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Encapsulation of Ole e 1 in biodegradable microparticles induces
Thl response in mice: a potential vaccine for allergy

Eva Batanero®, Patricia Barral, Mayte Villalba, Rosalia Rodriguez

Departamento de Bioquimica y Biologia Molecular, Facultad de Ciencias Quimicas, Universidad Complutense, 28040 Madrid, Spain

Received 11 April 2003; accepted 8 July 2003

Abstract

Ole e 1 is the most prevalent allergen of olive (Olea europaea) pollen. The suitability of poly(p,L-lactide-co-glycolide)
(PLG) microparticles as a vaccine delivery system for Ole e 1 in therapy against olive allergy has been evaluated. BALB/c mice
were immunized intraperitoneally with Ole e 1 in PLG microparticles. Encapsulated Ole e 1 induced specific and long-lasting
antibodies that were predominantly of the IgG2a isotype. Splenic cells from immunized mice secreted in vitro IFN-y, but not
IL-4, after stimulation with Ole e 1. These results suggest that Ole e 1-containing PLG microparticles elicit a specific Thl-type
immune response and may become a promising concept for allergy vaccine.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

At present, desensitization of allergic patients by
systemic injection of increasing doses of the allergen
is used as an immunotherapy for the treatment of
allergy. Although it has shown to be effective, the risk
of systemic reactions, however small, represents a
major drawback for general application. Thus, it is
of great importance to develop safer and more effec-
tive immunotherapies. Since IgE-allergic reactions are
mediated by specific Th2 cells [1], it should be useful
to design new approaches that promote a Thl re-
sponse and thereby downregulate the Th2 ones, for
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interfering with allergic reaction [2—4]. Biodegrad-
able poly(p,L-lactide-co-glycolide) (PLG) microparti-
cle-based vaccines could represent a promising
strategy for the treatment and prevention of allergy
disorders, since immunizations with antigen encapsu-
lated in PLG preferentially induce a Thl immune
response [5]. Moreover, PLG microparticles have
been used for many years in humans as resorbable
sutures, prothesis and drug carriers [5]. They exhibit
capacity to release an entrapped antigen over extend
periods, and have been shown to be effective adju-
vants for a number of antigens [5].

Olive pollen represents one of the most important
causes of pollen allergy in the Mediterranean
countries [6]. Ole e 1, a polymorphic glycoprotein
of 145 amino acids, is the most prevalent allergen
from olive pollen, affecting more than 70% of patients
suffering from olive pollinosis [7]. In a previous work,
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it was shown that PLG microparticles are a suitable
vehicle for Ole e 1 [8]. The aim of this study has been
to evaluate the ability of PLG microparticles to
stimulate a Th1 response to Ole e 1 in mice.

2. Material and methods
2.1. Preparation of PLG microparticles

Ole e 1 was purified from olive pollen (Allergon,
Angelholm, Sweden) as previously described [7].
PLG microparticles with encapsulated Ole e 1 were
prepared by the solvent evaporation method and
characterized [8].

2.2. Immunization protocol

BALB/c mice (n=8 per group, 6 weeks old) were
obtained from Harlan Interfauna Ibérica (Barcelona,
Spain) and maintained at the University Animal Care
Services, according to the local guidelines. Mice were
immunized by intraperitoneal (i.p.) route with either
PLG-microparticulated (5 pg/dose) or Al(OH)s-
adsorbed (1 pg/dose) Ole e 1 in PBS at days 0, 7,
14 and 21. Control groups received alternatively
equivalent amounts of free Ole e 1 (5 pg/dose),
placebo microparticles or AlI(OH); under the same
conditions.

2.3. Determination of antibody levels

Blood samples were collected from the retro-orbit-
al plexus at day 28 and sera were stored at —20 °C
until analysis. An ELISA was performed to detect IgG
isotypes and total IgE levels [9]. Optical density (OD)
was measured on an ELISA reader at 492 nm.

2.4. Cytokine assays

Spleens were removed on day 28 and cells were
isolated and stimulated with or without concanavalin
A (Con A, 2 pg/ml) or Ole e 1 (preliminary studies
demonstrated optimal cytokine production at 10 pg/
ml) to produce IL-4 and IFN-y as previously de-
scribed [9]. IL-4 and IFN-y were determined by
sandwich ELISA (PharMingen, San Diego, CA,
USA). The sensitivity of the IL-4 assay was 5 pg/ml
and that of IFN-y was 25 pg/ml.

