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Abstract A large population world over is affected with
allergic diseases and asthma. Pharmacotherapy for allergic
diseases and asthma is effective in controlling symptoms
but on discontinuation of medication, symptoms reoccur.
In contrast, immunotherapy modifies and corrects the
underlying pathological immune responses in an antigen-
specific manner. Immunotherapy shows an increase in IgG
(blocking antibody) that competes with IgE for allergen,
inhibiting the release of inflammatory mediators. Recent
studies suggest that immunotherapy acts by modifying
CD4+ T-cell responses either by immune deviation, T-cell
anergy and/or both. Current immunological approaches for
management of allergies and asthma involve immuniza-
tion with native allergen, modified allergen, peptides/
cDNA of allergen, anti-IgE, adjuvants coupled allergen,
including immunostimulatory DNA sequences, cytokines,
and bacterial products. These approaches modulate the
immune response and are intended to give long-term
benefit.
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Introduction

Allergic diseases are immunologic disorders, traditionally
referred to as immediate or type I hypersensitivity reactions
with IgE playing an important role. Interaction of IgE with
allergen on mast cells or basophils leads to allergic reac-
tions causing release of an array of inflammatory mediators
resulting in inflammation of airway mucus membrane
leading to clinical symptoms in target organ. Allergic
reaction has two phases, namely, early and late. In the early
phase, IgE sensitizes mast cells and basophils by binding
the high-affinity receptor for IgE (FceRI) at the surface of
these cells. On cross-linking of the IgE—FceRI complexes
by allergen, mast cells and basophils degranulate, releasing
vaso-active amines (mainly histamine), lipid mediators
(prostaglandins and cysteinyl leukotrienes), chemokines
and other cytokines [1, 2]. IgE also binds FceRI at the
surface of dendritic cells (DCs) and monocytes, as well as
the low-affinity receptor for IgE, FceRII (also known as
CD23), at the surface of B cells. This process increases the
uptake of allergen by these antigen presenting cells (APCs)
and the subsequent presentation of allergen-derived pep-
tides to specific CD4+ T cells, which in turn activates
distinct cytokine pattern leading to the late phase of
allergic reaction. The activation of a distinct cytokine
pattern in T cells includes increased secretion of certain
inflammatory cytokines particularly IL-4, IL-5 and/or
IL-13 [3-5].

As per estimates 10-25% of the world population is
suffering from rhinitis with increasing prevalence over the
last decade [6]. Prevalence of allergic rhinitis has been
reported in 7.3% of Indian children [7]. According to the
ISAAC study, the prevalence of asthma showed a wide
range of 1.6-36.8%, with an eightfold variation seen
between the 10th and 90th percentile (3.9-30.6%). Recent



524

D. Srivastava et al.

reports show prevalence of asthma in the range of 8§-15%
[7, 8] than reported earlier (<1%) in India [9]. The high
incidence of asthma and allergies causes an enormous
financial burden and also loss of several working days
during the active phase of life. Pharmacotherapy has
improved considerably in controlling symptoms, but has
many side effects [10]. Tropical country like India is rich in
flora and fauna; hence, atmosphere is always laden with
various types of pollen allergens that trigger different
forms of allergies.

Desensitization (immunotherapy) is the only way of
“teaching” the immune system to tolerate allergic triggers.
This is a gradual immunizing process in which increasing
doses of antigens responsible for causing allergic symp-
toms are administered to a patient to develop tolerance to
the offending allergen when natural exposure occurs.
Immunotherapy reduces specific cutaneous, nasal, bron-
chial and/or ocular reactivity to allergen as assessed by skin
provocation and/or in vitro tests. There is an initial tran-
sient increase in serum specific IgE followed by gradual
decrease over few months of treatment. Then there is a
class switch, where IgG1 shows increase initially and IgG4
level increases later as a result of successful immunother-
apy. However, these changes may not always correlate
with improvement in symptoms.

Allergen avoidance is the best treatment in atopic dis-
eases, wherever possible [11]. Good candidates for
immunotherapy are patients whose symptoms are not
controlled adequately by medications and allergen avoid-
ance measures. Analysis under a WHO position paper
revealed that specific immunotherapy is an effective form
of treatment for patients with allergic asthma [12].
Immunotherapy when properly conducted has the potential
to reduce symptoms and need for drug significantly. In
addition, it is possible to prevent progression into more
severe disease by this therapy [13]. Clinical efficacy of
immunotherapy in rhinitis and asthma using potent stan-
dardized extracts in carefully selected patients has been
documented in many double-blind placebo controlled
studies. However, only a few studies have demonstrated
low degree of clinical efficacy [14]. Meta analysis of
clinical trials of allergen immunotherapy has shown ben-
efits for the treatment of allergic conditions/asthma;
however, the major risk associated is systemic reactions
(anaphylaxis). Immunotherapy is effective and well toler-
ated in children. Beside, it prevents the development of
asthma in children having allergic rhinitis. Immunotherapy
with hymenoptera venom allergens has been reported to
give almost 100% benefits in patients.

