
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [Gentile, Teresa]
On: 1 October 2009
Access details: Access Details: [subscription number 914992402]
Publisher Informa Healthcare
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Immunological Investigations
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597256

Asymmetric IgG Antibodies Induced by Different Immunotherapies in a Murine
Model of Allergy
Carolina Apicella a; Estela Rey Roldan a; Diego A. Chiappetta b; Claudia Molinari c; Carlos Bregni b; José
Dokmetjian a; Teresa Gentile a

a Instituto de Estudios de la Inmunidad Humoral “R.A. Margni” (CONICET-UBA), Facultad de Farmacia y
Bioquímica, (FFyB), Universidad de Buenos Aires. (UBA), b Departamento de Tecnología Farmacéutica,
FFyB - UBA, c Cátedra de Bioestadística, FFyB - UBA,

Online Publication Date: 01 October 2009

To cite this Article Apicella, Carolina, Rey Roldan, Estela, Chiappetta, Diego A., Molinari, Claudia, Bregni, Carlos, Dokmetjian, José
and Gentile, Teresa(2009)'Asymmetric IgG Antibodies Induced by Different Immunotherapies in a Murine Model of
Allergy',Immunological Investigations,38:7,572 — 588

To link to this Article: DOI: 10.1080/08820130903005961

URL: http://dx.doi.org/10.1080/08820130903005961

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597256
http://dx.doi.org/10.1080/08820130903005961
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Immunological Investigations, 38:572–588, 2009
Copyright © Informa Healthcare USA, Inc.
ISSN: 0882-0139 print / 1532-4311 online
DOI: 10.1080/08820130903005961

LIMM0882-01391532-4311Immunological Investigations, Vol. 38, No. 7, June 2009: pp. 1–29Immunological InvestigationsAsymmetric IgG Antibodies 
Induced by Different 
Immunotherapies in a 
Murine Model of Allergy
Asymmetric IgG Induced by Specific ImmunotherapiesC. Apicella et al.

Carolina Apicella,1 Estela Rey Roldan,1 
Diego A. Chiappetta,2 Claudia Molinari,3 
Carlos Bregni,2 José Dokmetjian,1 and Teresa Gentile1

1Instituto de Estudios de la Inmunidad Humoral “R.A. Margni” (CONICET-UBA),
Facultad de Farmacia y Bioquímica, (FFyB) Universidad de Buenos Aires. (UBA)
2Departamento de Tecnología Farmacéutica, FFyB – UBA
3Cátedra de Bioestadística, FFyB – UBA

Specific immunotherapy (SIT) is the only potentially curative treatment for those allergic
processes mediated by IgE. We compared the effects of different SITs in mice sensitised
with ovalbumin (OVA) Al (OH)3 : 1) OVA entrapped in particles of poly (D,L-lactic-co-
glycolic acid) (PLGA-OVA), 2) Soluble OVA (OVA-sol) and 3) Polymerised OVA
(OVA-pol). Serum levels of specific IgE, IgG1, IgG2a and asymmetric IgG, the cutaneous
anaphylaxis test (PCA), and the IL-10, IFNg and IL-4 levels in culture supernatants of
splenocytes challenged with OVA were assessed. Mice treated with PLGA-OVA had
higher levels of asymmetric antibodies than non-desensitised mice; a low IgG1 and
high IgG2a level was observed together with inhibitory effect in the PCA reaction that
reversed in the absence of asymmetric IgG. IL-10 and IFNg levels were higher in
supernatants from mice treated with PLGA-OVA and OVA-sol than those obtained
from non-desensitised controls. Our results suggest that among the different SITs
evaluated, PLGA-OVA is the one that best showed an increase in the asymmetric IgG
molecules and an effective deviation of the immune response. Furthermore, the
increase in the proportion of asymmetric antibodies would be of importance when
designing new vaccination strategies for allergy.
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Asymmetric IgG Induced by Specific Immunotherapies 573

INTRODUCTION

Taking into account that the prevalence of allergic diseases has increased over
the last years, the development of an effective therapy has become an impor-
tant goal. Most of the current treatments are aimed at the reduction of the
clinical symptoms of allergy. Specific immunotherapy (SIT) is, to date, the
only effective and potentially curative treatment for those allergic processes
mediated by IgE. Such SITs consist in the gradual administration, to an allergic
individual, of increasing quantities of an allergenic vaccine. This sort of vac-
cine leads to the reduction of the symptoms caused by a subsequent exposure
to the allergen (Bousquet, 1998; Malling, 1998; Durham, 1999; Scholl, 2005).

