementary DNA
(cDNA) was subjected to qPCR using primers at 200—
300 um and Sybr green technology in a total volume of
20 pl. Master mix was either purchased from BioRad
(Hercules, CA) or was home-made®' using standard Taq
polymerase (NE Biolabs, Ipswich, MA). For each assay,
standards were prepared by amplifying a DNA fragment
encompassing the qPCR primer sites: this fragment was
purified, quantified and used for absolute quantification.
Results, in molecules/pul were divided by the geometric
mean of results from two control genes: glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) and EFlal,** to give
relative expression. Primers (Invitrogen) for IL-1a, IL-1f,
IFN-y, IL-10 and IL-12p40 were described in Akilesh
et al.”> Receptor activator of nuclear factor xB ligand
(RANKL) primers are described elsewhere.? Other prim-
ers used were GAPDH: left: 5-CGAAGGTGGAAGAG
TGGGAG-3'; right: 5-TGAAGCAGGCATCTGAGGG-3';
EFlal: left: 5-GGAAA TTCGAGACCAGCAAA-3'; right:
5'-ACACCAGC AGCAACAATCAG-3'; neutrophil elastase:
left: 5-TGTGAACGGCCTAAATTTCC-3'; right: 5'-GGTC
AAAG CCATTCTCGAAG-3'.

Enzyme-linked immunsorbent assay

Antibody subtypes were determined as previously
described.?* In brief, 96-well microtitre plates were coated
with fixed F. nucleatum (optical density 580 nm = 0-3)
and blocked with 1% bovine serum albumin. Sera from
infected mice collected on killing were serially diluted in
PBS as indicated and 100 pl was added to each well. After
incubation and washing, specific immunoglobulin G
(IgG) subclasses were detected with biotinylated rabbit
anti-mouse IgG1 or IgG2a (BD Biosciences PharMingen,
San Diego, CA). Wells were then incubated with strepta-
vidin-conjugated horseradish peroxidase (Invitrogen),
after which substrate and chromogen were added, and
absorbance was read on an enzyme-linked immunsorbent
assay (ELISA) plate reader (Dynatech, Chantilly, VT).

Statistical analyses

Significance of differences was calculated by two—way
analysis of variance with Bonferroni post-test (bone loss
determinations), or by two-tailed #-test. GRaPH-PAD Prism
(Graph Pad Software, LaJolla, CA) software was used for
statistical calculations.

Results
Wild-type and OPN-deficient mice (both males and

females at 5-12 weeks of age) on a 129 (S1, S7) mixed
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background were subjected to dental pulp exposure, and
infected with a mixture of four human endodontic patho-
gens including P. intermedia, S. intermedius, F. nucleatum
and P. micros. Three weeks after infection, mice were
killed, and the infected mandibles were removed, fixed
and analysed by microCT as described.” Figure 1 shows
that bone loss associated with these endodontic infections
was significantly higher in OPN™~ mice than in WT ani-
mals. The area of radiolucency in unexposed mice was
minimal (average 0-07 mm?); it was not different between
WT and OPN™/~ mice — this radiolucent area represents
the normal periodontal ligament that anchors teeth to the
underlying bony structure. Following pulp exposure and
infection, the area of bone loss averaged 0-18 mm® in WT
mice, but was 55% higher in OPN™'™ animals (0-28 mm?,
Fig. 1b). When corrected for the radiolucent area
observed in unexposed areas, the extent of bone loss in
OPN™'" mice was more than twice that seen in WT mice.
This result was confirmed in an independent experiment
(data not shown).

Bone loss was also estimated in histological sections as
described in Materials and methods. These measurements
confirmed the bone loss observed by microCT 21 days
after infection, and the significantly increased bone loss
occurring in the OPN-deficient mice (Fig. 1c). At 3 days
after infection, there was a significant amount of bone
loss adjacent to the infected pulp chamber, with many os-
teoclasts apparent (data not shown). However, the extent
of bone loss at this time-point was not different between
WT and OPN-deficient animals.

The bone loss in infected animals was secondary to the
inflammatory infiltration occurring in response to bacte-
rial infection. This inflammatory response was quantified
in haematoxylin & eosin-stained decalcified sections of
infected mandibles at 21 days after infection (Fig. 2). One
section from each mandible was selected that had the
greatest amount of inflammation and the area of inflam-
mation was measured using IMAGE] software. Maximal
inflammation was more than twice as extensive in the
OPN-deficient mandibles as in the WT tissues.

