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Abstract

it is known that a variety of materials, including both low molecular weight chemicals and
proteins, is able to induce occupational respiratory allergy. We have shown previously that
exposure of mice to chemical respiratory sensitizers results in both a marked increase in the
serum concentration of IgE and the appearance of specific IgE antibody. In the present study
we have examined the characteristics of immune responses induced in mice following in-
traperitoneal exposure to 3 protein respiratory allergens, ovalbumin (OVA), a lipase from
Aspergillus oryzae (LP) and an amylase from Bacillus subtilis (AM) and to a fourth protein,
bovine serum albumin (BSA), which is considered usually not to cause respiratory sensitiza-
tion. Under conditions where all proteins provoked IgG antibody responses, only OVA, LP
and AM elicited specific IgE antibody. As judged by passive cutaneous anaphylaxis (PCA)
assay, BSA failed to induce an IgE response. In contrast to chemical respiratory sensitizers,
the protein allergens examined here failed to cause a substantial increase in the serum concen-
tration of IgE; OVA and AM induced no increase in serum IgE and LP only a comparatively
modest increase relative to control values, In conclusion, these data demonstrate that while
protein respiratory allergens are able to provoke specific IgE antibody, they fail to cause a
marked increase in the concentration of this immunoglobulin in the sera of treated mice. It
would appear, therefore, that the mouse IgE test, which secks to evaluate chemical respiratory
sensitization potential as a function of induced changes in the concentration of serum IgE,
will be inappropriate for the identification of protein respiratory allergens. Nevertheless, iden-
tification of protein allergens may be possible by exploiting the observations reported here
that such proteins induce in mice specific IgE antibody responses.
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1. Introduction

Occupational respiratory allergy is known to be caused by a variety of materials
and is associated frequently with the presence of IgE antibody [1,2]. Chemicals
known to cause respiratory hypersensitivity in susceptible individuals include certain
acid anhydrides [3-5] and diisocyanates [6—8], platinum salts [9] and some reactive
dyes [10-12]. In addition, occupational respiratory allergy has been associated with
certain proteins and in particular with proteolytic enzymes [13,14].

There is a need to evaluate the ability of proteins and chemicals to induce
respiratory hypersensitivity. However, there are, as yet, no well-validated or widely
applied methods available for the routine prospective identification of respiratory
allergens. Progress to date has focused largely upon studies in the guinea pig and
several methods for the induction and elicitation of respiratory hypersensitivity in
this species have been described. Karol and her colleagues have been instrumental
in developing methods for the investigation of respiratory sensitization to chemicals
in guinea pigs. It has been shown that animals sensitized previously by inhalation
exposure to chemical or chemical conjugates will exhibit changes in respiratory rate
and breathing pattern following exposure to atmospheres containing the same
chemical in the form of a hapten-protein conjugate [15-18]. More recently it has
been shown also that guinea pigs sensitized by intradermal or subcutaneous injection
will mount pulmonary reactions following subsequent inhalation exposure to free
chemical [19,20]. Although such methods continue to be of great value for the in-
vestigation of the elicitation of respiratory hypersensitivity reactions, they are costly
and time-consuming to perform and do not lend themselves readily to the predictive
evaluation of respiratory sensitization potential in the context of routine toxicology.

We have described previously an alternative approach to investigation of the sen-
sitization potential of chemicals. This method, the mouse IgE test, is based upon a
series of observations made recently, that only those chemical allergens which are
known or suspected to cause respiratory hypersensitivity in man provoke a substan-
tial increase in the serum concentration of IgE in mice [21].

The purpose of the present study was to investigate the utility of this approach
for evaluation of the respiratory sensitization potential of proteins. Specifically, we
have examined the characteristics of immune responses induced in mice by 3 protein
respiratory allergens; ovalbumin, a lipase from Aspergillus oryzae and an amylase
from Bacillus subtilis. The respiratory sensitization potential of ovalbumin has been
established previously in both guinea pigs and mice [22-25]. The lipase and amylase
tested are used for a variety of industrial applications and both have been implicated
in the induction of respiratory hypersensitivity [26,27]. Responses to these 3 protein
allergens have been compared with those elicited in mice by bovine serum albumin,
an immunogenic protein which is not associated usually with the induction of
respiratory allergy.

