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The relevance of murine animal models to study the
development of allergic bronchial asthma
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Summary Bronchial asthma (BA) develops on the basis of a genetic predisposition and involves a character-
istic sequence of changes in immune functions. In the immunopathogenesis, several phases can be distin-
guished: the initial stage is defined as the development of allergic sensitization. This step is dependent on: (i)
T cell activation; (i1) IL-4 production; (iii) IgE synthesis; and (iv) mediator release by effector cells. The second
phase of allergic inflammation as a consequence of the T cell dependent sensitization is characterized by IL-5
production and eosinophil activation and recruitment. Airway mucosa remodelling is the consequence of
chronic inflammatory processes and represents the final stage of BA. In this article animal models will be
discussed with regard to their relevance for these different phases in development of chronic allergic BA.
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Introduction

Bronchial asthma (BA) is a chronic obstructive disease of
the lower airways and represents a main manifestation of
the atopic syndrome together with allergic rhinitis and
atopic dermatitis. In asthmatic patients a relationship
between genetic predisposition, IgE production, allergen
exposure and airway obstruction is well established.'?
Histopathological examination of asthmatic airway and
lung tissue reveals the presence of a chronic inflammatory
response. Key features include infiltration of mononu-
clear cells, eosinophils and mast cells.** Most of these
cells are highly activated. This inflammatory response
correlates with the development of increased airway re-
sponsiveness (AR). A link between immunologic events,
including IgE production, and the state of airway hyper-
reactivity is suggested from several epidemiological
studies.'-2-5-® These and other results point to a multidi-
rectional dysregulation, where several regulatory systems
interact with each other including the immune system,
endocrine and neural factors.

Bronchial asthma represents a dynamic disease. The
development of the disorder involves a genetic predis-
position. Dependent on the allergic phenotype several
genetic hot spots were recently identified. For example,
allergen-specific IgE production was restricted to certain
MHC class II haplotypes and T cell receptor gene
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usage.”~? On the other hand, total IgE production was
linked to the IL-4 cluster on chromosome 5. More re-
cently. increased AR was linked to a neighbouring part on
chromosome 5 and to a region of chromosome 11 (11ql3)
that includes genes encoding the Fce-RI1.'%'! These find-
ings demonstrate that allergic diseases are most likely
polygenic diseases and it seems highly unlikely that a
single atopic gene responsible for all phenotypes and
stages of atopic diseases will be identified.

This complexity can be described in part by the
dynamic process of allergic disorders. From an immuno-
logical point of view, the asthma cascade is initiated by
allergic sensitization (Fig. 1). These include presentation
of allergens by APC to T cells, followed by T cell activa-
tion and IL-4 production. Further T-B-cell cooperation
then controls regulation of IgE production. Interaction of
specific IgE antibodies on the surface of effector cells
(mast cells, basophils) with allergen triggers the early
phase of immediate-type hypersensitivity responses.

These events initiate the development of allergic in-
flammation. The second phase is characterized by infilt-
ration of eosinophils, release of eosinophil-dependent
mediators followed by all signs and symptoms of an in-
flammatory process. An important linkage between sensi-
tization and inflammation is represented by T cells that
secrete mediators not only involved in IgE synthesis but
also responsible for eosinophil recruitment, activation
and survival,'?-!3

Like in all other inflammatory disorders tissue destruc-
tion occurs and 1s followed by tissue repair processes.
Under optimal conditions complete repair results in res-
toration of the original tissue function (restitutio ad inte-
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Figure 1

grum). In particular, this form of tissue repair is achieved
in acute and himited inflammatory events. In BA, how-
ever, the situation is different. The uncontrolled chronic
inflammatory disease eventually results in loss of organ
functions due to tissue remodelling. This end stage of the
disease i1s much less understood compared with the events
that govern allergic sensitization and inflammation; how-
ever, recent results indicate that macrophages, fibroblasts
and myofibroblasts play an important part in tissue
remodelling.'°='8

This article will discuss, whether the stages in the im-
munopathogenesis of BA can be mimicked in animal
models. Cellular and molecular aspects of the induction
and regulation of IgE production, the development of
increased AR and the role of allergic inflammation will be
described.