Several clinical trials have been done world over dem-
onstrating beneficial effects of this therapy using clinico-
immunologic parameters [15, 16]. Immunotherapy is
practiced in India since the last three decades, but only a few

systematic studies have been carried out in the country to
assess the benefit of this therapy. In a study at Vallabhbhai
Patel Chest Institute, Delhi, 50% of the seasonal allergic
rhinitis cases showed considerable reduction in their
symptom score and drug intake after 2 years of immuno-
therapy with mixed allergen vaccines [17]. Further,
immunotherapy with single allergen preparation of Cocos
nucifera pollen showed significant clinical improvement
and immunological changes as compared to placebo group
[18]. An open comparative trial, taking immunotherapy
versus inhaled budenoside showed faster improvement in
symptoms with drug therapy. But the decline in benefit after
cessation of treatment was more rapid in patients on corti-
costeroid than patients on immunotherapy [19]. To assess
the benefit of immunotherapy, a double-blind placebo con-
trolled trial has been carried out by the authors sponsored by
Department of Science and Technology, New Delhi. After
1 year of immunotherapy with single and mixed allergen
vaccines, the patients with rhinitis and asthma showed
substantial reduction in symptom/drug score, IgE, IL-4 and
increase in IgG4 levels than placebo [20, 21].

Types of immunotherapy

Immunotherapy has been classified according to the route
of allergen administration.

Subcutaneous immunotherapy (SCIT)

The most effective and frequently used form of immuno-
therapy is SCIT and it involves repeated subcutaneous
injections of increasing doses of allergen extracts until a
standard maintenance dose is reached. This dose is then
injected subcutaneously on a regular basis (at intervals of
approximately 20 days) for not less than 3 years for
perennial allergens. The process is specific, in that the
treatment is targeted at those allergens recognized by the
patient and physician as responsible for symptoms. Treat-
ing patients with SCIT on the basis of positive allergy tests
alone without relevant clinical symptoms is not justified.
The patients receiving immunotherapy should have proven
allergy by skin test or in vitro testing that should correlate
with their clinical history. Short-term immunotherapy does
not affect the cytokine profile and does not have long-term
efficacy after discontinuation. The patient needs to be
patient, motivated and compliant with treatment.

Studies evaluating the long-term efficacy of subcutane-
ous immunotherapy with inhalant allergens have been
undertaken in patients with rhinitis and asthma. A pollen
immunotherapy study of 3 years has confirmed the favor-
able effects in clinical as well as in immunologic parameters
with increased production of specific IgG4 antibodies and
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decreased IgE-binding affinities in associations with TGF-
p and IL-10 [22]. Another 10 year follow-up study inves-
tigating the time course changes in specific IgE and IgG4 in
serum found that IgE titer decreases with several years of
treatment and increase in IgG4 plays a significant contri-
bution to clinical efficacy of immunotherapy [23]. The
allergen-specific immunotherapy also prevents onset of new
sensitization in allergic patients [24]. Administration of
allergens in patients might cause local and/or systemic
reactions, such as urticaria, asthmatic attack and/or life-
threatening anaphylactic shock. Therefore, attempts have
been made to reduce therapy-induced side effects.

Sublingual immunotherapy (SLIT)

Specific immunotherapy (SIT) by the subcutaneous route is
effective, but it may be associated with severe or even fatal
systemic reactions [25]. Therefore, alternative route of
allergen administration has been proposed involving
mucosal absorption in allergic patients [26, 27]. The nat-
ural mechanism underlying the induction of oral tolerance
at mucosal surfaces is considered to be an effective ther-
apeutic strategy for suppression of ongoing pathological
immune responses in allergic diseases [25]. A specific form
of oral tolerance induction, i.e., sublingual immunotherapy
is raising a lot of interest as a noninvasive procedure and
demonstrated to be efficacious. SLIT is safe because oral
mucosa lacks proinflammatory cells and is rich in Lan-
gerhans-like dendritic cells [28]. But it requires high doses
of allergen, i.e., 50- to 100-folds more than administered
through subcutaneous route. Studies suggest that SLIT is as
effective as subcutaneous immunotherapy in reducing
allergic symptoms and medication requirement [29-32].
In SLIT, the patients are instructed to hold the extract
(drops) under the tongue for 2 min and then swallow. The
dose is increased once in every 3—4 weeks or earlier until a
maintenance dose is reached, with minimal or no side
effects. The contact of the allergen with the oral mucosa is
crucial for the success of SLIT. To provide the experimental
basis for understanding the relationship between the route
of administration and the mechanism of action, allergen
labeled with iodine'?® has been used for pharmacokinetic
studies [33]. In subjects receiving the radiolabelled allergen
orally, plasma radioactivity increased rapidly, peaking at
about 30 min. However, when given sublingually, plasma
radioactivity was undetectable until swallowing. Moreover,
a relevant amount of iodine'*-labeled allergen persisted in
the sublingual region for up to 40 h after administration.

Other possible routes of antigen administration

The extracts are given through mouth (oral) in the form of
enteric coated capsules or tablets. Here, the allergen

tolerance was reported to improve due to deviation of
Tu2/Tyl and regulation of IgE production [34]. Studies
show clear clinical effectiveness supported by significant
symptom improvement and decrease in dosage of drugs
required to control the symptoms [35, 36]. However, with
high doses of allergen, adverse reactions like intestinal
bleeding were seen in this form of immunotherapy [37, 38].

Another route of allergen administration is intranasal
(i.n.). Out of 18 studies conducted, 17 reported significant
improvement in rhinitis by reduction of nasal sensitivity
and local immunological responses [39, 40]. Both, aqueous
extracts and dry powders have been tried in nasal immu-
notherapy. Apparently, nasal immunotherapy exerts its
action only on the target organ and the efficacy of the
treatment requires preseasonal administration. Here, mild
adverse reactions such as rhinitis and itching in the nose
have been reported.

