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Abstract

The incidence of asthma in children and adults is contin-
uously increasing in the developed countries. Its patho-
physiology is still not yet clarified in sufficient detail.
Despite a large number of animal models for asthma
(mainly rodents), these only partly mimic the situation in
humans. Some examples of limitations of using the
mouse as an animal model for asthma will be discussed

and directions of future research outlined.
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The incidence of asthma has incrcased dramatically
over the last few ycars. Several epidemiologic studies have
presented cvidence that the changes in the environment
in industrialized societics with greatly improved public
health correlate with the incidence of asthma. Thus, the
‘hygiene hypothesis’ has been proposed as an example of
dysregulated immunity [1]. In parallel, a multitude of
studics on the pathobiology of this disease have been pub-
lishcd over the last few years. However, the typical

chronic character of asthma in humans is not present in
rodent models. Why are there still so many controversial
data about which species is the best model to elucidate the
pathomechanisms of asthma, and do we need further
experiments in different spccics in these times of knock-
out and transgenic micc?

In many respects, the mousc is a good model to study
specific aspects of the development of asthma [for a
review, see ref. 2]. However, there is a wide variety of sen-
sitisation and challenge protocols, not to mention the time
point of assessment and readout systems [3]. So far, the
route of sensitisation, e.g. in the ovalbumin (OVA) model
via intraperitoneal injections, has been in absolute con-
trast to the situation in humans, where it obviously occurs
via the respiratory tract. After several ycars of study of the
immune reactions of organs covered by a mucosa, the
concept of the common mucosal immune system was
developed. Recently, there has been growing evidence of
differences between the organs, c¢.g. gut and lung, with
respect to structural as well as functional aspects [4].
Although there is a certain integration between the differ-
ent mucosal organs, which is of major relevance in vacci-
nation strategies, the specific aspects of each organ should
not be overlooked.
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In the rat, it 1s well documented that the OVA-induced
asthma model is strain dependcent [5]. The Brown Norway
rat is the strain most often used [6]. However, very basic
aspects are often overlooked or not documented in detail,
hindering the comparison of published data. Ewaldsson ¢t
al. [7] recently documented that diffcrent types of animal
bedding greatly influence pulmonary inflammation in
rats.

Various cell types are involved in the different phascs
of asthma development and in provocation. Eosinophils,
mast cells and the different lymphocyte subsets (e.g. Thl,
Th2) have been the focus of individual cxperiments. It
should not be forgotten that cells not included in the typi-
cal schemes of immune cells also produce cytokines and
chemokines as well as enzymes which can degrade many
such messenger molecules. The local microenvironment
will be the decisive aspect with all the different interac-
tions. Furthermore, not only the lung compartments but
also the draining bronchial lymph nodes are critical in
induction and perpetuation, ¢.g. in a murin¢ model of
OVA-induced airway inflammation [§].

Other basic morphological aspects also have to be con-
sidered when extrapolating data from the mouse model to
asthma in humans. It is well documented that the mucosa
of the bronchi with all the different cell types and vessels
expressing specific adhesion molecules critical for leuko-
cyte extravasation after allergen inhalation is a very im-
portant compartment in humans. In the mouse, however,
there is hardly a visible bronchial lamina propria, and a
bronchial blood supply from bronchial arteries is lacking
[for details, see ref. 9]. Recently, sophisticated morphom-
etry was performed in two comparable mouse strains, but
the body length and chest circumference differed between
these strains, resulting in effects on particle deposition in
the tracheobronchial tree [ 10].

The additional usc of larger animals, ¢.g. the dog [11],
is indicated in particular when new therapeutic agents
have to be tested before application in patients. In most
concepts of asthma development, the focus is on Thl and
Th2 cells and the balance between thesc two types of reac-
tion. However, there is growing cvidence of an important
role of y6 cells in allergic airway diseases [12, 13].

Dendritic cells have been well documented in recent
years as very cffective antigen-presenting cells. There is
growing cvidence that this cell type is a significant regula-
tor for the immune response to inhaled allergens in asth-
ma modecls in the mouse [reviewed in ref. 14], and the
interactions between dendritic cells and epithelial cells
seem to be important [15]. A very critical aspect in all
experiments with animal models is the age of the animals.

Controversial Aspects of Asthma Models

It has been repeatedly documented that the postnatal
maturation of the lung immunc system difters between
specics and that the Th1/Th2 balance depends on postna-
tal exposure. Recently, Holt and Sly [16] proposed a con-
cept linking respiratory syncytial virus (RSV) infection at
an early age with the development of asthma in the follow-
ing years.

The contributions to this special issuc of Pathobiology
not only document that the morphological (c.g. ccllular
influx and remodelling) and functional aspccts (c.g. hy-
perresponsivencss and mucous overproduction) of asth-
ma are still far from being well defined, but also show ini-
tial steps regarding the effccts of immunomodulators and
the interaction of surfactant components with immunc
reactions of the lung as well as the potential role of ncuro-
genic contributions to this discase. We still need much
debate on animal modcls for asthma [17, 18], but also
workshops in which an individual cxperimental sctup is
not presented as the optimal animal model for human
asthma but rather the focus is on futurce arcas of rescarch
to elucidate controversial aspects and to find answers to
many pertinent questions. This issuc ot Pathobiology
could stimulatc such a debate in a broader ficld.
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