Allergic sensitization and IgE production

Mice have been widely used to study the regulation of IgE
production under in vive conditions. Many regulatory
events in the murine immune system parallel the human
immune responses. The availability of inbred mouse
strains, transgenic and knock-out mice, and a large variety
of mAb add to the attraction of using mouse models to
investigate human diseases. We and others have used
them to delineate the events that result in local and sys-
temic allergic sensitization. Systemic (i.p.) injection of

Chronic inflammatory response
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Critical events in development of allergic sensitization and chronic inflammation in human BA.

allergens such as pollen and animal allergens adsorbed to
adjuvant (AI(OH);) results in raise of total and allergen-
specific antibody titres in high-responder mouse
strajnssie sl

House dust mite allergens represent important indoor
allergens.”' Many paediatric and adult patients suffering
from allergy show sensitization and clinical symptoms
associated with house dust mites. In the natural course of
the disease, house dust mite allergens follow food aller-
gens in many patients. To explore the immunological
events that control and govern sensitization to house dust
mites, mouse models were adapted to this allergen. Since
the immunologic response to allergens seems to be genet-
ically predetermined, IgE high- and low-responder mouse
strains were analysed for their ability to mount an anti-
Dermatophagiodes pteronyssinus (Der p) IgE/IgG1 anti-
body response. The results revealed that C57BL/6 and
CBA mice are high-responder strains, whereas BALB/c
mice are characterized as low-responder animals
(Table 1). which confirms results obtained by other
groups.”>~* It becomes apparent that, following immuni-
zation to allergens, each individual mouse strain has a
unique response pattern. For example, BALB/c mice are
known as IgE-high responders to ovalbumin (OVA),
whereas the same mice are poor responders to Der p.>2
These mouse models represent excellent model systems to
delineate the genetic and immunological basis for such
differences.

e
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Table 1 Allergic sensitization to house dust mite allergen (Der p) in different mouse strains

Baseline AR AR after scnsi- Immediate-typc
Mouse strain MHC haplotypes Sensitization to (ESsp)' tization (ESsp) allergic reaction?
C57BL/G H-2° Der p 3.1+0.8 1.9+0.7 P < 0.001 High
CBA H-2% Der p 1.8+0.7 1.2+0.4 NS Intermediate
BALB/c H-24 Der p 1.8+1.4 2.5+0.7 NS Low

Mice were sensitized by i.p. injection of Der p (containing 5 pg Der pl: ALK-Scherax GmbH, Hamburg, FRG) on days | and 14. On
days 22 and 23 mice received two consecutive local allergen challenges via the airway by aerosolization of Der p extract (equivalent to
7 pg Der pl) diluted in 7 mL PBS for 20 min as previously described.?°

Airway smooth muscle responsiveness was assessed by electrical field stimulation as previously described.*'

Values are mean +s.d. of electrical frequencies that resulted in 50% of maximal smooth muscle contractility (ESs).

Immediated-type alergic reaction were classified on the basis of elevated IgE/IgG 1 antibody titres and development of immediate-type

cutaneous hypersensitivity reactions.

The T cell-mediated process of allergic sensitization
comprises several cognate and non-cognate interactions
with the immune response. The first step is the uptake and
internalization of environmental allergens by APC
(Fig. 1). APC phagocytose and process allergens into small
peptide fragments. They present these allergenic peptides
as T cell epitopes on MHC class I molecules to CD4* T
cells which recognize them using their T cell receptor
(TCR). Each T cell expresses one unique TCR phenotype
on the cell surface. The individual composition of dif-
ferent TCR elements defines the antigen-allergen speci-
ficity of a T cell. For example, in BALB/c mice, OVA
sensitization was associated with a preferential expansion
of VB8.1/8.2 T cells in peribronchial-draining lymph
nodes.?® Transfer of VP 8.1/8.2 T cells from sensitized
mice stimulated an anti-OVA IgE response in naive syn-
geneic recipients.”® In contrast transfer of CD8* cells
from OVA-sensitized mice and rats failed to initiate or
induce IgE production.’’=*" or even inhibit immediate-
type hypersensitivity reactions.***° This negative func-
tion of CD8* T cells was attributed to increased IFN-y
production by these cells. In addition another T cell popu-
lation, y/8 was also found to inhibit these responses.*’
These results confirm that allergic sensitization and IgE
synthesis are T cell dependent events.

