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Allergen Immunotherapy and its Limitations

Leonard Noon and John Freeman first introduced allergen immunotherapy (AIT) as a causative treatment
for allergic rhinitis in 1911. Subsequently, the therapeutic effects of AIT for various allergens have been
validated for more than a century in the form of subcutaneous immunotherapy and, within the last several
decades, sublingual immunotherapy. However, in real practice, less than 5% of allergy patients undergo AIT
because of its limited efficacy, which necessitates a long duration of treatment, and the risk of hyper-

sensitivity reactions.

Strategies to minimize allergenicity and maximize immunogenicity

Hypersensitivity reactions occur when allergens administered during AIT bind to their specific IgE
antibodies on the surface of mast cells that trigger the degranulation of mast cells through Fc-epsilon
receptors. This hypersensitivity-provoking characteristic of an allergen is called “allergenicity”. Meanwhile,
some allergen peptides are presented by antigen-presenting cells through a major histocompatibility complex,
recognized by T cells through T cell receptors and, consequently, modulate T cell immune responses
deviating from Th2 immunity, which in allergy patients predominates over Thl, Treg, or other types of T
cell immunity. This immune-modulating property of an allergen is called “immunogenicity”. To date, various
strategies to minimize allergenicity and maximize immunogenicity, with the aim of overcoming the

134 However, most of those efforts have failed to

limitations of AIT, have been evaluated (Table 1).
overcome the limitations of AIT, decreasing neither the dose nor duration of therapy, or reducing the risk

of hypersensitivity reactions.
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Table 1. Strategies to minimize the allergenicity and maximize the immunogenicity of AIT"

Denaturation of natural allergens (allergoids)
Treatment of allergens with formaldehyde or glutaraldehyde“’5
Adsorption or encapsulation of allergens for slow release
Adsorption of allergens to aluminum hydroxide or tyrosine“‘5
Encapsulation of allergens with liposome or non-biodegradable nanostructures®’
Recombinant or synthetic allergens
Unmodified major allerg_;ens8
Fragments of major allergens’
Hypoallergenic hybrid molecules'®"'
Fusions of major and chimeric allergens'
Polymers of major allergens’
T- or Bepitopesn'15
Fusion of allergens with immune-response modifiers
CpG oligodeoxynucleotides (TLR9 agonists)16
Human ch(17
Translocation peptide18
Virus-like particles (VLPs)"
PreS from hepatitis B virus'>?
Carbohydrate particles20 Endoplasmic reticulum-derived type-1 protein body from rice endosperm cells”!
Co-administration of allergens with immune-response modifiers
Monophosphoryl lipid A (MPLA)™
Anti-IgE monoclonal antibody (Omalizumab)™**
Alternative routes other than conventional subcutaneous or sublingual pathways
Epicutaneous (or transcutaneous) ™’

Intralymphaticzs'34

Intralymphatic immunotherapy

A decade ago, Kfindig and colleagues introduced intralymphatic immunotherapy (ILIT) in patients with
pollen-induced allergic rhinitis, the therapeutic effect of which occurred more rapidly than SCIT and lasted

for 3 years (Table 2).25’34

In a randomized double-blind placebo-controlled trial, the same authors suggested
that ILIT was effective against cat allergy.” Subsequently, Hylander and Patterson demonstrated the
therapeutic efficacy of ILIT in patients with pollen-induced allergic rhinitis in randomized double-blind

772 Nasal inflammation was reduced and the number of activated CD4+ T cells

placebo controlled trials.
and the affinity of allergen-specific IgG4 were increased after ILIT. Regarding the mechanism underlying
ILIT, Schmid and colleagues in a pilot study found that the numbers of allergen-specific plasmablasts
expressing Ig isotypes other than IgE were increased after ILIT, although the allergic symptoms of the
seven subjects with grass pollen-induced allergic rhinitis only tended to be alleviated.” Although the allergic

symptoms of the subjects of the above-mentioned studies were alleviated or tended to be alleviated and

only mild hypersensitivity reactions were reported, Witten and colleagues questioned the therapeutic efficacy
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Table 2. Clinical trials

of intralymphatic immunotherapy™*

. . Serum Serum
. Allergic Nasal Skin Adverse
Author Study Design Allergen . . Allergen- Allergen- .
Symptoms Reactivity Reactivity . . Reactions
Specific IgE  Specific 1gG
Kiindig ILIT (nvs. Grass  Improved Decreased Decreased Decreased Mild local or
et al”  SCIT systemic
(n(open,
randomized)
Kiindig Active (nvs. Cat Prone to  Decreased Decreased Not changed Increased, Mild local or
et al®  placebo be then systemic
(n(double improved decreased
Hylander Active (nvs. Birch, Improved Decreased Increased Mild local or
et al”  placebo grass systemic
(n(double-bl
ind)
Hylander Active (nvs. Birch, Improved Decreased Not changed Increased, Mild local or
et al® placebo grass then systemic
(n(double decreased
(but without
significant
change)
Patterson Active (nvs. Grass  Improved Mild local or
et al”  placebo systemic
(n(double
Shmid  Active Grass  Prone to  Decreased Decreased Mild local or
et al” (n(open be systemic
pilot study) improved
Witten  ILIT X6 Grass  Not Decreased Increased Increased Frequent local
et al’® (nvs. ILIT improved swellings at the
X3 (nvs. injection sites
placebo
(n(double
Lee et  Active Df, Dp, Improved Decreased Increased Increased, Increased, Moderate-to-
al™® (n(open Cat, then then severe local and
pilot study)  Dog decreased decreased systemic

of ILIT in a randomized double-blind placebo-controlled trial involving patients with pollen-induced allergic

thinitis.” In that trial, the level of IL-4, IL 10, and IEN-7 production by allergen-stimulated peripheral

blood T cells, and the numbers of regulatory T cells in the treatment group, did not differ from those in

the placebo group, and local swelling at the injection site frequently occurred after ILIT. In terms of

adverse effects, Lee and colleagues reported that ILIT can provoke moderate-to-severe hypersensitivity

reactions, including anaphylaxis, but that ILIT alleviated allergic symptoms in daily life, particularly during

exposure to causal allergens.

32,33
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Summary and conclusion

In practice, less than 5% of allergy patients undergo AIT because of its limited efficacy, which
necessitates a long duration of treatment, and the risk of hypersensitivity reactions. To overcome the
limitations of AIT, various strategies to minimize the allergenicity and maximize the immunogenicity of
allergens have been evaluated. In the last 10 years, one such strategy, ILIT, has been assessed in eight
clinical trials; of these, six found ILIT to be highly efficacious and without serious adverse reactions, and
two did not. The therapeutic efficacy, adverse effects, and mechanism(s) of ILIT and other AIT strategies

should continue to be investigated.
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