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tropicalis in sensitized mice: occurrence of natural autoantibodies to
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Introduction

Summary

Background The dust mites Dermatophagoides pteronyssinus (Dp) and Blomia tropicalis (Bt) are
important sources of indoor allergens in tropical and subtropical countries. Murine models allow the
analysis of the immune response and regulation of IgE production to Dp and Bt allergens. Oral
tolerance induces unresponsiveness in naive animals, but its application in sensitized animals can
provide useful information to improve allergy therapy.

Objective To study the profile of IgE and IgG subclasses antibody upon oral administration with
Bt and Dp extract in previously sensitized mice. Further, the occurrence of autoantibodies IgG anti-
IgE in the immunization and in the oral tolerance was investigated.

Methods A/Sn mice were immunized with Bt or Dp extract in alum, orally administrated with
0.25 mg of Bt or Dp extract or PBS at the 6th, 7th and 8th days after immunization and boosted twice
with their respective allergens. To analyse the mice groups, specific IgE antibodies were measured by
passive anaphylaxis reaction and specific IgG subclasses and anti-IgE IgG autoantibody by ELISA
assay.

Results  1gE levels were markedly increased in Bt-immunized mice compared with Dp-immunized
mice. A distinct profile of the specific isotypes was verified in Bt-immunized mice with a preferential
production of IgG3 and IgA antibodies, whereas Dp-immunized mice developed high titres of anti-
Dp IgGl, IgG2a and IgG2b antibodies. The antigen feeding inhibited IgE response in both fed-mice
groups but only Dp-fed mice presented decreased levels of IgG antibodies. Free anti-IgE IgG
autoantibodies were detected mainly in the Dp-immunization and they correlated with the antibody
isotypes found against the allergen.

Conclusions This is the first time that the murine-type I hypersensitivity is employed to study Bt-
immunization, showing a marked IgE production, associated with IgG response, which is at least in
part driven by T-independent antigens. The oral tolerance protocol in previously sensitized animals
was able to down-modulate IgE response and points out this route as a strategy for allergy therapy.
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Bt allergens are distinct and have relatively low to moderate
cross-reactivity to Dermatophagoides spp. allergens [5]. Bt

House dust mite allergens are the most important indoor aller-
gens associated with asthma and rhinitis. The mites Dermato-
phagoides pteronyssinus (Dp) and the Blomia tropicalis (Bt) are
considered an important source of allergens in tropical and
subtropical regions of the world [1-3]. These mites are believed
to be responsible for the increasing incidence of IgE-mediated
sensitization among patients, possibly due to their high indoor
prevalence and phylogenetic association, leading to antigenic
cross-reactivity [4]. However, there is some evidence that
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has one major allergen (11-13 kDa) and three other important
ones of 64,36 and 33kDa [6], that have some peculiarities;
the Blot 13 allergen, for instance, is a fatty acid-binding
protein [7] and has been considered to be an independent
cause of sensitization [1]. Moreover, Dermatophagoides ptero-
nyssinus is composed of major allergens that are proteinases,
that meet the criteria of both allergens and proallergic
adjuvants [8]. So far, the majority of the immunological studies
are with Dp allergens and have demonstrated that they may
promote allergic immunity by inducing disturbance in the IgE
network and polarization of T helper cells to a dominant
Th2 phenotype [8, 9]. The peculiarities of the two mites should
be considered in order to improve the immunotherapy proto-
cols in the allergy field.
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The experimental murine models of type I hypersensitivity
have been widely employed to study immunological mechan-
isms of IgE regulation. However, there is no evidence of
animal-based experimentation using Bt allergen, and further
investigation would contribute to the development of new
therapeutic protocols. One natural route for treatment is the
mucosae, especially the gastrointestinal system, which are com-
posed of a complex immune system, making possible the sup-
pression of humoral or cellular immune responses upon oral
tolerance induction [10]. Oral administration of non-self anti-
gens or autoantigens (in the case of autoimmune disease) can
generate systemic regulatory mechanisms by regulatory cells
and mediators [11-15]. The mechanisms of oral tolerance
might not be mutually exclusive, but mediated by clonal dele-
tion, anergy or cytokines [16-20], depending on the type and
dose of the antigen, timing of oral administration, as well as the
disease under study in the experimental model. Furthermore,
the immune system of a naive host has considerably more
possibilities for immune deviation than a primed host. How-
ever, despite the difficulty in inducing tolerance in primed mice,
this condition should better mimic the clinical aspects of the
disease [21-23]. Previously, we observed that Dp-sensitized
mice orally administered with this allergen were able to inhibit
the IgE response and the Th2 target cells [24-26].

