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Abstract A range of mediators are generated during anaphy-
laxis, with redundancy of effects, multiple overlapping pathways,
and involvement of several cell types. Key steps in the reaction
occur at the site of initial contact, and mediators may not be
detectable systemically. Furthermore, the potencies of various
mediators vary enormously, and clinical effects may occur below
our level of detection. We also do not know what converts
(amplifies) a local reaction into systemic anaphylaxis. Murine
models have identified several novel mediators that may
propagate and/or regulate this process and also indicate that
circulating neutrophils may play an important role in reaction
amplification. Differential expression of various genes within
specific intracellular signalling pathways of mediator release may
further explain the varying severities of anaphylactic reactions.
As our knowledge of the mechanisms of activation, key
mediators, and the regulation of mediator release improves, new
treatments for prevention and acute management may emerge.
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Introduction

Anaphylaxis is an immediate-type generalized hypersensi-
tivity reaction affecting multiple organ systems, character-
ized at its most severe by bronchospasm, hypoxemia, and
hypotension. It is defined simply as a “serious allergic
reaction that is rapid in onset and may cause death” [1, 2].

More than 100 years after Portier and Richet first described
it, anaphylaxis remains ‘‘under-recognized, under-reported,
under-treated and poorly understood” [3]. We simply do not
understand 1) what causes a localized allergic response to
become rapidly generalized; 2) why only some individuals
with high levels of allergen-specific antibodies experience
anaphylaxis after allergen exposure; and 3) why a patient with
clinical reactivity can present with markedly varying reaction
severities after subsequent allergen exposures, ranging from a
mild skin reaction alone to life-threatening anaphylaxis [3].
We also do not understand how immunotherapy works so
well to prevent anaphylaxis for some allergens.

The incidence of anaphylaxis appears to have increased
in the past 10 to 15 years, specifically food-related
anaphylaxis in children and adolescents and anaphylaxis
to drugs in adults [4-8]. The effects of allergy and
anaphylaxis on quality of life [9—15] and health system
expenditure are significant [16—19]. Peanut allergy remains
the leading cause of death in food-allergic individuals [20,
21] and drug-related anaphylaxis deaths increased 300% in
Australia from 1997 to 2005 [8]. Fatalities are often
attributed to delays in adrenaline administration, but even
patients who receive prompt treatment do not always
survive. Therefore, of arguably greater importance is the
issue of primary prevention (~50% of anaphylaxis deaths
occur with the first reaction) and secondary prevention of
recurrent episodes. Improving our understanding of the
mechanisms of acute anaphylaxis, with specific focus on
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the regulation of the amplification of the allergic signal and
subsequent mediator production, is paramount for design-
ing strategies to reduce the risk of reactions and has been
identified as a key research priority [2].

This review discusses the production of anaphylactic
mediators during anaphylaxis, the involvement of effector
and target cells in mediator production, and the regulation
of mediator production by specific cell signalling pathways.
The clinical usefulness of measuring particular mediators in
human anaphylaxis is also addressed. This review summa-
rizes important publications from the past 12 months and
discusses concepts of how the regulation and production of
particular mediators may influence the severity and clinical
symptoms of human anaphylaxis, and how this knowledge
might be applied in future research.

Triggers
IgE-Mediated Allergic Anaphylaxis

Sensitization to an allergen occurs when naive CD4" ThO
cells differentiate into Th2 cells and secrete cytokines such
as interleukin (IL)-4, IL-5, and IL-13 that stimulate B cells
to produce allergen-specific IgE (sIgE). Allergen-specific
IgE binds to its high-affinity receptor, FceRI, expressed on
effector cells, predominantly mast cells and basophils [22].
In humans, FceRI complexes are expressed on several
additional cell types, including monocytes/macrophages,
Langerhans cells, myeloid and plasmacytoid dendritic cells
(DCs), eosinophils, neutrophils, platelets, and bronchial
smooth muscle cells.

