British Journal of Pharmacology (2004) 142, 5-7

© 2004 Nature Publishing Group Al rights reserved 0007-1188/04 $25.00 @

COMMENTARY

www.nature.com/bjp

Histamine H, antagonism: a therapy for chronic allergy?
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Chronic inflammatory diseases such as bronchial asthma,
allergic gastrointestinal disease, and atopic dermatitis are
characterized by the selective recruitment and activation of
distinct subtypes of leukocytes, particularly eosinophils, into
the tissue from peripheral blood (Rothenberg, 1998). Eosino-
phils, along with mast cells, are postulated to play a key role in
the pathophysiology of these chronic diseases. The striking
accumulation of eosinophils in allergic disease has stimulated
intense scientific examination leading to the discovery of
numerous molecular mechanisms responsible for this process.
Eosinophils, like all leukocytes, migrate from the vascular
lumen, across the endothelial cell surface into the appropriate
tissue sites. This elaborate mechanism, known as transen-
dothelial migration, has been shown to be a highly orche-
strated process (Springer, 1994). The migratory pathway, or
chemotaxis, of the leukocyte is directly influenced by soluble
molecules known as chemoattractants. These molecules reside
along a tissue gradient, and bind to and activate G-protein
coupled receptors (GPCRs) on the leukocyte cell surface.
Several eosinophil chemoattractants have been extensively
studied. Some of these molecules, the classical chemoattrac-
tants, include the complement cleavage fragments, leukotrienes
and platelet-activating factor (PAF). These chemoattractants
have been shown to stimulate the recruitment of a wide variety
of leukocyte subtypes, and are therefore nonselective. In
contrast, chemotactic cytokines (or chemokines) such as
eotaxin-1, -2, -3, and monocyte chemoattractant protein
(MCP)-4 are more selective for the recruitment of leukocytes
associated with allergic inflammation, such as eosinophils,
mast cells, and basophils.

Histamine is one of the most intensely studied biomolecules
in medicine and is the single most potent mediator of
immediate hypersensitivity reactions (MacGlashan, 2003).
While the effects of histamine on smooth muscle contraction,
vascular permeability, and regulation of stomach acid are well
known, its biological effects on blood leukocytes are not.
Histamine was first described as a selective chemoattractant
for eosinophils almost 3 decades ago (Clark et al., 1975).
Subsequent studies revealed that this effect was unlikely to be
mediated through the known histamine receptor subtypes
(Clark et al., 1977; Raible et al., 1994). Since these studies were
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published, further information regarding the histamine recep-
tor responsible for eosinophil chemotaxis has remained sparse.
Now, two reports in the British Journal of Pharmacology
(Buckland et al., 2003; Ling et al., 2004, this issue) show
unequivocally that histamine possesses all the properties of a
classical leukocyte chemoattractant (i.e., agonist-induced actin
polymerization, mobilization of intracellular calcium, altera-
tion in cell shape, and upregulation of adhesion molecule
expression) and that the histamine receptor responsible for
the selective recruitment of eosinophils, is of the H, subtype; a
G,;-linked pertussis toxin-sensitive GPCR. These important
studies followed the recent identification of the histamine H,
receptor, the fourth receptor family member cloned and
characterized, by seven independent research groups through
orphan GPCR/homology cloning methods (Morse et al., 2001;
O’Reilly et al., 2002; MacGlashan, 2003).

Synthetic organic chemistry targeting the histamine recep-
tors over the past several decades has resulted in the discovery
of a diverse array of pharmacological tools, some with very
interesting properties with respect to their histamine receptor
specificity and agonism/antagonism activity. For example, in
the paper by Buckland et al. (2003), the authors used the
compounds clobenpropit and clozapine, which act as antago-
nists at the H; receptor and agonists at the Hy receptor. These
compounds induced an eosinophil shape change, an effect that
was blocked by thioperamide, an Hi/H, receptor dual
antagonist. Further investigation showed that thioperamide
inhibited histamine-induced actin polymerization, calcium
mobilization, and upregulation of the adhesion molecule
CD11b. In this issue, Ling et al. (2004) describe the use of
the first selective H, receptor antagonist, JNJ7777120, whose
selectivity for the H, receptor was recently reported to be
greater than 1000-fold over the H,, H,, and H; receptors
(Jablonowski et al., 2003). This molecule was able to block
eosinophil shape change via histamine, while diphenhydra-
mine, ranitidine, and JNJ6379490 (H,, H,, and H; selective
receptor antagonists, respectively) were not effective. In
addition, JNJ7777120 blocked chemotaxis as well as the
histamine-induced upregulation of the adhesion molecules
CDI11b and CD54. The reports by Buckland ez al. (2003), and
Ling et al. (2004, this issue) follow a recent study which
showed that H, was responsible for chemotaxis of mast cells
(Hofstra et al., 2003). To illustrate this, these authors
performed elegant chemotaxis experiments on mast cells
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isolated from H;- and Hy-receptor gene-deficient mice. Mast
cells from wild-type and Hs-receptor-deficient mice migrated in
response to histamine (effect blocked by thioperamide), while
mast cells from the H, receptor knockout failed to respond at
all. Taken together, these results provide direct proof that
chemotaxis of eosinophils and mast cells via histamine is
triggered though the H, receptor. Consequently, it is postu-
lated that H, serves as a mechanism for tissue-derived mast
cells upon allergen challenge, to amplify histamine-mediated
allergic reactions. This results in the selective recruitment of
these major effector cells into tissue sites leading to chronic
allergic inflammation (Figure 1).

