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A New Murine Model of Persistent Lung Eosinophilic
Inflammation
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We summarize here the main characteristics of a novel model of pulmonary hypersensitivity. Mice
were immunized with a subcutaneous implant of a fragment of heat solidified chicken egg white and 14
days later challenged with ovalbumin given either by aerosol or by intratracheal instillation. This pro-
cedure induces a persistent eosinophilic lung inflammation, a marked bone marrow eosinophilia, and
Th2-type isotypic profile with histopathological findings that resemble human asthma. Further, this
model is simple to perform, reproducible in different strains of mice, does not require adjuvants nor
multiple boosters. Based on these characteristics we propose it as a suitable murine model of allergic
eosinophilic lung inflammation.
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Asthma is a chronic inflammatory disease obf heat-coagulated chicken egg white (EWI) with-
the airways and its incidence is increasing in umut adjuvant was able to induce a typical late-phase
ban environments. It is characterized by intermitreaction with a prominent eosinophilic infiltrate af-
tent, reversible airway obstruction and by bronter ovalbumin challenge into the footpad
chial hyperreactivity. Nearly a century ago it wagFacincone et al. 1997). We have then adapted this
observed that eosinophils are the major cell typmodel to induce a late-phase reaction in mouse
infiltrating into the airways of asthmatic patientslungs. For this, mice were immunized with EWI
(Ellis 1908). Based on data obtained in animamplanted into the subcutaneous tissue and chal-
models of asthma, it has been proposed that T celénged with heat aggregated OVA instilled into the
derived cytokines, namely IL-4 and IL-5, play atrachea 14 days later. It was found that 48 hr after
central role in the induction of lung eosinophilicchallenge a high percentage of eosinophils was
inflammation. IL-4 is a key cytokine for IgG1 andfound in the BAL (35%) and increased levels of
IgE isotype switching (Drazen et al. 1996), whereaSPO activity were found in lung homogenates.
IL-5 is required for the mobilization and migra-These results were reproduced in five different
tion of eosinophils to the lung (Walker et al. 1991mouse strains. Compared to another five models
Nakajima et al. 1992). Indeed, it was shown thatf lung hypersensitivity, the EWI model was the
IL-4 or IL-5 knockout mice immunized with oval- only one to induce eosinophilia which persisted
bumin failed to develop airway hyperresponsivefor 30 days. The histopathological findings con-
ness after OVA aerosol challenge (Corry et affirmed the intense eosinophilia and resembled those
1996, Foster et al. 1996). Major advances in thef human asthma (de Siqueira et al. 1997).
understanding of the mechanisms involved in the In this study we have further characterized this
pathogenesis of asthma came from studies usimgodel by analyzing: (a) the efficacy of challenge
animal models. A great variety of experimentalvith aerosolized ovalbumin, (b) the effect of im-
models have been developed; most of them involmunization with different concentrations of chicken
immunization with adjuvants, usually Alum andegg white antigens on airway and bone marrow
multiple antigen boosters. eosinophilia and (c) the isotypic profile of anti-

We have recently reported that immunizatiobody production. More importantly, we outline the
of mice with a subcutaneous implant of fragmentmain characteristics of this new experimental

model of asthma.

MATERIALS AND METHODS
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of solidified chicken egg white (EWI) implanted elsewhere and exposed to Tris-j@Hibuffer to lyse
subcutaneously in the dorsal flank of mice througbrytrocytes. The cells were then washed once with
a 5-mm-long cut in the skin. The EWI was preBS and adjusted to 4 6ells/ml. 10Qul were trans-
pared in two different ways: (a) separated chickeferred into wells of 96-well microplate in dupli-
egg white was placed in a water bath at 100°C faate. The microplates were then centrifuged at
30 min; the solidified egg white was washed irl,000 rpm at 2C for 10 min, after which the su-
distilled water, dehydarated in 100% ethanol fopernatants were carefully discarded and [1I06f

48 hr and cut in to small fragments of 4x2x2 mnsubstrate solution containing 4 mg of OPD in
weighing around 40 mg each and rehydrated i80mM Tris-HCI, pH 8.0 and 10l of H,0, added
Dulbecco’s PBS for 2 hr before implantation orto each well. The plates were incubated at room
(b) 10 or 20% solutions of chicken egg white weréemperature for 15 min. The reaction was stopped
prepared by dissolving pasteurized and dehydratéxy addition of 50 pl of 4M K50, and the absor-
chicken egg white (Ito-Avicultura Ind. e Com. S.A.,bance of the samples determined at 490 nm.

SP, Brazil) in sterile water. A volume of 0 of Bone marrow cell harvestingBone marrow
the egg white solutions, containing 3 mg (10%) ocells were obtained by flushing mice femurs with
6mg (20%), of egg white, were placed onto glass ml of PBS. The cell suspensions were gently ho-
slides with 12 wells and heat-coagulated in a mimogenized to break up large clumps, submitted to
crowave oven set at maximum potency for 2 minysing buffer as described above for BAL, counted
The solidified fragments of egg white were thern a hemacytometer and resuspended to the desired
fixed in absolute ethanol for 48 hr and rehydratedoncentration.