In humans, anaphylaxis is predominantly triggered when
effector cells sensitized with sIgE are re-exposed to
allergen. Binding of minute quantities of allergen cross-
links FceRI, causing the release of preformed and newly
synthesized biochemical mediators, including mast cell
tryptase (MCT), histamine, prostaglandins, leukotrienes,
and numerous cytokines and chemokines [23]. Individuals
with high levels of sIgE and therefore high levels of FceRI
expression on the surface of mast cells and basophils may
have effector cells primed to be more sensitive to allergen
and to release larger amounts of mediators in response to
allergen. However, sensitized individuals with high levels
of sIgE may exhibit no clinical reactivity, and patients with
undetectable or very low sIgE and barely positive skin tests
can experience life-threatening reactions. IgE specificity
may be important, and other poorly understood factors
probably play a role in determining when sIgE sensitization
translates into clinical reactivity. Another complicating
factor relevant to drug allergy is that sIgE (and IgG) may
be directed at drug metabolites rather than the drug itself,
although this mechanism remains speculative [24].
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Non-IgE-Mediated Anaphylaxis

Several other immunologic (allergic) and nonimmunologic
(nonallergic) mechanisms of anaphylaxis have also been
proposed [25-27]. These include complement generation
(anaphylatoxins C3a and C5a), coagulation system activation,
neuropeptide release, immune complex formation, cytotox-
icity, and leukocyte activation (T cells, DCs, and monocytes).
For example, the ability of some substances to rapidly
activate complement, with production of large amounts of
the anaphylatoxin C3a, may stimulate macrophages, baso-
phils, and mast cells to secrete platelet-activating factor (PAF)
and histamine, which contribute to increased vascular
permeability [28]. In addition, PAF can induce histamine
release from mast cells in the absence of allergen by binding
to the PAF receptor [29]. It has been difficult to confirm the
contribution of allergen-specific IgG to human anaphylaxis,
but it has been proposed that IgG-mediated anaphylaxis in
humans requires exposure to very large doses of antigen, such
as reactions to infused drugs such as antivenoms and contrast
media. Khodoun et al. [30°] compared various blood markers
between IgE- and IgG-mediated anaphylaxis in mice to
potentially determine whether IgG-mediated anaphylaxis
occurs in humans. Their observations suggested that de-
creased blood neutrophil FcyRIIl expression without in-
creased IL-4Rx expression may help facilitate determination
of whether IgG immune complexes are responsible [30¢].

About one in six adverse drug reactions represent drug
hypersensitivity, which can be allergic or nonallergic [31].
Interestingly, up to 50% of patients with drug-induced
anaphylaxis claim no prior contact with the triggering drug.
This may suggest a non—IgE-mediated reaction but may also
indicate prior unrecognized exposure or cross-reactivity
between drug compounds and other allergens. Chemical
compounds bound in a drug—protein complex may be
recognized by the innate immune system (DCs and
other cells) as a danger signal, resulting in upregulation of co-
stimulatory molecules and cytokine production. These com-
plexes may also generate new antigenic determinants, which
are recognized by the adaptive immune system (T and B cells).
Drug-specific IgG may lead to cell destruction (possibly by
complement-mediated lysis) and sequestration. Immune com-
plexes and anaphylatoxins generated by complement activa-
tion may lead to recruitment and activation of inflammatory
cells, particularly neutrophils. Direct activation of mast cells
by drugs (eg, morphine and codeine) may also occur.

Pathophysiology
Anaphylaxis is manifest clinically by erythema (flushing),

angioedema (swelling), bronchospasm and airway edema
(wheeze), hypoxemia (cyanosis), cramping abdominal pain,
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and collapse (unconsciousness) due to arterial hypotension.
Arterial hypotension (shock) probably results from a
mixture of reduced venous return to the heart (due to
venodilation and hypovolemia from fluid extravasation),
altered cardiac function (due to reflex reduction in heart rate
and reduced myocardial contractility), and reduced after-
load (due to arterial dilation) [32]. All these changes result
primarily from the effect of biochemical mediators that
cause 1) blood vessel dilation, 2) extravasation of fluid
from the circulation into tissues, 3) smooth muscle
constriction, and 4) myocardial dysfunction.