It has long been known that Th2 lymphocytes and mast cells synthesise
IL-4 and IL-13, which favour the switch to IgE (Scholl, 2005; Filchelman,
2005). Many studies have demonstrated that SIT induces a deviation of the
immune response towards a Th1 phenotype (Bousquet, 1998; Durham, 1999;
Ciprandi, 2004) as well as an increase in the levels of anti-allergen specific
IgG (Bousquet, 1998). Particularly in humans, the increase of IgG4 levels is
one of the most important features: this immunoglobulin has an IgE-blocking
activity (Wachholz, 2004; Ejrnaes, 2004).

It is also known that the chemical composition of antigen is crucial for the
capacity of a vaccine to determine the type of immune response developed,
regarding both the isotype of immunoglobulin synthesised and the cytokine
profile generated (Storni, 2005).

Over the last years, a great deal of vaccine release systems have been
developed employing synthetic formulations, such as those made of polymers
of lactic and glycolic acids which are biocompatible and biodegradable
(Coobes, 2004; Postlethwait, 2005). These systems release their antigenic con-
tents in a controlled fashion, thus mimicking the repeated injections employed
in the conventional schemes of vaccination (Johansen, 2000) and having the
additional advantage of lack of toxicity (Wise, 1987). At present, these poly-
mers are being used as allergen delivery systems (Batanero, 2002, 2003;
Guerin, 2002; Igartua, 2001; Roth-Walter, 2005; Scholl, 2004; Sharif, 1994).

Furthermore several studies have demonstrated that 15–20% of the IgG
molecules present in the serum of various species are asymmetric (Margni,
1998, 1972, 1973). Asymmetric IgG molecules are characterized by the pres-
ence of a mannose-rich oligosaccharide inserted in one of the Fd fragments of
the heavy chain of this immunoglobulin. This prosthetic group causes steric
hindrance, reducing 100 times the affinity of one of the binding sites of the
antibody for its antigen. Experimental data demonstrate that the difference in
the affinity for the antigen displayed by both binding sites of the asymmetric
IgG is not due to an allosteric negative effect caused by the interaction of one
of the binding sites with the ligand, since two populations of Fab fragments
with different affinity can be isolated from the F(ab’)2 fragment of the IgG
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574 C. Apicella et al.

molecule (Leoni, 1986). As a consequence, these antibodies behave as monova-
lent and antigen-blocking, preventing the immune effectors mechanisms of
the immune response from activation (Margni, 1998). In addition, unlike what
is observed with soluble antigens, when a particulate antigen is inoculated, an
increase in the proportion of asymmetric IgG is observed (Apicella, 2006;
Canellada, 2002; Gentile, 2004; Labeta, 1986; Margni, 1983, 1986, 1998).

Many authors hypothesised that SIT mechanisms involve the induction of
IL-10 and TGFb producing CD4+ CD25+ regulatory T-cells inducing an anergic
or tolerant state in peripheral T-cells (Ejrnaes, 2004).

Taking into account all these observations, in the present study we com-
pared the effect of different specific immunotherapy in ovalbumin-sensitised
mouse models. In order to evaluate efficacy, we measured established serum
markers (IgE, IgG1, IgG2a) in combination with new parameters (asymmetric
IgG) and we additionally performed ovalbumin stimulation assays on splenocytes
from treated mice in vitro.

MATERIALS AND METHODS

Preparation of Microspheres
The microspheres of D,L-PLGA (poly-[D,L-lactic-coglycolic acid]) 50:50

(MW 50,000–75,000, Sigma, St. Louis, Mo) containing ovalbumin (OVA,
Fluka, Switzerland) were prepared using a water-in-oil-in-water (A1/O/A2)
emulsion based solvent evaporation technique (Chen; 2002).These hydrophilic
particles of PLGA (50:50) can induce higher antibody levels than hydrophobic
particles do (Johansen, 2000).

Determination of the Active Principle Content
Microspheres were treated with a solution containing 0.1N NaOH and 5%

w/v sodium lauryl sulphate during 16 h at room temperature. Samples were
then centrifuged (1000 g) and the protein content was measured in the super-
natant employing the bicinchoninic acid method (BCA, Pierce, Illinois, USA).
The OVA concentration in the samples was derived from a standard curve
(Chen, 2002). Samples were analysed in triplicate.

