Journal of Pediatric Biochemistry 3 (2013) 93-97 93
DOI 10.3233/JPB-130079
10S Press

Review Article

Immune system network in allergic diseases
during sublingual immunotherapy: The role of
oral mucosal tissue

Angela Lanzafame*, Giuseppe Parisi, Giovanna Di Dio and Mario La Rosa
Department of Pediatrics, University of Catania, Catania, Italy

Received 22 October 2012
Revised 6 November 2012
Accepted 12 December 2012

Abstract. Specific sublingual immunotherapy (SLIT) represents an approach currently available to redirect inappropriate im-
mune response in atopic patients. Since oral mucosal tissue displays high affinity for allergens, it is conceivable that the sub-
lingual administration route might induce immunological tolerance towards allergens involving cells and mediators specific of
oral and intestinal mucosa. The presence in oral mucosa of dendritic cells (DCs) which express the high-affinity receptor for
immunoglobulin (Ig)E (FceRI) seems to suggest that the generation of T regulatory cells in periphery is orchestrated by a par-
ticular subset of DCs. It seems that repeated stimulation of nawe CD4 T cells with allogenic immature DCs induce Trl cell
maturation. Nevertheless, other cells are involved in this process, such as Toll Like Receptors (TLR), Major Histocompatibility
Complex | and Il (MHC | and 1) and costimulatory molecules, such as CD40, CD 80/B7.1 and CD 86/B7.2. An increase of
serum 1gG4 and IgA, a reduced number of inflammatory cells infiltrating target organs, as well as a reduction of eosinophilic
cationic protein and a T cell suppression in the peripheral blood also occur with SLIT. All these molecules orchestrate the im-
mune network within the regional immune system, recreating a favourable environment for the induction of tolerance operated
by SLIT.
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1. Introduction

Specific immunotherapy (SIT) has been shown to
be safe and effective in the treatment of clinically
significant respiratory IgE-mediated diseases [1,2]
and it represents the only approach currently available
to redirect inappropriate immune response in atopic
patients [3]. The risk of severe systemic side effects and
the need for frequent injections has limited the appli-
cation of the subcutaneous immunotherapy (SCIT),
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especially in children in which sublingual-swallow
immunotherapy (SLIT) may represent an alternative.

In fact SLIT has been shown to be safe and effec-
tive in several double blind placebo-controlled studies
in children affected by asthma and rhinitis [4-6] and
in 2001 the guidelines on allergic rhinitis and its im-
pact on asthma (ARIA) extended the indications of
SLIT also to children [7].

1.1. Oral mucosa dendritic cells (DCs): What is
known in allergy?

All dendritic cells (DCs) and subtypes display a few
common features, such as their localization in the
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Dendritic Cells (DCs) subtypes in skin and mucosal epithelium

DC subtypes

Mediators production

Localization

Skin DCs/ Myeloid DCs/ LCs

Proinflammatory soluble mediators, chemotactic factors Basal layers of the upper epidermidis

Inflammatory dendritic epidermal  Proinflammatory cytokines (TNF-a, I1L-8), chemokines Inflamed epidermis

cells (IDECs) and soluble factors (IL-12)

Dermal DCs

Mucosal DCs/ oral DCs Anti-inflammatory cytokines (IL-10, TGF-B)
Nasal DCs

cytokines (IL-10)

Plasmocytoid DCs IFN IL-10

Dermis
Oral mucosal epithelium

Proinflammatory (TNF-a, 1L-6) and anti-inflammatory  Nasal mucosal epithelium

Epidermal skin (patients with psoriasis or
allergic contact dermatitis, but nearly absent
in patients with atopic dermatitis), nasal
mucosa, peripheral blood

body sites neighboring the exterior, which is associ-
ated directly with their pivotal role as sentinels of the
immune system (Table 1). Another, unique feature is
their capability to prime naive T cells and direct the
nature of T cell responses.

Human DCs can be divided into two major sub-
types, myeloid DCs (MDCs) and plasmacytoid DCs
(PDCs). They are interferon (IFN)-producing cells
recognizing viral antigens by Toll-like receptor 7 and
9 (TLR-7 and TLR-9) [8]. One of the most impressive
examples for these variations is DCs which express
the high-affinity receptor for immunoglobulin (Ig)E
(FceRl). Depending upon the context (i.e., cell type
and location of FceRI-bearing DCs), allergic immune
responses can be prevented, as it happens in the oral
mucosa during sublingual immunotherapy, due to the
existence of FceRI-positive DCs [9], or promoted, as
it occurs in the skin of patients with atopic dermatitis
(AD) [10-12].