Mechanism of immunotherapy

Cooke R.A. (1937) provided the first insight into the
mechanisms of SCIT by showing that the transfusion of
blood from a patient who had been successfully treated
with immunotherapy to an allergic recipient, cured hay
fever in the latter [41, 42]. A few years later, the trans-
ferable factor was identified as IgG antibodies, which
owing to their ability to inhibit immediate skin reactions to
allergen provocation were designated as blocking anti-
bodies [43]. Studies on IT have shown modest reduction in
allergen-specific IgE levels and induction of allergen-spe-
cific IgG subclasses [12, 44-46]. IgG acts as ‘blocking
antibody’ and compete with IgE for allergen binding to
mast cells, basophils and other IgE receptor-expressing
cells. IgE-allergen binds to CD23 on the surfaces of B cells
leading to stimulation of allergen-specific T-cell clones.
But in patients getting immunotherapy, “blocking” IgG
antibodies could inhibit IgE-facilitated allergen binding by
B cells and presentation to T cells [47]. Another surface
receptor, CD32, is a part of a large population of B-cell
co-receptors, which acts to modulate signaling. It has a
low-affinity for IgG antibodies and down-regulates anti-
body production in the presence of IgG. CD32 (FcylIl)
receptor is involved in the regulation of the B-cell response
to antigen [48]. However, the importance of blocking
antibodies was questioned, because induction of IgG anti-
bodies is not always associated with clinical improvement
after immunotherapy [49].

Studies carried out in defined molecular and cellular
systems have rekindled interest in the concept of blocking
antibodies [50]. Gradually it has been proved that immu-
notherapy alters the cytokine profile from a Ty2 cytokine
dominated response (IL-4 and IL-5) to a Ty 1-type response
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with a local accumulation of cells producing IFN-y [51].
Immunotherapy acts on effector cells inhibiting the release
of inflammatory mediators. Early effects of immunother-
apy are related to mast cell and basophil desensitization.
Intermediate effects are associated with changes in aller-
gen-specific T cells and late effects are on B cells and IgE
as well as mast cells, basophils and eosinophils [52].

Control of IgE synthesis is attributed to the actions of
mutually antagonistic subsets of CD4+ T cells. Later,
activated T cells and their products that play a major role in
the pathogenesis of allergic diseases and allergen-specific
T cells were considered as the major target for SIT. The
concept of T-helper cell heterogeneity with Tyl and Ty2
subsets, which are characterized by a marked variation of
their cytokine secretion patterns, has become a common
paradigm for description of the immunologic basis of
allergic disorders, as well as the mechanism of SIT. The
balance between the Tyl/Ty2 responses is crucial in
allergy and atopic asthma. Central paradigm for successful
immunotherapy has been to reorient the pattern of allergen-
specific T-cell responses in atopic patients from a Ty2 to
Tyl profile [53]. SIT induces a decrease in IL-4 and IL-5
production by CD4+ Ty2 cells and a shift towards
increased IFN-y production by Ty1 cells. Activation of Tyl
subset is associated with the development of cell mediated
immunity, essential for a protective immune response
against the development of hypersensitivity/asthma,
whereas activation of Ty2 subset results in humoral
immune response with high IgE production.

IT acts by modifying CD4+ T-cell responses either by
immune deviation, T-cell anergy and/or both [54]. Further,
a subtype of T cells with immunosuppressive function and
cytokine profiles distinct from either Tyl and Ty2 cells,
termed regulatory/suppressor T cells have been described
[54, 55]. Treg cells producing IL-10 and possibly TGF-p,
CD4+ CD25+ T cells (possibly TGF-f), and TH3 cells
(also TGF- f) play a major role in the inhibition of allergic
disorders [56]. It has been reported that IL-10 levels in the
bronchoalveolar-lavage fluid of asthmatic patients are
lower than in healthy controls, and that T cells from chil-
dren suffering from asthma also produce less IL-10 mRNA
than T cells from control children [57, 58]. There is a
growing interest in activating regulatory T cells, capable of
down regulating both Tyl and Ty2 responses through the
production of IL-10 and/or TGF-f (transforming growth
factor) [59, 60]. Induction of IL-10 might block B7/CD28
co-stimulation and has a number of documented antialler-
gic properties that might favur immunotherapy [61, 62].
The properties of T cells producing IL-10 after immuno-
therapy are contentious, including the immunologic
mechanisms that give rise to them. It has yet not been
established whether immunotherapy-induced blocking
antibodies or T-cell-based down regulation prevent the

continuous boosting of IgE production, which otherwise
might occur in allergic patients through repeated allergen
exposure. Probably, several different mechanisms are
responsible for the long-term effects (that is, prolonged
clinical remission of symptoms) of immunotherapy. Stud-
ies to evaluate the effect of immunotherapy on the T-cell
response or cytokine production show conflicting results.
While some studies showed decreased IL-4 or IL-5 pro-
duction, others showed decreased or unaltered IFN-y
production [63].

Sublingual immunotherapy operates through a different
route where in the allergen is captured by Langerhans-like
dendritic cells in oral mucosa and subsequently, the den-
dritic cells mature and migrate to proximal draining lymph
nodes. The role of these lymph nodes lies in their prefer-
ential production of blocking IgG antibodies and the
induction of T lymphocytes with suppressive function [64—
66]. One explanation for the success of SLIT is the pro-
found difference between oral Langerhans cells and their
skin counterparts. Oral Langerhans cells exhibit constitu-
tive high expression of the Fc portion of IgE (FceRI), major
histocompatibility complex (MHC) class I and 11, as well as
co-stimulatory molecules (CD40, CD80/B7.1, CD86/B7.2),
which suggest the specific function of these cells within the
regional immune system of the oral mucosa [67, 68].
A recent study has done the comparative analysis of nasal
and oral mucosal CD1a+ myeloid dendritic cells of atopic
and nonatopic individuals [69]. Both nasal and oral den-
dritic cell types shared the feature of FceRI expression, but
differed in (1) surface density of FceRI, (2) lineage speci-
ficity, (3) myeloid marker and (4) co-stimulatory and MHC
class expression. Furthermore, this study revealed that the
lipopolysaccharide receptor CD14, present on both nasal
and oral myeloid dendritic cells, was at higher density on
oral dendritic cells. Allergen delivery through the sublin-
gual-swallow route appears to be more efficient than either
route alone, which suggests an inevitable absorption of
allergen through the gastrointestinal tract that potentiates
the induction of oral mucosal tolerance [33].

