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The only disease-modifying treatment that is available for allergic patients is
allergen-specific immunotherapy. Two competing application forms are used:
subcutaneous immunotherapy, which has been used for > 90 years, and a rela-
tively new immunotherapy where the allergen is applied sublingually. Numer-
ous studies have shown efficacy for subcutaneous immunotherapy and have
identified possible mechanisms that are responsible for the observed reduction
in allergic responses. In contrast, the efficacy of sublingual immunotherapy has
not been documented to the same degree and the responsible immunological
mechanisms have not yet been clearly defined. This review focuses on the pub-
lished clinical and experimental data on sublingual immunotherapy and points
at possible mechanisms of how sublingual immunotherapy may differ from
subcutaneous immunotherapy in its mode of action, and also discusses the
potential advantages and pit falls of both therapies.
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1. Introduction

Allergic immune responses to common environmental antigens lead to clinical dis-
orders, such as allergic asthma, hay fever, eczema and allergic rhinitis. It is clear that
the development of allergies involves both genetic and environmental factors leading
to the production of IL-4. Animal studies have revealed that naive T cells are acti-
vated by antigen-presenting cells (APCs) and IL-4, through IL-4 recep-
tor/Stat6-mediated signals and the activation of specific downstream transcription
factors. These events lead to the development of allergen-specific T helper 2-type
CD4* T cells (T2) in the lymph nodes or spleen. Once generated, effector T,,2
cells migrate to the sites of allergen exposure under the guidance of specific chemo-
kines and adhesion molecules, where they produce 1L-4, -5, -9 and -13. The secre-
tion of these cytokines induces the production of allergen-specific IgE by B cells, the
development of eosinophilia, smooth muscle contraction and mucus secretion. I1gE
crosslinking induces the degranulation of eosinophils and mast cells, leading to the
release of preformed or de novo synthesised inflammatory mediators, which are also
critical factors in inducing the development of allergic disorders [1].

Although there is relatively much that is known about the immunological mecha-
nisms that are involved in the development of allergic disorders, only very few effec-
tive medications are available. The most important ones are steroids in combination
with leukotriene modifiers, antihistamines or long-acting B-agonists (for the treat-
ment of asthma). However, these treatment regiments do not show any disease-mod-
ifying effects [2,3]. At present, the only well-established disease-modifying treatment
that is available for allergy sufferers is the allergen-specific immunotherapy (SIT).
This involves the application of increasing doses of different allergens (usually stand-
ardised extracts of the allergen) over a period of up to 3 — 5 years. Although this treat-
ment does not improve allergic symptoms in all patients, its general effectiveness in
allergic diseases is no longer questioned.
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SIT is not a novel therapy and was already being used a cen-
tury ago [4]. Even though oral immunotherapy and subcutane-
ous immunotherapy (SCIT) were developed and used in
parallel, oral immunotherapy was stopped in the early 1990s
due to the controversies over its effectiveness and the
often-observed gastrointestinal side effects 5]. Local bronchial
administration also failed to show clear clinical efficiency [5.6]
and local nasal immunotherapy is not widely used due to tech-
nical reasons [71. Furthermore, local nasal immunotherapy
showed no clinical efficacy after stopping the immunotherapy,
suggesting the need for an annual pre-seasonal treatment [s].
For these reasons, SCIT has been the SIT of choice. However,
SCIT has some safety and compliance issues that are associ-
ated with the injection route (see Section 2). For this reason,
other application methods have been tested. In particular, the
sublingual delivery of allergens (SLIT) has gained substantial
interest in the last two decades. During SLIT, the allergen
preparation (drop medication or a soluble tablet) is kept under
the tongue for at least 2 min and is then either swallowed
(SLIT-swallow) or spat out (SLIT-spit). The latter method is
rarely used as it has no proven clinical efficiency. At present,
SLIT is well established and accepted in Europe, making up
~ 40% of the European SIT market, whereas it is not widely
used in the US or Japan.