2. Materials and methods

2.1. Animals
Young adult (8—12 weeks old) female BALB/c strain mice (Barriered Animal
Breeding Unit, Alderley Park, Cheshire, UK) were used throughout these studies.
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2.2. Test materials

Bovine serum albumin (BSA) and ovalbumin (OVA) were obtained from Sigma
Chemical Co. (Dorset, UK). The lipase from Aspergillus oryzae (LP) and the
amylase from Bacillus subtilis (AM) were provided by Unilever Environmental Safe-
ty Laboratory (Bedford, UK).

2.3. Sensitization for antibody

Groups of mice (n = 10) received 250 ul of 1% test material in phosphate buffered
saline (PBS) via intraperitoneal (i.p.) injection. Seven days later treatment was
repeated. Fourteen days following the initiation of exposure, mice were ex-
sanguinated by cardiac puncture and serum prepared and stored at —20°C until
analysis. Control animals were treated in the same way with PBS alone.

2.4. Enzyme-linked immunosorbent assays (ELISA)

(i) Measurement of serum IgE concentration. Serum IgE was measured using a
sandwich ELISA. Plastic microtitre plates were coated with 1.0 pg/ml rat
monoclonal anti-mouse IgE antibody (kindly provided by Dr F.D. Finkelman,
Uniformed Services University of the Health Sciences, Bethesda, MD) in 0.1 M car-
bonate buffer (pH 9.6) by overnight incubation at 4°C. The plates were then blocked
by treatment for 30 min at 37°C with 5% normal goat serum (NGS) in PBS. In-
dividual test serum samples and a mouse monoclonal IgE anti-dinitrophenol DNP
(clone SPE-7; ICN Immunobiologicals, Bucks, UK), diluted to various extents in
0.5% NGS in PBS, were added to triplicate wells and the plates incubated for 3 h
at 4°C. There followed an incubation for 3 h at 4°C with a 1:2000 dilution of goat
anti-mouse IgE conjugated with horseradish peroxidase (Nordic Immunology,
Tilberg, The Netherlands). Enzyme substrate (o-phenylenediamine and urea
hydrogen peroxide) was added and the reaction terminated after 5 min by addition
of 0.5 M citric acid. Between each incubation the plates were washed with PBS con-
taining 0.05% Tween 20. Substrate conversion was measured as optical density at
450 nm using an automated reader (Flow Laboratories, Irvine, Ayrshire, UK). The
concentration of IgE in test serum samples was derived from a standard curve for
monoclonal mouse IgE. Results are expressed as serum IgE concentration (ug/ml).

(ii) Measurement of protein-specific IgG antibody. 1gG antibodies were detected
by ELISA. Plastic microtitre plates were coated with 100 ug/ml of protein in PBS
by overnight incubation at 4°C. The plates were blocked by incubation for a further
30 min at 37°C with 5% NGS in PBS. Doubling dilutions of mouse serum samples
(pooled for each experimental group) diluted in 0.5% NGS in PBS were added to
consecutive wells and incubated for 3 h at 4°C. The plates were then incubated for
3 h at 4°C with peroxidase-labelled goat anti-mouse 1gG (Nordic Immunology,
Tilberg, The Netherlands) diluted 1:8000 with 0.5% NGS in PBS. Substrate (as
described above) was added and the reaction stopped by addition of 0.5 M citric acid
after 15 min. Between each incubation the plates were washed with PBS containing
0.05% Tween 20. Substrate conversion was measured as described previously. Anti-
body titres are expressed as optical density at 450 nm.