The MHC class 11 molecule, allergenic peptide and the
TCR assemble in a trimolecular complex and initate T
cell activation. In addition to this cognate interaction
between APC and T cells, other non-cognate stimuli are
required to fully activate naive T cells, for example IL-1
released from activated APC or the interaction between
B7 and CD28 on T cells.®' This process results in full
activation of allergen-specific T cells and promotes differ-
entation into IL-4/IL-5-producing type 2 T cells. 1L-4
induces g-germline transcription in B cells but is not suf-
ficient to stimulate IgE protein synthesis. Further contact-
mediated, co-stimulatory interactions are necessary to
complete IgE isotype switching, such as an interaction
between CD40 ligand (which is transiently expressed on
activated T cells) and CD40 (constitutively expressed on
B cells).*?

Murine studies have indicated that IL-4 plays a key role
in IgE production in vivo, because parasite-infected mice
treated with neutralizing anti-IL-4 antibodies failed to
produce IgE.** Furthermore, in IL-4 knock-out mice,

serum IgE was not detectable, and nematode infection
could not restore IgE antibody responses in such mice.**
On the other hand. the serum IgG1 levels in IL-4 knock-
out mice were reduced, but only to one-third or one-half
of the control level, suggesting that in addition to IL-4
other cytokines are involved in the isotype switch to IgGl.
One of the candidates is IL-6. since a selective increase in
serum IgG 1 levels was observed in IL-6 transgenic mice.*®
In humans there 1s also a second cytokine, IL-13, known
to promote IgE production. In contrast, the biological
activities of IL-13 in mice seem to be more restricted,
because it does not act on murine B cells.*®

These findings lead to an important question regarding
the regulation of immediate hypersensitivity responses. Is
the presence of a T cell dependent allergen-specific IgE
response sufficient to elicit these responses? To analyse the
relevance of IgE production triggering immediate-type
allergic responses two different functional read-out sys-
tems will be used. The first 1s the elicitation of positive
immediate-type skin test responses, and the second the
assessment of airway smooth muscle reactivity.

Development of immediate cutaneous hypersensitivity
in Der p-sensitized mice

As previously reported,*® OVA-sensitized BALB/c mice
responded to 1.d. injected allergen solution with develop-
ment of wheal formation. The kinetics of these responses
followed the time course of human skin prick test reac-
tions and correlated with the presence of allergen-specific
IgE/IgG 1 antibodies. Histological examination of skin
reactions revealed that these responses were associated
with marked mast cell degranulation. In mice, the de-
velopment of immediate-type cutaneous hypersensitivity
(ICHS) reactions may not only be triggered by crosslink-
ing of IgE antibodies bound to Fce-RI on the surface of
murine mast cells. In addition, an alternative mechanism
involves binding of IgE (and IgG1) antibodies to Fey-R1I
and Fcy-RII1 on mouse mast cells.*” These results provide
evidence for a functional role of allergen specific IgE/
IgGlantibodies to elicit ICHS reactions that closely
mirror the human type I allergic-response.

Based on these results we analysed whether Der
p-sensitized CS57BL/6 mice would also develop
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immediate-type skin reactions to i.d.-injected Der p solu-
tion. Animals were sensitized to house dust mite extract
(Der p) by i.p. injection on days | and 14. The allergen
was adsorbed to AI(OH), and calibrated based on the
concentration of Der p 1 (5 pg Der p 1/injection). On days
22 and 23 animals received two consecutive allergen chal-
lenges of aerosolized Der p extract (containing 7 pg Der
p l/challenge) delivered via the airways. To visualize in-
creased vascular permeability and leakage upon mast cell
degranulation and mediator release, 0.5% Evans blue so-
lution was 1.v. injected before skin testing followed by 1.d.
injection of test solutions. The response to Der p (500-
5000 standard quality (SQ) units/injection equivalent to
35-350 ng Der p 1/injection) was compared with a posi-
tive (compound 48/80) and negative (PBS) control solu-
tion. An example of a positive reaction is presented in
Fig. 2. Only Der p-sensitized mice developed positive
ICHS reactions to Der p that correlated with an allergen-
specific lymphocyte response and an increase in serum
IgE/IgG1 antibody titres (Table 2).

