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1.  ABSTRACT

Human mast cells are often found perivascularly
and at mucosal sites and may play crucial roles in the
inflammatory response.  Recent studies have suggested a
prominent role for mast cells in host defense.  In this study,
we analyzed the effects of a common airway pathogen,
Moraxella catarrhalis  and a commensal bacterium,
Neiserria cinerea, on activation of human mast cells.
Human mast cell leukemia cells (HMC-1) were activated
with either phorbol myristate acetate (PMA) and calcium
ionophore or with varying concentrations of heat-killed
suspensions of bacteria.  Supernatants were assayed for the
cytokines interleukin-4 (IL-4), granulocyte macrophage
colony stimulating factor (GM-CSF), IL-6, IL-8, IL-13 and
monocyte chemotactic protein-1 (MCP-1).  Nuclear
proteins were isolated and assayed by electrophoretic
mobility shift assay (EMSA) for nuclear factor kappaB
(NF-κB) nuclear binding activity.  In some experiments,
NF-κB inhibitor, Bay-11 was added to determine functional
significance.  Both M. catarrhalis and N. cinerea induced
mast cell activation and selective secretion of two key
inflammatory cytokines, IL-6 and MCP-1.  This was
accompanied by NF-κB activation.  Neither spun bacterial
supernatants nor bacterial lipopolysaccharide induced
cytokine secretion, suggesting need for direct bacterial
contact with mast cells.  Scanning electron microscopy
revealed active aggregation of bacteria over mast cell
surfaces.  The NF-κB inhibitor, Bay-11, inhibited
expression of MCP-1.  These findings suggest the
possibility of direct interactions between human mast cells
and common bacteria and provide evidence for a novel role
for human mast cells in innate immunity.

2.  INTRODUCTION

Mast cells are multifunctional, tissue-dwelling
cells capable of secreting a wide variety of mediators.
While typically associated with immediate hypersensitive
responses, mast cells (1-3) are also likely to play a critical
role in immune surveillance and contribute to host defense
(3,4).  Data from several laboratories suggest that mast
cells are capable of initiating both innate and acquired
immune reactions (5,6).  Among various immune functions,
they can phagocytose foreign particles, present antigen and
also express receptors such as intercellular adhesion
molecule-1 (ICAM-1) and ICAM-3, CD 43, CD 80, CD 86,
and CD 40L allowing interaction with T and B
lymphocytes.  There is also good evidence to suggest that
mast cells are capable of phagocytosis of a large range of
bacteria (7).  Mast cells enhance the development of Th2
cells and allow B cells to class switch to IgE.  By
influencing both humoral and cell mediated immune
mechanisms, mast cells regulate host defense.  Moreover, it
should be recognized that complement products as well as
neuropeptides can induce mast cell degranulation, thereby
allowing interaction with the innate immune system and
neuroimmune mechanisms.

Mast cells can secrete cytokines and chemokines,
such as IL-1, IL-5, IL-8, and particularly TNF alpha, that
activate lymphocytes (7,8).  By secreting cytokines and
functioning as antigen presenting cells, mast cells modulate
cell mediated specific immune responses (9).  The initial
demonstration that mast cells are capable of cytokine
expression was by Plaut et al. (10).  Since then, mast cells
have been demonstrated to express a spectrum of cytokines
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and chemokines (11-15).  They also produce lipid
mediators and histamine that can have profound effects on
vascular endothelium allowing other circulating immune
cells to migrate into the tissues.  Most of these roles are
tissue independent but clearly there are some site-specific
roles for macrophages.  Mast cells play a very important
role in host defense at the site of the lung.  Here, mast cells
reside in an intraepithelial location or near blood vessels,
bronchioles, and mucous secreting glands (8).  It has been
shown that in mast cell-deficient mice, pathogenic bacteria
survived ten-fold more than in mice with mast cells (16).   

In addition, mast cells release prestored TNF alpha which
serves as a powerful neutrophil chemoattractant (17,18).
Hence, mast cells are likely to play a crucial role in the
innate immune response to common bacterial pathogens.