One alternative mechanism that can occur in the immuni-
zation with those allergens is the production of natural auto-
antibodies IgG-anti IgE. These antibodies are occasionally
present in normal donors and more frequently in a variety of
allergic disorders or in other diseases with high levels of IgE
response [27-30]. Some of the anti-IgE autoantibodies are non-
anaphylactogenic, representing a possible protective mechan-
ism to prevent the association of IgE with FceRI [31, 32]. Such
antibodies may represent normal physiological control and/or a
regulatory role; that is why anti-IgE antibodies have been used
in allergy therapy [32, 33].

In the present study we investigate the oral tolerance induc-
tion in previously sensitized mice to Bt and Dp by determining
the profile of IgE and subclasses of IgG antibodies. To further
understand the allergic immunological events under these con-
ditions, the occurrence of anti-IgE IgG autoantibodies in the
immunization and in the oral tolerance protocols was also
investigated.

Materials and methods

Animals

Female A/Sn mice, 8 to 10 weeks old, were provided by the
animal facility of the Sdo Paulo University Medical School.
Wistar Furth rats (RT1"") both sexes, 3 to 4 months old, bred
in our own animal facility were used for passive cutaneous
anaphylaxis reaction (PCA).

Immunization protocol

Groups of mice were injected subcutaneously with 10 pg of
Dermathophagoides pteronyssinus (Dp, IFIDESA-ARISTE-
GUI, 112.900 UBE/mL) or Blomia tropicalis (Bt, kindly
provided from International Pharmaceutical Immunology
(IPD)-ASAC, 35.700 UBE/mL) in 6 mg of AI(OH);. Animals
were boosted intraperitoneally on the 14th and 21st days after
immunization with 10 and 50 ug of Dp or Bt, respectively,

without adjuvant. Mice were bled through the retro-orbital
plexus on the 28th day after immunization and sera were stored
at —20°C until used.

Oral antigen administration protocol

Mice were fed with a total dose of 0.25 mg of Dp or Bt extract in
0.5mL of PBS or PBS alone by gavage under light ether anaes-
thesia. The feeding was performed on the 6th, 7th and 8th days
after immunization. All groups were boosted on the 14th and on
the 21st days after immunization.

Passive cutaneous anaphylaxis (PCA)

IgE antibodies were estimated by passive cutaneous anaphyl-
axis reaction as described by Mota & Wong [34]. Briefly, sera
dilutions from the mice were inoculated intradermally with
0.1mL on the shaved backs of the rats. After 18h the rats
received 0.5 mg of mite extract by tail vein injection, in 1.0 mL
0.5% Evans Blue. One hour later the rats were killed and the
reciprocal of the highest serum dilution that gave a spot bigger
than 5mm in diameter was taken as the PCA titre.

Determination of antibody levels

An enzyme-linked immunosorbent assay (ELISA) was per-
formed to detect IgG isotypes and total IgE levels, as previously
described by Sato et al. [25]. Briefly, to measure specific IgG
antibody isotypes, 96-well microplates (Costar, Cambridge,
MA, USA) were coated with 10 ug/mL of Dp or Bt extract
in 0.1M carbonate-bicarbonate buffer, pH=9.5. The wells
were blocked with PBS-0.5% bovine serum albumin (BSA)
before incubation of the serum samples for 1h at 37°C and
4°C overnight. Detection was performed with biotinylated
anti-yl, y2a, y2b, y3, o or p mouse chain antibodies (1 :3000,
Southern Biotechnology Association, Birmingham, AL, USA)
and streptavidin-peroxidase (Sigma, St Louis, MO, USA)
and TMB (3,3, 5, 5/'-tetramethyl-benzidine, Sigma). Sulphuric
acid was used to stop the reaction, which was read at 450 nm in
an ELISA microplate reader (Bio-rad, Hercules, CA, USA).
The results were expressed as antibody titres by reference to
serial dilution of a titrated serum pool from immunized adult
mice with high levels of specific antibodies.