2. Sublingual immunotherapy versus
subcutaneous immunotherapy: the clinical
evidence

SLIT was originally proposed as a safe alternative treatment
for SCIT. Reports on deaths associated with SCIT [9,10] raised
serious concerns about the safety profile of SCIT, although
subsequently it was demonstrated that most life-threatening
events were due to human errors [5). However, these cases
have led to strict regulations concerning the subcutaneous
application of the allergen, such as observation of the patient
for up to 1 h after SCIT [11]. Nevertheless, even if all of the
guidelines were followed correctly, a small risk of systemic
reactions remained in 3.7% of the patients, including
life-threatening episodes of systemic anaphylaxis [12]. In con-
trast, during SLIT, > 500 million doses have been adminis-
tered to humans, and, so far, no severe adverse side effects
have been reported, although much higher doses per applica-
tion (up to 500-fold) than in SCIT were used [13-17]. The
most frequent side effects that were described were local and
self-remitting mild oral or sublingual itching, whereas head-
ache, rhinorhea, nasal obstruction or urticaria were described
only sporadically. Gastrointestinal reactions seemed to
increase with higher antigen doses [18]. With the knowledge of
possible severe side effects, using SCIT in children below five
years of age is not advisable [19]. In contrast, SLIT showed
safety even in very young children of <5 years of age [20,21].
However, further prospective studies with high-dose SLIT
will have to be conducted before definitive conclusions can be
made on its use in very young children. An ultra-rush

regimen of SLIT induction is characterised by higher doses
earlier during treatment (i.e., a short build-up phase in the
range of 1 to a few hours. Even with an ultra-rush regimen,
no severe adverse reactions were observed in children and
adults [22-241. As SLIT is safe in adults and children, repeat-
edly demonstrated in controlled trials and postmarketing sur-
veillance studies [21,25,26], self-medication is feasible and
possibly reduces costs. But is SLIT also clinically effective?
And is it as effective as SCIT? Much scepticism remains over
the reasons of why to replace SCIT with SLIT, particularly if
the new treatment may not be as effective as the old one.

SIT is considered to be the only treatment that is able to
modify the allergic immune response, altering the natural
course of the disease [19,271. SCIT leads to sustained clinical
improvement even after discontinuation, prevents new sensiti-
sations in adults and children [2s-321 and prevents the develop-
ment of asthma in rhinitis patients [19,33]. In patients with
established allergic asthma, it reduces the symptom and medi-
cation score and improves bronchial hyper-responsiveness [34].
It is a very effective therapy for the treatment of bee- and
wasp-venom anaphylaxis, and allergic rhinoconjunctivitis
caused by pollen and house dust-mite allergy, as shown in
numerous controlled studies [19,33]. The symptom medication
score is reduced by 30 — 45% on average. SCIT is quite potent,
especially for seasonal hay fever, and has been shown to reduce
seasonal asthma symptoms, decrease bronchial hyper-respon-
siveness and improve the patients’ quality of life (35). Although
SCIT was effective in patients with intermittent IgE-mediated
allergic asthma, older patients with long-standing and aller-
gen-independent asthma did not profit from this treatment [ze).
Only a few studies have been conducted using allergens derived
from animals or fungi 37,38].

After the first double-blind, placebo-controlled trial of
SLIT had been conducted in 1986 [39], in 1998 the WHO [19]
and the EAACI/ESPACI (European Academy of Allergology
and Clinical Immunology/European Society of Pediatric
Allergy and Clinical Immunology) position paper [40], fol-
lowed by the Allergic Rhinitis and its Impact on Asthma
(ARIA) document [33], as well as the meta-analysis Cochrane
review [16,41], stated clinical efficacy of SLIT in allergic rhinitis
and on asthma symptoms. Primary outcome measures were
the symptom or medication score, and secondary measure-
ments included serum levels of IgE and 1gG antibodies,
assessments of allergen sensitivity in the eye, nose or skin, as
well as adverse event reports. Whereas the WHO position
paper suggested SLIT as an alternative approach to SCIT in
adults, the ARIA document also suggested the use of SLIT in
children. In studies encompassing adults or children, efficacy
of SLIT for allergic rhinitis caused by common allergens such
as grass, mites, birch and Parietaria judaica [42-61] was
reported. There are also anecdotal studies on olive [62],
cypress [63] and mixed-tree extracts [64]. Moreover, in some
studies, beneficial effects were observed on rhinitis and
asthma symptoms, such as an increase in the days free of
asthma symptoms, reduced intake of 3,-agonists and systemic
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steroids [43455457. The majority of these studies were
included in a critical analysis [es] of 23 placebo-controlled,
double-blind studies on SLIT with information on symptom
and medication scores. In contrast to the primary literature,
the author concluded that only 26% showed unequivocally
clinical efficiency, and that 35% were possibly effective,
defined by improvement in either medication or symptom
score. The remaining studies (39%) failed to prove statistically
significant efficacy. For allergic rhinitis due to perennial anti-
gens, such as the house dust mite, it has been more difficult to
prove the efficacy of SLIT; positive results for some studies
were reported [4354,55,66,67], but negative for others [4849].
Some of these studies were also included and analysed in the
Cochrane review [16,41], which failed to show statistical signifi-
cance for perennial antigens for both medication and
symptom scores. However, SCIT is also more effective in
patients with seasonal allergies compared with patients with a
perennial allergy.