In this study we analyzed the expression of key
cytokines and chemokines following activation of a human
mast cell line, HMC-1, by Moraxella (Branhamella)
catarrhalis (M. catarrhalis) and Neisseria cinerea (N.
cinerea).  M. catarrhalis  and N. cinerea are Gram-negative,
human nasopharyngeal colonists with pathogenic potential.
M. catarrhalis can cause otitis media, sinusitis and
exacerbation of bronchitis (19) and N. cinerea (20) is
occasionally  reported as the causal agent in pediatric
ocular infections.  We show that both types of bacteria bind
mast cells and activate synthesis of IL-6 and MCP-1.  This
appears to be mediated, at least partially,  by the
transcription factor, NF-κB and requires direct bacterial
binding.  These data suggest that human mast cells may
provide pivotal support of host innate immune responses as
well as allow interactions with resident bacteria that may
mediate physiological processes such as angiogenesis or
tissue remodeling at mucosal sites.

3.  MATERIALS AND METHODS

3.1.  Mast cell culture and activation
HMC-1 cells, established from a patient with

mast cell leukemia, were graciously provided by Dr.
Butterfield (Mayo Clinic, Rochester, MN).  These cells
were maintained in RPMI 1640 media (GibcoBRL,
Rockville, MD), supplemented with 2 x 10-5 M 2-
mercaptoethanol (Sigma Chemical Company, St. Louis,
MO), 10 mM HEPES (GibcoBRL), Gentamycin 50 µg/ml
(Sigma), 5 mg/ml insulin transferrin (Sigma), 2 mM L
glutamine (GibcoBRL) and 5% heat inactivated fetal
bovine serum (Atlanta Biologicals, Atlanta, GA), at 37ºC
and in 5% CO2 mixture (1). The cells were seeded at 2 x
104 cells/ml density and recultured every 4 days.  Mast
cells for this experiment were seeded at 1 x 106 cells/ml in
24 well Costar tissue culture dishes.  Cells in media alone
serve as negative controls.  Cells treated with phorbol
myristate acetate (PMA) (50 ng/ml) and 5 µM ionomycin
served as positive controls reflecting maximal activation.
In some experiments, mast cells were also activated with
varying concentrations of heat-killed suspensions of M.
catarrhalis (ATCC #25238) or N. cinerea (ATCC #14685)
(1.0 x 105, 1.0 x 106, and 1.0 x 107 bacteria/ml).  Bacteria
were obtained from the American Type Culture Collection
(ATCC), Manassas, VA.  In order to determine a role of
NF-κB in mast cell activation by bacteria, Bay-11 (10 µM

final concentration; Biomole Chemicals, Plymouth
Meeting, PA), an inhibitor of NF-κB activation, was added
to mast cell cultures.  Bay-11 (BAY-11-7082, Biomol
Research Laboratories, Plymouth Meeting, PA) has been
shown to inhibit cytokine-induced NF-κB specific
inhibitory protein IκBα phosphorylation and nuclear factor
kappaB-dependent expression of adhesion molecules on
endothelial cells (21).  The concentrations used in studies
with Bay-11 inhibitor have varied between 5-20 µM
(product data sheet, Biomol Research Laboratories) (21).

Supernatants were collected after 24 hours and
assayed for cytokine proteins by ELISA.  In other
experiments, HMC-1 cells were activated with
lipopolysaccharide (LPS, 10 ng/ml, Biomol Research
Laboratories, Plymouth Meeting, PA) to determine whether
LPS was capable of inducing secretion of cytokines in
similar magnitudes as bacterial suspensions.  In selected
experiments, filtered supernatants of bacterial suspensions
were added to mast cell cultures in order to detect soluble
factors capable of mast cell activation.  Following culture
for 24 hours, mast cell cultures were centrifuged at 250xg
for 10 minutes to remove cell debris, and cell-free
supernatants were collected and stored at –70ºC until ready
for assay.