Development of increased airway responsiveness in
allergen-sensitized mice

In recent years several techniques have been developed
that allow measurement and analysis of AR in mice under
in vivo and in vitro conditions.*”*" These read-out sys-
tems were used to study the development of increased AR
in allergen-sensitized mice. It i1s well established that the
immediate effects of airway obstruction are related to
degranulation of effector cells including mast cells and
eosinophils. According to this concept, allergen exposure
leads to crosslinking of cell-surface immunoglobulins
which triggers the release of preformed and rapidly

C 48/80 » < PBS
2500 SQ» & < 5000 SQ
1000 SQ > § ¥ < 500 SQ

Der p

Figure 2 CS57BL/6 mice were sensitized to Der p (containing
Sug Der p I/injection) (ALK, Ry, Denmark) adsorbed to
Al(OH), by i.p. injection on days 1, 14 and 21. Skin tests were
performed on day 26. Before skin testing, 150 pL of a 0.5% Evans
blue (v/v) solution was injected intravenously. Intracutaneous
skin tests were performed with PBS, compound 48/80 (5 pg/mL)
and Der p in concentrations as indicated. All solutions were
injected i.d. in a volume of 50 pL. After 20 min vascular leakage
was monitored on the reversed skin.
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Table 2 Systemic sensitization results in IgE production,
allergen-specific lymphocyte proliferation and immediate-type
cutaneous hypersensitivity (ICHS)

Systemic sensitization of
C57BL/6 mice

Al(OH); Der p + AI(OH);

Total IgE (ng/mL) 108 +90 327110
Lymphocyte proliferation to Der pSI 0.7 5.0
Positive ICHS reactions to Der p 0/8 18/22

Total IgE was measured by ELISA; indicated are changes in
total IgE (mean +s.d.) measured before sensitization and on day
24: baseline IgE was 160+ 30 ng/mL.

Splenic lymphocytes were prepared from sensitized (n = 4) and
non-sensitized animals (n = 4); allergen specific lymphocyte stim-
ulation was assessed in a proliferation assay of mononuclear cells
stimulated with and without Der p (10 pg/mL; 4 days); cells were
pulsed with 1 uCi *H[TdR] 24 h prior to cell harvesting: mitogen
stimulation was assayed in parallel. SI=cpm sample/cpm
medium contrast,

Immediate cutaneous hypersensitivity responses were analysed
on day 27 as described previously.*® Values are the numbers of
animals with the positive wheal formation after i.d. application
of Der p; there were no positive reactions to PBS and all animals
developed positive wheal formations to compound 48/80.

synthesized mediators by mast cells including hista-
mines, prostaglandins, leukotrienes. and platelet activat-
ing factor. Increased concentrations of these and other
mediators have been detected in bronchoalveolar lavage
(BAL) fluids of asthmatic patients.*>#3

We used the Der p sensitization model to delineate
minimal requirements for induction of a state of in-
creased AR in mice. We hypothesized that stimulation of
a (systemic) allergen-specific T cell response that leads to
increased production of allergen-specific IgE/IgG1 anti-
bodies would be sufficient to mount such responses. These
antibodies would then bind to available airway mucosal
mast cells. Local allergen challenge would then provide
the natural ligand to trigger the release of mediators re-
sponsible for constriction of airway smooth muscle.

For these studies we used the technique of electrical
field stimulation of tracheal smooth muscle. It was previ-
ously shown that this method triggers smooth muscle
constriction via neural and cholinergical mediators, since
the response was abolished by tetrodotoxin and atropine.
Furthermore, it was demonstrated that this type of re-
sponse correlated with increased in vitro release of acetyl-
choline by tracheal segements.** Thus, the response to
electrical field stimulation mimics several important
events observed 1n airway smooth muscle constriction.