The pro-inflammatory molecules known as IL-1 (com-
prising both IL-1a and IL-1f) are responsible for much
of the pathology in these periapical infections® and can
mediate osteoclast activation and function.”® We used
qPCR to evaluate the effect of OPN deficiency on IL-1
expression in the periapical lesions. Interleukin-la, but
not IL-1f, was significantly increased in lesions from
OPN-deficient mice compared with WT mice at early
times after infection (Fig. 3a). Consistent with the
increased bone loss seen in these animals, RANKL expres-
sion was also increased in OPN-deficient mice. By
21 days, however, there were no significant differences in
the expression of these cytokines between the two geno-
types (Fig. 3b). The number of osteoclasts was greatly ele-
vated in the periapical region of infected mice at 3 days
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Figure 1. (a) Micro-computed tomography images of periapical bone loss in wild type (WT) and osteopontin-deficient (OPN™'") mice 21 days

after infection. A single section through each mandible is shown, and the area of bone loss is indicated by arrows. Each panel represents a differ-

ent mouse. (b) Quantification of bone loss in WT and OPN™'~ (KO). Con, unexposed; exp, exposed, infected mice. **P < 0-01; n = 3 (control)

or n = 5 (infected). Experiment shown is one of two experiments. (c) Diagram of measurements used for quantification of bone loss in histologi-

cal sections. Lengths of the lines indicated by arrows were measured and averaged to estimate bone loss. (d) Quantification of bone loss in histo-

logical sections. Bone loss was determined from haematoxylin & eosin-stained sections from control, uninfected animals (n = 2 or 3), infected

animals 3 days after infection (n = 4 or 5) or infected animals 21 days after infection (n = 4 or 5). *P < 0-05.

after infection, as compared with control, unexposed
animals. However, the number of osteoclasts in these
areas was not different between WT and OPN-deficient
animals (Fig. 3c). This is consistent with the similar
extent of bone loss in the WT and OPN-deficient mice at
this time-point. Together these results suggest that OPN
acts to enhance the bone loss seen at later times, which
reflects the increased bone resorption between 3 and
21 days after infection.

Osteopontin has been associated with the Thl response,
which is known to exacerbate inflammation-associated
bone loss in our endodontic infection model.?” It can also
suppress the expression of IL-10,” which has an anti-
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inflammatory role in these infections.”® To assess the
effect of OPN on the Th1/Th2 response in these infec-
tions, the serological response of infected animals to bac-
terial infection was determined 3 weeks after infection.
Levels of IgGl and IgG2a, were determined in sera from
infected mice by ELISA using F. nucleatum as antigen:
this species has been shown previously to elicit a strong
immune response.” The ratio of the expression of these
isoforms reflects the Th1/Th2 balance, such that
IGg2a > IgGl indicates a Thl bias, whereas lower IgG2a
suggests a Th2 polarization.”*** In WT mice, the humoral
immune response to this species included both IgGl and
IgG2a, although the titre of IgG2a was somewhat higher,
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Figure 2. (a) Histological sections (haematoxylin & eosin-stained) of
wild-type (WT) and osteopontin-deficient (OPN™7) control (Con)
and exposed, infected mice (Exp) 21 days after infection. Asterisk
indicates the apex of the root. Arrows indicate the area of inflamma-
tion. Objective magnification: 10 X. (b) Quantification of areas of
inflammation (in arbitrary units) in WT and OPN™™ (KO) mice
21 days after infection. **P = 0-01; n = 4 or 5.

perhaps reflecting a Thl bias. There were no significant
changes in either IgG1l or IgG2a levels in the absence of
OPN (Fig. 4a), suggesting that there is no alteration in
the Th1/Th2 polarization in these lesions in the absence
of OPN. This idea is supported by analysis of messenger
RNA (mRNA) levels for a series of cytokines in the peri-
apical lesions at 21 days after infection. While OPN has
been reported to enhance IL-12 expression and suppress
IL-10,° 1L-12, IL-10 and IFN-y mRNA levels were similar
in both WT and OPN-deficient mice (Fig. 4b). Expression
of IFN-y and IL-12 was undetectable at 3 days after infec-
tion (data not shown). Together, these data suggest that
the effect of OPN on the inflammatory response in this
system is not through effects on the adaptive immune
response.

To evaluate the effects of OPN on the innate immune
response, we examined the accumulation of neutrophils
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and macrophages in the areas of periapical infection.
Neutrophil accumulation was examined by immunohisto-
chemistry using a neutrophil-specific antibody (7/4)'® at
3 days after infection to examine the early response to
bacterial infection: at this time-point there was a slight
but non-significant trend to higher neutrophil accumula-
tion in the root canals of infected OPN™'" mice, as com-
pared with WT (Fig. 5a). At all time-points, however,
neutrophil infiltration was extensive and was difficult to
quantify accurately by histological analysis. To more accu-
rately quantify neutrophil accumulation and function in
3-day samples, therefore, neutrophil elastase was mea-
sured by qPCR in ¢cDNA samples prepared from periapi-
cal tissues. This analysis demonstrated significantly
increased neutrophil accumulation and/or function in the
absence of OPN (Fig. 5b). Together, these results suggest
that OPN regulates both neutrophil infiltration and per-
sistence at sites of infection. Macrophage numbers were
assessed by immunohistochemistry with the macrophage-
specific antibody F4/80'°, and were similar to controls in
the peri-apical region 3 days after infection. By 21 days
after infection, macrophage numbers were greatly
increased in infected animals compared with controls, but
semi-quantitative analysis of staining in the peri-apical
area did not show any difference in macrophage numbers
at this time-point between the two genotypes (data not
shown).