2.5. Measurement of protein-specific IgE antibody
The presence in the serum of I1gE antibodies was detected by passive cutaneous
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anaphylaxis (PCA) assay. Pooled serum samples were diluted serially in saline and
injected (30 ul) into the dermis of naive recipient mouse ears. Two days later 0.25
mg of BSA or OVA or 0.125 mg of AM or LP together with Evans Blue dye (1.25
mg) in 250 ul saline were injected intravenously. Thirty minutes following challenge
mice were killed and the diameter of the cutaneous reaction measured. Antibody
titre was recorded as the highest dilution of pooled serum resulting in a measurable
(> 3 mm) blue lesion in the skin.

3. Results

3.1. Specific IgG antibody responses

Mice received 250 ul of 1% BSA or OVA in PBS via i.p. injection and a repeat
exposure 7 days later. Mice were exsanguinated 14 days following initiation of ex-
posure and the presence of serum IgG antibody measured by ELISA. Representative
results from one of 3 replicate experiments are illustrated in Fig. 1. BSA and OVA
each induced a strong specific IgG antibody response, with significant substrate con-

(a) (b)
10 4
0.8+ 4
06 ]
£
c
Q
w0
<
[a]
8
0.4-1 ]
0.2 4
T T T
25 50 100 200 400 800 25 50 100 200 400 800

Reciprocal of serumdilution

Fig. 1. IgG antibody production following exposure to BSA or OVA. Groups of mice (n = 10) received
250 ul of 1% BSA (®) or 1% OVA (O) in PBS via i.p. injection, with repeat treatment 7 days later. Four-
teen days following the initiation of exposure, treated mice and naive controls (4) were exsanguinated
and pooled sera tested for IgG anti-BSA (a) or anti-OVA (b) antibody by ELISA.
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Fig. 2. 1gG antibody production following exposure to AM or LP. Groups of mice (n = 10) received 250

ul of 1% AM (W) or 1% LP (0J) in PBS via i.p. injection, with repeat treatment 7 days later. Fourteen

days following the initiation of exposure, treated mice and naive controls (A) were exsanguinated and

pooled sera tested for IgG anti-AM (a) or anti-LP (b) antibody by ELISA.

Table |
Specific IgE antibody responses following exposure to BSA, OVA, AM or LP

Immunizing an- Protein used for PCA intravenous challenge

tigen
BSA OVA
BSA — —
OVA — 1/8
AM LP
AM 178 —
Lp — 1/16

Groups of mice (n = 10) received 250 ul of 1% protein in PBS via i.p. injection, with the treatment repeated
7 days later. Fourteen days after the initiation of exposure, mice were exsanguinated. Serial dilutions of
pooled sera were analyzed for the presence of specific IgE antibody by PCA assay using i.v. challenge
with the relevant protein. Cross-reactivity was tested by intravenous challenge with unrelated protein. An-
tibody titre is recorded as the highest dilution of pooled serum resulting in a positive PCA reaction. —
represents a negative PCA reaction with neat serum.
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version detected even at serum dilutions of 1:800. The data indicate that, under the
conditions of exposure used, BSA is at least as immunogenic as OVA. No cross-
reactivity between the proteins was detected, with equivalent levels of background
staining observed with BSA antisera and OVA substrate, and vice versa, to those
recorded with naive mouse serum.

Serum IgG antibody responses were measured also following i.p. administration
of the protein respiratory allergens AM and LP. Both proteins provoked substantial
IgG antibody production with similar profiles to those elicited by BSA and OVA.
The antibody responses were specific; no cross-reactivity was observed between the
2 enzymes. Representative results from one of 3 replicate experiments are shown in
Fig. 2.

3.2. IgE antibody responses

Experiments were performed to examine whether, under conditions of exposure
which resulted in strong IgG antibody responses, these proteins induced also the
production of specific IgE antibody. Mice received 250 ul of 1% protein in PBS via
i.p. injection and the same treatment 7 days later. Mice were exsanguinated 14 days
following the initiation of exposure, and pooled serum samples analyzed for specific
IgE production by PCA assay. Representative results from one of 3 replicate ex-
periments are recorded in Table 1.