Controversy remains over the use of SLIT in children. Sev-
eral studies in children for seasonal rhinoconjunctivitis with or
without asthma due to grass pollen were undertaken with dif-
ferent results: statistical reductions in i) both symptom and
medication scores [44,46,59,68]; ii) medication, but not symptom
scores [45,69]; or iii) neither medication nor symptom scores
were observed between treated and placebo groups [51,5357]. A
non-double-blind, placebo-controlled study reported that
co-seasonal SLIT reduced the development of asthma in chil-
dren with grass pollen-induced allergic rhinoconjunctivitis [7o).
Interestingly, a review of paediatric literature [71] revealed that
SLIT improved asthmatic symptoms in children who were
allergic to house dust mites, without a clear effect on rhinitis
and rhinoconjunctivitis. However, as stated in a very recent
review on the use of SLIT in children [72], further paediatric
studies are needed to confirm that SLIT is at least equally
efficient as SCIT.

From an economical point of view, SIT should maintain
clinical improvement and efficiency for at least 3 years after dis-
continuation. An economic evaluation of 3 years of SCIT,
compared with continuous symptomatic treatment, has shown
that the break-even point was reached 3 — 5 years after therapy
had been completed [73]. Long-lasting clinical improvement
[30-32] and prevention of new sensitisations [28,29,74] has so far
only been reported for SCIT. A recent study in children with
severe grass pollen allergy reported an ongoing clinical benefit
and prevention of new sensitisations even 12 years after
cessation of SCIT, when compared with seasonal pharmaco-
therapy alone [75). It is thus unclear if SLIT will reach similar
efficacy levels reported for SCIT. However, a recent study pro-
vided evidence that SLIT maintains its clinical efficiency in
children for 4 — 5 years after discontinuation [7e], but without
an appreciable effect on the prevention of new sensitisations.

As for whether SLIT is as effective as SCIT, only three
studies have been published comparing SLIT directly with
SCIT in terms of clinical efficiency. Only one study,
conducted in patients with birch pollen allergy, was designed
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in a double-blind and placebo- and dummy-controlled fash-
ion [771. This trial showed equivalent efficacy of both treat-
ments in terms of symptom and medication scores, reducing
the disease severity significantly. Two other studies (non-ran-
domised and placebo-controlled) reached the same conclusion
[78,79]. An open trial conducted in patients with Alternaria ten-
uis allergy so1 found an even greater clinical improvement in
the SLIT- versus SCIT-treated group. However, in two open
studies with patients who were allergic to the house dust mite,
SCIT was more effective than SLIT [66,81].

In conclusion, there is mounting evidence that SLIT is safe
and effective in treating patients with allergic disorders.
Nevertheless, more double-blind, placebo- and dummy-con-
trolled studies directly comparing SLIT with SCIT have to be
conducted in the future, to establish any efficacy advantage of
SLIT or SCIT as the therapy for allergic disorders. Further-
more, it is also possible that any advantage may vary according
to the type of allergy treated.

3. Pharmacokinetics and allergen dosing
during sublingual immunotherapy

Reports on the efficacy of oral immunotherapy have been con-
troversial, and the allergen seemed to get completely degraded
in the duodenum in humans [s2]. In contrast to the oral route,
with the allergen being immediately swallowed, sublingual
delivery leads to mucosal exposure of the allergen. Small syn-
thetic molecules get efficiently absorbed into the blood with-
out passing through the intestine and liver. Albumin, with a
molecular weight exceeding that of most allergens, was
directly absorbed within 30 min by the nasal mucosa in
patients with allergic rhinitis. Interestingly, the absorbed dose
was significantly higher in allergic patients, compared with
control subjects (s3], which is in line with the observed rapid
clearance of allergen from the nasal cavity, and little local per-
sistence in subjects with P. judaica allergy, as compared with
healthy subjects [s41. In animal models, a significant absorp-
tion of the antigen by the sublingual and nasal mucosa was
detected [s5]. Notwithstanding, studies with purified and radi-
olabelled allergens from P. judaica and house dust mite Par j 1
18] and Der p 2 [87, respectively, failed to detect direct absorp-
tion of the allergen into the blood through the oral mucosa,
even when the allergen was kept for 30 min in the mouth [se).
Interestingly, the allergen was retained for a long period, from
20 — 48 h at the mucosal level in the mouth or nose [s7,8s]. In
line with these observations, saliva appears to have limited
proteolytic activity against allergens as opposed to gastro-
intestinal fluids [s2,89,90]. Plasma radioactivity increased only
after swallowing of the antigen, slowly and peaking at 2 h after
swallowing of the antigen, although this was due to the pres-
ence of free radiolabel or radiolabelled peptides. Only
allergoids, i.e., chemically modified allergens, seem to get
absorbed as intact molecules [s71. When SLIT-swallow with
SLIT-spit was compared, it became apparent that ~ 70% of
the allergen was lost with spitting, although it still reached the
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gastrointestinal surface by normal swallowing. These data
indicate that although the allergen is not directly absorbed by
the oral mucosa, contact of the allergen with the oral mucosa
is essential for clinical efficiency.