Morphology and Size Distribution of the Particles
The morphological characteristics of the microspheres were evaluated by

scanning electron microscopy (JEOL, JSM-35C, Japan) in a microscope
equipped with a digital image acquisition system (SemAfore). Samples were
adhered with a double phase adhesive tape to metallic slides and covered with
gold by spluttering and employing a VE-300 VEECO evaporator operating
under an argon atmosphere. The determination of the particle size was done
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Asymmetric IgG Induced by Specific Immunotherapies 575

employing a light microscope (Arcano XSZ-107E, Argentina) measuring the
diameters of 300 particles (Vila Jato, 1997). The distribution of the particle
size was adjusted according to the frequency percentage.

Characteristics of the Microspheres
The microspheres prepared had an average size of 10.8 μm. Small particles

(< 10 μm) are readily taken up by antigen presenting cells, thus stimulating
the primary immune response, whereas large particles (> 10 μm) release the
antigen to extracellular fluid, thus facilitating the generation of secondary
antibody responses (Johansen, 2000). The protein content was 37.1 μg of OVA/mg
microspheres.

Preparation of Polymerised Ovalbumin
Polymerised ovalbumin (OVA-pol) was prepared as described by Hayglass,

1991. Briefly, glutaraldehyde (6% in saline) was added dropwise to OVA at
25 mg/ml in 0.1 M acetate buffer, pH 5.3, 0.5 pH units above its isoelectric
point to obtain a final molar ratio of 200:1. After dialysis and gel filtration
(Bio-Gel A 50m, Bio-Rad Laboratories, Mississauga, Ontario, Canada) the
polymerised protein (OVA-pol) was recovered as a single, sharp, symmetric
peak of average Mr of 3.5 × 107 (Hayglass, 1991).

Sensitisation
Six-week-old Balb/c mice were sensitised with 3 intraperitoneal injections

on days 0, 14 and 28, with 10 μg of OVA adsorbed in Al (OH)3 in a final volume
of 400 μl/animal. Non-sensitised control animals received Al (OH)3 under the
same conditions. Serum samples were taken on day 0 and on day 50. At the
end of the sensitisation protocol (day 50) the allergy status was evaluated
serologically by the determination of individual serum specific IgE, IgG1 and
by the passive cutaneous anaphylaxis test in mice taken at random. These
practices were performed following protocols for experimental animal use
approved by the NIH.

Desensitisation Scheme
Sensitised mice on day 50 were divided into groups to be subjected to dif-

ferent desensitisation schemes: 1) PLGA-OVA (50 μg of OVA entrapped in
PLGA in 100 μl of saline), 1 dose sc on day 50; 2) OVA-sol (50 μg in 100 μl of
saline), 3 doses sc on days 50, 57 and 64; and 3) OVA-pol (50 μg in 100 μl of
saline), 3 doses sc on days 50, 57 and 64, as model of particle antigen inducer
of high IgG asymmetric antibodies. Control animals were included: sensitised
mice treated with PLGA, 1 dose sc on day 50, and sensitised mice treated with
saline solution on days 50, 57 and 64, respectively. Animals were killed on day 85.
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576 C. Apicella et al.

Serum samples were frozen at –20°C for specific IgE, IgG asymmetric antibodies,
IgG1, IgG2a and PCA determination. Spleens were removed and cultured.

Determination of Specific anti-OVA Antibodies (IgE, IgG1, IgG2a)
Levels of specific IgE, IgG1 and IgG2a were determined in serum samples