Discussion

Osteopontin has been shown to be important in resis-
tance to viral and microbial infection: frequently this
resistance has been associated with its role in regulating
the Thl response. For instance, OPN-deficient mice are
more susceptible than WT mice to several human patho-
gens, including Listeria monocytogenes,” Plasmodium chab-
audi  chabaudi®® and  Mycobacterium bovis bacillus
Calmette-Guérin.”' Here, we demonstrate for the first
time that OPN is an important aspect of the host
response to polymicrobial infections, showing that these
infections are much more severe in mice that lack OPN.
Our results suggest that while OPN plays a major role
in the host response to these polymicrobial infections, this
role seems not to be related to its role in the adaptive
immune response. There was no change in the immuno-
globulin subtype response to F. nucleatum in the absence
of OPN, nor did we detect a significant change in expres-
sion of Th1/Th2 cytokines in infected tissues in the pres-
ence or absence of OPN. The role of OPN in regulation
of IL-10 has been clearly shown, particularly via the den-
dritic cell response to viral infections.”**> We assessed
IL-10 expression at the RNA level in peri-apical tissues:
whether stimulated T cells from lymph nodes draining
these infections would express lower levels of IL-10 is
unclear. However, IL-10-deficient mice have more severe
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Figure 3. Expression of osteoclast-activating cytokines in periapical lesions. (a) Interleukin-la (IL-1o; n = 11), IL-15 (n = 8), and receptor activa-

tor of nuclear factor-«xB ligand (RANKL; n = 11) expression was measured by quantitative polymerase chain reaction in extracts of infected tis-

sues 3 days after infection, and normalized to expression of control genes. (b) Similar analysis was performed in RNA from infected tissues

21 days after infection. *P < 0-05; n = 5 or 6.

bone loss than WT mice in our periapical lesion model,”
suggesting that if OPN is acting to regulate IL-10 expres-
sion then OPN-deficient mice would be protected from
bone loss, rather than the increased susceptibility we
observed. Together, these considerations suggest that
OPN function in these periapical lesions is independent
of its effects on IL-10 expression, and most likely related
to its function in regulating the innate immune system.
Osteopontin has multiple effects on cells of the myeloid
lineage.® It is chemotactic for neutrophils,”>** although
its effects on these cells are still not well understood.
Osteopontin is also chemotactic for macrophages, and
enhances migration of this cell type'***™® in response to
some, but not all, chemoattractants. The OPN-deficient
macrophages are defective in killing tumour cells’® and
bacterial cells,”’ and defective phagocytosis has also been
reported.*” Our results are consistent with these reports,
suggesting that OPN deficiency results in increased
neutrophil persistence in vivo in response to bacterial
infection. So, increased neutrophil elastase levels in
OPN-deficient mice may be a reflection of a defect in
neutrophil killing or clearance mediated by macrophages
or may reflect an alteration in neutrophil function in the
absence of OPN. An alternative explanation, that OPN
deficiency results in increased recruitment of neutrophils
to the site of infection, is also possible, although this
would be unexpected, based on the known effects of OPN
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on cell migration. Analysis of these lesions at different
times of infection is required to understand the detailed
mechanism of this effect.

Defects in macrophage function or accumulation have
been previously shown to result in increased bone loss in
these endodontic infections.’ In the absence of the macro-
phage chemoattractant MCP-1, monocyte recruitment to
the site of infection is impaired, and the resulting bone
loss is significantly increased. A similar mechanism may
be occurring in the absence of OPN. However, neutrophil
defects are strongly associated with the tissue damage in
both human and experimental endodontic infections
(reviewed in ref. 2), so we cannot rule out an effect of
OPN on this cell type as well.