The ability of histamine to mediate an eosinophil shape
change and act as a chemoattractant in vitro is weak, at best, in
both potency and maximal effect, when compared to the
potent CCR3-active f-chemokines, eotaxin and eotaxin-2
(Clark et al., 1975; O’Reilly et al., 2002; Buckland er al.,
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Figure 1 Mechanism of histamine-induced recruitment of eosino-
phils and mast cells in chronic allergic inflammation. Histamine H,
GPCRs are expressed on the surface of both eosinophils and mast
cells. Antigen-IgE complex-dependent crosslinking of FceRI on the
surface of resident mast cells stimulates the secretion of histamine,
which binds to and activates the H, receptor on eosinophils.
Signalling through the H, receptor triggers a series of signal
transduction events (calcium mobilization, actin polymerization,
shape change, upregulation of adhesion molecule expression)
leading to directional migration (chemotaxis) and accumulation of
eosinophils into sites of inflammation. Upon release, histamine can
also stimulate the recruitment of additional mast cells into the
inflammatory site, by activation of the mast cell expressed H,
receptor. As shown in the figure, the H, receptor is one of a number
of G-protein coupled chemottractant receptors expressed on
eosinophils. These include members of the chemokine receptor
family, receptors for classical chemoattractants (complement clea-
vage fragments, formyl peptides and lipid mediators). Abbreviations:
EOS, eosinophil; MC, mast cell; IgE, immunoglobulin E; H,,
histamine receptor type 4; PAFR, platelet activating factor receptor;
BLT,, leukotriene B, receptor type 1; CysLT,, leukotriene D,
receptor type 1; CCR1, C-C chemokine receptor type 1; CCR3, C-
C chemokine receptor type 3; CXCR2, C-X-C chemokine receptor
type 2; CXCR4, C-X-C chemokine receptor type 4; C3aR,
complement 3a receptor; C5aR, complement 5a receptor; f-MLFR,
N-formyl-methionyl-leucyl-phenylalanine receptor.

2003; Ling et al., 2004, this issue). This lack of functional
efficacy raises questions regarding the role of histamine acting
through H, on eosinophils in vivo. In spite of this, it is
postulated that high concentrations of histamine, at sites of
mast cell degranulation in vivo, can trigger H,, conceivably
functioning as a chemoattractant for eosinophils to that site.
Additionally, the H, receptor is expressed in conjunction with
many other chemoattractant receptors on the eosinophil cell
surface (Figure 1), and these receptors are activated by the
molecular nature of the local inflammatory milieu. The
activation of Hy sequentially with these other receptors, in a
coordinated fashion (vie a distinct temporal and spatial
pattern of ligand exposure), allows emigration of eosinophils
on the path from the vasculature, through the various
compartments, to the involved site. Furthermore, perhaps a
key biological function of histamine in vivo is to prime
eosinophils for chemotaxis in response to other chemoattrac-
tants and, in fact, both research groups present compelling
evidence for this hypothesis. Preincubation of eosinophils with
histamine resulted in enhanced migration towards eotaxin and
eotaxin-2 (Buckland et al., 2003; Ling et al., 2004, this issue).
On the other hand, the potential of histamine alone to act as
an eosinophil chemoattractant in vivo, might be augmented by
other factors, such as growth factors or cytokines. Indeed,
O’Reilly et al. (2002) demonstrated that the number of
eosinophils migrating in response to histamine was greatly
increased by interleukin-5, the cytokine specific for the
differentiation, activation, and survival of eosinophils. It
remains to be determined what effects histamine, acting via
H,, has on the actions of other chemoattractants, such as
lipid mediators and/or complement cleavage fragments,
upon ligation of their cognate GPCRs on eosinophils, and
vice versa.

The development of potent, highly selective H, receptor
antagonists presents considerable therapeutic potential and
will launch new avenues for antiallergy therapy. Clearly, novel
small molecule H, receptor antagonists such as JNJ7777120
(Jablonowski et al., 2003; Ling et al., 2004, this issue) will be
evaluated in animals, and these studies, along with those with
the available Hy4- receptor-deficient mouse (Hofstra er al.,
2003), will elucidate the role of H, in animal models of allergic
inflammation. It is highly likely that JNJ7777120 and/or its
analogs, given appropriate pharmacokinetic/pharmaco-
dynamic profiles and bioavailability, will soon be tested in
the clinic, to treat chronic inflammatory diseases in humans,
such as allergic respiratory, gastrointestinal, and skin diseases,
where eosinophils and mast cells are thought to play
prominent roles in disease pathogenesis (Rothenberg, 1998).

It is tempting to speculate that combination therapies would
be considered, whereby these new histamine H, receptor
antagonist drugs would be paired with other drugs currently
on the market and/or in development. Such combinations
would include administration of an H, antagonist with the
widely prescribed H, antagonists, thus antagonizing both the
classical anti-inflammatory acute effects of histamine (H;-
mediated immediate hypersensitivity reactions) and the
chronic effects of histamine (Hs-mediated recruitment of
effector cells into inflammatory sites leading to late phase
reactions and chronic inflammation). Furthermore, the devel-
opment of selective H,;/H, dual receptor antagonists would be
relatively straightforward, since it was recently reported that
the H,; antagonists, doxepin, cinnarizine, and promethazine
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exhibit high affinity binding to the H, receptor (Nguyen et al.,
2001), and thus define the initial structure activity relationships
for medicinal chemists to design rapidly such dual antagonist
molecules. Notably, the fact that histamine, upon activation of
the Hy receptor, augmented the chemotactic effect of CCR3-
active f-chemokines on eosinophils, has implications for
combination therapy beyond that with just H;, receptor
antagonists. These combinations might include pairing an H,
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