Estimates of total IgE were performed by double mAb
ELISA assays, using 3 pg/mL of anti-mouse IgE (PharMingen,
San Diego, CA, USA) as coating antibodies. The individual
sera were diluted from 1:25 to 1:3200 and incubated as de-
scribed above. After six washes a biotinylated anti-IgE anti-
body (1:1000, PharMingen) was added and plates were
incubated for 1 h at 37 °C, followed by the an incubation with
streptavidin-peroxidase as described above. The O.D. units
were correlated to the protein concentration, with standard
curves derived from purified IgE (PharMingen).

Assays for free IgG anti-IgE and IgE-IgG complex

Detection of IgG anti-IgE antibody and IgE-IgG complexes
was performed as previously described [24]. Briefly, direct
ELISA was used for IgG anti-IgE ab determinations. Micro-
plates were coated with 5 ug/mL purified mouse IgE-TNP (k,
specific for the hapten trinitrophenol; PharMingen), then serum
dilutions were added and incubated overnight at 4 °C, followed
by the addition of biotinylated anti-Fcy antibody (Sigma) or
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biotinylated mouse anti-y1, y2a, y2b or y3 (Southern Biotech-
nology Association). Streptoavidin-peroxidase incubation and
colourimetric development were performed as described above.
Detection of IgE-IgG complexes was performed by IgE capture,
using 5 pg/mL monoclonal anti-IgE antibody (PharMingen) as
coating. Serial dilutions of sera from three pool of each group of
animals analysed were incubated, followed by mouse biotiny-
lated anti-Fcy (Sigma) incubation as described above.

Statistical analysis

Differences between groups were considered statistically signifi-
cant when P-values were < (.05, using paired #-test.

Results

IgE response in the murine immunization with Blomia
tropicalis (Bt) or Dermatophagoides pteronyssinus (Dp)

A/Sn mice immunized with Bt or Dp extract in alum and
boosted twice with the respective antigen produced high levels
of specific IgE antibodies, as evaluated by passive anaphylactic
cutaneous reaction (Fig. 1). IgE levels were markedly increased
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Fig. 1. IgE response to the mites Blomiatropicalis (Bt-imm) and
Dermatophagoides pteronyssinus (Dp-imm) in murine immunization.
A/Sn mice were immunized with 10 pg/Al(OH); of mite extract by the
subcutaneous route and boosted intraperitoneally on the 14th and 21st
days after immunization (dpi) with 10 and 50 pg of allergen, respectively,
without adjuvant. The sera obtained on the 28th day were analysed for
specific IgE antibodies by passive cutaneuos anaphylaxis reaction (PCA)
and total IgE by ELISA assays. The results are presented by mean + SD
of five different groups, each one containing three to six mice. *P < 0.05
when compared with the Dp-immunized mice group.
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in Bt-immunized mice compared with Dp-immunized mice
(Fig. 1). Concomitantly to the production of specific IgE anti-
bodies, Bt-immunized mice developed fourfold more total IgE
serum levels than Dp-immunized animals (Fig. 1).

Comparison of oral tolerance induction with Dp and Bt in
previously sensitized mice

In order to modulate IgE response in sensitized animals, the
animals were submitted to the oral antigen administration
protocol on the 6th day of immunization [24, 25]. A total of
0.25mg of Dp or Bt extract was orally administered on three
consecutive days (Fig. 2). The feeding protocol promoted a
significant decrease of anti-Dp or anti-Bt IgE antibody levels
when compared with their respective control groups (immun-
ized and oral treated with PBS). Also, total IgE levels decreased
in both mouse groups fed with the antigens (Fig. 2).

Despite the decrease of IgE response in the oral treatment, the
IgE levels of Bt-immunized mice remained significantly high in
comparison with the Dp-immunized mice.