cytoplasmic granules released by degranulation (ie, histamine,
proteases, proteoglycans, and some cytokines and growth
factors); 2) newly synthesized proinflammatory lipid media-
tors (ie, prostaglandins and leukotrienes); and 3) newly
synthesized growth factors, cytokines, and chemokines. The
known physiologic effects of mediators associated with
human anaphylaxis are summarized in Table 1. More recently,
murine models have identified several novel mediators that
may propagate and/or regulate the immune response. These
include sphingosine-1-phosphate, galectin-9, I1L-33, and
nitric oxide [23, 33-37].

Mediators

Mediators of anaphylaxis traditionally have been placed in
three classes: 1) preformed mediators stored in the cells’

Table 1 Mediators of anaphylaxis

Analyzing the roles of these mediators in human disease
is difficult because of interspecies variation, the opportu-
nistic nature of anaphylaxis research, and the ethical issues
surrounding deliberate provocation of anaphylaxis. Inter-
pretation of the available data is also hampered by the fact
that key steps in the allergic reaction occur locally at the

Mediator

Known or possible effects

Preformed for immediate release

Histamine
Heparin
Tryptase
Chymase
TNF-a

Newly generated over minutes
Cyclooxygenase products, mainly PGD,

Lipoxygenase products: LTB,, LTC,4, LTD,,
LTE,
PAF

Newly generated over hours
IL-5, GM-CSF

IL-4, IL-13

IL-10

IL-6
sTNFRI

PAF-AH
Anaphylatoxins (C3a, C4a, C5a)

Chemokines (ie, RANTES, IL-8, MCP-1)

Vasodilation and edema, bronchoconstriction, mucus secretion, nerve stimulation, reduced
myocardial contractility (H1 receptor), increased myocardial contractility (H2 receptor)

Anticoagulant, anti-inflammatory, mediates capillary leakage and edema formation by
initiating the formation of bradykinin (a vasoactive and proinflammatory peptide hormone)

Amplification of allergic response (positive feedback on effector cells), leukocyte migration
and activation, bronchoconstriction, vasodilation and edema, tissue degradation, and cell
proliferation (“remodeling”)

Vasodilation and edema, mucus secretion, leukocyte activation, tissue degradation

Bronchoconstriction, leukocyte adhesion, leukocyte migration and activation, possible role in
delayed-phase reactions

Vasodilation and edema, bronchoconstriction, mucus secretion, nerve stimulation (—vasodilation,
itching, bronchoconstriction)

Vasodilation and edema, mucus secretion, bronchoconstriction, leukocyte recruitment

Platelet activation/microthrombi, leukocyte migration/activation, histamine release (indirectly
by neurogenic activation), reduced myocardial contractility

Leukocyte adhesion, leukocyte migration and activation
IgE production and upregulation of FceRI expression

Anti-inflammatory, reduces activation and degranulation of mast cells, induces increased
numbers of Tregs

Proinflammatory cytokine; correlates with the extent of erythema and inversely related to
mean arterial pressure; correlates strongly with occurrence of hypotension; causes increased
expression of FceRI, increased intracellular histamine, and prevents mast cell apoptosis

Surrogate marker for TNF-« activity, may have anti-inflammatory effects
Enzyme that inactivates PAF, low levels reported in fatal anaphylaxis

Complement activation products, mast cell and neutrophil degranulation, and smooth muscle
contraction

Chemotaxis and activation of immune cells, histamine and serotonin release from mast cells

GM-CSF granulocyte-macrophage colony-stimulating factor; /L interleukin; LT leukotriene; MCP-1 monocyte chemoattractant protein-1; PAF
platelet-activating factor; PAF-AH PAF acetylhydrolase; PG prostaglandin; RANTES regulated on activation, normal T-cell expressed and secreted;
sTNFRI soluble tumor necrosis factor receptor I; 7NF tumor necrosis factor; Treg regulatory T cell
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site of initial contact and mediators from this component
will not be detectable systemically. Furthermore, the
relative potencies of various mediators vary enormously.
For example, sulfidoleukotrienes are about 1,000 times
more potent than histamine with regard to airway and
vascular effects [38, 39]. Therefore, significant clinical
effects may occur below the threshold of detection in blood,
depending on the analytical technique used. Variation in
target organ sensitivities and levels of regulatory mediators
and hormones between individuals may also complicate the
analysis of mediator levels.

