Effect of antigen provocation of IL-5
transgenic mice on eosinophil mobilization
and bronchial hyperresponsiveness
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We investigated whether allergen-induced eosinophil recruitment into mouse airways
modifies the in vivo bronchopulmonary responses to standard agonists, an adaptation of
a technique described for larger animals. Swiss, CBA, and IL-5 transgenic mice were
immunized with ovalbumin and challenged intranasally after 14 days. Immunization
alone was followed by increased eosinophil counts in bone marrow and blood, whereas
antigenic challenge induced eosinophil infiltration in lungs and bronchoalveolar lavage
fluid, which was suppressed by dexamethasone. Despite the high eosinophil counts, no
bronchopulmonary hyperreactivity to methacholine or serotonin was detected 3 to 96
hours after antigenic provocation. Qur results demonstrate that immunization augments
the production of eosinophils by mice, which is further increased by antigenic challenge,
but that eosinophil overproduction and lung infiltration, per se, are not sufficient to
induce bronchopulmonary hyperreactivity, even in constitutively hypereosinophilic IL-5
transgenic mice. (] ALLERGY CLIN ImmuNnoL 1996,97:788-99.)
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Eosinophils are claimed to account for tissue
damage and the consequent bronchopulmonary
hyperresponsiveness. They are indeed found in
increased numbers in the bronchoalveolar lavage
fluid (BALF) and in the bronchial mucosa of
human beings with allergy’* and of immunized
and challenged guinea pigs® and mice.® Neverthe-
less, no evidence of a causal relationship between
eosinophil recruitment and bronchopulmonary hy-
perresponsiveness is available; on the contrary, it
has been shown’ that the BALF of allergen-chal-
lenged guinea pigs can be markedly enriched in
eosinophils in the absence of bronchopulmonary
hyperresponsiveness. Because of limitations in the
use of guinea pigs to study experimental allergy,
particularly the unavailability of immunologic tools
and syngeneic strains, we developed a model in
which the allergen-induced eosinophil recruitment
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Abbreviations used
BALF: Bronchoalveolar lavage fluid
5-HT: 5-Hydroxytryptamine, serotonin

to blood, bone marrow, and lungs was studied to-
gether with bronchial responsiveness in two strains of
mice and in IL-5 transgenic mice.? Finally, because
glucocorticosteroids are widely used in the treatment
of asthma, dexamethasone was applied in some ex-
periments. Our results indicate that the presence of
eosinophils in the lungs and airways of mice is not
necessarily accompanied by nonspecific bronchopul-
monary hyperresponsiveness.

METHODS
Immunization

Male Swiss and CBA mice, weighing 20 to 22 gm, (Iffa
Credo, France) and IL-5 transgenic mice on a CBA
background® courtesy of Dr. C. Sanderson, Western
Australian Research Institute, Perth, Australia, and Mr.
M. Strath, National Institute for Medical Research, Mill
Hill, U.K.) were injected twice at 7-day intervals with
100 pg ovalbumin in 0.4 ml of a 4 mg/ml suspension of
Al{OH); in saline solution. Sham-immunized mice were
injected with AI(OH), alone; and in one series of
experiments the first injection contained ovalbumin and
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Al(OH);, and the second, Al(OH), alone. One week
after the second injection, mice were lightly anesthetized
with diethyl ether and challenged with 10 pg ovalbumin
in 50 pl 0.9% Na(l instilled into the nostrils with a
micropipette. Care was taken to ensure that the solution
was fully administered. Mice were killed at different
intervals after challenge. Controls were immunized and
either unchallenged or challenged with saline solution
and killed after 24 hours.

