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ABSTRACT: Intranasal (i.n.) administration of soluble proteins induces a state
of specific unresponsiveness to subsequent immunization, known as nasal tol-
erance. It is thought that newborns are less susceptible to nasal tolerance in-
duction. Recently, we have shown that feeding adult animals with a protein-
free diet (Aa) resulted in their arrest at an immature immunological profile.
Here, we examined the effects of the Aa diet on the development of nasal toler-
ance to ovalbumin (OVA) in a murine model of allergic asthma. Nasal OVA
administration suppressed almost totally the OVA-induced asthma-like
responses (airway eosinophilia, type 2 cytokine production, and OVA-specific
IgE antibodies) in chow- or casein-fed BALB/c mice. In contrast, in Aa-fed
animals the suppression of asthma-like responses by nasal OVA was partial,
being effective in suppressing airway eosinophilia, but not airway type 2 cytok-
ine or OVA-specific IgE response. We conclude that animals fed the Aa diet are
more resistant to the induction of nasal tolerance. Our animal model may
mimic the features of the immune system of human infants.
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INTRODUCTION

Allergic asthma results from an intrapulmonary allergen-driven Th2 response
and is characterized by intermittent airway obstruction, airway hyperreactivity, and
airway inflammation. Intranasal (i.n.) administration of soluble proteins (allergens)
before immunization induces a state of specific unresponsiveness known as nasal
tolerance.! However, in human infants airborne allergens may cause long-term
allergic sensitization instead of inducing tolerance.? Indeed, mucosal tolerance to
allergens is relatively slow to develop in newborns.34
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We have previously shown that mice fed a diet in which intact dietary proteins
were replaced by equivalent amounts of amino acids from weaning (day 21 of life),
presented an immunological profile similar to neonates.> Adult animals reared in
this balanced amino acid—based protein-free diet (Aa-fed mice) grew and looked like
normal mice but showed local and systemic abnormalities in their immune system.
Aa-fed mice had poorly developed gut-associated lymphoid tissue (GALT), and pre-
sented a predominant Th2 profile, resembling preweaned mice.? Most of the reports
on the impairment in Th1 responses in neonates refers to the neonatal period as the
early postnatal time in suckling animals.*% In the present work, we examined wheth-
er animals fed an Aa diet are susceptible to the induction of nasal tolerance. We used
ovalbumin (OVA) as allergen in an established murine model of allergic asthma.”
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FIGURE 1. The effect of nasal OVA administration on antigen-induced airway eosino-
philic inflammation and BAL fluid IL-4 and IL-5 levels in Chow-fed (left), Cas-fed
(middle), or Aa-fed (right) BALB/c mice. Groups of five mice received OVA 100 pg i.n. (na-
sal) or PBS i.n. (immune) for three consecutive days, before OVA-alum immunization and
challenge. The control group received only OVA intranasally. Experiments were performed
24 h after the last OVA challenge. Results are expressed as means + standard error of the
mean (SEM). *Significant difference (P < .05) between values of Immune versus Nasal
groups. Open bars, control; black bars, immune; striped bars, nasal.
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MATERIALS AND METHODS

BALB/c mice were fed normal chow (Chow), casein (Cas)-, or an amino acid—
based protein-free diet (Aa) after weaning (21 days of life), as previously described.?
At 7 weeks of age, groups of five animals received OVA 100 pg/50uL PBS i.n. de-
livered into the nostrils for 3 consecutive days to induce nasal tolerance. Control
animals received only 50 UL PBS. Four days after, the animals were immunized, and
boosted at weekly intervals, by a subcutaneous injection of OVA (Sigma grade V)
4 ng/1.6 mg alum, followed by two intranasal OVA challenges with 10 ug OVA/
50 uL. PBS. Twenty-four hours after the last intranasal challenge, lungs were lav-
aged (BAL). Total and differential cell counts and the levels of IL-4 and IL-5 in the
BAL fluid were assessed by hemocytometer and cytospin preparation, and by
ELISA, respectively, and OVA-specific IgE levels of serum samples were related to
an internal standard that was set at 10,000 arbitrary units (A.U.) as previously
described.”

RESULTS

Both normal Chow- and Cas-fed BALB/c mice that received OVA intranasally
before OVA immunization and challenge showed almost complete inhibition (>99%)
of airway eosinophilia when compared with OVA-immunized and challenged animals
that received i.n. PBS (FIG. 1). The inhibitory effect of nasal OVA administration was
less pronounced (~75% of inhibition) in Aa-fed animals (FIG. 1). Similar results were
obtained when the total number of BAL cells was determined (data not shown).

Nasal tolerance in Chow- or Cas-fed animals also suppressed airway type 2 cy-
tokine production (IL-4 and IL-5) (FIG. 1). In addition, intranasal OVA administra-
tion resulted in a significant suppression of OVA-specific IgE antibody production
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FIGURE 2. The effect of nasal OVA administration on antigen-induced anti-OVA IgE
antibody production in Chow-fed (left), Cas-fed (middle), or Aa-fed (right) BALB/c mice.
Groups of five mice received OVA 100 pg i.n. (nasal) or PBS i.n. (immune) for three con-
secutive days before OVA-alum immunization and challenge. The control group received
only OVA intranasally. Experiments were performed 24 h after last OVA challenge. Results
are expressed as arbitrary units of means * standard error of the mean (SEM). *Significant
difference (P < .05) between values of immune versus nasal groups. Open bars, control;
black bars, immune; striped bars, nasal.
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in Chow- or Cas-fed animals (FIG. 2). In contrast, nasal OVA administration did not
suppress type 2 cytokine production or OVA-specific IgE response in Aa-fed
animals (FIGs. 1 and 2).

DISCUSSION

The results presented here show that nasal tolerance is fully effective in suppress-
ing asthma-like responses in Chow- or Cas-fed animals, but not in Aa-fed animals.
The resistance of Aa-fed animals to nasal tolerance was clearly documented by the
elevated production of IL-4 and IL-5 cytokines, as well as the high levels of OVA-
specific IgE antibodies in the nasally treated group. Interestingly, airway eosinophil-
ia was significantly suppressed (~75%) in these mice despite the high levels of IL-5
attained in their BAL fluid. It is known that IL-5 and eotaxin cooperate locally in
pulmonary tissues to selectively and synergistically promote eosinophilia.® Thus,
the inhibition of airway eosinophilia observed in Aa-fed animals could be attributed
in part to inhibition of chemokines such as eotaxin, or RANTES and MIP-1a that
are also involved in eosinophilic inflammation.%-10 Conversely, the high production
of IgE antibodies in these Aa-fed mice is consistent with the lack of suppression of
IL-4 by intranasal OVA administration, inasmuch as IL-4 and IL-13 are key cytok-
ines for IgE production.!!-12

Our results are in consonance with a previous study showing that the nasal toler-
ance for IgE response does not function during the early postnatal period,3 and we
extend this finding to type 2 cytokine production and airway eosinophilia. The
mechanism(s) responsible for the partial resistance to nasal tolerance in Aa-fed
animals remains to be determined.
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