A degree of redundancy in mediator effects is evident;
this redundancy, multiple overlapping pathways, and
probable involvement of several cell types has led to the
concept of a mast cell-leukocyte cytokine cascade that
initiates, amplifies, and perpetuates the allergic response
[40]. The clinical relevance is that blockade of any single
mediator alone is unlikely to have any significant therapeutic
effect; thus, we use physiologic antagonism with epinephrine,
an effective cardiac stimulant and bronchodilator. Epinephrine
also reduces fluid extravasation from capillaries and in higher
doses will constrict blood vessels.

Increased blood levels of several mediators have been
associated with reaction severity in humans, including PAF,
IL-6, IL-10, soluble tumor necrosis factor (TNF) receptor I,
MCT, and histamine [41, 42]. Vadas et al. [42] also
demonstrated low levels of PAF acetylhydrolase, which is
responsible for degradation of PAF, in patients with fatal
peanut anaphylaxis.

Cellular Sources of Mediators of Anaphylaxis

Tissue mast cells and circulating basophils are thought to
represent the major source of mediators that contribute to
the pathology of anaphylaxis [43]. However, it is difficult
to define the exact roles of each potential effector cell (also
including monocytes/macrophages, DCs, neutrophils, and
eosinophils) in IgE- and non-IgE-mediated anaphylaxis in
humans.

Mast Cells

Human mast cells are generally considered to be the
primary effector cells of anaphylaxis, producing all the
mediators described in Table 1. Mast cells are found in the
skin, lungs, gastrointestinal tract, and heart. Expression of
particular mast cell mediators differs among mast cells in
different tissue locations, and expression differs again
between murine models and humans [44]. For example,
the histamine content of human heart mast cells is
comparable to that of lung and skin mast cells, whereas
the tryptase content of human heart mast cells is lower than
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that of skin mast cells and higher than that of lung mast
cells [45¢¢]. The effects of some mediators, such as C5a,
may be restricted due to differential expression of their
receptors on different populations of mast cells. Therefore,
the severity and symptoms of anaphylaxis may be partially
dependent on the route of allergen exposure (ie, ingested or
injected) and the tissue mast cell population activated.

Role of Other Immune Cells and Target Cells

The mechanisms behind the rapid systemic spread of
immune activation and mediator release in human anaphy-
laxis are not well-understood, with our current knowledge
of mast cell signalling identified primarily through experi-
ments using mast cells from genetically modified mice [46].
While mast cells have long been the focus of anaphylaxis
research, it is becoming increasingly clear that the spectrum
of immune cells and mediators involved in acute anaphy-
lactic reactions is more complex than originally proposed.
Mast cell-deficient and FceRI knockout mice are able to
mount anaphylactic responses to allergens [25, 47, 48].
Although basophils and DCs are minor populations in
peripheral blood, their role in propagating the systemic
manifestations of anaphylaxis cannot be discounted. Both
populations express FceRI and anaphylatoxin receptors and
are capable of releasing large amounts of potent proin-
flammatory mediators, including PAF, TNF-x, and IL-6,
into the circulation [49, 50]. Basophils also contribute to
anaphylaxis by releasing histamine and leukotriene C4 [26].
Basophils have been shown to be dispensable for IgE-
mediated anaphylaxis but play a crucial role in IgG-
mediated anaphylaxis in a murine model through their
release of PAF (instead of histamine) and their ability to
bind immune complexes via the low-affinity IgG receptor
FcyRIIl. Previous studies have shown that the degree of
basophil responsiveness may predict degranulation and the
severity of an allergic reaction [51]. Basophil activation
tests, measuring the in vitro degranulation of basophils
through mediator release or changes in activation markers
(CD63, CD203c) by flow cytometry after allergen-specific
stimulation, have been promoted as tools for diagnosing
allergy and monitoring the effects of immunotherapy [49].
Their ability to predict patients at risk of severe reactions is
still to be confirmed, and the regulatory processes that
determine the degree of basophil responsiveness during an
acute reaction are not known.