Determination of the respiratory functions

Mice were anesthetized with methyl carbamate (intra-
peritoneally, 45 mg/10 gm) and paralyzed with 10 mg of
Pavulon (Organon Teknika BV, Turnhout, Belgium).
The trachea of each mouse was cannulated and con-
nected to a respiratory pump (BioSciences, Sheemess,
Kent, U.K.), delivering a tidal volume of 0.2 ml/10 gm at
100 breaths/min. Airway resistance and dynamic lung
compliance were calculated from the differential pres-
sure between the airways and the pleural cavity, and the
airflow was evaluated during the breath cycle with a
computerized pulmonary mechanical analyzer (Mumed
PR800 system; Mumed Ltd., London, U.K.). The jugular
vein was cannulated to inject 10 to 320 pg/kg of 5-hy-
droxytryptamine (5-HT) or methacholine at 5-minute
intervals. These assays were performed 3, 24, or 96 hours
after challenge. The doses of 5-HT or methacholine that
augmented airway resistance by 30%, 60%, and 90%
were called PD30, PD60, and PD90, respectively.

Cell counts in blood, BALF, and bone
marrow preparations

Blood smears prepared from tail blood were stained
with May-Grunwald-Giemsa stain for differential counts.
To collect BALF, animals were killed with sodium
pentobarbital, and the lungs of each mouse were
washed, through the cannulated trachea, with 8 volumes
of 0.5 ml saline solution, which were pooled. Total cell
numbers were counted in a Mallassez hemocytometer
(Polylab, Strasbourg, France), and cytocentrifuge prep-
arations were stained with Diff-Quik (Baxter Diagnostics
AG, Duedingen, Switzerland) for differential cell counts.
Finally, one femur was removed, the bone marrow was
harvested in phosphate buffer, and cytocentrifuged prep-
arations were stained with May-Grunwald-Giemsa stain
to determine the percent of eosinophil line cells within
the total myeloid population.

Histology

Mice were anesthetized with sodium pentobarbital
(intraperitoneally, 3 mg/10 gm) and exsanguinated. The
lungs were fixed with phosphate-buffered formalin
(10%), through the trachea, at a pressure of 20 cm H,0,
then immersed in the fixative solution and embedded in
paraffin. Longitudinal sections of 5 pm were stained with
hematoxylin and eosin according to a method that
identifies cyanide-resistant eosinophil peroxidase activ-
ity in human cells,” 1 which also distinguishes murine
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eosinophils from neutrophils. Sections were covered for
10 minutes with 13.3 ml of phosphate buffer with 10 mg
diaminobenzidine, 4 wl 30% H,0,, and 6 mmol/L KCN
and counterstained with Harris hematoxylin. Whole
sections of the five lobes of each lung were examined,
and the intensity of inflammation was graded in blinded
fashion with the use of an arbitrary scale: 0, normal lung;
1, a few disseminated inflammatory cells; 2, moderate
inflammation (one or two cell layers around some
bronchi or blood vessels); 3, strong inflammation (sev-
eral cell layers around several bronchi or blood vessels);
4, severe inflammation (numerous cells around most
bronchi and blood vessels). Other features were noted,
such as eosinophil adhesion to the endothelium, alveoli-
tis, pleural inflammation, presence of inflammatory celis
in the parenchyma (alveolar septa), and the condition of
the epithelium.

Dexamethasone treatment

Groups of six to 20 immunized Swiss mice received a
subcutaneous injection of 1.25 to 5 mg/kg dexametha-
sone phosphate in saline solution just before the intra-
nasal challenge with ovalbumin, and BALF was col-
lected after 24 or 96 hours. Naive, immunized, and
immunized and challenged mice were treated with 2.5
mg/kg dexamethasone and killed 2, 6, 24, and 96 hours
after the challenge or | hour after treatment in the case
of naive mice; and blood, bone marrow, and histologic
analyses were performed. Results in control animals
receiving the same volume of 0.9% NaCl were similar to
those in untreated mice.

Materials

Unless otherwise stated, all reagents were from Sigma
Chemical Company (St. Louis, Mo.).

Statistical analysis

Results are expressed as means = SEM. Statistical
analysis was performed with the unpaired Student’s ¢ test
for BALF, blood, and bone marrow cell content and the
Mann-Whitney U test for the score values in histology.
Differences between results were considered significant
when the p value was less than or equal to 0.05.