Profile of specific antibody isotypes in the induction of oral
tolerance with Bt or Dp

Distinct profiles of specific antibody isotypes were observed for
Bt- and Dp-immunized mice; while in the former group 1gG3
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Fig. 2. IgE response in sensitized mice orally administered with Bt or
Dp extract. Mite-sensitized mice were fed with 0.25 mg of Bt (Bt-fed mice)
or Dp (Dp-fed mice) extract or with the vehicle (PBS) alone by gavage on
the 6th, 7th and 8th days. All groups were boosted on the 14th and 21st
days. Grey boxes represent the mean values for the respective groups of
Bt- or Dp-immunized mice fed with PBS. The sera obtained on the 28th day
were analysed for specific IgE antibodies by PCA reaction and for total
IgE by ELISA assays. The results are presented by mean + SD of five
different groups, each one containing three to six mice.
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and IgA antibodies were predominant, the latter raised high
titres of anti-Dp IgG1, IgG2a and IgG2b, rather than anti-Dp
IgG3 antibodies (Fig. 3). IgM antibody levels were similar in
both immunized mice groups.

In contrast to the significant decrease of IgE response in Bt-
fed mice (Fig. 2), no effect was observed in the other anti-Bt IgG
subclasses (Fig. 3); when gavage was performed with Dp ex-
tract, the levels of IgG1, IgG2a and IgG2b were significantly
down-modulated. IgA and IgM antibody production did not
alter with Bt or Dp feeding.

Induction of IgG anti-IgE autoantibodies and IgG-IgE
complexes in oral tolerance to Bt and Dp

The presence of a free IgG anti-IgE autoantibody population
was detected in the oral tolerance induction to both allergens, Bt
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° Fig. 3. Profiles of antibodies in sensitized
mice orally administered with Bt or Dp extract.
o Mite-sensitized mice were fed with 0.25 mg of
Bt (Bt-fed) or Dp (Dp-fed) extract or with PBS
e OO (Bt-imm or Dp-imm) and boosted on the 14th
- am- and 21stdays. Titres of the sera obtained at the
- @ 28th day were analysed for IgG subclasses
- (IlgG1, IgG2a, 1gG2b, IgG3), IgM and IgA
specific antibodies by ELISA assays. The
results are presented by mean + SD of five
different groups, each one containing five to
- seven mice. *P < 0.05 when compared with the
Dp-fed Dp-imm Dp-immunized mice group.

and Dp, corroborating our previous work that Dp immuniza-
tion can stimulate the production of anti-IgE antibodies [24].

The production of IgG anti-IgE autoantibodies is shown in
Fig. 4(a). These antibodies were significantly increased in the
immunized mouse groups when compared with normal
mice. The reactivity of these antibodies was higher in the Dp-
immunized mice, orally treated or not, than in the Bt-immun-
ized groups. These observations strengthen the concept that
immunization per se can induce the production of free anti-
IgE IgG autoantibodies. The investigation of IgE antibodies
complexed with IgG has demonstrated a similar reactivity be-
tween groups, except for the Dp-fed mouse groups, which
showed significantly lower levels compared with the Dp-
immunized ones (Fig. 4b).

The evaluation of free anti-IgE IgG autoantibodies has
shown that immunization with Dp promotes higher levels of
IgG1 and IgG2a antibodies, and was similar for immunized and
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Fig. 4. Evaluation of free anti-IgE 1gG autoantibody and IgE-IgG complex
levels in the immunization and oral tolerance to Bt and Dp extracts. Mite-
sensitized mice were fed with 0.25 mg of Bt (Bt-fed) or Dp (Dp-fed) extract
or with PBS (Bt-imm or Dp-imm) and boosted on the 14th and on the 21st
days. Reactivity of anti-IgE IgG autoantibody (a) and IgE-IgG complex
levels (b) from three pools with sera from each mice group (28th day;
1:40) were evaluated by ELISA assays and represented by mean + SD.
Non-immunized and non-treated mice were control groups. *P < 0.05
when compared with the Dp-immunized mice group.

PBS-treated mice (Fig. 5). The anti-IgE IgG1 antibody levels
were lower in Bt-fed mice than in the immunized mice group.
The reactivity of 1gG3 against IgE was barely seen among the
immunized and tolerized mice groups but highly detected in
mice orally treated with Bt.

Bt and Dp immunization has not induced anti-IgE antibodies
of the I[gG2b subclass as treated and non-treated groups showed
levels similar to normal mice (Fig. 5). Overall, normal mice
displayed a minimal basal reactivity of all IgG isotypes against
IgE molecules.