Risks associated with immunotherapy

Local and systemic reactions including severe anaphylaxis
leading to death have been reported with subcutaneous
injection of allergen immunotherapy [70, 71]. But in most
cases it was wrong administration of injection or the over-
dose of vaccine. Patients with asthma are particularly prone
to develop systemic reactions during immunotherapy. This
represents the primary argument against the use of IT and
secondly use of crude extracts. These untoward reactions
can be considerably reduced by using carefully designed
protocol depending upon the sensitivity of the patient and
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the pretreatment. IT must be administered under the
supervision of a trained physician to recognize early
symptoms and administer emergency treatment wherever
necessary. In some cases it may be necessary to administer
IT outside the prescribing allergist facility. This decision
should be made on individual patient basis weighing the
risk versus benefit for the patient. By accepting the
responsibility of allergen extract administration, the aller-
gist is agreeing to provide knowledgeable and adequate
supervised administration of allergen extract and should
have necessary accessories to manage emergencies.
Because of the risk of systemic reactions and long duration
of treatment, modified allergens and or new routes of
administration of vaccines have been explored [30, 31, 40].

Allergens for immunotherapy

Immunotherapy has been effective with pollen, fungi
(molds), animal dander, dust mite, cockroach, and in
Hymenoptera sensitivity [72]. The current practice of
immunotherapy, performed with allergenic products from a
wide variety of sources in differing formulations, dilutions
and expressed potencies, still has many challenges. Aller-
gen mixture (formulation) requires progress in allergen
standardization and information about the efficacy and
safety of mixing multiple allergens in a single-vial injec-
tion. Knowledge about allergen cross-reactivity, relative
compatibility and stability of individual allergens is
important in the selection of allergens for immunotherapy,
because limiting the number of allergens is necessary to
attain optimal therapeutic dose. Phylogenetically related
pollens contain cross-reactive allergens, e.g., tree pollen
species belonging to same genus/family such as members
of family arecaceae (betelnut, fan palm, coconut and date
sugar palm), cupressaceae (Japanese cedar, Japanese
cypress, mountain cedar) and oleaceae (olive, forsythia,
ash, lilac and privet) [73-75]. For substantially cross-
reactive pollen allergens, selection of single pollen within
the cross-reactive genus or subfamily may suffice the
requirement for IT [76]. However, both unique and shared
antigens have been reported in phylogenetically related or
unrelated insect species [77]. For mixed allergen vaccine,
the following factors must be considered; (1) the cross-
reactivity of the allergens, (2) the optimal dose of each
constituent, and (3) enzymatic degradation of the allergens.
Allergenic extracts containing high concentration of pro-
teolytic enzymes have been implicated in reducing the
potency of allergen mixture and, thus interfere with their
clinical utility [78]. With the discovery of cross-reactive
allergens, it is now possible to form a panel of allergens for
predicting the sensitization profile and to make right choice
of allergens for use in therapy [79].

Native allergen extracts are heterogeneous mixture of
proteins and lose potency on storage. The loss in potency
affects the results of allergy diagnosis and immunotherapy.
Hence, the extracts are recommended to be stored in a
refrigerator between 2 and 8°C (35.6-46.4°F), because at
higher temperature allergenic proteins degrade rapidly. The
inherent proteolytic enzymes can expedite the degradation
of self and other allergen extracts in vaccines [80]. Con-
centrated aqueous extracts (1:10 w/v) in 50% glycerin are
stable for about 3 years, if stored in a refrigerator at 4°C
(39.2°F), but without glycerin, they may lose half their
original strength within 6 months [81]. A study on stability
of Periplaneta americana extract shows, EACA (0.05 M)
and sucrose (0.25 M) in combination maintain shelf life of
extract for 1 year at 4°C [82]. Specific immunotherapy
requires extracts with consistent allergenic activity and
composition. Standardized extracts are therefore required
with a defined potency for vaccines and are labeled with a
common unit of measure. However, the commercial extracts
vary widely in biologic activity and allergen constituents
[83]. The coordinated efforts of scientists at Institute of
Genomics and Integrative Biology and clinicians at V. P.
Chest Institute, Delhi, have resulted in characterization of
many pollen, fungi and/or insect allergens relevant to type I
respiratory allergy [84—88]. Besides, few more Indian labs
have contributed towards identification of allergenic pro-
teins from pollens. In recent years, allergens from food
sources such as chick pea, black gram, rice, peanut and
soybean have been evaluated for allergenicity [89-94]. This
knowledge can be applied in quality control of extracts for
diagnosis and/or therapy of allergic disorders.

The current practice of immunotherapy has many other
challenges. To minimize the risk associated with immu-
notherapy, various approaches given below have been
adopted to reduce the allergenicity and retain immunoge-
nicity of antigens.

