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EDITORIAL

The role of neurotrophins in the pathogenesis of asthma and related diseases:
allergy and asthma as prototypic neuro-immune diseases?

Biology of neurotrophins and neurotrophin receptors

The neurotrophins are a family of homologous proteins that so
far consist of four members: nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3)
and neurotrophin-4/5 (NT-4/5). They are synthesized first as
precursor proteins, which then are cleaved intracellularly to
mature proteins of about 120 amino acids in length [1]. The
mature proteins associate as non-covalent homodimers with a
high degree of genomic, structural and biological homology
among various species. Additionally, the neurotrophins share
a significant level of homology to one another and elicit similar
types of biological responses.

Their role in survival, differentiation and maintenance of
neurons is well defined [2]. They exhibit partially overlapping
but also distinct patterns of expression and cellular targets. In
addition to the central nervous system, neurotrophins also
effect peripheral afferent and efferent neurons. The trophic
(survival promoting) and tropic (directing axon growth) prop-
erties of neurotrophins demonstrate their potential for the treat-
ment of central as well as peripheral neuropathies.

However, other molecules such as glia cell line-derived
growth factor (GDNF) and leukaemia inhibitory factor (LIF)
also have neurotrophic activities but they use different receptor
systems as neurotrophins and will not be further discussed in
this article.

The biological effects of neurotrophins are mediated by bind-
ing to two different receptor types, the tropomyosin-related
kinase (trk) family of receptor tyrosine kinases and the p75
receptor, a member of the tumour necrosis factor receptor
superfamiliy [3]. Neurotrophins bind to the trk receptors with
high affinity and specifity, trkA is primarily a receptor for NGF,
trkB for BDNF and NT-4/5 and trkC for NT-3. In addition, all
neurotrophins bind to the low affinity receptor p75NTR. Bind-
ing of neurotrophins induces receptor dimerization at the cell
surface followed by phosphorylation of receptor tyrosine resi-
dues. The phosphorylated tyrosine then recruit intracellular
signal transduction proteins. These factors initiate functional
changes such as survival, proliferation and differentiation of the
corresponding target cell.

Expression of neurotrophins and their receptors in
allergic disease

Elevated serum NGF levels have been found in humans with

asthma and various other allergic diseases such as rhinocojunc-
tivitis, urticaria-angioedema and atopic eczema [4,5]. In
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patients with asthma segmental allergen provocation increases
BDNF, NGF and NT-3 concentrations in bronchoalveolar
fluid [6]. During allergic rhinitis, NGF levels are significantly
increased in nasal fluid, and nasal provocation with allergen-
increased NGF levels in allergic patients [7]. Since local as well
as systemic concentrations of neurotophins are enhanced in
allergic inflammatory diseases, the origin of their production
is becoming the focus of clinical and basic research.

The traditional cellular sources of neurotrophins under
physiological conditions are nerve-associated cells or neurones
themselves [2]. However, a wide range of haematopoetic cells
including lymphocytes, macrophages and mast cells are also
able to produce these factors [8,9]. After segmental allergen
provocation, BDNF and NGF levels were unchanged 20 min
after provocation but markedly increased in the bronchoalveo-
lar lavage fluid after 18 h. These data indicate that neurotrophin
production in the lung is associated with late-phase allergic
responses but not with early-phase response [6]. In animal
models it has been shown that infiltrating immune cells are a
major source of NGF and BDNF during airway inflammation.
T cells play a central role in orchestrating the allergic inflam-
mation and activated T cells are strong producers of NGF [10]
and BDNF [11]. However, alveolar macrophages [12], eosino-
phils[13] and mast cells [14] are also able to secrete these factors.

In addition to the neurotrophins their receptors have also
been analysed in lymphoid tissues during the last years. Thereby
expression of the panneurotrophin receptor p7SNTR as well as
the specific receptors trkA, trkB and trkC were found in various
immune cells [15]. In a former study trkB and trkC positive
eosinophils were described in human bone marrow [16]. In this
issue of Clinical and Experimental Allergy Noga et al. [17]
further demonstrate the expression of trkA, trkB and trkC by
eosinophils purified from human blood. Since eosinophilic infil-
tration is a hallmark of allergic inflammatory responses, neuro-
trophin receptor expression on these cells might be an
additional pathway regulating inflammatory responses. In add-
ition, Noga et al. demonstrate that all three receptors were
functionally active, e.g. NGF treatment of eosinophils resulted
in an up-regulation of IL-4 production.

Taken together, neurotrophins and their receptors are widely
expressed in various cell types of the adaptive as well as the
innate immune system. All these cells are mainly involved in
initiation and propagation of the allergic inflammatory re-
sponse. These data provide evidence for a novel phenotype of
the inflammatory response in allergy and asthma. It will now be
important to link this phenotype to functional properties of the
allergic immune response in these clinical conditions.
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Function of neurotrophins in allergic disease

Beyond their originally described effects in regulating neuronal
growth, neurotrophins are also involved in other biological
processes. During the last decade, it has been recognized that
neurotrophins are important players in immune regulation. In
allergic inflammatory diseases not only immunological dysre-
gulation but also a complex neuro-immune interaction contrib-
utes to the pathogenesis of the disease.