T cells and monocytes may also play a role in the
propagation or regulation of systemic anaphylaxis.
Allergen-specific T cells are present in the circulation of
allergic individuals, but their role during acute anaphylactic
reactions is not known. In humans, both the absolute
number and percentage of activated T cells can increase
during anaphylaxis [52, 53]. Peanut-specific T cells
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proliferate after peanut-induced anaphylaxis in peanut-
allergic mice [54]. Activation and mediator release by T
cells and monocytes may be important during reactions to
particular allergens through direct interactions between
immune receptors and small molecules bound to carrier
proteins [31]. The induction of regulatory T cells (Tregs)
plays an important role in successful venom immunotherapy,
suggesting these cells may regulate allergic reactions in
sensitized individuals [55]. Elevated serum levels of the
regulatory cytokine IL-10 in patients with severe anaphylaxis
suggests a possible role for Tregs in anaphylaxis, although
mast cells are also a potential source of IL-10 [41].

Macrophages have been reported to play a major role in
IgG-mediated systemic anaphylaxis through the release of
PAF. Selective deletion of mast cells and macrophages, but
not mast cells and basophils, averted nearly all clinical and
physiologic signs of peanut-induced anaphylaxis in a
murine model [56¢].

The role of DCs in anaphylaxis remains largely
unknown. In 2010, Zhou et al. [57] published a study
demonstrating that the induction of oral tolerance in a
prophylactic model of food-induced anaphylaxis was
enhanced through signalling through the C-type lectin
receptor SIGNR-1 expressed on DCs in the gastrointestinal
lamina propria. They hypothesized that disruption of
gastrointestinal homeostasis due to defective mucosal DC
responses and reduced Treg production may result in
defective tolerance and the subsequent symptoms of
anaphylaxis upon exposure to particular allergens.

Neutrophils are the most abundant cells among blood
leukocytes in humans. Jonsson et al. [58¢] demonstrated
that neutrophils are activated during particular murine
models of anaphylaxis, that neutrophil depletion inhibited
active and passive anaphylaxis, and that administration of
both murine and human neutrophils was then able to restore
anaphylactic potential. Neutrophils secrete several mediators
that may contribute to anaphylaxis, including PAF and
histamine.

Endothelial cells and smooth muscle cells are target cells
for mediators released by immune cells during anaphylaxis.
However, the contribution of mediators released by these
cells—downstream of immune cell activation—to the
severity and symptoms of anaphylaxis has not been
investigated extensively. Endothelins are a family of
peptides produced by endothelial cells in response to injury.
Mature endothelins act by engaging receptors on the
surface of a variety of cells, including vascular smooth
muscle and mast cells, which can contribute to vasocon-
striction, mast cell activation, and vascular remodelling.
Human heart mast cells activated by anti-IgE release a
substance that converts big endothelin to endothelin-1 (ET-
1), a potent bronchoconstrictor [45¢¢]. Human chymase
processes precursor “big” endothelins into a novel, bron-

choconstricting form, ET-1(1-31) [59]. Human mast cells
may be involved with both activating and inactivating
endothelin, depending on the activating stimulus (ie,
allergen). Mast cells express the endothelin-A receptor,
and binding of ET-1 induces rapid degranulation [60].
Therefore, a positive feedback loop between activation of
mast cells and endothelial cells may increase the severity of
anaphylaxis.