Discussion

Oral tolerance to the dust mites Blomia tropicalis (Bt) and
Dermatophagoides pteronyssinus (Dp) was studied in previously
sensitized mice in order to modulate the type I hypersensitivity
response. Furthermore, the occurrence of free autoantibody
IgG anti-IgE was investigated in the immunization and oral
tolerance protocols with these mite extracts.

In this first murine investigation of type I hypersensitivity
response to the mite Bt, a mouse strain that was previously
known to produce an important IgE response to the Der p
extract was employed [24,25]. Bt immunization in the A/Sn
mice has induced a marked increase of anaphylactic IgE
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antibody and total IgE levels, with high titres of IgG3 and IgA
antibodies. This antibody profile was different from the Dp-
immunized mice, which preferentially developed IgG1 antibody
followed by IgG2b and IgG2a (IgG1 > IgG2b > 1gG2a). The
high levels of IgG1 anti-Dp antibody can be a reflex of the
increase in the Th2 cytokines secretion, such as IL-4, IL-5 and
IL-13, previously observed in Dp-immunized mice [24]. The
IgG subclass distribution in Bt-immunized mice was mainly
IgG3, followed by IgGl and IgG2a, and lately IgG2b anti-
bodies (IgG3 > 1gG1 =1gG2a > [gG2b). The findings that Bt-
immunized mice IgE antibody levels are increased and IgGl
antibody is not the main source of IgG subclasses, support the
concept that IgE and IgG1 antibodies could be differentially
regulated [35].

Besides the IgE response, the rising of IgA antibody levels —
an isotype that depends on cytokines such as TGF-f and 1L-5
[36] — suggests the induction of Th2 response in the Bt-
immunized mice. On the other hand, these mice exhibited high
IgG3 levels, an isotype switching that does not seem to require
Th2-cytokine and is usually related to T-independent antigens.
Thus, stimulation of B cells with lipopolysaccharide, a compon-
ent of gram-negative bacteria [37], is sufficient on its own to
induce switching to this isotype, with production of y3 germline
transcripts [38]. Nevertheless, it is not known whether the mol-
ecules recognized by the IgG3 antibodies in Bt-immunized mice
bear any allergenic property, besides their immunogenic
characteristic.

In patients with atopic dermatitis associated with respiratory
allergy and positive reactivity to Bt, an important frequency of
Bt-specific IgG2 antibodies and also I1gG4 and IgG1 was ob-
served [39]. IgG2 is known to be produced in response to
polysaccharide antigens, with a low capacity of complement
activation [40]. The ability to respond to polysaccharide anti-
gens is equivalent to the IgG3 isotype in mouse. In contrast,
murine [gG3, like IgM, is an excellent complement fixing and is
able to protect against bacterial infection [41]. In those patients,
IgG3 subclass, an isotype usually not found at elevated levels in
atopic patients, was found. This could be due to the high ability
of IgG3 to activate complement cascade, and may be important
in the onset of allergic symptoms that are associated with
frequent infections by viruses, bacteria and fungi.

There is a close association between the cutaneous reactivity
of atopic patients with both airborne-allergens, Bt and Dp
[1-3]. This is probably due to the high indoor prevalence of
these mites in tropical countries and/or to the relative cross-
reactivity between them. In vitro and in vivo studies of IgE
responses to the recombinant Blot5, a major allergen of
14kDa obtained from a Bt cDNA library, showed 43% se-
quence homology to rDer p 5, demonstrating that Bt is an
independent cause of sensitization [1]. Considering these evi-
dences, it has been proposed that Bt allergens should be in-
cluded in the diagnostics for evaluation of allergic diseases in
the tropics [5].

Oral tolerance is a strategy to down-modulate hypersensitiv-
ity reactions, like those found in autoimmune or allergic mani-
festations [11-15]. Oral tolerance is usually investigated in naive
animals, but we used mice sensitized to the mite extracts to
better mimic an allergy disease. We have observed that the
feeding with Bt or Dp negatively modulated the IgE response
in sensitized mice. In relation to IgG subclasses production,
they were not affected by oral administration with Bt, in
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contrast to Dp-feeding, which caused significant decrease in the
anti Dp IgGl, IgG2a and IgG2b antibody levels. It is possible
that the antibody population directed to the T-independent
antigen produced by Bt-fed mice may escape the regulatory
mechanisms induced by oral tolerance. Failure of Bt-feeding
to modulate other T-dependent IgG subclasses poses a question
on the necessity to increase the antigen dose in oral treatment.
However, it requires careful evaluation, as high-dose feeding
could exacerbate pre-existing immune responses in sensitized
mice [25].