Major pathophysiological events in allergic asthma are:
chronic inflammation of the airways, development of airway
hyper-reactivity and recurrent airway remodelling. Further-
more, it has been recognized that many types of immune cells
are involved in the inflammatory process including mast cells,
eosinophils, B/T lymphocytes and antigen-presenting cells. The
pathogenesis of asthma is especially characterized by a complex
interaction between neurons and inflammatory, epithelial and
smooth muscle cells. This suggests that in addition to the im-
munological dysregulation in allergy and asthma, other aspects
need to be considered in the pathology of this disease.
A hallmark in allergic asthma is the altered neuronal control
of the smooth muscle tone. Sensory and motor neurons innerv-
ating the lung exhibit a great degree of functional plasticity
in asthma defined as ‘neuronal plasticity’ [18]. In a guinea-pig
model, NGF contributes to hypersensitivity by inducing a
phenotypic switch in sensory neurons [19]. Further evidence
that neurotrophins mediate sensory nerve plasticity originated
from genetically modified animals. Neurotrophin receptor
p75 gene-deficient mice exhibit a deficit in sensory innervation
[20]. Vice versa, transgenic mice with constitutive overexpres-
sion of NGF in the lung epithelia exhibit hyperinnervation in
the airways by sympathetic and tachykinin-containing nerve
fibres [21].

Increased expression of tachykinins by sensory nerves is ap-
parent in airway inflammation and elevated levels of neuropep-
tides have been found in the lung of asthmatic patients as well as
in bronchoalveolar fluid after allergen challenge [22]. The neur-
onal tachykinin production is regulated by BDNF and NGF
[19, 23] and neuropetides are involved in several key features of
asthma, including airway smooth muscle constriction, vascular
dilatation, and augmentation of airway inflammation. Activ-
ities of tachykinins on immune cells include a broad range of
functional responses from eosinophils, lymphocytes mast cells
and macrophages. The neuronal control of the acute inflamma-
tory response resulted in the concept of ‘neurogenic inflamma-
tion’ [9].

Neurotrophins are not only produced by but also exhibit
profound effects on immune cells residing in the airways.
These effects can be described by the term ‘immunological
plasticity’. Overexpression of NGF in the lung of transgenic
mice mediates an increased neutrophil infiltration after ozone-
induced lung inflammation [24]. The release of proinflamma-
tory cytokines, an important mechanism during development of
the allergic reaction, is regulated by neurotrophins. NGF aug-
ments [L-4 and IL-5 production of allergen-activated lympho-
cytes and this results in enhanced levels of IgE and IgG1 but not
IgG2a antibodies [10]. Furthermore, basophils represent a sub-
stantial source of IL-4 and IL-13 in the airways and NGF can
directly stimulate IgE-induced IL-13 secretion of basophils [25].
These data clearly indicate that neurotrophins act as amplifiers
of the locally occurring immune response.

Neurotrophins in allergic diseases 1267

As discussed above, immune cells are able to express neuro-
trophin factors together with their corresponding receptors.
Therefore one can presume that neurotrophins may act as
general autocrine growth or survival factors for immune cells.
In fact, NGF is an autocrine survival factor for memory B cells
[26,27], mast cells [28] and monocytes [29]. However, the pre-
sent data indicate that NGF has a protective role against cell
apoptosis rather than a direct growth-promoting effect. Regu-
lation of immune cell apoptosis and survival involves autocrine
circuits such as expression of the Fas/Apol and its ligand as well
as the NGF ligand/receptor system, and both systems are linked
by modulating anti-apoptotic intracellular Bcl-2 protein expres-
sion through endogeneous NGF signalling [26]. The evidence
that this autocrine circuit is more ‘public’ by involving secretion
of ligands and their extracellular signalling instead of ‘private’
or intracrine strongly further suggests a complex network of
‘social’ control over the fate of a single immune cell.

Thus, for understanding the possible mechanisms of cellular
effects the microenviroment of neurotrophin and neurotrophin
receptor expression must also be taken into account. The expres-
sion of neurotrophins and their receptors are involved in a
complex multicellular network to maintain the integrity of the
epithelial, immune and nervous system in mucosal tissues. This
is most evident in the case of eosinophilic neurotrophin and
neurotrophin receptor expression as described by Noga et al.
in thisissue of Clinical and Experimental Allergy[17]. Most of the
eosinophils in the human body are distributed in the mucosal
tissues in which the epithelial surfaces are exposed to the external
environment. The tissue-resident eosinophils, similar to mast
cells, communicate with other cells of the tissue compartment
by release or response of autocrine and paracrine factors such as
cytokins, or even the neurotrophins. In this regard, visceral
epithelia are a major source of BDNF in many organs [30]. On
the other hand, epithelia that express BDNF lack both the high-
and low-affinity receptors for BDNF, trkB and p75™™R [30].
Thus, the main physiologic role of the constitutive epithelial
BDNF production may be the regulation of the homeostasis of
eosinophils (and other tissue-resident immune cells, including
mast cells, dendritic cells) as well as neurons in this tissue com-
partment. However, during an inflammatory response the add-
itional production of neurotrophins by activated tissue-immune
cells may initiate a vicious circle of neurotrophin expression and
signalling which contributes to the pathogenesis of allergic
airway inflammation as discussed in this article.

Conclusion

There is now growing evidence that neurotrophins contribute to
the neuronal as well as immunological dysregulations during
allergic airway inflammation. Since both the immune and
nervous system share many features including recognition of
and reaction to unknown stimuli, it is not surprising that
both systems use similar mediators to perform their tasks.
Through their widespread expression in immune competent
cells, neurotrophins and their receptors are candidate molecules
for regulating immune as well as neuroimmune interactions. As
discussed above, the immunotrophic function of the neuro-
trophins in addition to their ‘traditional’ function as neuro-
trophic factors is becoming more and more evident. Thus,
blocking overexpression of neurotrophins during an allergic
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inflammatory process may be an important novel tool of
therapeutic intervention in the future.
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