RESULTS

Modulation of effects of 5-HT and
methacholine on mouse airway resistance
and compliance

A typical tracing of the dose-dependent increase
in airway resistance and decrease in compliance in
response to 5-HT is shown in Fig. 1. The PD30,
PD60, and PD90 values for 5-HT in CBA and IL-5
transgenic mice, tested 24 hours after challenge
with saline solution or antigen, were similar (Fig.
2). Antigen challenge also failed to induce bron-
chial hyperresponsiveness to 5-HT after 3 hours or
when methacholine was used in Swiss, CBA, and
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FIG. 1. Decreased airway compliance and increased resis-
tance after intravenous administration of 5-HT to an
anesthetized Swiss mouse.

IL-5 transgenic mice. In addition, the responses to
5-HT were not modified 96 hours after challenge
of IL-5 transgenic mice. Indeed, the PD30, PD60,
and PD90 values (in micrograms per kilogram)
were 674 = 18, 525 = 11, and 28 *= 6 in
immunized saline-challenged mice, respectively,
and 53.8 = 12,42 + 10, and 21 * 5 in immunized
antigen-challenged mice, respectively.

Eosinophil content in blood, bone marrow,
and BALF of Swiss, CBA, and IL-5 transgenic
mice after immunization

As seen in Fig. 3, the percent of eosinophils in
blood of naive or sham-immunized and ovalbumin-
challenged Swiss mice (AA+QO) was not signifi-
cantly different (2.3% *+ 0.6% vs 2.5% * 0.4%).
The percent of eosinophils in bone marrow was
also not significantly different (3.0% * 0.6% for
naive vs 4.8% * 1.1% for sham-immunized and
ovalbumin-challenged mice). In contrast, the per-
cents of eosinophils in blood and bone marrow
were significantly increased in ovalbumin-immu-
nized and saline-challenged mice, as compared
with naive, Swiss mice (blood: 52% = 0.8% vs
2.3% * 0.6% and bone marrow: 5.2% * 0.5% vs
30% = 0.6%). Immunization thus augmented
both the blood and bone marrow proportions of
eosinophils.

As seen in Figs. 3 and 4, the bone marrow of
Swiss mice contained roughly double the number
of eosinophils in terms of percent, as compared with
CBA mice. These figures were not modified by sham
immunization, but immunization with ovalbumin and
challenge with saline solution raised them signifi-
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FIG. 2. Comparison between responsiveness to 5-HT of
immunized IL-5 transgenic and CBA mice 24 hours after
intranasal challenge with saline solution or ovalbumin.
Bronchoconstriction in groups of four to five immunized
mice was measured. Doses (in micrograms per kilogram)
of 5-HT that induced 30%, 60%, and 90% increase in
airway resistance are expressed as PD30, PD60, and
PD90.

cantly. In contrast to CBA mice, naive IL-5 trans-
genic mice had approximately 35% eosinophils in
blood and bone marrow (Fig. 5). Sham immuniza-
tion, followed by challenge with ovalbumin (AA+Q)
or immunization with ovalbumin followed by chal-
lenge with saline solution (OO+8), led to a similar
increase in the percent of eosinophils in blood and
bone marrow, up to 50% to 60%.

The total number of cells in the BALF of Swiss,
CBA, and IL-5 transgenic mice (the majority of
which were alveolar macrophages) varied from
90,000 to 150,000 per animal. These values were
not affected by sham immunization and challenge
with ovalbumin in Swiss and CBA mice or by
sensitization with ovalbumin and challenge with
saline solution (AA+O and OO+S, respectively,
in Figs. 3 and 4). In contrast, the BALF of IL-5
transgenic mice of the groups AA+O and OO+S
contained 7% to 16% and 3.5% to 16% eo-
sinophils 24 hours after the intranasal instillations,
respectively (Fig. 5).
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FIG. 3. Eosinophils in bone marrow, blood, and BALF as compared with intensity of lung
inflammation in Swiss mice. AA+ 0, Sham-immunized and ovalbumin-challenged mice; OO+ S,
ovalbumin-immunized and saline-chailenged mice. Hatched columns correspond to values
obtained at indicated time points after challenge of immunized mice with ovalbumin. *p < 0.05
as compared with values for naive mice. tp = 0.05 as compared with immunized and

saline-challenged mice.

