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Mast cells protect against airway Mycoplasma pneumoniae under
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Summary

Background Infection with Mycoplasma pneumoniae (Mp) in asthma can occur both acutely
and chronically with an associated Th2 inflammatory response and/or increased numbers of
bronchial mast cells. Mast cells have previously been shown to promote mycoplasma
clearance in mice; however, it is unknown whether mast cells would aid Mp clearance under
allergic conditions.

Objective Our aim was to determine the impact of allergic inflammation on mast cell-mediated
lung Mp clearance. Furthermore, as we have previously demonstrated an essential role for IL-
6 in lung Mp clearance we also investigated the role of mast cell-derived IL-6.

Methods Mast cell-deficient (WBB6F1/J-Kit"/Kit"™") mice were challenged with ovalbumin
to induce airway inflammation before Mp infection. The role of mast cell-derived IL-6 in
bacterial clearance was further investigated by reconstitution of mast cell-deficient mice with
IL-6~/~ mast cells.

Results Allergic mast cell-deficient mice exhibited increased lung Mp burden compared with
control littermates. Intravenous adoptive transfer of wild-type and IL-6~/~ mast cells
significantly improved Mp clearance in mast cell-deficient mice. Acutely after Mp infection,
allergen-challenged mast cell-deficient mice had increased levels of the pro-inflammatory
cytokines IL-6 and TNF-a in the bronchoalveolar lavage (BAL) fluid. The total number of
neutrophils was also increased in mast cell-deficient mice.

Conclusions Our results establish that mast cells aid host defense against Mp in an allergic
setting and that while IL-6 is necessary for lung Mp clearance, mast cell-derived IL-6 is not
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Introduction

Mycoplasma pneumoniae (Mp) is an atypical bacterium
commonly recognized to cause community acquired
pneumonia. However, evidence has documented Mp in-
fection in individuals presenting with acute asthma ex-
acerbations as well as stable chronic asthmatics [1-6].
Mast cells have long been implicated in the pathogenesis
of asthma [7, 8] and acute asthma exacerbations and/or
asthma onset associated with Mp are characterized by
mast cell related events such as atopy, IgE, and Th2
cytokine responses [1-5]. Furthermore in chronic asthma,
in which we have previously reported that 42% of stable
asthmatics are positive for Mp by PCR detection from
bronchial biopsy [6], the number of mast cells was

significantly increased in airway tissue. However, this
increase was observed in Mp-positive asthmatics com-
pared with Mp-negative asthmatics. As mast cells have
been demonstrated with increasing frequency to be in-
volved in host defense responses, the question raised
is whether mast cells serve in a bactericidal role in an
allergic milieu?

Evidence for the role of mast cells in bacterial clearance
was first reported by Echtenacher et al. [9] and Malaviya
et al. [10] in models of ceacal ligation and puncture and
acute septic peritonitis, respectively. In subsequent stu-
dies, mast cells were further demonstrated to play a role in
bacterial clearance from the skin [11] and lungs [12],
including clearance of lung Mycoplasma pulmonis [13].
In the case of peritoneal infection, neutrophil influx
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driven by mast cell-derived TNF-o was demonstrated to
mediate bacterial clearance [9, 10], and a host of cell
surface receptors including Toll-like receptor 4 and com-
plement receptors were shown to play a role [14, 15].
However, no mechanism for mast cell-mediated bacterial
clearance has been proven in the lung. We have pre-
viously shown that IL-6 is necessary for Mp clearance in
non-allergic mice and that IL-6 is increased in response to
Mp [16]. Mp was further demonstrated to induce IL-6
expression in mast cell cultures [17].