We first determined the baseline contractility of tra-
cheal smooth muscle segments (TSM) prepared from non-
sensitized C57BL/6 mice. For each animal a dose-
response curve was established from which ES50 values
were calculated. The ES50 is defined as the electrical
frequency resulting in 50% of maximal constriction of
TSM. The slope of these dose-response curves correlated
well with the dose-response curves observed in another
mouse model.*' Non-sensitized C57BL/6 mice did re-
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spond to electrical stimulation with an ES50 of 3.1 0.8
Hz (Fig. 3). Systemically-sensitized C57BL/6 mice re-
sponded with the same degree of AR as indicated by an
ES50 of 2.8 +0.7 Hz. These results demonstrate that sys-
temic sensitization and IgE and IgG1 production alone
were not sufficient to alter the degree of AR. An explana-
tion for this finding might be that, although IgE and IgG1
were present on the surface of effector cells, in the absence
of crosslinking allergen mediator release via signalling
through IgE and IgG1 receptors does not occur. To prove
the necessity of a local allergen challenge, AR was anal-
ysed in mice with and without a local allergen challenge
prior to analysis. For this purpose mice were exposed to
an aerosol of Der p (containing 7 pg of Der p 1 diluted in
7 mL PBS and aerolized over 20 min). In non-sensitized
mice two consecutive allergen challenges did not alter the
AR pattern (2.8 £0.7). Only when sensitized C57BL/6
mice were locally challenged development of increased
AR was observed as indicated by a decrease in ES50
values to 1.9+0.7 Hz (Fig. 3). These results illustrate that
increased AR was dependent on systemic sensitization
and delivery of local allergen challenges via the airways.
To examine whether such phenotype of increased AR is
associated with an inflammatory cell infiltrate, histo-
pathologic analysis was performed. A small infiltrate of
lymphocytes was observed around small blood vessels
(data not shown). There was no significant increase of
eosinophils. These data indicate that systemic sensitiza-
tion stimulates an allergen-specific IgE/IgG1 response in
susceptible mice. These IgE and IgG1 antibodies are of
functional activity as revealed by development of
immediate-type skin test responses and increased AR fol-
lowing local allergen challenge. In virus-free animals that
were housed under pathogen-free conditions, systemic
sensitization was not associated with an inflammatory
response in the lung. Even after two consecutive allergen
challenges delivered through the airways, only minimal
cell influx was observed after 24 h. Such changes were
mainly restricted to an influx of mononuclear cells into
the airway mucosa. A marked infiltration of eosinophils
was not detected in this Der p animal system. Therefore,

Figure 3 C57/BL6 mice were
sensitized to Der p as described in
Figure 2. Airway responsiveness
was measured by in vitro stimula-
tion of TSM segments. Indicated
are mean +s.d. of electrical frequen-
cies that resulted in 50% of maxi-
mal contractility (ESs). Certain
animals received two consecutive
local allergen challenges via the air-
ways delivered by aerosolization
of Der p extract (containing 7 pg
Der p l/aerosolization). *Indicates
significant  difference (P < 0.05) 3

Smooth muscle contractility (ES50)
(#]
*

this mouse model reflects a state of allergic sensitization
and illustrates that sensitization together with local aller-
gen provocation is sufficient to trigger immediate-type
hypersensitivity responses at the effector organ but not to
reach an immunological process like ongoing inflamma-
tion.

The humanized SCID mouse (hu-PBMC) as a model
for in vivo studies of human (hu)-IgE regulation

As IL-4 is the key cytokine in the allergic sensitization
cascade, therapeutic strategies have targeted this cytokine
in the human and the mouse system. In addition to anti-
IL-4, sIL-4R modulates many IL-4-mediated T and B cell
functions.**=%" Recently we showed that administration
of murine recombinant sIL-4R inhibited the production
of total and allergen-specific IgE production in OVA-
sensitized BALB/c mice. and this correlated with normal-
ization of airway hyper-reactivity.*® To test whether
human sIL-4R could inhibit human IgE production under
in vivo conditions we developed a hu-SCID mouse model
with peripheral blood mononuclear cells from atopic pa-
tients (hu-atopic PBMC). Human PBMC purified from
Der p-sensitized donors (anti-Der p IgE 1.9-860 ng/mL),
were transferred in the presence of Der p allergen into the
peritoneal cavity of SCID mice (3.6-7.5x 107 PMBC/
mouse). Eight days later, SCID mice received an addi-
tional boost with Der p allergen by 1.p. injection. Total
and allergen-specific hu-IgE antibody titres were analysed
by flourescence-enzyme-immunoassay (FEIA) on day 22.

Two strategies for sIL-4R treatment were compared.
A prophylactic approach in which hu-PBMC SCID
mice were treated with human sIL-4R (150 pg/mouse/
application) in parallel with cell transfer and allergen
boost on days 1-3 and again on days 7-9. A therapeutic
approach in which hu-PBMC SCID mice were treated
daily with human sIL-4R on days 9-13 only. As a control,
hu-PBMC SCID mice were treated in parallel with mu-
rine sIL-4R (150 pg/mouse/application) because this pro-
tein does not interact with human IL-4.

n.s

+ . i

between non-sensitized mice and
Der p-sensitized animals, all of
them receiving two consecutive
local allergen challenges.