Modifications of eosinophil content in bone
marrow, blood, and BALF after antigenic
challenge of immunized Swiss, CBA, and
IL-5 transgenic mice

As seen in Fig. 3, blood counts were not further
increased in the immunized Swiss mice 2 and 6
hours after antigen challenge, but at 24 hours a
marked blood eosinophilia of 12.6% =+ 2.2% was
observed, which was normalized on day 7. The
eosinophil counts in the bone marrow were in-
creased up to 8.1% * 0.9% 2 hours after chal-
lenge, returned at 6 hours to values equivalent to
those of immunized unchallenged mice (OO+S,
4.7% *+ 0.9%) and were increased at 24 hours to
7.6% * 1.0%. Those counts returned to baseline
levels 7 days after challenge.

The booster injection of ovalbumin on day 7
after immunization was not required to support
the antigen-induced increase in the eosinophil
blood content, because Swiss mice immunized
with ovalbumin only in the first injection had

11.7% = 2.1% eosinophils in blood 24 hours
after challenge, as compared with 12.6% * 2.2%
in mice immunized with two injections of ovalbu-
min. In contrast, the booster was required to
augment the eosinophil content in the bone
marrow. In addition, 6.8% * 2.2% eosinophils
were found in the BALF 24 hours after the
challenge of mice immunized with ovalbumin in
the first injection only, as compared with 13.5%
+ 2.5% for mice immunized with two injections
of ovalbumin.

Eosinophil counts in blood and bone marrow of
immunized CBA or IL-5 transgenic mice were not
augmented by the antigenic challenge, as compared
with the values of the ovalbumin-immunized and
saline-challenged animals (OO+S) (Figs. 4 and 5).

Eosinophil numbers in the BALF of Swiss mice
increased to 10% to 15% and 20% to 30% of the
total cell numbers 24 and 96 hours after antigenic
challenge, respectively. Their content returned to
baseline values on day 14 (Fig. 3).
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FIG. 4. Eosinophils in bone marrow, blood, and BALF as compared with intensity of lung
inflammation in CBA mice. AA+O, Sham-immunized and ovalbumin-challenged mice; 00+S,
ovalbumin-immunized and saline-challenged mice. Hatched columns correspond to values
obtained at indicated time points after challenge of immunized mice with ovalbumin. *p < 0.05
as compared with values for naive mice. tp = 0.05 as compared with immunized and

saline-challenged mice.

Antigen-challenged CBA mice seemed slightly
more responsive in terms of percent of eosinophils
in the BALF as compared with Swiss mice at 96
hours, but not at 24 hours (Fig. 4). In contrast,
24 hours after challenge with ovalbumin, the
percent of eosinophils in the BALF of IL-5
transgenic mice was elevated and persisted at 96
hours. As stated, 3.5% to 16% eosinophils were
present in the BALF of sham-immunized and
ovalbumin-challenged mice and in the BALF
of ovalbumin-immunized and saline-challenged
IL-5 transgenic mice, whereas neither CBA nor
Swiss mice showed this background cell recruit-
ment (Figs. 3, 4, and 5).

Modifications of the tissue content in
eosinophils after immunization and
antigenic challenge

No inflammation was noted in lungs from naive
Swiss mice, and only very mild inflammation
was seen in sham-immunized and ovalbumin-