3. Results

Lp. immunization with Ole e 1 encapsulated in
PLG elicited high levels of specific IgG2a antibodies,
and low levels of both total IgE and specific IgG1
antibodies (Fig. 1) in mice. In contrast, immunization
with Ole e 1 adsorbed in alum induces high levels of
both specific IgG1 and total IgE. Serum-specific IgG
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Fig. 1. Serum antibody response to Ole e 1 was measured by ELISA on pooled sera from each group of eight mice after immunization with the
antigen encapsulated in PLG microparticles or adsorbed on alum on day 28 after the first immunization. Control mice were administered with
Ole e 1, AI(OH); or placebo microparticles (PLG). Data are expressed as the mean optical density (OD) of duplicate assays. One representative

experiment out of two is shown. Error bars show standard deviation.



E. Batanero et al. / Journal of Controlled Release 92 (2003) 395-398 397

250} 251 ]
== L —~ 201
gzoo =
c, ~
£ 150t g5t
ol
= =
L 100} = 10t
501 5+
] !_L\
E % E %
° o ° o
@ o 2 o
(e] o

Fig. 2. Cytokine production by spleen cells from immunized mice
after stimulation with Ole e 1 for 48 h. IL-4 and IFN-y productions
were determined by sandwich ELISA. Data are expressed as the
mean of duplicate determination and expressed in pg/ml. Results are
representative of two independent experiments. Error bars show
standard deviation.

and total IgE levels in control mice were negligible.
These results indicated a Th1 dominance after immu-
nization of mice with PLG-encapsulated Ole e 1
versus Th2 dominance after immunization with Ole
e 1 adsorbed in alum.

IFN-y was detectable in supernatant cultures of
splenocytes from mice immunized with Ole e 1 in
PLG after in vitro stimulation with the allergen,
whereas IL-4 production was found in splenocyte
cultures from mice immunized with Ole e 1 in alum
exclusively (Fig. 2). Neither IFN-y nor IL-4 could be
detected in cultures from control mice (data not
shown). Cells from both immunized mice and control
mice produced IFN-y (710 &+ 54 pg/ml) and IL-4
(48 £ 5 pg/ml) in response to Con A. According to
their cytokine pattern, immunization with PLG-Ole e
1 stimulated the production of Thl-like cytokines,
whereas the immune response induced by Ole e 1 in
alum could be classified as Th2-like.

4. Discussion
In recent years, the potential use of PLG micro-

particles as a vaccine delivery system has been inves-
tigated for a number of diseases such as Alzheimer

[10], tetanus [11] or influenza [12], but there are scarce
studies about the suitability of using such an antigen
delivery system within the field of allergy [13,14].

Previous studies performed by our group have
shown that Ole e 1 encapsulated in PLG micropar-
ticles is immunologically similar to the natural aller-
gen [8]. Moreover, the features of the Ole e 1-
microparticles (size <2 pum, rapid antigen release and
high allergen/polymer ratio) made them a good can-
didate as vehicle vaccine for therapy to olive pollen
allergy. In this study, Ole e 1 encapsulated in PLG was
tested for use as a parenteral delivery system in a
mouse model. Data show that i.p. immunization with
PLG-encapsulated Ole e 1 induced high levels of
antigen-specific IgG2a. As BALB/c mice have an
inherent tendency to developed a Th2 response [15],
the dominance of IgG2a antibodies (9-fold increase
compared to mice immunized with Ole e 1/alum) over
IgG1/IgE levels (3-fold lower than in the Ole e 1/alum
group) in the sera of mice immunized with Ole e 1/
PLG indicates that PLG microparticles induce Thl-
like responses to Ole e 1 in vivo. Moreover, in vitro
stimulation of spleen cells from mice immunized with
Ole e 1 in PLG produced at least five times more [FN-
v compared with mice immunized with the allergen in
alum. In contrast, as it is known, i.p. immunization
with Ole e 1 in alum promoted a Th2-like immune
response that is characterized by high levels of IgE
and IgG1 antibodies and production of IL-4 [9].

5. Conclusion

Ole e 1-PLG microparticles are able to induce a
Thl-like immune response. This suggests that PLG-
encapsulated allergen could be utilized to formulate
antigen-specific vaccines against allergic disorders.
Although in this study a single antigen was used as
a model, the possibility to encapsulate multiple anti-
gens will increase the potential of PLG as a vaccine
delivery system for allergy.
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