While it was demonstrated that mast cells promote
bacterial clearance in an allergen naive environment, it
was not clear if mast cells would function similarly under
allergic conditions from the following evidence. First,
lung allergic inflammation suppresses bacterial clearance
in vivo [16, 18], and mast cells contribute to allergic
inflammation in response to allergen challenge [19],
specifically through the release of TNF-o [20, 21]. Second,
mast cells were shown to enhance eosinophilic inflamma-
tion when the bacterial toxin LPS was co-administered
with allergen [22]. Finally, simultaneous treatment of
mast cells with IgE/allergen and agonists for Toll-like
receptors, a class of pattern recognition molecules in-
volved in host defense, synergistically enhanced cytokine
release, including IL-13 [23, 24] which has been demon-
strated to play a central role in the pathogenesis of asthma
[25, 26]. Therefore, to investigate our clinical question
pertaining to the interaction of mast cells and Mp in
asthmatics, it was essential to examine Mp clearance in a
mouse model of allergic inflammation.

The aim of our study was to determine the impact of
mast cells on Mp burden after the establishment of airway
inflammation. Utilizing mast cell-deficient WBB6F1/
J-Kit"/Kit"™" (W/WY) mice and their wild-type littermates
(WBB6F,;-"/"), we demonstrate that mast cells promote
Mp clearance under allergic conditions. Furthermore,
although Mp infection in bone marrow-derived cultured
mast cells (BMCMCs) prompted rapid release of IL-6,
adoptive transfer of IL-6~/~ BMCMCs significantly
reduced bacterial burden in mast cell-deficient mice.

Methods

Mice

Mast cell-deficient WBB6F1/J-Kit"/Kit"™" (W/WY), con-
genic WBB6F,-"/" littermates, C57BL/6, and B6.129S2-
116" %°P/| ] mice were obtained from Jackson Laboratory
(Bar Harbor, ME, USA). Male mice ages 6-8 weeks were
used for experiments. Mice were maintained in a patho-
gen-free facility and serology reports during the time
period of all of our experiments were negative for the
presence of the mouse pathogen M. pulmonis. All experi-
ments were approved by the Institutional Animal Care and
Use Committee at National Jewish Health.

Mouse model of allergic inflammation and Mycoplasma
pneumoniae infection

The establishment of allergic inflammation and Mp pre-
paration has been previously described [16]. Briefly, mice
were sensitized though two i.p. injections of 20ug of
ovalbumin (OVA) (Sigma-Aldrich, St Louis, MO, USA)
emulsified in 2.25 mg aluminum hydroxide (Pierce, Rock-
ford, IL, USA) on days 1 and 14. Twenty-eight days after
the last OVA sensitization, mice were placed in a closed
chamber and challenged once daily for 3 consecutive days
with 1% aerosolized OVA for 20 min using an ultrasonic
nebulizer (DeVilbiss, Heston, UK). Mice were rested 1 day
and infected intra-nasally with Mp (Stain FH 15531 ATCC,
Manassas, VA, USA) at a dose 10® CFU/mouse, unless
otherwise noted. Avertine (synthesized from 2,2,2-tribro-
moethanol and tert-amyl-alcohol, Sigma-Aldrich) was
given at a dose of 0.25 g/kg mouse to anesthetize the mouse
during infection. Non-infected control mice were also an-
esthetized and given an equal volume of saline intra-nasally.
One day or 7 days after infection mice were sacrificed by a
single i.p. injection of 200 mg/kg pentobarbital.

Lung and bronchoalveolar lavage collection

The left lung was excised and homogenized in PBS for Mp
culture and CFU counting. Lung homogenate was diluted
and directly plated onto PPLO plates (Remel, Lenexa, KS,
USA). Plates were incubated at 37 °C for 7 days before Mp
quantification. One millilitre of saline was used to lavage
the lung for each mouse, and bronchoalveolar lavage
(BAL) fluid was collected and cell-free supernatants were
stored at —80 °C for ELISA analysis. Total number of white
blood cells in the lavage fluid was determined for each
individual mouse and cytospins were prepared from the
cells isolated from the BAL fluid. Cell differentials were
determined by microscopic examination via cytospin pre-
paration after staining. Hema 3 Stain Set (Fisher Scientific,
Pittsburg, PA, USA) was used to stain all cytospins and has
staining characteristics similar to Wright and Wright-
Giemsa stains. Macrophages, neutrophils, eosinophils, and
lymphocytes were distinguished based on staining char-
acteristics.