Challenge

Non-sensitized

Challenge

Der p sensitized
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Prophylactic treatment of hu-PBMC SCID mice with
human sIL-4R resulted in reduced levels of hu-IgE anti-
body titres (4 and 66%) in comparison with hu-PBMC
SCID mice that received murine sIL-4R (Table 3). In
contrast, therapeutic treatment with human sIL-4R did
not influence human IgE production in this animal model
system. We conclude that an established IgE immune
response 1s not dependent on IL-4 production and, there-
fore, therapeutic treatment with sIL-4R cannot decrease
hu-IgE antibody titres. In contrast, if sIL-4R is adminis-
tered at an early stage of IgE induction the drug sup-
pressed the production of allergen-specific IgE to a large
extent (Fig. 4).

The role of 1L-5 in a model of allergic sensitization

Eosinophils represent a hallmark in allergic airway in-
flammation. IL-5 is a cytokine regulating many functions
of eosinophils.*? Several studies showed that sensitization
of mice can result in the recruitment of T cells into the
lung.”?*Y A possible mechanism to initiate allergic in-
flammation processes in the lung could be the release of
IL-5 by allergen-specific, activated T cells. This may act in
a synergistic fashion with the release of other pro-
inflammatory cytokines such as TNF-a and IL-1. In the
presence of these and other cytokines, epithelium cells
then up-regulate adhesion molecules (VCAM-1, ICAM1)
and further support the recruitment of eosinophils. Re-
cently, it was suggested that eosinophil recruitment alone
could contribute to increased airway reactivity because
intra-nasal administration of IL-5 to non-sensitized
BALB/c mice resulted in an increase of eosinophils in
BAL that correlated with increased airway hyper-
reactivity and mucosal exudation. In this model in viiro
AR was measured following methacholine challenges in
an allergen-independent fashion.®' In addition. several

The cascade of bronchial asthma

Reversed by

slL 4R
IFN-y

Allergic Sensitization
« T cell dependent
* |gE dependent
«  Mast cell dependent

¢

Allergic Inflammation

* Eosinophil dependent

« IL-5 dependent

« Macrophage dependent

'

Airway Remodeling of airway
mucosa and extracellular matrix
Effector cell dependent
* (Myo) fibroblast dependent

anti-IL-5

Table 3 Prophylactic but not therapeutic treatment with hu-
sIL-4R inhibits hu-IgE production in hu-PBMC SCID mice

Atopic  Treatment of hu-PBMC  Total hu-IgE

Treatment donor SCID mice with (ng/mL)
Prophylactic 01 mu-sIL-4R 147.6
hu-sIL-4R 6.4 (4%)
02 mu-sIL-4R 76.3
hu-sIL-4R 50.4 (66%)
Therapeutical 10 mu-sIL-4R 56.9
hu-sIL-4R 52.9 (93%)
11 mu-sIL-4R 49.6
hu-sIL-4R 45.5 (92%)
I mu-sIL-4R 72.7
hu-sIL-4R 80.4 (111%)

Human PBMC derived from atopic donors (total IgE
= 5000 ng/mL) were injected in combination with Der p into the
peritoneal cavity of SCID mice. Eight days later hu-PBMC SCID
mice received an additional boost with Der p.

studies reported the effectiveness of anti-IL-5 or anti-
VCAM I antibody treatment to inhibit eosinophil recruit-
ment and allergen-induced airway hyper-responsive-
ness.”>—>* Based on these results we examined whether
anti-IL-5 administration to Der p-sensitized C57BL/6
mice would prevent development of airway hyper-
responsiveness in our model system.

C57BL/6 mice were systemically (i.p.) sensitized to Der
p adsorbed to AI(OH); on days | and 14. In parallel, mice
were treated with an anti-IL-5 mAb at a dose of 500 ug/
injection administered on days | and 13. Mice were anal-
ysed on day 22. Sensitized mice treated with and without
anti-IL-5 showed elevated serum IgE antibody titres that
were paralled by in vitro increased IL-4 production from
mitogen-stimulated splenic lymphocytes (273 + 54 pg/mL
in sensitized C57BL/6 and 472 +83 pg/mL in anti-IL-5-

Acute

Figure 4 Hypothetical concept of
human BA.