challenged or ovalbumin-immunized and sham-
challenged animals (Fig. 3). Fig. 6 shows the
microscopic appearance of lungs from immunized
and challenged Swiss mice. After 2 hours, lungs
showed a normal aspect. In contrast, at 6 hours and
particularly after 24 hours, lungs were strongly
inflamed, with alveolitis and occasional granulo-
matous lesions. Eosinophils, identified as cyanide—
resistant peroxidase-positive cells, were located
mostly around the central airways and blood ves-
sels. At 24 hours, their adhesion to the endothe-
lium was marked in nine of 11 animals, alveolitis
and parenchymal inflammation in eight of 11 ani-
mals, and pleural inflammation in six of 11 ani-
mals. Eosinophil adhesion to the endothelium was
the predominant feature 6 hours after challenge (9
of 12 mice) with parenchymal inflammation (7 of
12 mice), and both were still present in half of the
mice 4 days after challenge. At no time was
epithelial damage (i.e., shedding of cells with na-
ked basal lamina or inflammatory cells within the
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FIG. 5. Eosinophils in bone marrow, blood, and BALF as compared with intensity of lung
inflammation in IL-5 transgenic mice. AA+O, Sham-immunized and ovalbumin-challenged
mice; 00+ S, ovalbumin-immunized and saline-challenged mice. Hatched columns correspond
to values obtained at indicated time points after challenge of immunized mice with ovalbumin.
*p =< 0.05 as compared with values for naive mice. tp < 0.05 as compared with immunized and

saline-challenged mice.

epithelium) noted. Rather, swollen epithelial cells
were noted in half of the animals 4 and 7 days after
challenge.

The booster injection of ovalbumin on day 7
after immunization was not required to support
the antigen-induced lung inflammation, because
nonboosted mice had a score of 2.2 = 0.4 versus
2.5 = 0.4 for mice immunized with two injections
of ovalbumin. This differs from the results ob-
tained in the BALF, in which the percent of
eosinophils doubled in the mice immunized with
two injections of ovalbumin.

Lungs and airways from naive CBA mice con-
tained occasional inflammatory cells, particularly
mononuclear cells (Fig. 7, A), whereas those from
naive IL-5 transgenic mice contained eosinophils
(Fig. 7, C). In both instances moderate inflamma-
tion was seen in lungs from saline-immunized and
ovalbumin-challenged or ovalbumin-immunized
and saline-challenged animals (Figs. 4 and 5, lower
left panels). A marked inflammation was triggered

at 24 and 96 hours after provocation with allergen,
as shown in Fig. 7.

Interference of dexamethasone with
eosinophilia in Swiss mice

Eosinophils accounted for 10.5% = 2.7% of
total cells in the BALF 24 hours after the antigenic
provocation and for 8.4% * 2.4%, 4.7% = 2.7%,
and 2.3% = 1.4% of total cells in mice pretreated
with 1.25, 2.5, and 5 mg/kg dexamethasone, respec-
tively. Similarly, after 96 hours, eosinophils ac-
counted for 23% = 8% of total cell numbers in
control mice and for 13.8% = 6.0%, 3.0% *+ 1.5%,
and 3.7% * 1.3% of total cell numbers in mice
pretreated with 1.25, 2.5, and 5 mg/kg dexametha-
sone, respectively. Dexamethasone also decreased
blood eosinophilia in naive and immunized saline-
challenged mice and 6 hours after challenge (Fig.
8). The percent of eosinophil line cells in the bone
marrow of ovalbumin-immunized saline-chal-
lenged mice was also reduced by dexamethasone.
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FIG. 6. Photomicrographs of fung sections from immunized and challenged Swiss mice. A,
Normal aspect of the lung from an immunized animal, 2 hours after challenge. B, Six hours after
challenge, eosinophils appear marginated along the endothelium (arrows). C, Twenty—four
hours after challenge, a marked eosinophil infiltration is present around the bronchi and blood
vessels and in the alveoli (asterisk). D, Four days after challenge, eosinophils are still present in
the lungs. The epithelium is swollen (arrows). Paraffin sections. The staining for cyanide-
resistant eosinoperoxidase shows eosinophils as nucleated brown cells. Bar = 100 pm. B,
Bronchi; V, vessels.
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FIG. 7. Photomicrographs of lung sections from immunized and challenged CBA and IL-5
transgenic mice. A, Normal aspect of the lung from a naive CBA mouse. B, Twenty-four hours
after challenge of an immunized CBA mouse. C, Normal aspect of the lung from a naive (L-5
transgenic mouse. Note that inflammatory cells, particularly eosinophils, are present around
bronchi and blood vessels. D, Twenty-four hours after challenge of an immunized IL-5
transgenic mouse. Note the intense recruitment of eosinophils (in brown). Paraffin sections. The
staining for cyanide-resistant eosinoperoxidase shows eosinophils as nucleated brown cells. Bar
= 100 um. B, Bronchi; V, vessels.
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FIG. 8. Interference of dexamethasone with antigen-in-
duced effects on eosinophils in bone marrow and in blood
as compared with lung inflammation in Swiss mice.
Dexamethasone was administered at 2.5 mg/kg by the
subcutaneous route just before challenge, and counts and
histologic examination were performed at the indicated
time points. Q0+S, Ovalbumin-immunized and saline-
challenged mice. *p = 0.05 as compared with the un-
treated group. Open columns, Control mice; filled col-
umns, dexamethasone-treated mice.