obtained on days 50 and 85 by indirect ELISA. Briefly, Maxisorp polystyrene
plates (Nunc Immunoplates, Rochester, NY, USA) were coated with OVA at
20 μg/ml in carbonate buffer pH 9.6 for 2 h at 37°C. Plates were then washed
with PBS. As blocking reagent, a 10% non-fat dried milk solution in PBS was
employed. After washing, suitable serum dilutions in PBS plus 0.05% Tween-20
(PBST) were added. Samples were incubated overnight at 4ºC. After washing,
the following antisera were added: a goat anti- mouse-IgE (Bethyl Laboratories
Inc., Montgomery), a goat anti-mouse IgG1 (Bethyl), a rabbit anti- mouse
IgG2a (DAKO, Denmark) and a peroxidase conjugated goat anti-mouse immu-
noglobulins (DAKO, Denmark). After washing and for detection of IgE and
IgG1, a biotinylated anti-goat antibody was added, followed by an avidin-
peroxidase solution (Vector Laboratories, Inc, Burlingame, USA). For the
detection of IgG2a, a peroxidase conjugated anti-rabbit serum was added.
To measure levels of specific IgG, a peroxidase conjugate anti-mice IgG
was employed. The reaction was developed by addition of a solution of
o-phenilendiamine in citrate buffer pH 5.0 plus 0.004% H2O2. Optical densi-
ties were read at 490 nm. In all cases, the samples that were compared were
tested at the same time and under the same conditions.

Determination of Specific anti-OVA Asymmetric IgG Antibodies 
by Concanavalin a Affinity Chromatography
Levels of specific asymmetric IgG were determined on days 50 and 85.

Considering that a-D-mannopyranosyl, a-D-glucopyranosyl and sterically
related residues are present in the asymmetric IgG molecule, the percentage
of this type of IgG was determined in sera by Concanavalin A (Con A)-
Sepharose affinity chromatography (Amersham, Buckinghamshire, UK).
Briefly, Con-A-coated Sepharose beads were washed with Con A buffer
(0.025M Tris-ClH, 0.2M NaCl, 0.003M CaCl2, 0.003M MgCl2 and 0.003M
MnCl2, pH: 7.2). Serum samples were mixed separately with equal amounts
of Con A-Sepharose to determine symmetric IgG (IgG unbound to ConA) or
with Buffer Con A to determine total IgG and were kept for 2 h at 4°C; the
mixtures were then centrifuged and the specific IgG was determined in super-
natants by ELISA. Briefly, Maxisorp polystyrene plates (Nunc Immunoplates,
Rochester, NY, USA) were coated with OVA at 20 μg/ml in carbonate buffer
pH 9.6 for 2 h at 37°C. Plates were then washed with PBS. As blocking
reagent, a 10% non-fat dried milk solution in PBS was employed. After washing,
suitable sample dilutions were added. For the detection of specific IgG, a
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Asymmetric IgG Induced by Specific Immunotherapies 577

peroxidase conjugated anti-mouse IgG was added. The reaction was devel-
oped by adding a solution of o-phenilendiamine in citrate buffer pH 5.0 plus
0.004% H2O2. Optical densities were read at 490 nm. The percentage of
asymmetric IgG was calculated considering the following formula: % bound
IgG = 100–[(unbound IgG/total IgG)] × 100.

Cutaneous Anaphylaxis Test
Sera containing anti-OVA anaphylactic antibodies (IgE and IgG1)

obtained from sensitised mice (day 50), and after different treatments (day 85),
with or without Concanavalin A-sepharose adsorption, diluted 1/100 in saline
were inoculated intradermically in the back of normal Balb/c mice (sera from
3 mice for each group were tested). After 2 h, 100 μl of a solution containing
20 μg OVA in Evans blue (5 mg/ml) were injected intravenously through the
vein of the tail. A blue-coloured spot present in the antigen inoculation site >3 mm
was considered a positive response (Dearman, 2003, 2005). The diameter of
the blue spot was measured on the underside of the skin and the results were
expressed as: Mild + = 3–4 mm and low blue spot; Moderate ++ = 5–10 mm
and moderate blue intensity; High +++ > 10 mm and intense blue spot.

Splenocytes Culture
Determination of IL-10, IL-4 and IFN-g. On day 85, spleens obtained

from mice were removed under sterile conditions. Cell suspensions were pre-
pared in RPMI 1640 supplemented with 10% of heat-inactivated foetal calf
serum (Gibco, USA), antibiotics (penicillin 50 IU/ml and streptomycin 50 μg/ml),
2 g/l sodium bicarbonate, 2 mM glutamine and 1 mM pyruvate. Aliquots of
100 μl of the suspension containing 2.105 cells/ml were placed in 96 well
U-shaped bottom microtitre plates and incubated with 100 μl of a solution of
1 mg/ml OVA, 100 μl/well of a solution of 10 μg/ml of Concanavalin A (positive
control) or RPMI 1640 alone (baseline). After incubation for 96 h at 37°C with
5% CO2 in air, supernatants were collected and kept at –40°C for determina-
tion of cytokine levels by ELISA (R&D System, Minneapolis, USA) following the
manufacturer’s directions. Plates were read on an ELISA reader (Meterterch
(Σ960) at a dual wavelength of 450–600 nm. Concentrations of each cytokine
were derived from standard curves.