As each supplier uses its own standardisation procedure, it
is not possible to directly compare the amounts of allergen
present in the extracts of the different manufacturers. It is also
unlikely that this will change in the near future, as the pro-
duction of the allergen extract is often part of the companies’
intellectual property. However, there are efforts within the
FDA to develop a standard quantification method to make
the studies more comparable. The doses that are used in SLIT
are referred to the ratio of the cumulative doses administered
in SCIT. The ARIA document identified that, in SLIT, doses
at least 50- to 100-fold higher than those in SCIT were
required to obtain clinical efficiency [33]. A current compara-
tive review of published studies 18] concluded that adverse
events were not dose dependent, although the predefinition of
the cutoff value between the high and low SLIT/SCIT ratio
was questioned [91]. In agreement with another study [s2],
reporting an association of high antigen doses with gastro-
intestinal side effects, the questioned analysis indeed shows an
increased occurrence of gastrointestinal symptoms at higher
antigen doses. In clinical trials, antigen doses as high as a
SLIT/SCIT ratio of 500 were used. Only anecdotal studies on
the dose dependence of the immunological response to
immunotherapy exist. High doses of allergen were superior to
low doses with regard to reduced symptom score, seasonal rise
of IgE and 1gG4 and the production of I1L-4 [92,93]. Obviously,
the reported dose range in SLIT is wide: high doses seem to
outperform low and medium doses [26,94]. However, this issue
awaits more dose-ranging studies, preferably with standard-
ised extracts or recombinant allergens. The question of why
higher antigen amounts in SLIT are needed is yet
unanswered. In SCIT, the antigen in combination with adju-
vants, such as calcium phosphate or aluminium hydroxide, is
directly injected into the subcutis underlying the epithelium,
where professional APCs, such as Langerhans’ cells, reside. In
SLIT, the antigen first has to be exposed to the oral mucosa
before it can be taken up by Langerhans’ cells or other APCs.
Bearing in mind that the oral mucosa shows limited absorp-
tion of allergens, one explanation for the observed dose
dependence may be that insufficient amounts of the antigen
are available for presentation by APCs, when using the sublin-
gual route at low allergen doses. In addition, the adjuvants
could play a role providing slow release of the allergen, pre-
venting rapid degradation or dispersal of the allergen or mod-
ulating the allergic immune response in favour of a more
Ty1- or T, ,-dominated direction.

4. The potential immunological mechanisms of
sublingual immunotherapy

It is believed that the underlying immunological mechanisms
of SLIT are similar, if not identical, to SCIT [g5]. Although

both of the treatments exert similar effects on immediate- and
late-phase allergen-induced symptoms in allergic inflamma-
tion, the tissue of application is different: subcutis in SCIT
and oral mucosa in SLIT. It is well documented that the
organisation of the oral mucosa is quite unique in terms of
APCs, the expression of adhesion molecules and in its
immunostimulatory or -tolerating capacity. Dendritic cells in
mucosa-associated lymphatic tissues behaved differently from
their counterparts in peripheral tissues: if stimulated under
identical conditions, dendritic cells from Peyer’s patches pro-
duced IL-10 and not IL-12 (as did splenic dendritic cells) [oe].
The skin, oral mucosa, airways, gut and peripheral blood
appear to contain a certain set of dendritic cells [97,98] that dif-
fer not only in their phenotype but also in their maturation
state, translating into differences in their T-cell stimulatory
capacity [99-103]. It seems only plausible that dendritic cells in
distinct tissue compartments are adapted to the local environ-
ment. Langerhans’ cells of the oral mucosa differed pro-
foundly from their counterparts in the subcutis, as they
expressed higher levels of MHC /11, co-stimulatory mol-
ecules, the high-affinity receptor for IgE (FceRI) and other
Fcy receptors [104]. These cells had a higher capacity to stimu-
late allogenic T cells in comparison with Langerhans’ cells
from the skin and oral epithelium [105]. These data are sup-
ported by two studies, one conducted in humans [105] and the
other in rodents [103]. Although all of these studies did not use
preparations of highly purified Langerhans’ cells for the stim-
ulation of T cells, but rather epidermal and oral mucosa cell
suspensions, it is clear from these data that oral mucosa and
skin substantially differ in many immunological aspects. As
the oral cavity is the first part of the gastrointestinal tract that
is exposed to pathogenic (microbes) and non-pathogenic
(food) antigens, it is possible that this environment may result
in the upregulation of the Langerhans’ cells maturation status.
A recent comparative analysis reported on differential
expression of MHC I/l and co-stimulatory molecules on
dendritic cells, even from two mucosal tissues: the oral and
nasal mucosa [104].

