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Allergen-specific immunotherapy: 
an update on immunological

mechanisms of action
G. Ciprandi1, G.L. Marseglia2, M.A. Tosca3

Introduction

Specific immunotherapy is the only treatment
able to modify the natural history of allergic sub-
jects. Immunotherapy creates a “clinical toler-
ance” towards an allergen that causes a specific
clinical picture and may inhibit the progressive
evolution both towards polysensibilization and to-
wards asthma-rhinitis comorbidity [1, 2, 3, 4, 5].

Most of the studies published so far, focus on
subcutaeous specific immunotherapy (SCIT); re-
cently, though, a few clinical studies have investi-
gated alternative ways, mainly the sublingual one
(SLIT).

SCIT Mechanisms

Several aspects of the immunopathological re-
sponse modified by SCIT have been investigated;
the first parameter historically studied was the pro-
duction of allergen-specific antibodies.

Effects on the Synthesis of Allergen-specific Anti-
bodies

The concentration of specific serum IgE in-
creases during the initial phases of SCIT, and later
decreases over a period of time that varies from
weeks to several months, until it reaches lower val-
ues than at the beginning. As a result, the immedi-
ate response to skin tests may be reduced. On the
other hand, the late phase to skin tests is virtually

abolished, as well as the late phase of nasal, ocular,
and bronchial response to the allergen-specific
challenge. Reduced IgE production could be due to
different mechanisms, none of which have been de-
finitively confirmed. The partial or total inhibition
of cytokines activating the mediated IgE response
is probably the most reliable hypothesis [6].

During specific immunotherapy, the IgG class
increases, mainly concerning the IgG4 subclass.
These antibodies, having a high affinity with the
specific allergen, which compete against the IgE
(hence the term “blockers”, as they prevent the al-
lergen from reaching the target cell in the reaction
organ; they indeed block the activation of the
mast-cells and inhibit the release of mediators).
The IgG4 are produced by B cells, in presence of
both IFNγ and IL-10.

Besides inhibiting the release of chemical me-
diators from mast cells and basophil cells, these
antibodies can also prevent the infiltration of in-
flammatory cells in the target organs which results
in a reduction in number of mast cells and
eosinophils, an inhibition of their activation, and a
reduced release of histamine, PGD2, and other me-
diators, leading to an inhibition of the late allergic
response.

Effects on Th1 and Th2 Lymphocytes

As for the Th1 and Th2 balance, it has been
demonstrated that immunotherapy modifies the pa-
tient’s allergic phenotype, generally characterised
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Specific immunotherapy (SIT) is the only treatment
able to modify the natural history of the allergic subjects.
Several aspects of the immunopathological response mod-
ified by SIT have been investigated; the first parameter
historically studied was the production of allergen-specif-
ic antibodies. An increase of allergen-specific IgG4 and a
decrease of IgE appear after SIT. A shift from Th2-polar-

ized immune response toward Th1-oriented pattern has
been reported after SIT. More recently, a crucial role for
a subpopulation of T cells has been evidenced: T regulato-
ry cells (Treg). Allergic patients have a defect of Tregs.
SIT is able of inducing a specific Treg response.

Sublingual immunotherapy is an alternative route of
administration for SIT. Recent evidence shows that SLIT
is also able of inducing a Treg response as detected by IL-
10 production.
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by a Th2 polarization: in fact, immunotherapy has
been demonstrated to stimulate a Th1-type response
(“immunodeviation”) related to an increased IFNγ
and IL-2 production. This response is promoted and
strengthened, thanks to activated macrophages, by
an increased IL-12 synthesis, which powerfully
stimulates the IFNγ synthesis [7].

The effectiveness of SCIT could be due to a
Th2 reduced activity, either through a mechanism
of anergy or, at least, of tolerance (“immunosup-
pression”) or through a Th1 stimulation and regu-
lation (also known as “immune deviation”) [8, 9].
In fact, high doses of allergen, as provided by im-
munotherapy, could induce an immunological tol-
erance. In patients receiving SCIT a significant re-
duction of the in vitro specific allergen induced-
proliferation of CD4+ T-lymphocytes has been
demonstrated, as well as a reduced production of
IL-4 and IL-5. Moreover, specific immunotherapy
is able to reduce the expression of ICAM-1 adhe-
sion molecules on the nasal and conjunctival ep-
ithelium, the infiltrate of inflamatory cells, and the
plasmatic level of IL-13 [10, 11].