Statistical Analysis
All analyses were performed using one-way analysis of variance followed

by Newman-Keuls multi-comparison test. In the case of asymmetric antibodies,
IgG1 and IFNg analyses were performed considering a logarithmic transfor-
mation of the data to satisfy ANOVA assumptions. The data were expressed
as mean ± SE.
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578 C. Apicella et al.

RESULTS

Immunologic Assessment of OVA-sensitised Mice
The sensitisation protocol induced high levels of OVA-specific IgE (OD 490

nm, day 50: 0.378 ± 0.020 vs day 0: 0.023 ± 0.040) and high specific IgG1 anti-
bodies related to Th2 immune response (OD 490 nm, day 50: 1.506 ± 0.044 vs
day 0: 0.011 ± 0.003). Sera from mice sensitised with OVA gave a high PCA
reactivity score (day 50 :+++ > 10 mm and intense blue spot).

Immunologic Assessment of OVA-desensitised Mice
Levels of Specific Asymmetric IgG Serum Levels. We assessed the per-

centage of asymmetric antibodies induced by particulate and soluble desensiti-
sation treatments. Mice treated with particulate antigens had higher levels of
specific asymmetric IgG (PLGA-OVA: 39.2 ± 0.9%, and OVA-pol: 38.4 ± 4.6 %)
when compared to controls PLGA (26.0 ± 1.0 %) or saline (26.7 ± 1.7%). As
expected, the treatment with soluble OVA did not render an increase in the
percentage of specific asymmetric IgG (29.9 ± 2.5%). Nevertheless, no differ-
ences in the levels of specific asymmetric IgG were found between mice injected
with PLGA or saline (day 85) and mice before treatment (day 50) (Figure 1).

Levels of OVA-specific IgG1, IgG2a and IgE. The effect of the desensitising
therapy on the humoral Th2 and Th1 response was then evaluated. As shown

Figure 1: Specific asymmetric IgG serum levels in sensitised and desensitised mice. Levels of
specific asymmetric IgG in sera from mice before (day 50) and after (day 85) the specific
immunotherapy (SIT) determined by Concanavalin A-Sepharose affinity chromatography and
ELISA. Each bar represents the mean ± standard error of individual sera, n = 5 animals per group.
Data are representative of 3 independent experiments, **p < 0.01 vs day 50, saline or PLGA.
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Asymmetric IgG Induced by Specific Immunotherapies 579

in Figure 2, specific anti-OVA IgG1 levels were significantly reduced in the
group of mice desensitised with PLGA-OVA and a concomitant increase in
IgG2a level was observed. This may suggest a shift in antigen-specific lym-
phocytes from a Th2-type to a Th1-type response.

The desensitisation with OVA-pol did not modify either the levels of
specific IgG1 or those of IgG2a. Upon analysing the results obtained with the
SIT employing OVA sol, an increase in the serum levels of specific IgG2a was
observed. The latter response was not accompanied by a significant decrease
in the anti-OVA IgG1 levels (Figure 2).

The IgG1/IgG2a ratio of mice after SIT with PLGA-OVA was lower
compared to IgG1/IgG2a ratio in mice before SIT (day 50), and when it was
compared to mice treated with PLGA . This effect was not observed in sera of
animals desensitised with OVA-sol or OVA-pol (Table 1).Our results indicate
that no significant decrease in the levels of anti-OVA IgE was observed in any
of the groups undergoing SIT (Figure 3).

Figure 2: Specific IgG2a and IgG1 serum levels induced by different immunotherapies. Spe-
cific anti-OVA antibodies: IgG1 (left) and IgG2a (right) in mice sera before (day 50) and after
(day 85) the SIT. Each bar represents the mean ± standard error of individual sera, n =  5 ani-
mals per group. Data are representative of 2 independent experiments, * p < 0.05 vs day 50.