Regulation of FceRI Signalling, Mast Cell Function,
and Mediator Release

Intracellular signalling pathways that regulate—both posi-
tively and negatively—mediator release from mast cells and
other effector and end-organ cells may be critical for
understanding the mechanisms and amplification of allergic
reactions. Early activation events during FceRI-triggered
mediator release after mast cell activation include the
production of reactive oxygen species, Ca®>" mobilization,
and phosphorylation of signalling molecules. Later events
include changes in expression of potentially hundreds of
genes, including cytokines and chemokines. For example, a
microarray study of cultured human mast cells 2 h after
FceRI cross-linking found that the level of expression of
1,771 genes increased by at least 10% [61¢¢]. In the past
12 months, several published studies have continued to
provide new data regarding regulation of FceRI signalling
and mediator release during anaphylaxis.

In mast cells, phosphoinositol-3 (PI3) kinase has been
shown to regulate cell proliferation, adhesion, and migra-
tion, as well as antigen-IgE—induced degranulation and
cytokine release [62]. PI3 kinase activates the serum- and
glucocorticoid-inducible kinase 3 (SGK-3), which plays a
role in the stimulation of mast cell degranulation. Zemtsova
et al. [63] demonstrated that mast cell secretion of
histamine and {3-hexosaminidase is impaired in gene-
targeted mice lacking SGK-3.

Samayawardhena and Pallen [64] investigated the role of
receptor protein tyrosine phosphatase (PTP)c, an activator
of Src family kinases Lyn, Fyn, and Hck, which are critical
FceRI-proximal regulators of signalling during mast cell
activation. Using PTP« knockout mice, they demonstrated
that PTPx activates the FceRI-coupled kinases Lyn and
Fyn and suppresses Hck activity, resulting in enhanced IgE-
dependent allergic responses in PTPx ™~ mice [64]. PTP«x
deficiency led to increased IL-2, IL-6, TNF-x, and
cysteinyl leukotriene production by activated mast cells.
Another Src family kinase, Fgr, has been shown to be
critical for activation of mast cells and IgE-mediated
anaphylaxis in mice, as Fgr positively regulates degranulation,
production of eicosanoids, and cytokines [65]. In
addition, the absence of a number of Tec family kinases
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severely impairs FceRI-dependent mast cell responses
[66].

Differential expression of various genes within specific
pathways of mediator release may explain the heterogeneous
symptoms of mast cell activation and the varying severities of
anaphylactic reactions. Nishida et al. [67¢] demonstrated that
the presence of Gab2 affects mast cell degranulation, but not
cytokine production, and demonstrated different require-
ments for the development of IgE-mediated anaphylaxis
versus contact hypersensitivity. Differential regulation of
mast cell degranulation and cytokine production, specifically
IL-6, with distinct stimuli, resulting in the release of specific
mediator pools, has also been demonstrated by McCall-
Culbreath et al. [68].

Clinical Usefulness of Measuring Mediators
Initial Diagnosis of Anaphylaxis

Currently, only two mediators of anaphylaxis are measured
in clinical laboratories—total MCT and histamine—but
these tests are not usually available on an emergency basis
and, when taken at a single time point, are neither specific
nor completely sensitive for diagnosing anaphylaxis. Early
serial measurements of mediator changes over time are
more accurate than single measurements [41, 69]. Previous
reports have suggested tryptase levels are rarely elevated
during severe food-induced anaphylaxis, but we have found
that mast cell tryptase increases in patients with severe
food-induced anaphylaxis [41]. This highlights the impor-
tance of collecting serial blood samples. Nevertheless,
despite having a high specificity (~98%), the sensitivity of
serial MCT measurement remains at only about 73% for
cases of severe anaphylaxis [41, 69], and diagnostic and
clinical utility have yet to be confirmed in a large study.
Anecdotally, we have found that a positive result can be
helpful when the diagnosis of anaphylaxis is uncertain (eg,
hypotensive shock without diagnostic skin features), but a
negative result cannot be used to exclude the diagnosis.