Chronic
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treated mice). In addition, both groups of mice developed
positive skin test reactions after i.d. injection of allergen
solution (67% of sensitized untreated mice and 75% of
sensitized mice treated with anti-IL-5). Anti-IL-5-treated
mice showed a tendency to normalization of increased
AR in comparision with sensitized untreated mice. How-
ever, these change did not reach statistical siginificance
(1.9%0.8 Hz in sensitized mice compared with 2.7+ 1.2
Hz in sensitized mice treated with anti-I1L-5).

These results indicate that the development of an aller-
gic immune response was not influenced by treatment
with anti-IL-5 antibody, suggesting that, in contrast with
[L-4, IL-5 is not involved in developing type 2 T cell
responses and does not play a critical role in development
of IgE-dependent allergic responses. IL-4 plays a central
role in development of immediate-type hypersensitivity
responses because treatment with recombinant sIL-4R
prevented allergic sensitization (Fig. 4). In contrast. when
the activity of IL-5 was neutralized in models of allergic
inflammation, the induction of such inflammatory re-
sponses as well as the development of IgE-independent,
but eosinophil-dependent, airway hyper-reactivity was
prevented.=2>6

Conclusions

The murine models of Der p sensitization illustrate that
the development of an immediate-type hypersensitivity
response requires susceptible mouse strains. The genetic
components that determine ‘susceptibility” have not as yet
been delineated. A number of different genetic determi-
nants may be involved, including the MHC class II hap-
lotype, that may be able to present Der p-derived peptides
in a fashion resulting in appropriate T cell activation
via interaction with TCR components and other co-
stimulatory molecules. The identification of IgE high- and
low-responder strains opens the opportunity for further
studies aimed at identifying and characterizing genes that
play a critical role in development of the allergic immune
response and phenotype.

The development of allergic sensitization i1s T cell
dependent.”” We identified the following minimal re-
quirements for induction of in vive immediate-type hyper-
sensitivity responses: (1) activation of allergen-specific T
cells; (ii) production of IL-4 by these T cells;*®>? (ii1)
IL-4-dependent immunoglobulin class switch to IgE; and
(iv) local allergen exposure as a necessary factor to trigger
immediate-type hypersensitivity responses due to medi-
ator release by effector cell subsets. Consequently, this
phase of the disease can be inhibited by IL-4 antagonists
or IFN-y if administered in a preventive fashion or during
early stages of the sensitization process.

These requirements are also sufficient to trigger im-
mediate events of airway hyper-responsiveness. Further-
more, this type of increased AR is IgE/IgG 1 and allergen
dependent but develops in an eosinophil-independent
fashion. It is likely that this type of airway hyper-
responsiveness is transient and may require sustained
local allergen exposure over a long period of time for
chronic airway constriction. It is well known that a state

of increased AR precedes the development of clinically
relevant asthmatic symptoms in many patients. This state
of airway hyper-reactivity may be related to the observa-
tion of increased AR in this model of allergen-sensitized
mice. Under the experimental conditions explored so far,
the second stage of the disease, development of allergic
inflammation, has not been reached. These observations
would also support the concept that BA represents a
multi-stage disease that is initiated by immunological
events of allergic sensitization. Infiltration of (activated)
eosinophils in addition to the presence of mononuclear
cells represent the hallmark of allergic inflam-
ma[ion..ﬁl,ﬁl)_hl

Furthermore, this concept would suggest in an indirect
fashion that additional trigger factors are required to
stimulate the inflammatory response. Whether prolonged
(local) allergen exposure i1s sufficient to mount such a
response needs to be determined. On the other hand, it 1s
also possible that factors or agents other than allergens are
also able to push the immune system from sensitizing
events towards the inflammatory stage. Candidates in-
clude certain viral antigens, environmental factors. toxic
agents and others.

Presently, most mouse models, including the Der p
model presented here, cover the stage of allergic sensitiza-
tion. Identification of additional trigger factors will result
in the development of animal model systems that mirror
the immunologic situation in human BA more closely
including the stage of chronic inflammation followed by
airway remodelling. Such animal model systems could not
only be used to dissect the (immuno)pathogenesis of
asthma but would also offer the opportunity to study the
effects of immunomodulatory agents to alter the course of
the disease.
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