Bone marrow-derived cultured mast cells

BMCMCs were generated from wild-type C57BL/6 mice.
Mice were killed with a lethal dose of pentobarbital
(200 mg/kg) and sterilized with 70% ethanol. Femurs were
extracted and the bone marrow flushed with FBS followed
by RPMI with 10% FBS. Cells were centrifuged and
re-suspended at a density of 1x10°cells/mL in RPMI
supplemented with 10% FBS, 1% penicillin/streptomycin,
and 5ng/mL recombinant mouse IL-3 (R&D Systems,
Minneapolis, MN, USA). Half of the media was changed
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twice a week. After 4-6 weeks in culture, the purity of
mast cells was determined by toluidine blue staining.
Cultures were used when mast cell purity was >98%.
Before treatment and infection, mast cells were washed
twice in PBS and re-suspended in antibiotic-free media.
5x10° cells were treated in triplicate for all experiments.
IL-4 (10ng/mL) and IL-13 (10 ng/mL) were included in
mast cell media 2 h before infection. Cells were infected
with Mp at a dose of 10 CFU/cell and cells and super-
natants were collected 2 h after infection.

Cytokine determination

Cytokine levels were determined in cell-free supernatants
of BMCMCs or BAL supernatant by ELISA analysis. For the
cell culture supernatants, IL-6 and TNF-a levels were
determined by standard sandwich ELISA (ELISATech,
Aurora, CO, USA).

Adoptive transfer

BMCMCs were cultured from wild-type and -6~/
C57BL/6 donors as described above. W/WY mice were
reconstituted with 5x10° mast cells through i.v. injection.
Mice were infected with Mp 12 weeks after iv. re-
constitution based on previous reports that demonstrated
mast cell engraftment of organs 12 weeks after reconstitu-
tion [27]. OVA sensitizations were initiated 1 month before
Mp infection (8 weeks after reconstitution) according to
our standard protocol. It has been previously reported that
W/WY mice can be reconstituted with C57BL/6 mast cells
without rejection [28].

Toluidine blue staining

Lung tissue was fixed in 10% neutral buffered formalin
and embedded in paraffin. Mast cells were identified in
lung tissue by toluidine blue staining. Sections were
stained with a working solution of 1% (w/v) toluidine blue
(in 70% ethanol) in a 1 : 10 ratio with 1% sodium chloride
(pH 2.5) for 3 min. Sections were dehydrated and cover-
slipped before analysis.

Statistical analysis

Lung Mp CFU counts were log transformed to obtain
normally distributed data and means between two groups
were compared using the Student’s t-test. Significance
between more than two groups was determined using one-
way ANovA. Non-parametric data, consisting of BAL cyto-
kine levels and neutrophils numbers, were analysed using
the Mann-Whitney U-test to determine significance be-
tween two groups or the Kruskal-Wallis test to determine
significance between more than two groups. Non-para-
metric data are presented as medians with interquartile
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(25-75%) ranges. A P-value of <0.05 was considered
significant and GraphPad Prism 5.0 was used for all
statistical analysis.

Results

Mast cells promote lung Mycoplasma pneumoniae
clearance under allergic conditions