The effects of OPN on phagocytes are probably mediated
through its ability to bind to the integrins important in
myeloid cells: the o, f3, and the o4f5; and ogf; integrinsf‘”13
The innate immune response to infection includes a
rapid accumulation of neutrophils at the site of infection:
these cells make a variety of toxic products that can kill
invading bacteria, but also cause tissue damage.** Neu-
trophils and other leucocytes arrive at sites of infection
from the bloodstream through a co-ordinated response
including arrest at the site of the inflamed endothelium,
extravasation through the endothelial layer, and migration
to the site of infection. Leucocyte arrest on endothelial cells
is mediated by selectin binding to endothelial lectins,

© 2009 Blackwell Publishing Ltd, Immunology, 129, 105-114
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types reactive against Fusobacterium nucleatum in sera from wild-
type (WT) and osteopontin-deficient (OPN™'") mice at 21 days after
infection. Serial dilutions of mouse sera were reacted with immobi-
lized F. nucleatum, and detected with isotype-specific secondary anti-
bodies. Each point represents the average of results from three serum
samples from individual mice. There is no significant difference
between the WT and OPN™'~ samples at any dilution. (b) Cytokine
expression in periapical tissue was measured by quantitative poly-
merase chain reaction 21 days after infection as described in Fig. 3.
There are no significant differences between genotypes for any of the
cytokines.

resulting in slow rolling, followed by integrin-mediated
arrest.*> Chemokine expression on the surface of endothe-
lial cells triggers changes in leucocyte integrin affinity,
resulting in rapid binding of f,-containing integrins to
endothelial intercellular adhesion molecule-1 and oy-con-
taining integrins to vascular cell adhesion molecule-1.
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RNA from infected mandibles 3 days after infection, and normalized
to control genes. *P < 0-05, n = 6 or 7.

Following arrest, there is rapid release of these integrin
contacts allowing leucocytes to move to endothelial cell
junctions, and migrate through these junctions. Finally,
phagocytes migrate through the tissue to bacterially
infected areas. OPN or its fragments bind to the oyf;
and oof; integrins through the SLAYGLR sequence: these
integrins are important in all these steps of infiltra-
tion;*®*” hence OPN may be important in any of these
aspects of phagocyte extravasation. The exact mechanism
remains obscure, however, and further work is required
to elucidate the molecular interactions. Important ques-
tions include whether OPN regulates the function of
these cell types, or if its effect is mostly related to cell
migration.

The role of leucocyte extravasation in the development
of mouse periapical lesions was explored using P/E selec-
tin double-deficient mice.”®* These animals developed
extensive bone loss similar to the OPN-deficient mice.
There were also extensive systemic effects, including
splenomegaly, which was not observed in the OPN-
deficient mice (data not shown) and a 50% decrease in
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neutrophil accumulation in the inflammatory site. Hence,
the effect of OPN deficiency on neutrophil accumulation
is not as severe as that of selectin deficiency, perhaps
reflecting the redundancy of the integrin ligands available
for extravasation. These integrins undergo rapid changes
in affinity for their ligands during inflammation, and it is
not known how these changes affect the binding of
OPN.**%% CD44 isoforms are also implicated in the
effects of OPN,>" and additionally there is evidence that
an intracellular form of OPN may have physiological
importance.’®”*

At early times after infection, we observed increased
expression of IL-1o¢ and RANKL in infected tissues from
OPN-deficient mice: both these cytokines are associated
with inflammation-associated bone res;orp‘[1011.26’53 Hence,
the mechanism of the increased bone resorption in these
mice is probably related to the increased expression of
IL-1oc and RANKL: further work is needed to determine
the cell types expressing these factors in endodontic infec-
tions and the role of OPN in their regulation. OPN has
been shown to be required for bone resorption in mice
in response to ovariectomy or hind-limb suspension,”*>”
and this effect is probably the result of a defect in osteoclast
function in the absence of OPN.’**** Consequently, it
was unexpected to see increased bone loss in the OPN-
deficient mice. The effect of OPN on osteoclasts suggests
that the bone loss secondary to endodontic infection that
we observed in OPN-deficient mice might be restricted by
the osteoclast defect, and could be more severe in the
absence of this defect. Alternatively, factors may be pro-
duced during the course of the response to infection that
can override the osteoclast defect, as has been suggested in
bone loss associated with metastatic tumour growth in the
bone.”**®

Mice infected with M. bovis develop granulomas, and
the number and size of these granulomas are higher in
mice deficient for OPN expression.”’ This effect was
shown to be unrelated to the adaptive immune response;
rather there was a defect in bacterial killing by OPN-
deficient macrophages. Hence, the effect of OPN in
our model of endodontic infection seems to resemble
the host response to M. bovis. It is not clear if the
mechanism of host response is the same in both these
models, but this similarity illustrates the generality of the
OPN dependency of aspects of the innate immune
response.

In conclusion, our results suggest that OPN has a pro-
tective effect in endodontic infections at least partially
through an effect on neutrophil persistence. A possible
mechanism for these observations is that OPN deficiency
may affect macrophage recruitment or function, such that
macrophage-dependent neutrophil clearance is impaired.
Understanding the mechanism of action of OPN in these
infections may lead to new therapeutic approaches to
treat polymicrobial infections.
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