Although the oral mucosal epithelium is exposed to
high numbers of bacterial products and allergens de-
rived from food, chronic allergic inflammatory reac-
tions are observed less frequently at this site [12]. This
is in contrast to other mucosal surfaces such as the
nasal and bronchial mucosa, where local chronic al-
lergic and inflammatory reactions often occur [13,14].

1.2. Dendritic cells modification: What is known
during sublingual immunotherapy?

In the last years, some studies indicated that the
mechanism of SLIT might be based on the increase of
number and activity of regulatory T cells. Regulatory
T cells appear to control the development of auto-
immune diseases and transplant rejection and may
also play a critical role in controlling asthma and

allergy. In particular, type 1 regulatory T cells (Trl)
are a subset of CD4+ T cells that produce high levels
of IL-10, low levels of IL-2 and no IL-4 [15]. It has
been reported that they consistently represent the
dominant subset specific for common environmental
allergens in healthy individuals in contrast to the al-
lergen-specific 1L-4-secreting T cells frequently
found in allergic individuals [16-18]. Specific im-
munotherapy, by modifying Trl compartment, would
then restore the natural immune tolerance to antigens
such as aeroallergens [19-21].

Accumulating evidence suggests that the genera-
tion of regulatory T cells in periphery is orchestrated
by a particular subset of dendritic cells (DCs), whose
phenotype and modality of function are topics of
intense study. Early reports showed that repeated
stimulation of na'we CD4 T cells with allogenic im-
mature DCs induce Tr1 cells [22,23]. Subsequently, it
has been demonstrated that a specialized subset of
DCs, termed tolerogenic DCs, can prime T cells to
differentiate in Trl cells, thus promoting tolerance
rather than immunity [24] and several protocols have
been developed to generate Tr1 cells in vitro by using
tolerogenic DCs [25].

To elucidate the immunological changes induced
by SLIT, Angelini and colleagues [26] studied the
function of DCs in asthmatic patients receiving SLIT
for 12 months. They observed a statistically signifi-
cant reduction over time of the expression of CD86,
an important costimulatory molecule for T cells, on
MDCs. Differently, CD80 expression, as well as
HLA-DR expression, was substantially unchanged.
CD86 appeared indeed to be more important than
CD80 for the induction of the allergic immune re-
sponse [27,28]. Therefore, the reduction of CD86
expression that Angelini and colleagues observed
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during SLIT [26] might have an important role in the
induction of tolerance or in the suppression of immune
response to allergens.

Moreover, Angelini and colleagues observed a
contemporary decrease of IL-12 production by DCs
after 12 months [26].

It has been shown recently that IL-10 can induce
the differentiation of T cells with antigen-specific
regulatory activity, directly or via induction of an
IL-10 producing subset of DCs [29-32]. Therefore, it
is conceivable that an increase of IL-10 production by
the DCs during the first months of SLIT might drive
an expansion of the T regulatory cell population,
which would be responsible for the clinical im-
provement usually observed after the first year of
immunotherapy. This interpretation is supported by
the recent work of Koya and colleagues [33], who
demonstrated that DCs treated with IL-10 produced,
in turns, considerable amounts of IL-10, and that the
adaptive transfer of IL-10-treated DCs leads to an
increase of CD4+IL-10+T cells in the lung of sensi-
tized recipient mice.

1.3. SLIT and oral tolerance: An update and future
target

Sublingual administration of vaccines to prevent
chronic infectious diseases [34] and of allergens as in
SLIT is independent from swallowing the allergen and
from any contact of the allergen with the mucosa of
the lower gastrointestinal tract [35,36].