3.2.  Preparation of bacterial suspensions
The type strains for M. catarrhalis (ATCC

#25238), and N. cinerea (ATCC #14685) were cultured in
brain heart infusion broth overnight at 37ºC.  An aliquot of
the overnight culture was subjected to serial dilutions to
estimate the number of colony forming units/ml (cfu).  The
remaining bacterial cells were concentrated by
centrifugation at 1800xg, and the broth supernatant was
stored at –60ºC.  The bacterial cells were washed three
times by suspension in endotoxin-free phosphate-buffered
saline followed by centrifugation at 14,000xg.  The cell
pellet was weighed, resuspended in 2 mls of murine clone
media, and heat-killed at 60ºC for 2 hours (22).  A Gram
stain was performed to assess bacterial morphology, and
cell death was confirmed by culture of heat-treated
bacteria.  The suspension was adjusted to 5mg/ml in murine
clone media and stored at -60ºC.  The number of bacterial
cells extrapolated from determinations of cfu/ml to cfu/µg
was 3.5 x 103 cfu/µg for M. catarrhalis and 4.2 x 103

cfu/µg for N. cinerea.  Equal volumes of bacterial cells (5
mg/ml, 500 µg/ml, and 50 µg/ml) were mixed with murine
clone media containing 1.5 x 105 HMC-1 cells/ml.  Assay
conditions corresponded to 120, 12 or 1.2 M. catarrhalis
cells/HMC-1 cells, and the bacterial concentration falls
within the range reported in sputum from patients with
bronchiectasis (23).

3.3.  ELISA for cytokines
Cytokine ELISA was performed for the following

cytokines: IL-4, IL-6, IL-8, IL-13, MCP-1 and GM-CSF.
ELISA was carried out on cell-free culture supernatants
using commercially available ELISA kits, according to
manufacturers instructions as earlier described (R&D
Systems, Minneapolis, MN; Immunotech, Westbrook, ME;
Genzyme, Cambridge, MA).   Results were analyzed on an
ELISA plate reader (Dynatech MR 5000 with supporting
software) (24,25).
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Figure 1.  Scanning electron microscopy of the mast cells.
Control mast cells displayed microvilli-like processes on
their surfaces (1A, 4000 x).  Treated mast cells had
aggregations of bacteria (arrow) on their surfaces (1B, 5000
x).  These experiments were repeated several times and the
data shown is representative of typical experiments.

3.4.  EMSA for NF-κB
3.4.1. Extraction of nuclear proteins

Nuclear proteins were isolated using a previously
described method (26,27).  The Tris buffered saline (TBS)
washed cells were mixed with 0.4 ml of ice-cold hypotonic
buffer (10 mM HEPES pH7.9, 10 mM KCl, 0.1 mM
EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF, 1 µM
aprotinin, 1 µM pepstatin, 14 µM leupeptin) and allowed to
swell in an ice bath for 20 min.  After adding 25 µ l of 10%
Nonidet P-40, the homogenates were vortexed for 30
seconds, and centrifuged in an Eppendorf centrifuge at 4ºC
for 2 min.  The pellets were washed once with the
hypotonic buffer without Nonidet P-40 and re-suspended in
an ice-cold hypertonic salt buffer (20 mM HEPES pH 7.9,
0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1
mM PMSF, 1 µM aprotinin, 1 µM pepstatin, 14 µM

leupeptin).  The samples were then incubated on ice for 30
min with frequent mixes and centrifuged for 15 min at 4ºC.
The supernatants were collected as nuclear proteins and
stored at -80ºC.  The concentration of total proteins in the
samples was determined by using a Pierce protein assay
reagent (Pierce Chem. Co., Rockford, IL).