Table 1: Specific ant-OVA IgG2a and IgG1 serum levels (expressed as OD 490 nm) 
induced by different immunotherapies.

lgG1 (OD490nm) lgG2a (OD490nm) lgG1/lgG2a

Day 0 0.011 ± 0.003 0.054 ± 0.005 –
Day 50 1.506 ± 0.044 0.625 ± 0.039 2.4
Day 85

Saline 1.343 ± 0.099 0.789 ± 0.071 1.7
PLGA 1.525 ± 0.043 0.800 ± 0.080 1.9
PLGA-OVA 1.118 ± 0.067 *,a 0.869 ± 0.043*,a 1.3*,a

OVA-pol 1.329 ± 0.092 0.758 ± 0.011 1.7
OVA-sol 1.338 ± 0.145 0.863 ± 0.017* 1.6

Specific anti-OVA antibodies: IgG1, IgG2a and the ratio IgG1/IgG2a before (day 50) and
after (day 85) the SIT. Values are means ± standard error of individual sera, n = 5 animals per
group. *p < 0.05 vs day 50, ap < 0.05 vs PLGA.
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580 C. Apicella et al.

PCA Test. It was also interesting to evaluate the protective effect of the
asymmetric antibodies present in sera of animals desensitised with PLGA-
OVA, sera which also presented a marked deviation towards a Th1 profile. A
marked decrease in the reactivity in the PCA test was observed in sera taken
at day 85 in the PLGA-OVA treated group (graded Mild + = 3–4 mm and low
blue spot) when compared to sera taken at day 50 (non-desensitised mice:
graded High +++> 10 mm and intense blue spot). This reduction in the PCA
reactivity was partially reverted when serum was pre-adsorbed with Concanava-
lin A and therefore depleted of blocking asymmetric IgG (graded Mild + = 3–4
mm and low blue spot vs Moderate ++ = 5–10 mm and moderate blue intensity).
Sera of animals treated with OVA-sol or OVA-pol showed moderate reactivity
(graded Moderate ++ = 5–10 mm and moderate blue intensity) in the PCA test
(Table 2).

Cytokine Levels in Splenocyte Culture Supernatants. Regarding the levels
of IL-10 and IFNg our finding show that splenocytes from mice treated with
PLGA-OVA or OVA sol released higher levels of IL-10 and IFNg when they
were cultured in the presence of OVA in comparison with splenocytes from
control mice treated with saline or PLGA (Figure 4). However, under our
experimental conditions, IL-10 production by splenocytes from mice treated
with OVA-pol was not modified. Although not statistically significant, IL-4
levels were lower in splenocytes culture supernatants from mice treated with
PLGA-OVA compared to control PLGA (Figure 4).

Figure 3: Specific IgE serum levels induced by different immunotherapies. Specific anti-OVA
antibodies in mice sera before (day 50) and after (day 85) the SIT. Each bar represents the
mean ± standard error of individual sera, n = 5 animals per group. Data are representative of
2 independent experiments.
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Asymmetric IgG Induced by Specific Immunotherapies 581

DISCUSSION

Although the molecular mechanisms responsible for the healing process of
IgE-mediated allergies induced by SITs are not quite clear, it has been
accepted that the synthesis of allergen-specific IgG is of great importance in
this process. This IgG has been named blocking IgG due to its capacity to
interfere with the binding of the allergen to the IgE, thus blocking histamine
release and passive cutaneous anaphylaxis (Bousquet, 1998; Ejrnaes, 2004;
Wachholz, 2004). More recently, this concept of blocking antibody has been
supplemented by evidence that IgG antibody–allergen complexes may inhibit
mast cell signalling by cross-linking the immunoreceptor tyrosine activation
motif (ITAM) -containing activating receptor FceRI- with the immunoreceptor
tyrosine inhibition motif (ITIM) -containing inhibitory receptor FcgRIIb-
(Daeron, 1995; Strait, 2006). At present, we do not have any experimental
data that could support this hypothesis in reference to the asymmetric IgG
antibodies analyzed in the present study. Nevertheless, we consider it would
be interesting to further analyze it in future studies.

Little is known about the role of asymmetric IgG antibodies in allergen-
specific immunotherapy. In this report we studied the effect of different desen-
sitising therapies in a murine model of allergy in relation to the modulation of
the immune response induced by a particulate antigen. Levels of specific IgE,
IgG1, and the cutaneous anaphylaxis test were employed to monitor the aller-
gic status of sensitised mice (day 50). These animals were then subjected to
different SITs employing microspheres of PLGA-OVA, OVA- pol (as model of
particulate antigen to induce the synthesis of asymmetric antibodies) and
OVA-sol (non-particulate antigen).