The lymph nodes draining the site of allergen exposure may
also be vital for tolerance induction. It was shown that when
lymph nodes from mucosal sites were removed and replaced
with non-mucosal lymph nodes, mucosal tolerance was not
formed [106]. This suggests that not only the mucosal tissue, but
also the draining lymph nodes, provide a specialised and unique
microenvironment. Therefore, the authors believe that it is
oversimplified to extrapolate findings on immunological mech-
anisms underlying SCIT to SLIT without conducting further
studies. The mechanisms of SIT have recently been reviewed
elsewhere [27,95], but this paper only highlights the similarities
and differences between SLIT and SCIT.

4.1 Induction of allergen-specific antibody responses

In patients who are allergic to seasonal allergens and the house
dust mite and who underwent SCIT, serum IgE initially rose,
but dropped off during the following months [107-112]. Due to
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natural exposure to the allergen, the IgE titre of patients allergic
to grass pollen normally appears to increase during the season,
which was blunted by SCIT [110,112]. As well as this, SCIT
could induce allergen-specific 1gG responses (mostly 1gG1 and
1gG4), and, in a few cases, also IgA [113-117]. Sublingual delivery
of the allergen also induced a consistent increase of aller-
gen-specific 19G4 [16,4345,52). There are two reports that indi-
cate that SLIT affects allergen-specific IgA: high levels of local
mucosal IgA in the lungs and nose after SLIT was demon-
strated in mice [118). In patients undergoing SLIT, specific IgA
levels, which were initially decreased compared with healthy
individuals, no longer differed between the two groups [119]. In
both SCIT and SLIT, clinical efficacy of the treatment often,
but not always, correlated with a decrease of the IgE/IgG4 ratio
[16,45,53,54,61]. 1gG4 is considered to be an antibody with low
inflammatory potential (i.e., it does not activate the comple-
ment system). The induction of allergen-specific 1gG or IgA
isotypes may contribute to the clinical improvement of allergic
symptoms by competing with IgE for binding to allergen,
thereby preventing degranulation of effector cells of the imme-
diate reaction, the basophils and mast cells [111,112], or prevent-
ing antigen uptake by APCs bearing suitable Fc receptors and
subsequent presentation to T cells [111,112,120,121]. Moreover,
binding of allergen/IgG complexes by FcyRI1-expressing cells,
such as B cells, mast cells or basophils, may transduce a nega-
tive signal through the receptor’s immune receptor tyro-
sine-based inhibitory motif, preventing activation and release
of effector molecules when co-aggregated with stimulatory Fc
receptors such as FceRI [115116]. As discussed above, clinical
improvement did not always correlate with an increase in
blocking antibody isotypes. A change in the IgE/IgG ratio may
just be a marker of high allergen exposure, shifting the immune
response from T,,2 to T,,1, and translating into a dominating
19G response and reduced influx of eosinophils (Section 4.2).
Interestingly, it was suggested that the tolerance status is related
to distinct 1gG specificities rather than to isotypes [122-124]. In
just a few hours after onset of SCIT for wasp venom, the set of
epitopes recognised by IgG had changed and was linked to
early clinical tolerance [125]. Although the exact mechanism of
this observation is unknown, it may result from the specific
depletion of high-avidity antibodies by large allergen doses.