We have previously reported allergic mice have impaired
Mp clearance, with the most significant difference 7 days
post-infection with 10® CFU of Mp [16]. Mp burden is the
highest in infected mice 24 h after infection and thereafter
declines in both allergen-challenged and allergen-naive
models. In the current study, we further determined if
bacterial load in allergic W/W" mice was dose dependent
by infecting mice with 108, 107, and 10° CFU (Fig. 1a). As
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Fig. 1. Mycoplasma pneumoniae (Mp) burden is increased in allergic W/
WY mice. Mice were challenged with ovaalbumin (OVA) or saline before
infection with 108 CFU Mp/mouse. The left lobe of the lung was collected
7 days after infection and homogenized for Mp culture. (a) Mp burden in
allergic W/WY mice is dose-dependent; n=9-10 and data presented was
collected from one replicate. (b) Lung Mp burden is increased in allergic
W/W" mice compared with littermate controls (+/+) and in non-allergic
W/W" mice compared with controls; n=17-18 and data are pooled from
the results of two independent replicates. Mp burden is presented as the
number of live colonies (log,, of CFU+SEM). Comparison between
groups was performed using Student’s ¢-test, *P<0.05.
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we have consistently observed a difference in bacterial
burden between allergic and non-allergic mice at a dose of
108 CFU of Mp [16], we choose to use this dose for our in
vivo experiments. To determine the impact of mast cells on
Mp clearance in an allergic environment we examined
lung bacterial burden in OVA-challenged mast cell-defi-
cient WBB6F1/J-Kit"/Kit"™ (W/W") mice 7 days after
infection. Allergic W/W" mice exhibited a significantly
higher lung Mp burden than the WBB6F,-"/™ littermate
controls (P<0.05) 7 days post-Mp infection (Fig. 1b),
establishing that mast cells aid Mp clearance in an allergic
environment. Non-allergic W/W" mice also had a higher
lung burden of Mp than non-allergic wild-type controls,
agreeing with a previous report that demonstrated mast
cell-deficient mice are more susceptible to infection with
M. pulmonis [13]. Analysis of the cell profile in the BAL at
this time showed no differences between W/W' and
control mice in either the allergen-naive or allergen-
challenged groups (Table 1).

Mp induces the release of interleukin-6 and tumour
necrosis factor-o in cultured bone marrow-derived
cultured mast cells

From the evidence that IL-6 /'~ allergen-naive mice have
a higher lung Mp burden than wild-type controls [16], and
that mast cell produce IL-6 in response to Mp infection in
the absence of allergic inflammation [17], we determined
whether pre-treatment of BMCMCs with IL-4 and IL-13
would affect IL-6 production after infection. We further
examined TNF-o production because of its role in mast
cell-mediated host defense in the peritoneal cavity [9, 10].
Mp infection alone induced IL-6 and TNF-uo release by
BMCMCs in a dose-dependent manner (Figs 2a and b). We
utilized pre-treatment with 10ng/mL of IL-4, IL-13 or
both for 2 h to recapitulate an allergic environment before
infection. We found neither IL-4 nor IL-13 altered IL-6
production, and only IL-4 treatment slightly suppressed
TNF-a production (Figs 2¢ and d). We expected BMCMCs
to be insensitive to IL-13 treatment as a previous report
demonstrated BMCMCs lack expression of the IL-13Ra1
and are unresponsive to IL-13 [29]. We further determined

TNF-o production, but not IL-6, by BMCMCs is suppressed
by IL-4 in a dose-dependent manner, however, we found
prolonged treatment with IL-4 up to 2 weeks does not
change the cytokine expression patterns.

Adoptive transfer of interleukin-6—'" mast cells improves
Mycoplasma pneumoniae burden in W/W" mice

To confirm whether mast cell-derived IL-6 was involved
in Mp host defense, we used adoptive transfer to recon-
stitute W/W" mice with IL-6"/~ mast cells. Wild-type
C57BL/6 mast cells served as a control. W/WY mice
reconstituted with both IL-6~/~ and wild-type mast cells
showed significantly improved Mp clearance 7 days after
infection over W/W" mice and CFU levels were compar-
able with +/+ control mice (Fig. 3). We verified by
toluidine blue staining that mast cells were present in the
lung parenchyma of W/W" mice after adoptive transfer,
which is consistent with a previous report [28].