Undiluted serum from mice exposed to BSA did not elicit a PCA reaction. In con-
trast, exposure to OVA, AM and LP each caused the appearance of specific IgE an-
tibody. Thus, serum from OVA- or AM-treated mice and LP-treated mice, at
dilutions of 1:8 and 1:16 or less, respectively, provoked cutaneous responses in naive
recipients. Comparable PCA titres have been observed following topical exposure
of mice to chemical respiratory allergens such as phthalic anhydride [28]. In common
with IgG antibody, IgE responses were protein-specific, with no cross-reactivity
detected between OVA and BSA or between the 2 enzymes (Table 1).

3.3. Serum IgE concentration

Finally, experiments were conducted to determine whether the differential capaci-
ty of these materials to elicit specific IgE antibody production was associated with
a variable ability to provoke changes in total serum concentration of IgE. Mice were
immunized as described above and bled 14 days after the initiation of exposure. The
concentration of IgE in individual serum samples was measured by ELISA. Over an
18-month period, we have found that in naive BALB/c mice, the serum concentra-
tion of IgE varies between 0.085 and 0.320 ug/ml; values in broad agreement with
previous studies in this strain [29]). In the present study control mice treated with
PBS alone were found to have a mean serum IgE concentration of 0.125 ug/ml.
Under conditions where BSA stimulated specific IgG, but not IgE, antibody produc-
tion, the concentration of serum IgE (mean + S.E. = 0.120 = 0.011 ug/ml) did not
vary from this normal range. Despite provoking specific IgE antibody responses,
exposure to OVA (mean + S.E. = 0.131 £ 0.019 pug/ml) and AM (mean + S.E.
=0.149 + 0.015 pg/ml) both failed to cause an increase in serum IgE concentra-
tions relative to control values. Compared with the normal range of serum IgE,
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Fig. 3. Serum IgE concentration following exposure to BSA, OVA, AM and LP. Groups of mice (n = 10)
received 250 pl of 1% protein in PBS via i.p. injection, with repeat treatment 7 days later. Fourteen days
following the initiation of exposure, mice were exsanguinated and the concentration of IgE in individual
sera was measured by sandwich ELISA. Results are recorded as the IgE concentration in individual serum
samples together with the mean =+ S.E. (ug/ml) for each experimental group. The range of serum IgE con-
centrations for naive BALB/c mice recorded over an 18-month period is represented by the horizontal
lines.

intraperitoneal administration of LP resulted in slightly elevated serum IgE concen-
trations in 7 out of 10 animals. These levels, however, (mean = S.E. = 0.359 +
0.022 ug/ml) are markedly lower than those elicited following topical exposure to
chemical respiratory allergens such as the acid anhydride phthalic anhydride or the
isocyanate diphenylmethane-4,4’-diisocyanate, where mean concentrations of
approximately 0.8—1.5 pg/ml were recorded [21]. Toxicity limited investigation of
the capacity of the enzymes LP and AM to cause more profound effects on serum
IgE concentration at higher exposure concentrations.

4. Discussion

There is a need for accurate test methods which permit the routine prospective
identification of respiratory sensitizing potential. Approaches to date have focused
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largely upon the guinea pig and the elicitation, by inhalation challenge or in-
tratracheal instillation, of pulmonary reactions in previously sensitized animals
[18-20,30]. We have chosen to adopt an alternative approach, the mouse IgE test,
in which respiratory sensitization potential is measured as a function of induced
changes in the serum concentration of IgE following topical exposure of mice to the
test chemical [21]. This method is based upon previous investigations in which it was
found that known chemical respiratory allergens provoke in mice a substantial in-
crease in the serum concentration of IgE. Contact allergens, which are known or
suspected not to induce respiratory hypersensitivity, do not [21]. An objective of the
present study was to determine whether the mouse IgE test, and measurement of in-
duced changes in serum IgE concentration, could be used also for the identification
of proteins which have the potential to cause respiratory allergy.