Allergoids

Allergoids are allergen extracts, polymerized into larger
aggregates by a chemical reaction resulting in reduced
allergenicity and maintained immunogenicity. Formalde-
hyde is used to cross-link the proteins and produce toxoids
(allergoids). Allergoids (modified proteins) can be given in
high doses without much risk as they have reduced
capacity to trigger degranulation of mast cells, yet capable
of inducing IFN-y production by T cells [95, 96]. The
major advantage of allergoids is that they produce immune
response with least risk of systemic reactions. Such prep-
arations are available as depot allergens in some European
countries. However, they were not able to completely
eliminate the systemic reactions or decrease the initial
rise in IgE.
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Commercial (glutaraldehyde) polymerized allergens are
used in a few European countries for treatment of rhinitis,
but they are still not accepted everywhere. Mono methoxy
polyethylene glycol conjugated derivatives of allergens
have been tried in humans and proved useful in regulating
IgE synthesis and preventing systemic reactions [97]. The
tolerance was shown to be associated with the induction of
non cytotoxic CD8+ suppressor T cells. Glutaraldehyde
polymerized allergens could down regulate IgE antibody
by inducing the IFN-y production [98]. The major problem
in use of chemically modified allergens in clinical practice
has been the difficulty in defining or in standardizing such
preparations, and therefore, these could not get clearance
from FDA, USA.

Adjuvant/carrier

The occurrence of severe anaphylactic side effects caused
by the injection of aqueous allergen extracts and the
necessity to administer a great number of injections over
long periods prompted the development of safe and effi-
cacious allergen formulations.

Alum Out of many adjuvants tried to improve the
response of allergen vaccines, alum-adsorbed allergen
found some applications in immunotherapy. Alum is also
used as an adjuvant for tetanus toxoid vaccine and can
produce high titer of IgG antibodies. Aqueous and form-
aldehyde polymerized allergenic (extracts) components
adsorbed on calcium phosphate or aluminum hydroxide are
currently available in some countries commercially.
However, alum together with small quantity of allergen can
induce vigorous IgE response, and hence, its utility remains
limited [99].

Liposomes Liposomes made from naturally occurring
lipids in the body have been proposed as a carrier of
allergens for immunotherapy. Studies with liposomes-
entrapped allergen have shown immune response modu-
lating ability in mice [100-102]. Here, we do not require
modification of proteins because allergens can be incor-
porated into liposomes in natural form. Liposome
preparations are proved safe to administer, which may be
due to the slow release of antigens. Specially designed lipid
vesicles like elastic vesicle transfersomes, non-ionic sur-
factant vesicles (niosomes) are attracting intense attention
and can be used for non-invasive antigen delivery.
Niosomes and liposomes also have potential in topical
delivery of bioactives, but niosomes reflect better immune
response than liposomes. Transfersomes are the recent
development in vesicle design for transdermal bioactive
delivery which differs from conventional niosomes and
liposomes by their characteristic fluid membrane with high
elasticity. This feature enables transfersomes to squeeze

themselves through intercellular regions of the stratum
corneum under the influence of transdermal water gradient
[103]. In vitro skin permeation experiment revealed that
transfersomal formulation has maximum permeation pro-
file, whereas niosomes and liposomes showed relatively
low permeation characteristics, because cholesterol affects
profoundly their membrane properties. However, these
formulations need further investigations.

Recombinant allergens

With the advent of molecular biology methods, several new
approaches to immunotherapy became possible including
cloning and sequencing of allergen and knowledge of
proteins involved in IgE pathways. This has enabled to
generate purified homogeneous allergen preparation with
consistent potency. The knowledge has also showed the
way to block the pathway(s) involved in IgE synthesis. The
protein of defined structure and/or patient’s specific ther-
apeutic molecule can be prepared in an appropriate vector.
High-level expression systems have been developed to
produce recombinant allergens in bacteria, yeast or insect
cells. Chapman et al. (2000) [104] have listed 19 recom-
binant allergens from cat, mite, cockroach, grass, ragweed,
birch and peanut that show allergenic activity appropriate
for their use in diagnostics. Studies suggest that recombi-
nant allergens show comparable IgE binding to their
natural counterparts [105, 106]. Several studies with
recombinant allergens have been performed to improve the
efficacy and safety of immunotherapy [107]. Modified
derivatives of major birch pollen allergen, Bet v 1 have
been tried successfully in two studies on immunotherapy
[108, 109]. Recombinant allergens also offer the possibility
of developing hypo-allergens with reduced IgE reactivity
but intact immunogenicity.

Peptides

Peptides are small fragments of protein which are too small
to be recognized by IgE for cross-linking on mast cells.
Preclinical studies in mice have shown downregulation of
both T cell and antibody responses, an increase in allergen-
specific IgG2a and clinical protection against anaphylaxis
[110]. It has been reported that human lymphocyte cul-
tures, synthetic peptides representing T cell epitopes, if
presented without co-stimulation, can induce anergy to
subsequent challenges with the peptide or full-length pro-
tein [111, 112]. Peptides are not expected to strengthen
Tyl-mediated immunity, but rather induce a state of tol-
erance specific to allergen. Peptides for treatment are
selected on the basis of their ability to induce proliferation
in lymphocyte lines from a panel of patients with a specific
allergy. Peptide allergen immunotherapy has been studied
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extensively with cat major allergen Fel d 1 [113] and with
hymenoptera venom major allergen phospholipase A2
[114]. Investigators have examined a collection of over-
lapping peptides of Fel d 1, each with 12 amino acids in
length that covers the whole protein [115, 116]. Because of
the peptides overlap, they affect many T cells in a wide
variety of individuals. The induction of allergen-specific
peripheral T cell tolerance represents an essential step for
successful therapy [117]. Complete allergens with the full
T cell repertoire are apparently necessary, because multiple
T cell epitopes are recognized individually by different
patients as a result of the large diversity of MHC and T-cell
receptors.

