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istration schedules, and the use of no-updosing regimens,
which are more simple and patient-friendly. In the meantime,
new opportunities are being explored with SLIT, including
the possibility of using it in conditions other than respiratory
allergy, namely food allergy47 or Hymenoptera venom aller-
gy48 and the use of adjuvants and mucoadhesive substances.
Other issues concern the indication of SLIT because there is
no study assessing its efficacy in patients uncontrolled despite
optimal pharmacotherapy (Slide 1).
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SLIDE 1. History of sublingual immunotherapy.
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CHAPTER 2: ALLERGEN SPECIFIC
IMMUNOTHERAPY

An update on subcutaneous immunotherapy, other
routes of immunotherapy administration, different

allergens and impact of immunotherapy on the natural
history of disease.

• Many double-blind, placebo-controlled studies confirm
the efficacy of subcutaneous immunotherapy for treat-
ment of allergic rhinitis, allergic asthma, and Hyme-
noptera venom hypersensitivity.

• Studies are lacking that support immunotherapy with
fungal extracts, other than for Alternaria and Clados-
porium, and with cockroach extracts.

• Although limited in number, some controlled studies
have demonstrated efficacy of subcutaneous immuno-
therapy with multiple allergen mixes. However, there
have also been negative studies.

• There seem to be 2 distinct and perhaps sequential
immunologic responses to immunotherapy, generation
of regulatory T-cells (T regs) secreting interleukin
(IL)-10 and transforming growth factor (TGF)-� and
immune deviation from TH2 to TH1 responses.

• Subcutaneous immunotherapy has reduced the develop-
ment of new sensitizations in monosensitized patients
and, in a few studies, has reduced the development of
asthma in children who only have allergic rhinitis.

• The beneficial effects of subcutaneous immunotherapy
persist for years after discontinuation.

• The use of subcutaneous immunotherapy is limited
by the occurrence of local and systemic reactions
(SRs) and the prolonged period required for build-up
to maintenance dosing.
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Historical Development
Subcutaneous administration of increasing doses of a

grass-pollen extract to treat allergic rhinitis was introduced by
Leonard Noon in 1911,1 with completion of his studies by
John Freeman.2 Timothy grass was administered preseason-
ally or seasonally. This treatment was subsequently extended
to other seasonal and perennial allergens and to the treatment
of allergic asthma and rhinitis.3 Perennial administration
largely replaced preseasonal treatment. While immunother-
apy was initially used based on the clinical impression of
efficacy, in the 1960s, definitive double-blind studies using
ragweed pollen extract established that this was an effective
form of treatment.4,5

Clinical Efficacy
Many double-blind, placebo-controlled studies confirm

the efficacy of subcutaneous injection allergen specific im-
munotherapy (SCIT) for treatment of both allergic rhinitis6

and allergic asthma.7 These studies showed efficacy with
extracts of various pollens, animal danders, HDMs, and
fungi. For most classes of allergens, results support efficacy.
However, although a few small size studies report positive
results treating patients with Cladosporium8 and Alternaria,9
studies supporting immunotherapy with many of the other
available fungal allergen extracts are lacking.10

Most controlled studies included in SCIT meta-analy-
ses that show clinical efficacy of SCIT for allergic rhinitis and
asthma include only a single allergen extract. Although there
are controlled studies that demonstrate efficacy for multiple
allergen mixes for treatment of both allergic rhinitis4 and
allergic asthma,11 the studies are more than 40 years old and
there are no recent studies.

Mechanisms of Action
Along with evidence of the efficacy has come an

understanding of the probable mechanisms by which SCIT
alters the disease processes. The earliest objective evidence
of an immune response was the observation by Noon that
immunotherapy reduced conjunctival sensitivity to timo-
thy grass extract.1 Subsequent observations confirm a re-
duction of sensitivity to the injected allergen in the skin, or
topical allergen on the conjunctivae, nasal mucosa and
lungs.12,13 Humoral responses were also observed, with
first an increase and later a decline in specific immunoglo-
bin(Ig)E14 and the generation of a blocking IgG antibody.15

However, studies failed to correlate these responses with
clinical improvement.16

Research today is focused on changes in T-lymphocyte
responses and 2 distinct patterns of change, which may occur
sequentially. An event that occurs within 7 days at high
allergen doses17 and 2–4 weeks at low allergen doses18,19 is
the generation of regulatory T-cells secreting IL-10 and
TGF-�19 accompanied by suppression of allergen-induced
late cutaneous responses.17,18 This is followed at 6–12 weeks
after initiating therapy by corresponding elevations in allergen-
specific IgG4 and IgA that parallel a more delayed suppression
of allergen-induced early cutaneous responses.18,19 A second and
probably later immunologic response is immune deviation with

a shift in the allergen specific T-cell response from predomi-
nantly TH2 to TH1.20