3.4.2. Electrophoretic Mobility Shift Assay (EMSA)
Transcription factor NF-κB binding activity was

performed according to the manufacture’s protocol
(Promega, Madison, WI) (26,27). The binding reaction was
carried out in 15 µl volume containing 1 x binding buffer
[0.2 µg of double-stranded poly (dI-dC) in 20 mM HEPES
(pH 7.9), 5% glycerol, 1 mM EDTA, 0.5 mg of BSA/ml,
1% Nonidet P-40, 5 mM DTT], 5 µg of nuclear proteins
and 35 fmole of  NF-κB oligonucleotide (5'-AGT TGA
GGG GAC TTT CCC AGG C-3') labeled with [?-32P]ATP
using T4 polynucleotide kinase (Promega).  The binding
reaction mixture was incubated at room temperature for 20
min and analyzed by 5% non-denaturing acrylamide gel
electrophoresis.  After electrophoresis, the gels were dried
(Gel-Drier; Bio-Rad) and exposed to Kodak X-ray films at
–70ºC.  The optical density of the binding bands on the X-
ray films were then analyzed by a Bio-Image Analysis
System (Millipore Imaging System, Ann Arbor, MI).

3.5.  Scanning electron microscopy
For scanning electron microscopy of mast cells,

an equal volume of fixative (2.5 % glutaraldehyde, 1 % p-
formaldehyde, 0.1M cacodylate buffer, pH 7.3) was added
to cell suspensions growing in tissue culture wells, and
fixation was continued overnight under refrigeration (4ºC).
The supernatant was drawn off the visibly settled cells, and
the cells were washed twice by gentle centrifugation and
resuspension in an equal volume of 0.2M cacodylate buffer
containing 0.1 % CaCl2, at pH 7.3.  The cells were post-
fixed by resuspension in 2 % OsO4 in 0.1M cacodylate
buffer containing 0.1 % CaCl2, at pH 7.3, for 3 hr at
ambient temperature.  The cells were rinsed briefly in
distilled water, then placed in 50 % ethanol overnight.
Cells were then dehydrated through an ethanol series up to
100%.  A drop of cell suspension was allowed to settle onto
glass cover slips, and then air dried.  Cover slips were
attached to aluminum stubs with colloidal carbon, sputter
coated with gold, and viewed and photographed in a DSM
940 scanning electron microscope (Carl Zeiss, Inc.,
Thornwood, NY) at 20 kv.

4.  RESULTS

4.1.  Binding of Bacteria to Mast Cells
Incubation of heat-killed suspensions of bacteria with mast
cells resulted in their aggregation around mast cells.
Scanning electron microscopy was performed in resting
and heat-killed M. catarrhalis-treated HMC-1 cells and the
results are shown in Figure 1 A and B, respectively.
Control mast cells displayed microvilli-like processes on
their surfaces (Figure 1A).  Treated mast cells had
aggregations of bacteria on their surfaces (Figure 1B).  The
interactions appeared to be quite tight as the mast cells
could not be disengaged from the bacteria even by brief
vortexing or vigorous pipetting.  We have not analyzed
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Table 1. The production of the various cytokines in HMC-1 cells following activation
                                                                                      Activation^

Medium Control PMA + Ionomycin Moraxella catarrhalis Neiserria cinerea
GM-CSF 0.3 + 0.5 748.1 + 19.2*   6.6 + 1.1 10.1 + 1.7
MCP-1 438.5 + 31.0 3,112.3 + 225.1* 972.2 + 40.8* 1,661.2 + 121.9*
IL-4 5.8 + 0.4 376.2 + 59.2* 11.9 + 2.2 10.5 + 1.5
IL-6 0 308.2 + 5.4* 35.9 + 0.5* 108.8 + 5.8*
IL-8 3.4 + 5.8 1,687.1 + 674.8* 12.9 + 5.7 27.4 + 8.2
IL-13 0 334.5 + 54.3* 0 21.4 + 18.7

^ HMC-1 (1 x 106 cells/ml) were activated with PMA (50 ng/ml) + ionomycin (5 uM), Moraxella catarrhalis (1 x 108

bacteria/ml), and Neiserria cinerea (1 x 108 bacteria/ml).  The result was expressed as Mean + Standard deviation (pg/ml).
* Statistically significant (at least p < 0.05), when compared with the medium control group.