4.2. Recruitment of pro-inflammatory cells

SCIT reduces the recruitment of pro-inflammatory cells, such as
eosinophils, basophils and mast cells, into the skin and mucosal
tissue of the nose, eyes and lungs [126-132]. Clinical efficacy could
be correlated with a decrease in eotaxin levels. Likewise, in SLIT,
infiltration of the site of allergen exposure by eosinophils
[56,133-136] and neutrophils [s6] was reduced in conjunction with
reduced expression of the adhesion molecule ICAM-1, and cor-
related with reduced medication and symptom scores [s6].
Reduced or unchanged levels of eosinophil cationic protein or
tryptase after allergen challenge suggested that activation of
eosinophils and mast cells was impaired [133,134]. These data
indicate that there are no major qualitative differences in terms
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of reducing the recruitment and activation of pro-inflammatory
cells after SCIT or SLIT. The exact mechanism of how
SCIT/SLIT leads to the inhibition of the recruitment and acti-
vation of inflammatory cells remains unclear, but it may be due
to the overall reduction in allergen-specific T,,2 responses.

4.3 Immune deviation from T,2 to T,,1 and/or
T-regulatory responses

T cells control the allergic response by producing cytokines
that induce the allergic inflammation. Patients who have aller-
gies usually mount a strong allergen-specific T,,2-response
and T2 cells are found in mucosal surfaces during late aller-
gen responses. T,,2 cells produce mainly IL-4, -5, -9 and -13,
but not IFN-y, in contrast to T 1 cells. Due to their central
role in the allergic inflammation, a pivotal point of immuno-
therapy may be the deviation of the T-cell response from an
allergic (T42-) to a non-allergic (T1)-response. The induc-
tion of T,1 cells would further protect from T2 cell devel-
opment by the enhanced secretion of IFN-y by T,1 cells.
Interestingly, the antigen dose also seems to influence the
T,1/ T2 balance. When low antigen amounts were used, the
induction of T,,1 responses were enhanced. In contrast, high
antigen doses were associated with a T2 bias [137]. However,
in vitro experiments with house dust mite showed that high
antigen concentrations enriched the proportion of T,,1 cells
with effector phenotype [138].

A further mechanism of how SLIT may protect from allergy
is by inducing peripheral tolerance to allergens. Tolerance can be
established by clonal or functional deletion of allergen-specific
T2 cells. Functional deletion (i.e., T-cell anergy) affects prolif-
eration or cytokine production to different extents depending
on the tolerating conditions. SCIT can have an impact on the
Ty2/T,1 ratio by downregulating allergen-specific T2
responses, both in terms of proliferation and cytokine produc-
tion [139-152]. This downregulation may be only observed in the
maintenance phase, as the T2 response can initially rise during
the build-up period [139,146]. In some studies, the T,,2/T,1 bal-
ance seemed to be shifted by a systemic decrease in IL-4, rather
than an increase in IFN-y production [140,141,150,151], whereas in
others, increased IFN-y production was observed [145,152,153].
Studies examining changes in the local response obtained com-
parable results (i.e., decreased infiltration to the site of allergen
challenge with CD4* T cells and eosinophils [140, and an
increase in IFN-y [140,145,154] and IL-12 [145]). A shift in the
T,2/T,1 balance correlated with clinical improvement, aller-
gen-specific IgE levels and late-phase skin reactions [139,153]. In
contrast to SCIT, the question remains as to whether SLIT
influences or changes T-cell responses in allergic patients. Studies
on house dust-mite and bee-venom allergies reported reduced
proliferation [133,155-157], increased IL-10 production [155,156] by
peripheral blood mononuclear cells or decreased serum levels of
IL-13 [158] in patients who were treated with SLIT. Others did
not detect significant changes in terms of cytokine production
(IL-4, -5, -12, IFN-y) and the T,1/T,2 balance [53,133,159],
despite positive effects on medication or symptom scores.
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As well as clonal and functional deletion of allergen-specific
T cells, the induction of regulatory T (T) cells represent a dif-
ferent means of suppressing inflammatory responses. T, cells
can generally be subdivided into different subsets: naturally
occurring CD4*CD25" T cells and adaptive T, cells. The lat-
ter are further subdivided into T,,3 cells, which can be induced
following oral administration of the antigen, and T 1 cells that
can be induced in the presence of IL-10. Other subtypes are
also defined and described, but in the authors’ opinion, the
available data are not clear if these cells are a novel T, type or a
subtype of the already well-defined T, populations. Natural
and adaptive regulatory T cells are antigen specific, but regulate
immune responses in a non-specific manner, by cell-cell con-
tact or by the production of I1L-10 or TGF-B. T, cells can
exert their suppressive functions at multiple levels: i) cytokine
secretion; ii) chemokine receptor expression; iii) inhibition of
cytolytic function; or iv) induction of granzyme A/per-
forin-dependent apoptosis in activated CD4* and CD8*
T cells. The list of the cell types that are killed by CD4*CD25*
T cells can now be complemented by B cells, as very recently
shown [1e0]. For SCIT, several groups provided firm evidence
for a role of T, cells in the control of the allergic response by
immunotherapy. In house dust-mite and birch pollen allergies
with whole allergen, the number of IL-10- or TGF-B-produc-
ing CD4* T cells increased. These T cells were predominantly
confined to the CD4*CD25* population 138,161,162 and associ-
ated with decreased proliferation or cytokine production of
both Ty,1 and T2 cells [161,162]. In contrast, evidence for T,
cells in SLIT is missing, with the exception of one report show-
ing increased 1L-10 production by peripheral blood mono-
nuclear cells [1s6]. 1L-10 and TGF-p both suppressed T-cell
activity [163] and affected isotype switching, thereby skewing the
allergen-specific antibody isotype from IgE to an 1gG4- or
IgA-dominated response. In turn, signalling via the
FcyRIIB-receptor (e.g., binding of 1gG4-allergen complexes)
seemed to be required for the induction of T, cells and
mucosal tolerance [164]. IL-10 also blocked CD28 co-stimula-
tion [165], which was important for cytokine secretion by T,,2
cells, namely IL-5 and IL-13 [166-168].