Impact on Natural History
Considering the profound effect on the immune re-

sponse to the administered allergen, it is not surprising that
SCIT alters the natural course of allergic diseases. Several
studies have demonstrated that SCIT, when administered to
monosensitized patients, reduces the likelihood of developing
new sensitivities.21–23 Furthermore, the reduction in new
sensitivities persists for at least 3 years after discontinuation
of treatment.22,23 A similar inhibitory effect occurs for the
progression to asthma in children suffering from only allergic
rhinitis.24 Timothy or birch pollen SCIT reduced the devel-
opment of new onset asthma during the course of 3 years of
treatment25 and reduced the incidence of asthma with little
loss of effect more than 7 years of posttreatment observation.
The beneficial effects of SCIT on allergy symptoms persist
for years after its discontinuation. In a prospective, placebo-
controlled trial, subjects who discontinued timothy grass
SCIT after 3 to 4 years of treatment had the same level of
symptoms during the next 3 grass pollen seasons as did the
group who continued on monthly maintenance injections.26

Alternative Approaches to Immunotherapy
Despite its clinical and disease-modifying efficacy,

SCIT has some disadvantages: it is not ‘patient friendly’
because of the regular injections, which may arouse fear
among children and some adults, and it has some indirect
costs such as travel to the doctor’s office and lost work/school
hours. The use of SCIT is also limited by the prolonged time
for build-up required to reach maintenance levels of treatment
and by adverse reactions. Attempts to improve the former
have lead to trials with accelerated treatment schedules, while
the latter has been addressed by modifying the allergen
extracts or administering them by routes other than injection.
Alternatives to the weekly build-up include administering
clusters of 2 or 3 injections, usually 30 minutes apart, during
a single clinic visit with visits spread over several weeks.27

This cluster schedule is not associated with an increased
incidence of adverse reactions.28 However, a more rapid
build-up, in which maintenance is achieved in just one or a
few days, is associated with an increased incidence of reac-
tions even when treatment subjects are premedicated.29 Ex-
tract modification includes adsorption of the extract to alu-
minum to achieve a depot effect30 and modifying the extracts
with formaldehyde31 or glutaraldehyde32 to reduce reactivity
with specific IgE. Recombinant technology is currently being
used to produce altered proteins33 or peptides34,35 that retain
T-cell epitopes but are no longer recognized by the specific
IgE. Another approach is to combine the allergen with prod-
ucts, most extensively with monophosphoryl lipid A36 or
CpG motifs,37 that stimulate the innate immune system
thereby favoring a TH1 response.

Another approach is to administer the extracts by an
alternative route, for example, orally38 or sublingually39 slow-
ing absorption and presenting the extract to a different com-
ponent of the immune system. Other alternative approaches
are to administer the extract directly on to the respiratory
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mucosa, either into the upper or lower respiratory tracts.40,41

This approach can induce allergic respiratory symptoms,
therefore, either modified extracts with decreased allergenic-
ity are used42 or cromolyn sodium is applied to the mucosa
before the allergen is administered to block the allergic
reaction.43
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CHAPTER 3: MECHANISMS OF SUBLINGUAL
IMMUNOTHERAPY

• Allergen immunotherapy provides an opportunity to
study antigen-specific tolerance in man.

• Subcutaneous immunotherapy suppresses allergic
‘TH2-mediated’ inflammation and increases antigen-
specific IgG probably by induction of T regs, immune
deviation (TH2 3 TH1) and/or apoptosis of T cells.

• Oral mucosa is a natural site of immune tolerance
(Langerhans cells, Fc�R1, IL-10, IDO [indoleamine
2,3-dioxygenase]).

• Sublingual immunotherapy in optimal doses is effec-
tive and may induce remission after discontinuation
and prevent new sensitizations, features consistent
with induction of tolerance.

• Sublingual immunotherapy is associated with:
- Retention of allergen in sublingual mucosa for

several hours.
- Marked early increases in antigen-specific IgE,

blunting of seasonal IgE.
- Modest increases in antigen-specific IgG4 and IgE-

blocking activity.
- Inhibition of eosinophils, reduction of adhesion

molecules in target organ.
- Some evidence of increase in peripheral T cell

IL-10.
• SLIT induces modest systemic changes consistent with

SCIT, but additional local mechanisms in oral mucosa
and/or regional lymph nodes are likely important.