Postmortem Determination of Diagnosis of Fatal
Anaphylaxis

In cases of sudden death due to suspected but unwitnessed
exposure to allergen, postmortem diagnosis of fatal ana-
phylaxis is difficult and requires careful investigation.
Postmortem measurement of mediator levels or expression
of mediator receptors in target organs may assist with
diagnosis. Moderately elevated tryptase levels are common
in postmortem sera due to nonanaphylactic deaths, but
values above 45 pg/mL may support the diagnosis of fatal
anaphylaxis [70]. However, fatal anaphylaxis can occur in
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the apparent absence of allergen-specific IgE and release of
histamine and tryptase [71].

In a recent case of suspected fatal anaphylaxis due to a
honeybee sting, Toro et al. [72] were able to demonstrate
C5R1 expression in dilated capillaries in the lungs,
specifically intensive cytoplasmic staining detected in
endothelial cells, suggesting an active role for complement
in fatal anaphylaxis. Analysis of tissue samples rather than
blood should be considered, as the timing of blood samples
after death can influence mediator levels [70]. A study of
postmortem blood and tissue samples from eight patients
who died of anaphylaxis demonstrated higher IgE levels in
blood collected from the patients’ heart compared with
controls who died from other causes [73]. Levels of the
regulatory proteins SOCS1 and SOCS3 were also signifi-
cantly higher in the kidney and liver of individuals who
died from anaphylaxis. Whether these novel approaches
may be applicable as routine investigative tools remains
unclear.

Development of New Treatments

Our knowledge of the mechanisms of mast cell activation,
the mediators influencing severity, and their regulation will
aid the development and assessment of new treatments for
anaphylaxis. Development of safe and effective treatments
for food allergy is particularly important due to the poor
success rate of trialled immunotherapies. Food Allergy
Herbal Formula-2 (FAHF-2) has been found to block
peanut-induced anaphylaxis in a murine model. Song et
al. [74] demonstrated that this protection was due to a
FAHF-2—induced reduction in basophil and mast cell
numbers and suppression of IgE-mediated mast cell
activation, including reduced FceRI expression (particularly
the v subunit) and release of histamine after allergen
challenge. Interestingly, increased interferon-y production
by CD8" T cells may be an important mechanism
underlying FAHF-2—induced protection. In a recent acute
phase 1 study of patients with food allergy, 6 months of
thrice-daily doses of FAHF-2 was shown to be safe and
well-tolerated and resulted in a significant reduction in
basophil CD63 expression in response to ex vivo stimula-
tion [75].

Using the rapidly evolving field of nanomedicine,
Norton et al. [61] tested a panel of fullerene derivatives
for their ability to prevent the release of allergic mediators.
They reported a new compound that significantly inhibited
degranulation and cytokine production from mast cells and
basophils and was able to block mast cell-driven anaphy-
laxis in vivo. They also demonstrated that the early phase
of FceRlI inhibition was dependent on the blunted release of
intracellular calcium stores, elevations in reactive oxygen
species, and in several signalling molecules.
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Several new potential inhibitors of mast cell mediator
release have been reported in the past 12 months, including
endogenous compounds and cell surface receptors. These
include the Ras inhibitor farnesylthiosalicylic acid, which
reduces prostaglandin D, and TNF-o« production [76];
chrysin, which decreases histamine, TNF-c, IL-1(3, IL-4,
and IL-6 production [77]; allergin-1, an immunoglobulin-
like receptor expressed on mast cells [78]; and U63A05, a
novel synthetic compound that inhibits Syk activation in
mast cells and suppresses degranulation and TNF-o and IL-
4 production [79].

Conclusions

In the early 20th century, histamine was thought to be the
principal mediator of anaphylaxis. Since then, an ever-
expanding range of mediators have been implicated by human
studies, in vitro cell stimulation studies, and animal models. It
is now clear that anaphylaxis involves the action of multiple
immune effector pathways and cell types, and intervention
targeting a single pathway may not be sufficient to prevent
anaphylactic responses. Identification of key pathways that
contribute to the amplification of the allergic signal early
during anaphylaxis and primary interventions to prevent these
catastrophic reactions are a research priority.
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