W/W" mice exhibit a heightened cytokine response acutely
after infection

The results from our adoptive transfer experiment indi-
cated that mast cell-derived IL-6 was not necessary for Mp
host defense in an allergic setting. To further show that
mast cell-derived IL-6 was not necessary for lung Mp
clearance, we examined cytokine levels in the BAL fluid of
W/W" mice. We assayed cytokine levels 7 days after
infection; however, levels were too low to be detected in
infected mice. Therefore, we determined IL-6, and also
TNF-a levels, 24h after infection to gauge the acute
response to Mp. We found levels of IL-6 and TNF-o were
elevated in the BAL supernatant of infected W/W" mice
compared with littermates, regardless of OVA challenge
(Figs 4a and b). Both IL-6 and TNF-« levels were increased
in response to Mp as levels were significantly lower in
non-infected mice (P<0.05). We further examined the
composition of white blood cells in the BAL fluid as we did
not observed any differences in cell numbers 7 days after
infection and wanted to verify the same 24 h after infec-
tion. In the case of 24 h after infection we found a higher

Table 1. Bronchoalveolar lavage cell profiles in mice 7 days after Mycoplasma pneumoniae infection

Groups Macrophages (x 10%/mL) Neutrophils (x 10*/mL) Eosinophils (x 10*/mL) Lymphocytes (x 10*/mL)
W/WY (Mp) 6.2 (2.9-6.8) 0.06 (0.05-0.16) 0 0.87 (0.43-1.19)
WBB6F1-"/" (Mp) 5.8 (2.3-7.9) 0.04 (0.01-0.007) 0 0.22 (0.03-0.40)*
W/W" (OVA+Mp) 6.7 (5.0-9.2) 1.45 (0.66-5.92)" 22.7 (2.9-48.2)" 1.16 (0.57-2.11)
WBB6F1-"/* (OVA+Mp) 5.5 (1.9-8.2) 0.32 (0.09-0.59)* 22.7 (16.7-21.3)" 1.21 (0.23-3.18)

*P<0.05, compared with all other groups by Kruskal-Wallis test.
"P<0.05, compared with non-OVA groups by Kruskal-Wallis test.
#P<0.05, compared with non-OVA, +/+ group by Kruskal-Wallis test.
OVA, ovalbumin; Mp, Mycoplasma pneumoniae, 10° CFU.
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Fig. 2. Mycoplasma pneumoniae (Mp) infection of bone marrow-derived cultured mast cells induces production of IL-6 and TNF-o. BMCMCs were
infected with 10 CFU of Mp per mast cell 2 h after pre-treatment with 10 ng/mL of IL-4 or 10 ng/mL IL-13. Cytokine levels were determined 2 h after
infection. (a, b) The production of IL-6 and TNF-o in response to Mp is dose dependent. (c) Pre-treatment of BMCMCs with IL-4, IL-13, or both did not
reduce levels of IL-6 induced by Mp infection. (d) Pre-treatment of BMCMCs with IL-4 slightly decreased TNF-o production in response to Mp although
levels remained significantly higher than non-infected controls. Data are representative of three independent replicates and is presented as the

mean=+SEM, *P <0.05 using one-way ANOVA.
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Fig. 3. Adoptive transfer of wild-type and IL-6 /= mast cells to W/W"
mice reduces Mp burden 7 days after infection. 5x10° mast cells were
used to reconstitute mice and Mp burden was determined 12 weeks after
reconstitution. Mice were challenged with ovalbumin (OVA) to induce
airway inflammation before Mp infection; n=7-9. Mycoplasma pneu-
moniae burden is presented as the number of live colonies (log,, of
means+SEM). Comparison between groups was performed using
Student’s t-test, *P<0.05.

number of neutrophils in allergic and infected W/W"
compared with littermate controls (Fig. 4c), demonstrating
neutrophil influx is not impaired in the lungs of W/W"
mice.
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Discussion