Immunotherapy provides a unique opportunity to study the
evolution of antigen-specific tolerance in man. Understanding
the underlying mechanisms may lead to the development of
vaccines with greater efficacy and allow the identification of
biomarkers that may predict the clinical response to treat-
ment. Whereas there is considerable knowledge concerning
mechanisms of SCIT, information on the mechanisms of
SLIT1,2 is less well advanced.

Subcutaneous Immunotherapy
Subcutaneous immunotherapy in patients with pollen

rhinitis is associated with transient increases in allergen-
specific IgE, blunting of seasonal increases in IgE,3 and
increases in allergen-specific IgG, particularly IgG4,3–5 and
IgA.5,6 Serum antibody concentrations seem to relate more to
the dose of allergen administered rather than correlate with
clinical improvement.7 Immunoreactive IgG populations in-
clude antibodies with a wide range of clonality and/or affin-
ity. In contrast, functional assays of IgG are more likely to
represent that proportion of circulating IgG that is biologi-
cally (and therefore clinically) relevant. For example, serum
obtained after SCIT has been shown to inhibit allergen-IgE

binding to B-cells,8 an effect mediated largely by IgG4. This
system has provided an in vitro assay of the ability of
‘blocking’ antibodies to inhibit IgE-facilitated antigen pre-
sentation. Similarly, basophil histamine release can be used to
measure the functional ability of IgG to inhibit IgE-dependent
activation and mediator release,9 either via competition with
IgE for allergen and/or by stimulation of surface IgG-inhib-
itory receptors present on basophils and mast cells.10 Whereas
postimmunotherapy serum IgA is unable to block allergen-
IgE binding to B cells, by triggering surface IgA receptors on
monocytes, IgA releases the inhibitory cytokine IL-106. Sub-
cutaneous immunotherapy has been shown to decrease the
numbers of effector cells at mucosal sites, both during sea-
sonal allergen exposure11 and after allergen challenge,12 and
reducing effector cell reactivity in vitro.9

It has been suggested that allergic disease may result
from a relative imbalance between the effects of T regs and
TH2 cells.13 T regs can be divided into ‘naturally occurring’,
thymus derived CD4� CD25� cells, which are positive for
the transcription factor Foxp3, and ‘adaptive’ regulatory
cells, either Tr1 IL-10 secreting cells, or Th3 TGF-� secret-
ing cells.14 Subcutaneous immunotherapy in patients with
grass pollen15 and mite5 allergy results in increased IL-10 in
allergen-stimulated peripheral T cell cultures. Additionally,
subcutaneous immunotherapy has been associated with im-
mune deviation in favor of TH1 responses.16,17 However,
changes in T cell responses to allergen have not been univer-
sally observed in cells derived from peripheral blood.18,19

Studies of local nasal T cell responses have identified skew-
ing of cytokine profiles in favor of TH1 responses20,21 and
local increases in IL-10�3 and TGF-�� T cells6 and Foxp3�
phenotypic T regs22 within the nasal mucosa.

The Oral Mucosa as a Tolerogenic Organ
The local environment in the mouth is regarded as a site

of natural immune tolerance.2 Despite continued exposure to
micro-organisms and multiple foreign substances, the oral
mucosa remains noninflamed with a relative paucity of ef-
fector cells compared with other mucosal sites. The presence
of a sophisticated network of Langerhans cells, epithelial
cells and monocytes capable of producing IL-10, TGF-�, and
activins23,24–26 may play a role in the maintenance of oral
tolerance. Local secretory IgA may also have an antiinflam-
matory effect.6

Human oral Langerhans cells constitutively express
Fc�R1, Major Histocampatibility Complex (MHC) class I
and II, and costimulatory and coinhibitory molecules,27 prop-
erties consistent with highly efficient antigen presentation to
T cells. Cross-linking of Fc�R1 on monocytes induces pro-
duction of IL-1028 and indoleamine 2,3-dioxygenase,29 the
latter associated with reduced tryptophan levels and conse-
quent impaired T-cell stimulatory capacity. Human oral mu-
cosal Langerhans cells produce substantial IL-10. Ligation of
Toll-like receptor 4 on isolated human oral Langerhans cells
enhanced IL-10 production30 and in coculture experiments
decreased T-cell proliferation (in mixed lymphocyte reac-
tions) with a parallel induction of T-cells with a regulatory
phenotype. One hypothesis is that innate receptors enhance
the tendency toward tolerance to antigens presented in the
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