Humanized monoclonal antibodies

Advances in our knowledge of the mechanism of allergic
reactions and inflammatory mediators have lead to
approaches aimed at selective inhibition of IgE antibody.
IgE sensitizes the target cells by binding to the receptor,
but does not activate target cell degranulation until the
legend is aggregated by the antigen. Methods to competi-
tively inhibit the binding of IgE to mast cells have been
explored. It was reported that Fce fragments derived from
human myeloma IgE by cleavage with papain can com-
petitively inhibit passive cutaneous anaphylaxis [118]. This
has led to the development of smaller Fce-derived peptides
as potential therapeutic blocking agents. However, this
approach has failed due to the development of auto-anti-
bodies to the FceRI portion of the chimeric molecule,
which could continuously trigger mast cell degranulation.
Another approach has been neutralization of IgE by
monoclonal antibodies directed against a region of IgE
involved in the interaction with IgE receptors. The peculiar
binding specificity of the antibody has the inherent ability
to inhibit effector function by blocking IgE binding to
FceRI receptors on mast cells or basophils and prevent
cross-linking by activation of IgE sensitized mast cells.
The humanized monoclonal anti-IgE antibody available
is called omalizumab (Xolair: a recombinant humanized
monoclonal antibody). It binds to circulating IgE, inhibit-
ing interaction with FceRI receptors and decreasing the
number of FceRI receptors on basophils. Omalizumab
administration decreases inflammatory mediators and also
down-regulates dendritic cell FceRI expression [119]. Anti-
IgE therapy reduces leukotriene release of peripheral leu-
kocytes stimulated with allergen in children with allergic
rhinitis undergoing allergen immunotherapy. It induces
changes in interleukin levels and does not decrease all T2
related interleukins [120]. It was observed that the mean
percentage sputum eosinophil count decreased significantly
(P <0.001) in the omalizumab group, and this was

associated with a significant reduction in tissue eosinophils,
FceRI+ cells, CD3+, CD4+, CD8+ T lymphocytes, B
lymphocytes and cells staining for IL-4+, but no
improvement in airway hyperresponsiveness to methacho-
line challenge [121]. A recent evaluation by the Cochrane
group found that omalizumab led to a significant reduction
in inhaled steroid consumption compared to placebo [122].

Omalizumab has a low incidence of side effects, but it is
quite expensive and requires administration at frequent
intervals. Study in ragweed allergy has demonstrated the
potential utility of omalizumab treatment along with
allergen-specific immunotherapy [123]. The omalizumab
pretreatment provided substantial protection against acute
allergic reactions, including anaphylaxis. The combined
effect of SIT and omalizumab is associated with prevention
of increase in nasal eosinophilic cationic protein increase
and decreased tryptase levels in nasal secretions [124].
Administration of omalizumab before and during allergen-
specific immunotherapy would lead to a decrease in serum
free IgE levels and reduced FceR1 expression on mast cells
and basophils, resulting in increased safety and efficacy. A
previous study in children showed that concomitant treat-
ment with omalizumab and allergen-specific (tree or grass)
immunotherapy was more effective than allergen immu-
notherapy alone [125, 126].

Experimental approaches
Anti-cytokine

IL-4 antibodies/soluble IL-4 receptor o chain 1L-4 is a
cytokine that is required for B-cell IgE responses and is
therefore crucial to type I hypersensitivity responses. IL-4
is the primary Ty2 differentiation factor and can be
neutralized with anti-IL-4 mAb [127]. Allergen immuno-
therapy performed in the presence of anti-IL-4 is likely to
be more effective in inducing protective immunity. IL-4
has also been targeted by a soluble form of the IL-4
receptor o chain (sIL-4R «), which binds to and inactivates
IL-4. A study reported partial efficacy of IL-4 inhibition by
sIL-4R o in adult asthmatics, where treated group showed
improvement in comparison to the placebo group [128].
Administration of sIL-4Ra seems safe, but further clinical
studies are required with this agent [129].

IL-5 antibodies 1L-5, a Ty2 cytokine, is involved in
pathophysiology of both atopic and non-atopic asthma and
allergy. Eosinophils release potentially toxic products that
potentiate airway obstruction in asthma. Patients with mild
or severe asthma treated with two closely related neutral-
izing anti-IL-5 antibodies showed no clinical improvement,
despite marked suppression of blood eosinophilia
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[130, 131]. These findings were initially interpreted that the
eosinophil is not pathogenic in human asthma [132].
However, subsequent studies have shown that anti-IL-5
treatment during established disease state does not ablate
tissue eosinophils, nor does it diminish sputum eosinophils,
[133] thereby, reinvigorating the concept that at least lung
eosinophils might be pathogenic. In future, anti-IL-5 can be
combined with other agents and investigated for inhibition
of multiple inflammatory pathways.

Inhibition of signaling pathways

IL-4 and IL-13 are important cytokines of Ty2 response
and signaling initiated by these leads to enhanced expres-
sion of MHC II, CD23, IL-4Ra chain and Ig class
switching to IgE and IgG4. Both the cytokines use Janus
kinases to initiate signaling, activate signal transduction
and transcription-6 (STAT 6) which is a transcription
factor suppressor of cytokine signaling-1 (SOCS-1). Its
family of proteins acts as inhibitors of cytokine signaling
by inhibiting the activity of JAK family members. Some of
the target genes induced by STAT-6 can be repressed by
BCL-6 (B-cell lymphoma gene-6). The signals required for
IL-4/IL-13 induced proliferation are more complex. Inhi-
bition of any steps in this pathway is expected to suppress
allergy.