One of the mechanisms of oral tolerance acting in sensitized
mice fed with Dp, that was previously observed, seems to be
mediated by regulatory cytokines such as TGF-f. These
animals presented an increased TGF-B production, and inhib-
ition of Th2 cytokines secretion without a shift to Th1 response
[26,42]. Presently, a significant decrease in the IgG2a levels (an
isotype related to IFN-y) was detected in Dp-fed mice. Together,
these results suggest that oral tolerance to Dp promotes down-
modulation of Th2 cells, not eliciting Th1 cytokines production.
Induction of oral tolerance in sensitized mice is more difficult to
establish due to the more complex immunological status of the
primed host requiring multiple regulatory mechanisms.

Additionally, the IgG autoantibody that recognizes the IgE
molecule could act as a regulatory mechanism in allergic re-
sponse. Free anti-IgE IgG antibody reactivity was mainly
detected with Dp-immunization rather than Bt-immunization.
These antibodies are induced by the allergen immunization, but
they are also found at low levels in normal mice sera. This
emphasizes their possible physiological role in normal animals
to prevent/block IgE deleterious function.

To further verify whether some IgE antibody can be com-
plexed with IgG, which would prevent its detection, we have

E= control
=11 Bt-fed
Btimm Fig. 5. Isot f 1gG anti-IgE autoantibodi
ig. 5. Isotypes of IgG anti-IgE autoantibodies
B Dp-fed in the oral tolerance to Bt and Dp extract. Mite-
1 Dp-imm sensitised mice were fed with 0.25 mg of Bt

(Bt-fed) or Dp (Dp-fed) extract or with PBS
(Bt-imm or Dp-imm) and boosted on the 14th
and on the 21st days. Reactivity of anti-IgE
1gG1, 1gG2a, IgG2b and IgG3 autoantibodies,
from three pools with sera from each mice
group (28th day; 1:40) were evaluated by
ELISA assays and represented by mean + SD.
Non-immunized and non-treated mice were
control groups.

evaluated the IgE-IgG complex in the animals’ sera. The levels
of IgG-IgE complex were similar in all analysed groups, but
lower in Dp-fed mice. The main isotypes of anti-IgE IgG anti-
body were IgG1 and IgG2a in Dp-immunized mice, treated or
not, correlating with the isotypes of the antibody anti-Der p.
IgG3 was the main isotype of the anti-IgE IgG antibody found
in Bt-immunized mice. Whether this anti-IgE autoantibody
population includes non-anaphylactogenic antibodies, and
plays a role in the control of IgE response in tolerized mice, is
yet to be clarified. Besides, a study on autoantibody IgG anti-
IgE has shown that epitope specificity provides the molecular
basis for the rational design of vaccines that elicit long-term
protective anti-IgE in patients [43].

In addition, non-anaphylactic antihuman IgE antibodies are
now under clinical evaluation as therapeutic agents against
rhinitis and asthma, alternatively to drug treatment that is
insufficient to control symptoms and causes side-effects [32]. It
has been reported that anti-IgE treatment decreases IgE, pre-
vents the development of anaphylaxis, yet fails to affect T cell
function, eosinophil airway infiltration and airway hyper-
responsiveness in sensitized and challenged mice, differently
from anti-IL-5 treatment [44]. For these reasons, the potential
usefulness of combining anti-IgE therapy as an adjuvant to
other forms of existing therapies, such as oral tolerance, needs
to be assessed.

Altogether, the results pointed out that oral administration
with Bt or Dp is able to negatively modulate the IgE anti-
body response in sensitized mice. The murine model of type
I hypersensitivity to Bt and Dp revealed a distinct pattern of
immune response, and reinforces that the mites’ peculiarities
have to be considered when undertaking an allergy therapy
strategy.
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