The key finding of our study is that mast cells aid Mp
clearance in a mouse model of allergic inflammation and
we are the first to report that mast cells aid host defense
under allergic conditions. In vivo, mast cells have been
shown to provide a protective advantage against a num-
ber of infectious agents including Mycobacterium tuber-
culosis [12], enterobacteria [10], and the natural murine
pathogen M. pulmonis [13]. With particular relevance to
our studies, M. pulmonis is the mouse homolog to Mp and
mast celldeficient mice were shown to have a higher
burden of M. pulmonis in the early stages of infection.
We would like to note M. pulmonis is more pathogenic
than Mp in mice, and that while Xu et al. [13] found
bacterial burden was initially lower in wild-type mice
compared with mast cell-deficient mice, bacterial burden
increased in wild-type mice over the course of 28 days to
levels similar to those in the mast cell-deficient strain. In
contrast we have found Mp levels are highest in mice 24 h
after infection and decline thereafter with no detectable
levels after 2 weeks, thereby suggesting increased bacter-
ial load in allergic W/W" mice is strictly related to
impaired bacterial clearance mechanisms.

The mechanism of mast cell-mediated lung Mp clearance
has not been demonstrated; however, previous findings
have demonstrated a central role for mast cell-derived
TNF-a in defense against peritoneal infections [9, 10],
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Fig. 4. Quantification of cytokine levels and neutrophils in the bronch-
oalveolar lavage fluid of ovalbumin (OVA)-naive and OVA-challenged
W/W" and wild-type mice 24 h after Mycoplasma pneumoniae (Mp)
infection. (a) IL-6 levels were increased in infected W/W" mice compared
with control littermates in both OVA-naive and OVA-challenged mice. (b)
TNF-a levels were increased in W/W" mice compared with controls. (c)
The total number of neutrophils was slightly increased in infected and
OVA-challenged W/W" mice compared with littermate controls. n=6-8
mice per group. The data are presented in box and whisker plots with the
75th and 25th quartiles and the max and min indicated by box and
whiskers, respectively. The bar represents the median. P-values were
determined using the Mann-Whitney U-test.

and we have shown IL-6 is necessary for lung Mp
clearance in non-allergic mice [16]. In addition, both IL-
6/~ mice and mast cell-deficient mice were demonstrated
to be more susceptible to lung infection with Klebsiella

pneumoniae and administration of exogenous IL-6 to
mast cell-deficient mice was demonstrated improve survi-
val [30]. We choose to focus our studies on the role of mast
cell-derived IL-6 in lung Mp defense due to the after
mentioned studies. In our model, we hypothesized mast
cells aid Mp clearance in an allergic environment by
maintaining production of host defense cytokines, namely
IL-6. We demonstrated after IL-4 pre-treatment in
BMCMCs, Mp infection resulted in slightly diminished
TNF-a production and had no impact on IL-6 production.
Our in vitro data suggested under allergic conditions mast
cells maintain production of IL-6 in response to Mp
infection; however, in vivo we demonstrated by adoptive
transfer that IL-6~/~ mast cells reduced lung Mp burden in
W/W" mice to levels comparable with +/+ mice and to
W/W"Y mice that had received wild-type mast cells.
Furthermore, we found W/W" mice have significantly
higher levels of IL-6 in the BAL fluid after infection,
further indicating that mast cell-derived IL-6 is not
essential for host defense. In our model, the increase in
IL-6 levels in infected W/W" mice is perhaps not surpris-
ing considering the ubiquitous nature of IL-6 and we
propose increased cytokine production was due to in-
creased Mp burden. We observed that compared with
littermates, allergic and non-allergic W/W" mice had a
significantly higher burden of Mp (P<0.05) 24h after
infection. Other cell types, in particular epithelial cells and
dendritic cells, have been demonstrated to release IL-6 in
response to Mp [16, 31], which could account for the
elevated levels of cytokines in W/W" mice. Alternatively,
a deficiency in secreted mast cell mediators could explain
the increased cytokine levels in our study as mast cells
have recently been recognized to function in an immuno-
modulatory context [32]. In one report, deletion of the
mast cell cysteine protease dipeptidly peptidase I resulted
in increased levels of IL-6 with concomitant protection
against bacterial peritonitis, although not bacterial bur-
den [33]. We would like to note in our study the results
show that reconstitution using BMCMCs is sufficient to
improve lung Mp clearance in W/W" mice, suggesting that
although these cells have an immature phenotype in vitro
[34-36] they are still able to carry out clearance functions
in vivo.