Figure 2.  Activation of mast cells by varying
concentrations of M. catarrhalis and N. cinerea produced a
dose-dependent secretion of IL-6, with maximal levels seen
with 100 x concentrations (1 x 108 bacteria/ml). Cultures
with M. catarrhalis (Morax) at 1 x (* p < 0.05), 10 x (** p
< 0.005) and 100 x concentrations (**  p < 0.005), and   N.
cinerea (Neiss) at 1 x (* p < 0.05), 10 x (* p = 0.05) and
100 x (*** p = 0.0009) significantly enhanced IL-6
secretion from HMC-1 cells compared to control cells
alone.  These experiments were repeated several times and
the data shown is representative of a typical experiment.

actual phagocytosis of bacterial particles by HMC-1 cells
and these studies are currently in progress.

4.2.  Bacterial Stimulation of Cytokine Production
Mast cells were activated with either PMA and

ionomycin or with varying concentrations of heat-killed
suspensions of M. catarrhalis and N. cinerea.  Supernatants
were collected 24 hours after activation and assayed for IL-
4, IL-6, IL-8, IL-13, MCP-1 and GM-CSF by ELISA.
Mean values for the various cytokines following activation
are shown in Table 1.  PMA and ionomycin induced
significant secretion of all cytokines measured, including
IL-4, IL-6, IL-8, IL-13, MCP-1 and GM-CSF.  On the other
hand, M. catarrhalis induced no secretion of IL-13 and
minimally increased secretion of IL-4, IL-8 and GM-CSF.
M. catarrhalis, however, induced a significant secretion of
both MCP-1 and IL-6 from mast cells.  The results for IL-6
and MCP-1 are shown in Figures 2 and 3 respectively.
Activation of mast cells by varying dilutions of M.

catarrhalis produced a dose-dependent secretion of IL-6
(Figure 2), with maximal levels seen with 100x
concentrations (1 x 108 bacteria/ml).  In the case of MCP-1,
a dose response curve was again seen with varying
concentrations of M. catarrhalis, with maximal levels with
the 100 x concentration of the bacterium (Figure 3).  No
additive or synergistic effects were seen when M.
catarrhalis was added to PMA and ionomycin.  Similarly,
N. cinerea activated IL-6 and MCP-1 secretion from HMC-
1 cells (Table 1).  The dose responses to N. Cinerea for IL-
6 and MCP-1 secretion are shown in Figures 2 and 3
respectively, with maximal effects seen at 100 x
concentrations.

4.3.  Direct bacterial contact is necessary for mast cell
activation

In order to determine whether direct bacterial
contact or a soluble factor produced by bacteria was
responsible for the cytokine secretion, mast cells were
activated with either nonfiltered supernatants (containing
bacterial fragments) or filtered supernatants from bacterial
cultures.  As shown in Figure 4A, filtration of the
supernatant produced a profound reduction in the amount
of MCP-1 secreted suggesting a role for direct bacteria-
mast cell interactions in this phenomenon.  This suggested
that bacterial fragments were also capable of inducing mast
cell activation and that no soluble factor was secreted by
the bacteria that could result in mast cell activation.  Since
lipopolysaccharide is capable of binding to cell surface
receptors and signaling inflammatory cytokine synthesis in
cells of the mononuclear-macrophage lineage, the effects of
LPS on mast cell activation needed to be ascertained.  As
shown in Figure 4B, LPS at 10 ng/ml did not produce any
major increase in MCP-1 production.  Accordingly, neither
bacterial lipopolysaccharide nor a soluble mediator
appeared to be instrumental in inducing MCP-1 secretion
and physical contact of bacteria with mast cells seems
essential.

4.4.  Role of Nuclear Factor KappaB in Mast Cell
Activation

Nuclear proteins were extracted from mast cells
activated for 24 hours by PMA and ionomycin or heat
killed-bacterial suspensions and assayed for NF-κB nuclear
binding activity by EMSA.  The results are shown in Figure
5.  In summary, weak activity of NF-κB is seen in
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Figure 3. Activation of mast cells by varying concentrations of M. catarrhalis and N. cinerea produced a dose-dependent
secretion of MCP-1.  A dose response curve was again seen with varying concentrations of M. catarrhalis and N. cinerea, with
maximal levels with the 100 x concentration (1 x 108 bacteria/ml) of the bacterium.  Cultures with M. catarrhalis (Morax) at 1 x
(** p = 0.007), 10 x (*** p = 0.001) and 100 x concentrations (*** p = 0.001), and N. cinerea (Neiss) at 1 x (* p < 0.05), 10 x (*
p < 0.05) and 100 x (*** p = 0.001) concentrations  significantly enhanced MCP-1 secretion from HMC-1 cells compared to
control cells alone.  These experiments were repeated several times and the data shown is representative of a typical experiment.