Allergen conjugates

These are allergens chemically linked to oligodeoxynu-
cleotides with immunomodulatory capacity. These
conjugates activate the immune system and enhance
immunogenicity. The adjuvants include IL-12, IL-18, CpG
DNA (consisting of cytidine and guanosine dinucleotide
sequences within DNA) and heat killed Listeria monocyt-
ogenes. The adjuvants in general, stimulate the innate
immune system and antigen presenting cells, and induce a
protective type of immunity which blocks the development
of Ty2 responses and the effects of eosinophils. The fusion
protein is formed by combining allergen with some adju-
vant or two major allergens. The chemical conjugation
reduces the IgE-binding capacity of the allergen conju-
gates. In the fusion protein, IgE-binding B-cell epitopes are
almost totally disrupted, whereas the T-cell epitopes
remain intact. So, the fusion protein offer advantages over
T-cell peptide-based immunotherapy because it is com-
posed of the complete repertoire of T-cell epitopes. Safe
administration of the fusion protein may increase the effi-
cacy of SIT directing the allergic immune response towards
a tolerized and balanced/healthy immune response [134].
By providing decreased allergenicity with preserved T-cell
tolerance capacity, the fusion protein represents a novel
vaccine prototype for allergen-specific immunotherapy.

IL-12 Subcutaneous administration of IL-12 in soluble
form shows minimal effects on allergen-specific cells,
whereas IL-12 linked with an allergen demonstrate focused
effects on antigen-specific cells. IL-12 consists of two
chains, joined by a disulfide bond that can be linked to an
allergen by linking one of the chains, i.e., IL-12p40 sub-
unit. Using IL-12 allergen conjugate in immunotherapy,
the effects of IL-12 can be focused on allergen-specific
cells. In a mice study, IL-12 fused with the OVA allergen
(fusion protein) has proved effective in reversing Ty2
biased immune responses. However, these recombinant
constructs are very difficult to produce. Also, IL-12
administration reduced eosinophils but did not reduce air-
way hyperreactivity, a cardinal feature of asthma [135].
Recombinant human IL-12 was observed to lower numbers
of blood and sputum eosinophils, without any significant
effects on airway hyperresponsiveness or the late asthmatic
reaction. [136].

IL-18 1L-18 is a potent inducer of IFN-y in T cells, NK
cells and B cells. In activated T cells, IL-18 induces up to
100-fold stimulation of IFN-y than IL-12 alone, and in
combination with IL-12 it inhibits IgE synthesis [99]. IL-18
administration in mice could potently inhibit allergen
induced airway hyperresponsiveness (AHR). Mice sensi-
tized and challenged with free allergen develop severe
AHR as demonstrated by exposure of mice with increasing
concentrations of methacholine [137]. But the mice
administered with IL-18 during immunization phase
showed significant reduction in AHR and airway inflam-
mation in the lungs. Like IL-12, it can also be fused with
allergens using recombinant DNA technology. This DNA
fusion construct is effective in reversing AHR in sensitized
mice.

TLR’s Toll-like receptor (TLR) ligands offer an exciting
prospect for immunotherapeutic strategies to counter
allergic disorders. TLR controls innate and adaptive
immune responses by inducing synthesis of pro- as well as
anti-inflammatory cytokines and activation of effector as
well as regulatory lymphocytes. Individual TLR7, TLRS
and TLRY agonists have already been used successfully as
adjuvants to boost CD4+ and CD8+ T-cell responses to
candidate microbial vaccine antigens. These agonists seem
to be effective when they are covalently conjugated to the
immunogens [138]. TLR4 ligands induce DC maturation
resulting in the up-regulation of major histocompatibility
complex (MHC) and co-stimulatory molecules and in the
production of cytokines, which govern the polarization of
the CD4+ T-cell responses. Several mechanisms contribute
to the protective action of TLR2 ligands against allergic
responses. First, TLR2 ligands are able to inhibit the pro-
duction of Ty2 cytokines by allergen-specific T cells [139].
TLR7 and TLR9 are intracellular endosomal receptors for
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nucleic acids. The effects of TLR7 ligation are similar to
those elicited by TLRY ligation, including the stimulation
of plasmacytoid DC to produce high levels of type 1 IFN
[140]. Humans TLR9Y is expressed on B cells and plas-
macytoid DC, the latter cells represent a major source of
type 1 IFN, which acts on many cell types and promotes
directly and indirectly Tyl polarization of CD4+ T-cell
responses [141]. Oligodeoxynucleotides containing unme-
thylated cytosine-guanine motifs (CpG) are potent TLR9
activators, which induce type 1 interferon and stimulate
Tyl responses in vivo [142, 143].

CpG DNA CpG motifs contain central unmethylated CpG
dinucleotide flanked by two 5’ purines and two 3’ pyrimi-
dines and present in bacterial and viral DNA. The
sequences mimic infection and are recognized by the innate
immune system through specific receptors, called TLRY,
on macrophages, dendritic cells (DCs), NK cells and B
cells. TLRY receptors on DCs recognize CpG DNA and
results in the production of IL-12, IL-18, IFN-«, IFN-y and
IL-10. This combination of cytokines makes CpG DNA
more efficient than any of the cytokines alone. In mam-
malian DNA, CpG motifs occur but the cytidines are
methylated, which prevents recognition by TLR9. The
biology of CpG motifs had been reviewed by Krieg and
Wagner [143], followed by a review of Toll-like receptor
by Zuany-Amorin et al. [144].