In the present study, we demonstrated for the first time an increase of
specific IgG asymmetric antibodies induced by a SIT employing particulate

Table 2: Cutaneous anaphylaxis test.

Score

Day 0 –
Day 50 +++
Day 85

PLGA-OVA +
PLGA-OVA pre-adsorbed with Concanavalin A ++
OVA-sol ++
OVA-pol ++

PCA score obtained in mice inoculated with sera containing anti-OVA
anaphylactic antibodies from sensitised mice (day 50) and after differ-
ent treatments (day 85). n = 3 animals per group. A blue-coloured spot
present in the antigen inoculation site >3 mm was considered a positive
response: Mild + = 3–4 mm and low blue spot; Moderate ++ = 5–10 mm
and moderate blue intensity; High +++ > 10 mm and intense blue spot.
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Figure 4: IL-10, IFNg and IL-4 production in the spleen cells of PLGA-OVA and OVA-sol desensi-
tised mice. Levels of IL-10 (upper panel), IFNg (middle panel) and IL-4 (lower panel) deter-
mined by ELISA in culture supernatants of splenocytes mice receiving different SITs and then
stimulated in vitro with OVA. Each bar represents the mean±standard error of quadruplicate
cultures. Data are representative of 2 independent experiments. *p < 0.05, **p < 0.01 vs con-
trol mice (saline or PLGA).
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antigen. In the case of the animals treated with PLGA-OVA, this increase was
accompanied by a decrease in the capacity to induce passive cutaneous ana-
phylaxis and by the capacity to deviate the Th2 allergic response. These
results are in line with those reported by other authors who consider the devi-
ation of the immune response towards a Th1 phenotype to be beneficial in
allergy (Carcaboso, 2004; Scholl, 2004).

OVA-pol induced an increase of specific IgG asymmetric antibodies; the
results of this SIT are in concordance with previous observations reported by
our team (Margni, 1983, 1986). However, in our study we did not observe a
deviation towards a Th1 immune response, as had been demonstrated by Hay-
glass (1991); this is probably due to the fact that the OVA-Pol immunization
scheme used in the present study was different (doses and frequency).

PLGA was chosen in the desensitising therapy on the basis that these
microspheres can induce the maturation of antigen presenting cells (APC),
thus favouring the stimulation of T-cells. The variability of the size of par-
ticles is advantageous; it has been demonstrated that particles of PLGA
having a diameter ≤ 10 μm are more easily taken up by APC than bigger
particles; thus, the former is more effective in stimulating the immune sys-
tem. Nevertheless, the administration of particles with a size >10 μm made
up of slow degradation polymers could be used as boosting doses
(Johansen, 2000).

On the other hand, many experimental studies have demonstrated the
importance of the changes in the glycosilation pattern of proteins, especially
immunoglobulins (Leibiger, 1995; Leoni, 1986; Morelli, 1993). These changes
alter their biological and physicochemical properties. As mentioned before,
15-20% of serum IgG molecules are asymmetric and their synthesis has been
proven to be stimulated by particulate antigens. These antibodies behave as
antigen-blocking and univalent, thus preventing the activation of immune
effector mechanisms; this phenomenon plays an important biological role
(Canellada, 2002; Malan Borel, 1989, Margni, 2002).

Our studies undertaken in an allergy model have shown that the SIT
employing a single dose of PLGA-OVA induced an increase in the propor-
tion of asymmetric IgG molecules similar to that achieved with 3 doses of
OVA-pol. OVO-sol did not induce an increase of specific IgG asymmetric
antibodies. The development of particulate vaccines has increased over the
last years mainly because they are easily taken up by APC and transported
to secondary lymphoid organs allowing a permanent delivery of antigens
due to the low degradation or clearance of the carrier particle. Interest-
ingly, it has been observed that several doses of OVA-pol had to be
employed to achieve the asymmetric IgG levels obtained with single doses
of PLGA-OVA. Therefore, the use of microparticles of PLGA would be
advantageous in desensitising therapies, avoiding the use of multiple
administrations to achieve protection.
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Taking into account the differences observed when soluble or particulate
antigens are used, it is possible that different presenting cells participate in
antigen capture. Thus, cells could synthesize different factors (cytokines) that
inhibit or stimulate the activity of glycosyl transferases, and these change
glycosylation and produce different glycoforms. Alternatively, if soluble and
particulate antigens are recognised by the same cell, then their capture by
endocytosis (soluble antigen) or phagocytosis (particulate antigen) may activate
different internal systems which induce modifications in the normal pattern of
IgG glycosylation. Changes in glycosylation could occur through variations in
the H chain peptide folding, which cause the exposure of previously hidden
glycosylation sequons to glycosyltrasferase resulting in the increase of asym-
metric antibodies (Miranda, 2005).