Data about the exact mode of action of SLIT are
limited but are most likely very similar to the mecha-
nisms assumed to be responsible for the effect of its
subcutaneous variant. It is believed that it is more than
likely that IgE receptor-bearing DCs in the oral mu-
cosa take up allergens from allergen solutions and
tablets and induce T cell responses. In contrast to
subcutaneous allergen specific immunotherapy, ef-
fects observable locally at mucosal sites predominate
during SLIT. An increase of serum IgG4 and IgA, a
reduced number of inflammatory cells infiltrating
target organs, as well as a reduction of eosinophilic
cationic protein and a very heterogenous influence on
T cells in the peripheral blood in terms of T cell sup-
pression occur with SLIT [35,37,38]. Other groups
reported an enhancement of Foxp3+CD4+CD25+ T
regulatory cells (Treg) and IL-10 in the peripheral
blood [39], as well as enhancement of I1L-18 and the
signaling lymphocytic activation molecule (SLAM) in

peripheral blood mononuclear cells (PBMCs) after
SLIT, which suggests an up regulation of tolerance
induction and a down regulation of Th2 immune re-
sponses [40].

Concerning clinical studies, a meta-analysis that
covered ten studies conducted in a total of 577 chil-
dren [41] revealed that SLIT represents an effective
treatment alternative to the subcutaneous route in the
clinical practice.

Various vector systems are used in immunotherapy
to optimize the delivery of the antigen to target cells.
In addition, substances capable of redirecting Th2
prone immune responses into modified, more Thl
dominated immune responses are used as adjuvants to
provide cosignals to T cells [42]. Most of these tools
target innate immunity receptors such as TLRs. In this
context, miming the physiologic way of tolerance
induction toward bacterial products in the oral mu-
cosa, the addition of TLR ligands, such as mono-
phosphoryl lipid A (MPL) or Cytosine-phosphate-
Guanine sites (CpG), to the vaccine represents a very
successful strategy [43-45]. Data from human oral
DCs stimulated with MPL in vitro hold promise that
the combination of allergens with TLR ligands might
increase the efficacy of SLIT [43,45].

Recently Lombardi T et al. demonstrated in an in
vitro study that the TLR2 agonist synthetic lipopep-
tide Pam3CSK4 is the most powerful inducer of
IL-12p40 and IL-10 secretion in murine models. In
addition, they demonstrated a similar effect of
Pam3CSK4 on purified CD11b1+ CD11c- MHC class
11+ oral myeloid DCs, i.e. the main population of oral
Antigen Presenting Cells (APCs) in mice [46]. Bac-
terial toxins are able to enter the cytosol and are
therefore useful adjuvants to deliver antigens to major
histocompatibility pathways [47]. However, the tox-
icity sometimes limits the application of bacterial
toxins in the human system, so detoxified or nontoxic
variants have been generated within the last years to
circumvent this problem [47].

In the context of adjuvants applicable to mucosal
surfaces, nonpathogenic food-grade bacteria, such as
lactic acid bacteria [47], might represent a more
physiologic alternative. Co-application of allergens
with lactic acid bacteria to the mucosa in a murine
model induced increased levels of allergen-specific
1gG2 in the sera, as well as higher Interferon-y pro-
duction by Th1 cells. Sublingual application of 1,25-
dihydroxyvitamin D3, dexamethason or Lactobacillus
plantarum induced IL-10 production by DCs and
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enhanced SLIT efficacy in mice [48,49].

Furthermore, approaches using virus like particles
and plasmid DNA [45] represent other strategies that
follow the physiologic ways of pathogen transmis-
sion. Plasmid-DNA lipid complexes applied intrana-
sal have been shown to induce effective immunity
against pathogens transferred by way of mucosal
surfaces and hold promise of application to the oral
mucosa in the future [50].

There are also some recent approaches aimed to
optimize mucosal adhesion of antigens with the help
of ovalbumin combined with maltodextrin to enhance
mucosal adhesion. These studies revealed reduced
airway hyperresponsiveness, IL-5 and IgE production
in a mouse asthma model [51]. Also agents that in-
crease the permeability of the oral mucosa, which
differs depending on the region or grade of keratini-
zation, have been developed to enhance antigen up-
take [52].

In conclusion, the sublingual mucosa belongs to the
sophisticated network of mucosal immune system,
where tolerance induction towards a variety of anti-
gens from commensal bacteria and nutritional prod-
ucts predominates to maintain local immunostasis.
Oral mucosal tissue displays high permeability also
for allergens, and orally applied allergen had been
shown to retain within this process. Different cells are
involved in this process, such as Langherans-like local
dendritic cells, T Lymphocytes with suppressive
function, TLR, MHC of | and Il class and costimula-
tory molecules such as CD40, CD 80/B7.1 and CD 86/
B7.2. All these molecules orchestrate the immuno-
logical network within the regional immune system,
recreating an environment for the induction of toler-
ance operated by SLIT.
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