The potential use of CpG in the treatment of allergic
rhinitis [145] and asthma has been suggested [143, 144].
Synthetic CpG motifs are either mixed with an allergen
vaccine or covalently conjugated to an allergen. In the first
trial of this concept, a conjugated product was developed
by Dynavax Technologies Corporation that has an average
ratio of six CpG residues per ragweed Amb a 1 molecule.
In vivo administrations of conjugates promoted allergen-
specific IgG2a antibody production, a marker for Tyl
responses in mice [146]. Such responses occur not only in
naive animals, but also in animals previously sensitized
with allergen. The conjugate was stimulatory for Tyl
responses in rabbits and monkeys as well [147]. Tulic et al.
[148] reported clinical and immunologic results comparing
CpG-allergen conjugate group (n = 28) with placebo
(n = 29) in patients with ragweed-induced hay fever.
Symptom reporting was not different between treated
patients and placebo in the first post-immunotherapy
ragweed season started 3 weeks after the last injection.
However, after the end of the season, biopsy specimens
after challenge in treated patients showed a significant
reduction in eosinophils and IL-4 mRNA-positive cells and
an increase of IFN-y mRNA-positive cells compared to
placebo patients. The next ragweed season saw a signif-
icant decrease in chest symptoms and a trend toward
reduced nasal symptoms without any treatment. These

results provide evidence for long-lasting effects from a
single short course of allergen-DNA conjugate. CpG
motifs present on the vector backbone enhance immuno-
genicity [111] and effectively induce IL-12, IL-18, IFN-y
production, and antigen-specific CD8 cells [110]. Studies
in murine models have demonstrated that DNA immuni-
zation strategies prevent the development of antigen-
specific IgE synthesis, airway hyperresponsiveness, or
food induced anaphylaxis and induce inhibitory CDS cells
[112-114].

Future therapies
Transgenic oral vaccine

The treatment of choice for IgE-mediated food allergy is
avoidance of the incriminated food by elimination diet. But
avoiding some basic foods such as cow’s milk, etc.,
becomes difficult because of their widespread use in pro-
cessed food. Specific immunotherapy in food anaphylaxis
is an interesting option, but not always applicable easily
[149]. There are reports encouraging oral route of allergen
therapy, where the patients developed tolerance on antigen
administration orally [150-152]. Techniques to produce
transgenic plants are in practice and can be good prospect
for food immunotherapy. Therefore, it may not be long to
develop allergen vaccines incorporated in certain fruits or
foods. But extreme care is required in selection of native
material (non-allergenic source) for developing the trans-
genic vaccine.

Immunization early in life

Recent advances in knowledge related to the maturation of
infant immune system suggest new approaches that may
enable to deviate the immune response to Tyl type. It is
known that normal pregnancy in human is accompanied by
Ty2 environment around the fetus as IFN-y a Ty1 cytokine
would be harmful during pregnancy. As a consequence, the
immune system of the new born baby is also skewed
toward Ty2 type of immunity. During postnatal maturation,
there is a shift of the immune response from Ty2 to Tyl
and a balanced Ty1/Ty2 immunity is developed in normal
children. This shift may have a genetic basis depending on
the ability to synthesize IL-12. It seems that environmental
exposure to antigens in early life has a considerable effect
on this shift. During the postnatal period, the immune
system is not fully developed to produce the desired
immunoglobulin isotypes due to inefficient Tyl inducing
capacity [153]. The postnatal maturation of T cell functions
may be particularly slow in atopic children and in majority
of children the adult levels are not reached until 3-5 years
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after birth. It has been reported that certain transient
infections during this period actually divert the immune
system towards Tyl type.

Early life allergen exposure may increase the risk of
childhood allergy, but the protective effect of reduction
in allergen exposure remains uncertain. In infants
genetically predisposed to atopy, allergen exposure in
infancy plays a critical role in the development of phe-
notypic manifestations, and allergen avoidance in this
period may lead to a reduction in the development of
allergic diseases with the benefit continuing beyond the
actual period of avoidance [154]. The prevention effects
of isolated dietary interventions have also been a source
of constant study. An apparent decline in microbial
exposure during early childhood is suggested to be one of
the most plausible causes of the escalating rate of allergic
diseases. Today providing probiotics for microbial
exposure is considered more active modality to possibly
reduce atopic diseases [155]. Most of the studies
exploring the role of probiotics in the treatment of
allergic disease have focused on the early manifestations
of allergy, namely, food allergy and atopic dermatitis.
Studies in older individuals with established respiratory
disease have failed to show any improvement in asthma
[156] or allergic rhinitis [157], although one larger study
reported improved quality of life in patients with allergic
rhinitis [158]. The lack of any effect of these products in
older individuals (with asthma and allergic rhinitis) [156—
158] suggests that beneficial effects could be limited to
early life before allergic disease is established. Despite a
sound theoretical basis for anticipating benefits of pro-
biotic supplementation in allergic disease, there is
currently insufficient data to recommend this as a part of
standard therapy.

Reports from China on the beneficial effects of BCG
immunization in children [159] resulting in Tyl response
and further prevention of sensitization are interesting.
Studies indicate an increased risk for allergy on exposure to
environmental allergens early in life may lead to allergic
sensitization later [160]. Thus, inducing a Tyl response to
an antigen early in life could prevent a subsequent Ty2
response to the same antigen. Also creating a pervasive
Tyl dominated environment could influence the response
occurring to the exposure of other allergenic proteins.
Using the various allergen-specific methods with adjuvants
or DNA based immunizations at an early age to high-risk
children may give a long lasting protective Tyl response
[161]. Here, the major problem is to reliably identify
children at high risk. With the developments in human
genome project, it may be possible to identify genes
responsible for allergy/asthma which serve as markers for
identifying children at high risk. These children can be

benefited by proper immunotherapy at an early age before
their immune responses get locked up in Ty2 immunity.
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