Figure 4.  (A) HMC-1 cell activated with Moraxella catarrhalis  secreted enhanced amounts of MCP-1 compared to controls.
Bacterial culture supernatants which were unfiltered (NFM Sup) also induced significant MCP-1 secretion from HMC-1 cells (**
p = 0.002 compared to the control).  However, filtration of the supernatant (FM Sup) produced a profound reduction in the
amount of MCP-1 secreted bringing the levels back to baseline (*** p = 0.17 compared to the control).  This suggested that
bacterial fragments were also capable of inducing mast cell activation and also that no soluble factor was secreted by the bacteria
that could result in mast cell activation.  (B) Effects of lipopolysaccharide (bacterial LPS) on MCP-1 production from HMC-1
cells. Again, heat-killed Moraxella activated MCP-1 production from HMC-1 cells (* p  < 0.05 compared to the control) whereas
LPS at 10 ng/ml, on the contrary, inhibited constitutive production of the chemokine (* p < 0.05 compared to the control).  These
experiments were repeated several times and the data shown is representative of a typical experiment.

Figure 5.  Representative EMSA showing nuclear factor kappaB binding activity in HMC-1 following stimulation.  Weak
binding activity of NF-κB is seen in unstimulated cells (Control).  However, stimulation with either PMA and ionomycin (Iono)
or with bacterial suspensions (both Moraxella catarrhalis and Neisseria cinerea) increased nuclear binding activity of NF-κB.
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Figure 6.  Effects of the NF-κB inhibitor, Bay-11 on MCP-1 production by HMC-1 cells.  To confirm the functional significance
of NF-κB activation, mast cells were incubated with the NF-κB inhibitor, Bay-11.  Moraxella (Morax 100 x) activated MCP-1
production from mast cells (* p = 0.03 compared to the control).  Bay-11 induced a statistically significant inhibition of MCP-1
production both constitutively (** p = 0.02, as compared to the control) and following activation induced by M. catarrhalis  (***
p = 0.03, as compared to the Morax 100 x).

Figure 7.  Putative mechanisms governing the regulation of mast cell activation by M. catarrhalis and N. cinerea.  Binding of
cell surface receptors on mast cells leads to cellular activation, nuclear translocation of nuclear factor kappaB and stimulation of
the expression of proinflammatory cytokine/chemokine genes.  The secretion of cytokines such as IL-6 leads to an accentuation
of the acute phase response characterized by fever, elevated erythrocyte sedimentation rate and elaboration of opsonic proteins
such as C-reactive protein.  IL-6 also enhances B cell immunity and production of immunoglobulins by B lymphocytes.  The
chemokine, MCP-1, on the other hand, enhances mononuclear recruitment and Th2 lymphocyte development.

unstimulated control cells (integrated intensity [II] were 6.9
and 0.2 for p65 and p50, respectively).  This may represent
the leukemic nature of this cell line.  However, marked
increase of  NF-κB nuclear binding activity is observed in
samples from cells stimulated with either PMA and
ionomycin (II were 12.3 and 24.9 for p65 and p50,
respectively) or with M. catarrhalis (II were 8.1 and 21.5
for p65 and p50, respectively) and N. cinerea (II were 26.1
and 50.4 for p65 and p50, respectively).  To confirm the
functional significance of NF-κB activation, mast cells
were incubated with the NF-κB inhibitor, Bay-11 (See
MATERIALS AND METHODS).  The results are shown
in Figure 6.  Bay-11 caused a statistically significant
inhibition of MCP-1 production induced by bacterial
cultures.