!n DuIbeqco's PBS for 2 hr before sub_cutane_ous RESULTS AND DISCUSSION

implantation. Fourteen days after the immuniza-

tions the animals were challenged by exposure to The effect of different concentrations of egg
an aerosol of OVA (grade lll, Sigma) at concenWhite on pulmonary and bone marrow eosino-
tration of 25 mg/ml in 0.9% saline generated by aRhilia - The EPO activity assay was employed to
ultrasonic nebulizer (ICEL US-800, SP, Brazil)detect eosiophils in different compartments

delivering particles of 0.5-1Am of diameter at (Strath et al. 1985). The levels BPO activity, a
aproximately 0.75 cc/min for 20 min. specific enzyme of eosinophils, were determined

Determination of OVA-specific isotype&nti- N bronchoqlveolgr cells ar]d in bo_ne marrow cells.
ovalbumin antibodies were assayed by ELISA agroups of five mice were immunized with differ-
previously described (Mengel et al. 1995). Brieflyent concentrations of EWI or with OVA-Alum (for
the Nunc-Immuno Plate MaxiSorp (Inter Med, SPcomparison) and the EPO activity was measured
Brazil) were coated with & of OVA per well, Seven days after OVA aerosol challenge. As shown
blocked with 0.25% casein in PBS and incubatetif Table, the levels of EPO activity detected in the
with two-fold dilutions (1/100 to 1/12,800) of EWI groups were significantly higher than those
mouse sera. The bound antibodies were reveal@ftained in OVA-Alum group. Surprisingly, no sig-
by goat anti-mouse IgM, IgG1, IgG2a, IgG2b, IgG3Jificant differences were observed in EPO activ-
and IgA followed by peroxidase conjugated rabbitty among the groups immunized with EWI at dif-
anti-goat-lg antibody (Southern Biotechnologyferent antigen concentrations. Thus, in these ex-
Birmingham, AL) and finally byo-orthophe- Perimental conditions, the intensity of pulmonary
nylenediamine dihydrochloride (OPD) (Sigma).and bone marrow eosinophilia was not dep.endent
The reaction was stopped by addition of 50 ul o®n the concentration of egg white used for immu-
4M H,SO, and the absorbance of the samples déization. o S )
termined at 490 nm. ELISA scores were computed OVA-specific isotype profile in mice immunized
by running sums of O.Ds. from 1/100 to 1/12.800vith EWI -The profile of OVA-specific isotype

serum dilutions. Each value represents the mearroduction was evaluated in the serum of five mice
S.D from 5 individual mice. immunized with EWI seven days after exposure

Determination of OVA-specific IgEDVA-spe- 10 2.5°_/o aeroso_lized O_VA _for _20 min. As shown in
cific IgE antibodies were evaluated by passive clFig. this type of immunization induced an increased
taneous anaphylaxis (PCA) assay as described g§cretion of IgM, IgG1 and IgE anti-OVA antibod-
Mota and Wong (1969). ies, but not of 1IgG2a, 1IgG2b or IgA isotypes.

Eosinophil peroxidase (EPO) activityThe We conclude that EWI immunization promoted
EPO activity present in bronchoalveolar lavagé selective Th2-mediated antibody production char-
cells (BAL) and in bone marrow cells was deteracterized by high levels of IgG1 and IgE and low
mined with a colorimetric assay as described bigvels of 19G2a, 1gG2b and IgA. Moreover, the
Strath et al. (1985) with minor modifications. Iné€xperiments reported here confirm and extend our
brief, cell suspensions were collected as describ&gevious work (de Siqueira et al. 1997) and docu-
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TABLE EWI model, the production of IFMshould be neg-
Effect of different concentration of egg white on  ligible because as shown in Fig., the production of
eosinophil peroxidase activity (EPO) IgG2a or 1gG3 isotypes which are known to be
Immunization EPO activity at 490 nm dependent on IFN—produqtlgn (Staynezer 1996)
was almost absent. Thus it is possible that a selec-
protocols Bronchlcl)alveolar Bone Tarrow tive suppression of IFNsproduction may occur in
cets cers our model. Interestingly, Guéry et al. (1996)
EWI 40 mg* 1.553 £ 0.062 0.544 + 0.010 showed that protein antigens delivered continously
EWI 6 mg 1.483 +0.020 0.435 +0.025 py minj-osmotic pump implanted subcutaneously,
EWI3m 1.898 + 0.098 0.555 £ 0.029

induced a long-lasting inhibition of IFMproduc-
OVA-AL 0.653£0.316 0.221£0.128 o By analogy, the egg white implant may act
Five B6 mice per group were immunized with EWI andike a mini pump releasing low amounts of solubi-
challenged 14 days later with aerosolized OVA asized OVA continously. These possibilities are now
described in detail in M&M section. Values in bold nder investigation.

lettering indicate significant differences between EWI Finally, based on the data presented here and
groups vs OVA-AL. on data of two recent papers (Facincone et al. 1997,

a: fresh egg white was heat-coagulated in water-bath as Siqueira et al. 1997) published by our group

described in detail in M&M section, fragments of 40 . h | findi in th
mg were implanted into the subcuatenous tissue. W€ Summarize the most relevant findings in the

b: pasteurized and dehydrated egg white powddsW! model. First, it is simple to perform, cheap
reconstituted to 20 or 10 % with sterile water was heagnd reproducible in different strains of mouse and

coagulated in microoven as described in M&M sectiondifferent species, such as rats where it also induces
fragments containing 6 or 3 mg were implanted s.c. bronchial hyperreactivity (Carvalho et al. in prepa-
ration). Second, the model does not require adju-

Isotypic profile vant or immunization with multiple boosters. Third,
6000 - _ it exhibits a Th2-associated isotypic profile and a
typical late-phase reaction. Fourth, it induces long
5000 7 GEPCA lasting pulmonary and bone marrow eosinophilia
4000 titer and lung lesions that may resemble those found in
x 1/400 human asthma.
¥ 3000 1
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