In contrast, the proportion of cells of the eosino-
phil line doubled in the bone marrow of those mice
2 hours after challenge. Lung inflammation, eval-
uated histologically 6 hours after challenge, was
suppressed by dexamethasone and was significantly
decreased after 24 hours, with alveolitis being
abolished, but was as intense as in untreated
challenged animals after 4 days.

DISCUSSION
Eosinophils and bronchopulmonary
hyperresponsiveness

Despite its likelihood, there is no proof of a
causal relationship between eosinophils and aller-
gic bronchopulmonary hyperresponsiveness.!? 12
Allergenic challenge is followed by eosinophil and
lymphocyte accumulation around vessels and alve-
olar septa in human beings,' and, as shown here,
also in Swiss, CBA, and IL-5-transgenic mice after
intranasal challenge. In fact, eosinophil recruit-
ment does not always follow the challenge, and
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mice immunized with inhaled ovalbumin (in the
absence of adjuvant), which display augmented
T lymphocyte numbers in lymph nodes,*'> show
no increase in eosinophil counts, but are reported
to become hyperresponsive.* In contrast, Saloga
et al.’® showed that the elevation of IgE and
IgG, titers after transcutaneous immunization of
BALB/c mice with ovalbumin was only followed by
in vitro hyperresponsiveness if the animals were
challenged through the airways. Garssen et al.'”
demonstrated tracheal hyperresponsiveness and in
vivo augmentation of the basal pulmonary resis-
tance 1 week after the intranasal provocation with
allergen in BALB/c mice immunized subcutane-
ously. Our experiments demonstrate that the pres-
ence of eosinophils in the airways of allergen-
challenged Swiss, CBA, or IL-5 transgenic mice is
not sufficient to induce bronchial hyperresponsive-
ness. In fact, secretion of cytotoxic materials from
eosinophils is claimed to be essential for epithelial
damage in human beings'! and guinea pigs.'? Eo-
sinophils were not identified in the bronchial epi-
thelium, which appeared intact at all time points
studied, even near sites of strong eosinophil infil-
tration, as described for human beings.!® The only
epithelial change noted was a late swollen appear-
ance, also described by Garssen et al,?*” who
claimed that it might be related to bronchocon-
striction, but no hyperresponsiveness was seen at
this time point. It is thus likely that in our experi-
ments the eosinophils recruited into the airways
were not activated, and indeed, we failed to iden-
tify eosinophil peroxidase in BALF (not shown).
Eosinophil recruitment by itself does not induce
bronchopulmonary hyperresponsiveness in guinea
pigs, but the subsequent eosinophil activation in
the airways, which is not found in nonhyperre-
sponsive but otherwise hypereosinophilic BALF,
does so.” Thus even though our experiments
show that the recruitment of eosinophils to
mouse airways does not induce hyperresponsive-
ness, the results do not rule out the possibility
that hyperresponsiveness could be present after
eosinophil secretion in situ. It should also be
recognized that other forms of airway hyperre-
sponsiveness exist, which may be independent
from eosinophils.!? 1% 21

Effects of immunization and antigenic
provocation on blood and bone marrow
eosinophil content

Immunization alone increased the eosinophil
numbers in mouse blood and bone marrow (Figs. 3
and 4), as reported for patients with allergy’® and
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immunized guinea pigs (unpublished data). In
contrast, the eosinophil counts in the blood and
bone marrow of IL-5 transgenic mice was in-
creased by sham immunization to a level not
further augmented by immunization or challenge
with ovalbumin, suggesting that those animals are
primed for those events.