In order to evaluate the protective effect of asymmetric antibodies in
allergy processes, we carried out the PCA test in mice belonging to the same
strain. Considering that both murine IgG1 and IgE are homocytotropic, the
protocol employed allowed us to evaluate the anaphylactic properties of IgG1,
since antibodies of this isotype dissociate from cell surfaces more easily than
IgE (after 2 and 48h, respectively) (Dearman, 2003). Serum from mice desen-
sitised with PLGA-OVA displayed less activity in PCA tests; this reactivity
was partially recovered when serum samples were pre-adsorbed with Con
A-Sepharose and depleted of asymmetric IgG molecules. These results are in
agreement with our previous studies demonstrating that asymmetric antibodies
isolated from sera could bring about a PCA reaction, although with less effi-
ciency than symmetric antibodies (Margni, 1972). The increase in the propor-
tion of asymmetric IgG during a desensitising therapy would contribute to
preventing the allergen from binding the specific IgE on mast cells and baso-
philes, thus leading to the reduction of anaphylactic reactions mediated by IgE.

Upon analysing the serum samples of mice before and after SIT it was
observed that only those animals treated with one dose of PLGA-OVA dis-
played a decrease in the IgG1/IgG2a ratio when compared with the control
group, mainly due to a decrease in the OVA-specific IgG1 and an increase in
the serum specific IgG2a. These results are in line with those obtained by
other authors who demonstrated that the use of allergen-loaded PLGA nano-
particles induce downregulation of an ongoing Th2 response in mice (Scholl,
2004).

Our results suggest that the deviation of immune response induced by
PLGA-OVA towards the synthesis of anti-allergen asymmetric IgG and
together with a change in the IgG1/IgG2a ratio would help diminish the ana-
phylactic reaction, as assessed by the PCA test even without a decrease in the
specific IgE levels. Furthermore, it has been demonstrated that in humans,
SITs do not produce a decrease in the IgE levels but an increase in the synthesis
of blocking IgG4, which is associated with the control of the allergic reaction
(Jarolin, 1990).
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A significant increase in the levels of IL-10 was observed in splenocytes
culture supernatants of animals treated with one dose of PLGA-OVA and 3
doses of OVA-sol when compared to non-desensitised control mice treated
with PLGA and saline, respectively. Under our experimental conditions, this
effect was not observed in supernatants of cell cultures from animals treated
with OVA-pol. Although the immunological mechanisms by which the SIT
administered by the sc route produces an increase in the levels of IL-10 are
not known, the increase in the synthesis of this cytokine by splenocytes from
animals which received PLGA-OVA and OVA-sol could be associated to the
induction of regulatory CD4+CD25+ T-cells. In previous reports other authors
demonstrated that allergen specific CD4+CD25+ cells can be stimulated by
the use of SIT. This stimulation leads to the secretion of IL-10 and TGFb, thus
modulating the Th2 response generated by the allergen and skewing the
humoral response towards the synthesis of blocking antibodies (Ejrnaes, 2004;
Akdis, 2006; Nouri-Aria, 2004).

The immune modulation achieved by the PLGA-OVA treatment was also
demonstrated by the increase of IFNg levels observed in splenocytes culture
supernatants and by the levels of IL-4, which tended to decrease over time.
Culture supernatants of splenocytes from OVA-sol treated mice also presented
higher levels of INFg, as was demonstrated by other authors (Carcaboso, 2004;
Nouri-Aria, 2004).

In summary, in the present study we found that among the SITs analyzed,
PLGA-OVA is the only therapy that presents the best efficacy and more
parameters indicative of the success of a desensitising therapy in a murine
model of allergy (the synthesis of asymmetric antibodies, the decrease in Th2
response and a significantly activated Th1 immune response). We believe
these findings would be of importance when designing new vaccination strategies
for clinical use.
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