The influence of the antigen amount on the development
and function of T, cells is unclear. There is evidence from
TCR-transgenic mouse models that extrathymic CD4*CD25*
Ty cells can be generated de novo from CD4*CD25 T cells
in response to agonist ligands [169,170). This process was most
efficient at low antigen doses and dependent on TGF-j and
subimmunogenic conditions. Interestingly, in mice, induction
of TGF-B and IL-10 was highest when oral tolerance was
induced by administering low doses of antigen [171]. This sug-
gests that SLIT, due to the low exposure level with antigen,
may favour the development of T, cells.

5. Conclusion

SIT is the only means to modify the natural course of the
disease and to maintain efficiency for several years after

cessation. SCIT can prevent insect-venom anaphylaxis and
allergic rhinoconjunctivitis to seasonal and perennial aller-
gens. It can also prevent the progression to asthma in rhinitis
patients, as well as development of new sensitisations, and
shows long-term efficacy. In contrast, SLIT is mostly used as
an alternative treatment for allergic rhinitis, and not for per-
ennial antigens and allergic asthma to inhalant allergen. Only
limited information exists regarding the long-term efficacy of
SLIT, and it is not firmly established whether it prevents new
desensitisations. Due to insufficient data, SLIT should not
yet be routinely used in small children. Furthermore, it is
unclear if SCIT and SLIT are equally efficient. Only few
studies exist with regard to allergen dosing and clinical out-
come after SLIT [2694. The underlying immunological
mechanisms in both treatments show similarities, as well as
dissimilarities. SCIT and SLIT can both modify the
allergen-specific antibody response and reduce the recruit-
ment of pro-inflammatory innate immune cells. It was
shown that SCIT can shift the immune response towards a
T, 1-dominated response and induce T, cells. It is not clear
if this is also the case for SLIT. However, the authors believe
that it is very likely that SLIT also mediates some of the
observed suppressive effects on T,,2 cells by inducing T,1
and/or T, responses. Figure 1 shows the potential
mechanisms of how SLIT may suppress the development of
allergen-specific T2 responses.