The proportion of eosinophils in the blood of
Swiss mice doubled 24 hours after challenge but
was already augmented in the bone marrow
within 2 hours and in the lungs within 6 hours
(Fig. 3). Because Swiss mice showed increased
basal eosinophil counts in bone marrow and
blood because of prior immunization, the further
rapid increment in those numbers in the bone
marrow probably resulted from late proliferation
of already differentiated precursors. In fact, the
bone marrow increase in cosinophil numbers
varied according to the protocol of immuniza-
tion, because no such changes were noted when
mice were immunized with a single injection of
ovalbumin, in contrast to boosted mice. Thus the
increased eosinophil proliferation requires at
least two administrations of antigen. One may
speculate that the first antigen administration
involves predominantly (IL-3- and granulocyte—
macrophage colony-stimulating factor—depen-
dent?) proliferation and differentiation of early
precursors, whereas the challenge operates as a
stimulus for the selective proliferation of cosin-
ophils, possibly induced by IL-5. It is noteworthy
that IL-3 and granulocyte-macrophage colony—
stimulating factor are generated in the airways of
subjects with asthma.?> 2 Immunization might
prime hematopoietic precursors for prolifera-
tion, whereas the challenge might switch eo-
sinophil production, expressed by the increased
counts in blood, bone marrow, and lungs. Such
biphasic processes were suggested in parasitic
infections in which nonspecific T-cell reactions
appear to be followed by antigen—specific T-cell
reactions.?*

In contrast to Swiss and CBA mice, eosinophil
counts in the blood and bone marrow of IL-5
transgenic mice were not augmented 24 or 96
hours after challenge. It is likely that the very high
numbers of eosinophils of IL-5 transgenic mice
limit the possibility of further expansion, suggest-
ing the presence of inhibitors, such as soluble
forms of IL-5 receptors. IL-5 transgenic mice
infected with a parasite retain inducibility for the
production of high levels of IL-5, but the eosino-
phil counts are not further increased, suggesting a
control mechanism.?
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Effects of immunization and antigenic
provocation on lung inflammation:
Mechanisms of lung recruitment of
eosinophils

Lung inflammation after provocation peaked at
24 hours (i.e., before the full augmentation of the
BALF content of eosinophiis). Unexpectedly, mild
inflammation occurred in the lungs of ovalbumin-
immunized and saline-challenged CBA mice,
which had increased eosinophil counts in the bone
marrow and blood, and in sham-immunized and
ovalbumin-challenged mice, in which those values
did not differ from those of naive mice (Fig. 4).
Because lung inflammation can occur in-the ab-
sence of noticeable central eosinophil prolifera-
tion, it is possible that lung eosinophils multiply in
situ after the interaction of the allergen with
immune cells, such as CD4+ T lymphocytes, a
recognized source of IL-5, which have been
identified in the bronchial wall of human beings
with allergy,”® immunized mice,® and guinea
pigs.?” IL-5 activity is present in the airways of
allergen-challenged guinea pigs (Pretolani et al.
Manuscript in preparation), and Amorim et al.?®
have shown that the increased eosinophil num-
bers found in the peritoneal cavity of BALB/c
mice after antigenic provocation is suppressed
selectively by the depletion of CD4+, but not
CD8+, T lymphocytes.5

The mechanisms of eosinophil recruitment by
antigen into lungs are multiphased. Thus a single
immunization with ovalbumin supported the ap-
pearance of half the number of eosinophils in the
bone marrow and BALF of mice after intranasal
provocation, as compared with immunized and
boosted mice. In contrast, blood and lung eosino-
phil contents were the same in both procedures of
immunization. It is likely that the first immuniza-
tion without the booster induced the recruitment
of eosinophils to the blood and lungs, but that a
second stimulation was required to make the eo-
sinophils cross the epithelium into the BALF. The
secondary upregulation of adhesion proteins on
repeated provocations may account for this disso-
ciation.