5.  DISCUSSION

In this study, we demonstrate that mast cell
activation by M. catarrhalis, a respiratory pathogen and N.
cinerea, an ocular pathogen, leads to selective induction of
MCP-1 and IL-6 secretion.  This appears to be mediated at least
partially by a transcription factor, NF-κB. The selective
induction of IL-6 and MCP-1 may be related to other complex
intracellular mechanisms that regulate cytokine/chemokine
expression by mast cells.  As summarized by Bondeson et al.
(28), heterogeneity of mechanisms regulating both
proinflammatory and antiinflammatory cytokines exist within a
given cell type.  Thus, the cytokine synthetic response of a given
cell to an activating stimulus may depend upon net competing
influences of multiple signal transduction pathways.



 Moraxella catarrhalis induces mast cell activation

46

Bacterial aggregation to mast cell surfaces is seen
by scanning electron microscopy, suggesting physical
interactions between the bacteria and mast cell membranes.
Filtered bacterial culture supernatants were unable to
induce cytokine release suggesting the need for cell
contact.  Moreover, the absence of an LPS effect in terms
of cytokine secretion from HMC-1 cells suggests that this
was not mediated by interactions of bacterial LPS with its
cell surface receptors on mast cells.  The functional role of
NF-κB in mast cell-bacterial interactions was confirmed by
the demonstration of inhibition of MCP-1 production in
mast cells following addition of the NF-κB inhibitor, Bay-
11.  The focus of this paper is on the role of mast cell-
bacterial interactions on mast cell cytokine synthesis.
However, studies on induction of tryptase and histamine
from mast cells by bacterial interactions are currently
ongoing.

N. cinerea produced as robust a response from
mast cells as did M. catarrhalis .  We used heat killed
suspensions of bacteria in order to circumvent problems
arising from actual infection of mast cells leading to cell
death or necrosis.  Our data is compatible with the presence
of cell surface receptors on human mast cells for common
bacteria.  These need further analysis and study.  We also
did not ascertain actual phagocytosis of the bacteria by
mast cells and these studies are ongoing.

The production of immunoregulatory cytokines
from mast cells in response to bacterial infection is
interesting as it could have many consequences on innate
immune responses.  IL-6 mediates the acute phase response
and enhances immunoglobulin production from B cells.
Consequences such as fever, catabolic states, production of
fibrinogen, thrombocytosis and synthesis of C reactive
protein, an opsonin, are all related to IL-6 production.
MCP-1 is a monocyte chemoattractant and induces
histamine release from mast cells (an autocrine effect in
this case) which all lead to enhanced inflammatory cell
influx and tissue infiltration.  MCP-1 has also been shown
to enhance development of the Th2 subset of T cells that
can further enhance humoral immune responses (29).
Figure 7 shows the putative role of human mast cells in the
innate immune response to bacterial pathogens.  In this
scenario, direct binding of bacteria to mast cell surface
receptors (uncharacterized) leads to activation of NF-κB in
these cells (30,31).  This further activates inflammatory
cytokine gene expression leading to the elaboration of
inflammatory cytokines such as IL-6 and MCP-1 (32,33).
These cytokines and chemokines activate acute phase
responses characterized by fever and elaboration of opsonic
proteins such as CRP.  The chemokines may also enhance
infiltration of mucosal tissues by mononuclear cells leading
to involvement of more specific and targeted immune
responses.  Moreover, IL-6 also enhances immunoglobulin
synthesis by B lymphocytes that accentuates phenomena
such as antibody-mediated cytotoxicity and other
antibacterial defense mechanisms.  Other phenomena such
as necrosis, tissue remodeling, angiogenesis and repair
could follow the inflammatory event.  This suggests that a
host-parasite interaction in the body could lead to low level
persistent mast cell activation leading to pivotal processes

such as tissue remodeling, angiogenesis and/or immune
surveillance.  In conclusion, we show that mast cells can be
activated by common pathogenic and commensal bacteria
leading to NF-κB activation and inflammatory cytokine
synthesis.  This suggests a role for bacterial-mast cell
interactions in innate immune responses.
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