6. Expert opinion

It appears that SCIT is more effective than SLIT, but SLIT is
safer than SCIT. In order to enhance the efficacy of SLIT it
may be promising to combine the allergen with adjuvants.
So far, studies addressing this question have only been pub-
lished for SCIT [172,173]. Attempts to improve clinical effi-
ciency of SLIT by using Bacillus Calmette-Guérin in
combination with house dust-mite allergen failed [174).
Immunstimulatory sequences, monophosphoryl lipid A or
triterpenoid glycosides from Quillaja saponaria may not only
be potent adjuvants for the generation of T,,1 responses but
may also enhance antigen uptake [175], and may be used in
combination with allergen during SLIT (provided that they
are safe and allergen specific). For example, 1,25-dihydroxy-
vitamin D3 together with dexamethasone or Lactobacillus
plantarum may prove useful as immunmodulators in shifting
the T-cell response towards a more regulatory path [i7e).
Once recombinant allergens become more available, they
may also improve the efficacy of SLIT, as the currently used
allergen extracts may contain unwanted substances or not
sufficient amounts of the relevant allergen [176-179]. However,
it is not yet proven that recombinant allergens will lead to
higher efficacy, as the additional components included in the
extract may actually function as adjuvants. Furthermore, for
some types of allergies (e.g., ragweed or timothy grass) there
is more than one dominant allergen that is responsible for
the induction of allergic responses. To treat patients with
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Figure 1. Potential mechanisms of SLIT-reducing allergic responses. Allergen that crosses the epithelial barrier is taken up and
presented by APCs to T cells, which differentiate into T,2 cells (1). The T,2 cytokines (2), IL-4 and IL-13 affect isotype-switching of
allergen-specific B cells towards an IgE-dominated response (3). IL-5 induces the development of eosinophils in the bone marrow and
recruits eosinophils to the site of allergic inflammation, whereas IL-9 enhances proliferation and differentiation of mast cells. Recruitment
of eosinophils is further mediated by the epithelium, which produces eotaxin (CCL11). IL-4 and IL-5 prime mast cells to release their
mediators on activation (e.g., by allergen-mediated crosslinking of surface-bound IgE [4a, b]). Mediators released by eosinophils and mast
cells increase vascular permeability, airway hyper-reactivity and mucus production (5a, b). Airway hyper-reactivity and mucus production is
also directly enhanced by IL-13. SLIT decreases IgE production and increases allergen-specific IgG and possibly IgA levels (6). IgG and IgA
compete with IgE for allergen binding and thereby inhibit the degranulation of mast cells and eosinophils and antigen uptake by APCs
bearing suitable Fc receptors and its subsequent presentation to T cells. Binding of allergen/IgG complexes by FcyRIl-expressing cells, such
as B cells and mast cells, transduce a negative, inhibitory signal preventing degranulation. Furthermore, SLIT may shift the T-cell response
from T,2 towards a more T,1 type leading to a general reduction in allergic responses (7). It is possible that T, cells are also induced
during SLIT, inhibiting allergic responses by producing TGF-p and/or IL-10, or by directly inhibiting the activation and proliferation of
allergen-specific T,;2 cells through a cell-cell contact-mediated mechanism.

APC: Antigen-presenting cell; Ig: Immunoglobulin; IL: Interleukin; SLIT: Sublingual delivery of allergens; TGF: Transforming growth factor; T,1: T helper cell type 1;
Ty2: T helper cell type 2; T, Regulatory T cell.

these types of allergies, a combination of all of the major  derivatives [177-179]. They may maintain their immuno-

allergens may be needed. In order to achieve the best result,
numerous studies may have to be performed, titrating the
amount of one recombinant allergen against the others. This
is a task that may be even more difficult when patients with
multiple sensitisations are treated. A further possibility to
improve SLIT is to use recombinant hypoallergenic allergen

genicity while displaying reduced allergenic activity, leading
to decreased side effects and increased efficacy.

Although there are options to possibly increase the effi-
cacy of SLIT, it is most important to identify the underlying
mechanisms in order to know in which direction to optimise
the therapy. Nevertheless, the major question remains. Why
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favour SLIT over SCIT if SLIT is not as effective and the
side effects of SCIT seem to be tolerable (when performed
under medical supervision)? More studies are needed to
directly compare the efficacy of SLIT versus SCIT to reach a
conclusion as to which one is better and for which indica-
tion. Therefore, quantification of allergen preparations (in
order to directly compare the amount of the major allergens
present in different extracts) and dose-finding studies need
to be performed and used side by side in clinical studies,
directly comparing SCIT with SLIT. In this context, recom-
binant allergens clearly have an advantage over extracts. Even
though SLIT may never reach the same level of effectiveness
as SCIT, it may have the advantage of being used in very
young children, as preschool age is considered to be the limit
for SCIT, due to the possible side effects. Furthermore,

compliance may also be higher in this group due to the pain-
less administration of sublingual vaccines. These may be very
important points, as SIT appears to be more effective in
younger children [1s0). Taken together, it is clear that SIT is
effective and that there are currently two competing applica-
tions: SCIT, with proven efficacy but possible severe side
effects (anaphylaxis) and the need to be performed under
medical supervision; and SLIT, also with proven efficacy
(albeit lower than SCIT), few side effects and the possibility
of self medication. In this regard, SLIT may substitute for
SCIT in the long run, under the condition that the efficacy
can be improved without increasing the side effect profile. It
may also be possible that SLIT may be more suited than
SCIT for the treatment of a certain atopic phenotype and
vice versa.
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