Under conditions of exposure where all 4 proteins examined were clearly im-
munogenic, resulting in strong IgG antibody responses, specific IgE antibody pro-
duction was elicited only by those proteins known to have a significant potential to
cause respiratory allergy. Bovine serum albumin has been implicated as a cause of
food allergy, particularly to cow’s milk. However, although BSA is used widely by
the research community, we are aware of only a single report of occupational asthma
associated with exposure to this protein [31]. While it is not possible, therefore, to
conclude that BSA is without the capacity to cause respiratory allergy, it may have
only a limited potential to do so. Despite the induction of specific IgE antibody by
OVA, AM and LP, however, substantial increases in serum IgE concentration were
not observed. The dose levels and frequency of administration of these materials
were limited by the enzymatic activity of LP and AM and by the ability of OVA to
cause anaphylactic reactions.

It is possible, therefore, that more chronic exposure or exposure to higher concen-
trations of protein would stimulate a significant increase in serum IgE levels.
Mitigating against this, however, 1s the fact that under conditions where chemical
and protein respiratory allergens show striking differences in their ability to in-
fluence the concentration of total serum IgE, similar titres of specific IgE antibody
were provoked [28]. The data indicate therefore that protein and chemical
respiratory sensitizers exhibit a differential capacity to induce increases in serum IgE
concentration.

There is now evidence for a functional heterogeneity among murine T helper
(Ty) cells [32,33] and for the ability of their secreted cytokine products to exert
reciprocal antagonistic effects on IgE production both in vitro and in vivo [33,34].
Thus, the initiation and maintenance of IgE responses in mice is dependent on in-
terleukin 4 (IL-4), a product of Ty, cells [35,36], whilst interferon y (IFN-y),
secreted by Ty cells, inhibits IgE production [37]. In man also there is evidence for
a functional heterogeneity among Ty cells [38] and for reciprocal regulation of IgE
synthesis by IL-4 and IFN-y [39,40]. We have reported previously that chemicals
with the potential to cause respiratory hypersensitivity stimulate in mice immune
responses consistent with the preferential activation of Ty, cells [28,41-44]. This
conclusion derived primarily from analysis of the isotype distribution of the IgG
antibody response and the induction of both hapten-specific IgE antibody and an
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increase in the serum concentration of IgE following topical exposure of mice to a
variety of sensitizing chemicals.

The stimulation by OVA, AM and LP of specific IgE antibody is consistent with
the ability of these proteins to induce respiratory allergy and is, in addition, sug-
gestive of the preferential elicitation of Ty,-type responses. However, unlike
chemical respiratory allergens, these proteins appear not to cause an increase in
serum IgE concentration. Although the reasons for this difference are at present
unclear, it might be that chemical, but not protein, respiratory allergens act as ad-
juvants for IgE production. Adjuvanticity may, in turn, reflect differences in the way
protein and chemical allergens are handled, processed and presented by the immune
systern and/or in the kinetics of responses induced by these classes of sensitizer.
Clearly the availability of IL-4 will be a critical factor in determining the magnitude
of changes in IgE concentration.

In conclusion, the data reported indicate that, in its present form, the mouse IgE
test is inappropriate for the identification of protein respiratory allergens which fail
to provoke changes in serum IgE concentration. One option is of course to use
guinea pig inhalation models for analysis of the potential allergenicity of proteins
and there exist precedents for this [45,46]. It is tempting to suggest, however, that
it may be possible also to exploit the fact that, on the basis of the limited evidence
presented here, protein respiratory allergens have the capacity to induce IgE
responses in mice. Such an approach would provide a more realistic and cost-
effective method for the toxicological evaluation of the respiratory sensitizing poten-
tial of proteins. A more rigorous examination of this phenomenon with a wider
range of proteins will be required before firm recommendations can be made.
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