We further examined the composition of neutrophils in
the BAL fluid of allergic and infected W/W" mice to
determine whether the mechanism of mast cell-mediated
Mp clearance in the lungs was dependent on neutrophil
influx. It has previously been demonstrated that W/W"
mice are more susceptible to bacterial infection in the
peritoneal cavity due to a deficiency in TNF-o and
subsequently impaired neutrophil influx [10]. However,
in response to lung infection with M. pulmonis, neutro-
phils were demonstrated to be a primary source of
histamine in mast cell-deficient Wsh mice (an alternative
to the W/WY mouse), suggesting neutrophils compensate
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for the lack of mast cells in the lung [37]. Furthermore, we
observed an increased number of neutrophils in the BAL
fluid of W/W" mice. It has further been reported that W/
WY mice have low blood neutrophil levels vs. Wsh mice
[38]; however, we confirmed allergic Wsh mice respond
similarly to Mp infection as W/W" mice (unpublished
data). We concluded the increased Mp burden in the lungs
of W/W" mice was not likely due to a deficiency in
neutrophil recruitment, although we cannot rule out
impaired neutrophil function in the presence of airway
inflammation. Our evidence suggests that the mechanism
of mast cell-mediated host defense in the lungs is different
from that in the peritoneal cavity. As mast cells have
different phenotypes in different tissues [39, 40], it is
logical that the mechanism of mast cell-mediated bacter-
ial clearance would vary in different organs. Additional
mast cell-derived mediators such as the leukotrienes LTB4
and LTC4, cathelicidins, and properdin, a positive regula-
tor of complement activation, have been demonstrated to
play a protective role in bacterial infection [41-43] and
will serve as candidate molecules for our future investiga-
tions. A further possibility that we are also considering is
the kinetics of TNF-a release. Since mast cells are unique
in their ability to store TNF-o in preformed granules, the
rate of release could aid immediate defense against
bacterial infections and we are currently examining this
angle using adoptive transfer of TNF-o =/~ in mast cell-
deficient mice.

Based on published literature we might have expected
mast cells to exacerbate Mp burden in an allergic host
through induction of airway inflammation [20-22], but
the key finding of our study is that under allergic condi-
tions mast cells do not potentiate Mp burden but rather aid
host defense. As a caveat to our findings, the induction of
allergic inflammation was not mast cell dependent in our
model and hence mast cells may not have had the same
response that would normally be observed in a mast cell-
driven model of allergy. In our model we used the
combination of aluminum hydroxide (alum) and OVA to
sensitize mice, which Williams and Galli [19] have pre-
viously shown induces airway hyperreactivity and in-
flammation through a mast cell-independent mechanism.
Furthermore, recent work from Kool et al. [44] demon-
strated that the use of alum enhances adaptive and
cellular immunity through a dendritic cell-driven process,
implying the induction of allergic inflammation in this
model relies less heavily on cells of the innate immune
system (i.e. mast cells). As our aim was to determine the
impact of mast cells on Mp burden under allergic condi-
tions, and not the role of mast cells in the development of
allergic inflammation, use of the alum-OVA model was
valid in our studies. Nonetheless, as cytokine release from
mast cells was shown to be enhanced in the presence of
both IgE-allergen and TLR agonists [23, 24], the impact of
mast cell activation on Mp burden may be different in a

© 2010 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-8

model where allergic inflammation is driven primarily by
mast cells.

The role of mast cells in host defense in an allergic
milieu has previously not been reported in the literature.
Here we demonstrate that mast cells aid host defense even
in an allergic context although not through an IL-6
dependent mechanism. Since airway Mp has been demon-
strated in both acute asthma exacerbations as well as in
chronic asthma, and the number of mast cells is increased
in asthma, this emphasizes the necessity of understanding
how mast cells function in host defense in an allergic
milieu not only in an acute allergic model but more
importantly in a model of chronic allergic inflammation.
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