The infiltration of eosinophils into the lungs of
asthmatic subjects may be caused by or linked to
the release of IL-5 in the airways. It is thus likely
that an early signal, which stimulates eosinophil
differentiation in bone marrow and possibly in the
lungs, is generated by a lung target that recognizes
the antigen, whereas cell diversion into the circu-
lation and pulmonary recruitment occur later, pos-
sibly by distinct mechanisms. To this extent, exper-



798 Lefort et al.

imental (and human) asthma may well be primarily
a local pulmonary disease, which secondarily oper-
ates distally to ensure the continuous availability of
immune and effector cells. In support of this
hypothesis, Corris and Dark® recently demon-
strated that in nonasthmatic recipients of asth-
matic lungs, asthma developed after transplanta-
tion; whereas in asthmatic recipients of normal
lungs, asthma had not developed for up to 3 years
after transplantation. Samter el al.,*® in 1953, dem-
onstrated the presence of a factor in anaphylacti-
cally shocked guinea pig lungs, which induces
blood eosinophilia in normal animals, indicating
the presence of a pulmonary source capable of
turning on eosinophil production. Very recently,
Takamoto and Sugane® demonstrated that an
“eosinophil-differentiating activity,” most likely
IL-5, is produced by lung cells, possibly other than
T lymphocytes, from normal and congenitally athy-
mic nude mice infected with Toxocara canis. Tt is
thus likely that a lung source, such as mast cells,
generates IL-5,3 which may either operate locally
on precursors or at distance on the bone marrow.
In both cases eosinophils would be recruited to the
lungs.

Interference of glucocorticosteroids with
eosinophil stimulation

Glucocorticosteroids are the most widely used
agents in the treatment of asthma.®® Dexametha-
sone dose-dependently suppressed the increased
eosinophil content of BALF for at least 96 hours,
confirming the results of Wang et al.** for eosino-
philia caused by Aspergillus antigen. At 2.5 mg/kg,
it reduced blood cosinophil counts in naive and
immunized saline-challenged Swiss mice and in-
hibited blood eosinophilia 6 hours after challenge,
but the 2-hour point was unaffected. Lung inflam-
mation was reduced at 6 hours and 24 hours and
was unaffected at 96 hours. Thus the transepithe-
lial migration of eosinophils, as reflected by the
increased counts in BALF, was inhibited for a
longer time interval than its recruitment to blood
and to the bronchial wall. It is unclear whether
failure of dexamethasone to modify the increased
blood counts results from a short-lasting effect or
whether the antigen-induced increment in blood
eosinophilia is in part steroid-resistant. Further-
more, even though dexamethasone slightly de-
creased the eosinophil counts in the bone marrow
of immunized saline-challenged mice, the antigen-
induced augmentation of the bone marrow eosin-
ophil content was not reduced by dexamethasone,
suggesting that it does not operate in the bone
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marrow through the stimulation of apoptosis, as
previously described.®

Two hours after challenge, when the stimulating
effects of antigen on bone marrow (but not on
blood and lungs) were already apparent, eosino-
phil counts were in fact augmented, as reported by
Hudson.3* Dexamethasone increases lymphocyte
accumulation in the bone marrow®’ and decreases
migration to blood by reducing chemotaxis.>® The
increased bone marrow counts may result from the
combination of these effects.

In summary, our results show that eosinophilia
in mouse lungs, induced by antigen and/or by
transgenicity to IL-5, is not accompanied by bron-
chopulmonary hyperresponsiveness. The mecha-
nisms of allergen—induced eosinophil recruitment
to lungs may involve, according to the protocol of
immunization (and to the pattern of immunization
in the case of asthmatic patients), different bal-
ances between local (pulmonary) and bone mar-
row eosinophil proliferation and differentiation.
Those sites, as well as the mechanisms of hyper-
eosinophilia in blood and its final diversion into
BALF, offer new targets for pharmacologic inter-
vention.

We thank Mrs. Rose Jacobessen and Mr. Dominique
Godfrin for their participation in the early part of these
studies.
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