During immunotherapy for hymenoptera ven-
om and for inhalant allergens, a significant induc-
tion of a sub-popoulation of T-cells, the T-regula-
tory cells (Treg), whose activation is fundamental
for the homeostasis regulation has been recently
described [12, 13, 14, 15].

Role Played by Regulatory T-cells

The context in which Treg cells, divided into
Tr1, Th3, CD4+ CD25+ (the α chain of the IL-2
receptor, IL-2Rα), are generated has not yet been
well defined. Furthermore, the mechanism through
which Treg cells suppress the T-cell mediated im-
mune response still needs to be clarified; neverthe-
less, the immunosuppressant and/or immunoregu-
latory contribution of their cytokines IL-10 and
TGFβ is nowadays of great interest [16], since
their increased production is essential for the im-
munotherapy effectiveness.

Interleukin 10 (18.7 Kda) plays a role in a
complex series of reactions during the allergic re-
sponse; produced by Tr1, Th1, Th2, mononuclear
macrophages and NK cells, it determines a pro-
longed inhibition of the allergen-specific T CD4+
response, reduces the number of resident mast
cells and the production, the recruitment, and the
increased survival of the eosinophils [17]. More-
over, it reduces the activation of allergen-specific
Th2 cells, the production of pro-inflammatory cy-
tokines by macrophages, and cytokines released
by IgE-activated mast cells; it also reduces the IgE
production while increasing the synthesis of IgG4
by B-lymphocytes [4]; IL-10 also suppresses the
synthesis of cytokines produced by T-cells (IFNγ,
IL2, IL4, IL5, IL6, IL8, IL12, TNFα), the synthe-
sis of both CD23 and ICAM-1, and it even reduces
the expression of co-stimulation signals between
CD28 (present on T helper lymphocytes) and B7
(present on antigen presenting cells, APC); finally,
it inhibits the APC-mediated production of acces-
sory signals for the activation of T helper cells.

At the target organ, IL-10 inhibits the prolifer-
ation of the vascular smooth muscle, with a possi-
ble benefial effect of reducing the remodeling of
the respiratory tract in patients affected by asthma.

TGFβ is another cytokine implicated in the
modulation of the allergic reaction. It is produced
by Treg cells [11, 17, 18, 19]. A significant effect
can be detected in the increased production of se-
cretory IgA, through the activation of B cells, in the
inhibition of both the GATA3 expression and the re-
lated orientation towards the Th2 and Th1 popula-
tion, and in the crucial role played in the induction
of the tolerance for the oral antigen presentation.

It is possible that all the complex mechanisms
just described could take part in immunotherapy,
by the activation of the Treg subpopulation. In
fact, the anergy of the allergen-specific T cells de-
riving from this treatment, if occurring, seems to
be al least partly dependent on the action of the IL-
10 [19]. Also, as for the IL-10, two recent papers
[20, 21] underline its fundamental role in inducing
an anergy as a consequence of SCIT: in particular,
this cytokine seems to be able to predict the suc-
cess of the specific treatment, when an increase in
IL10-mRNA is detected after 3 month administra-
tion. On the other hand, the TGFβ will increase af-
ter one year, but only in the responding subjects.
Another cytokine, the IL-18 increases during SC-
IT, especially in the first phases; in presence of the
co-stimulator cytokine IL-12. IL-18 favours both
the production of IFNγ and the Th1 switch, and it
is an antagonist of the Th2 response, through the
production of IgE and the hyperreactivity of the
respiratory tract.

Role of Dendritic Cells

Mucosal dendritic cells of the respiratory tract
and of the digestive tube control the first phase
(“mucosal”) of the immunological response, by
capturing and elaborating the allergens, followed
by the second systemic phase that sees the activa-
tion of a process leading to the Th1 polarization or
to a response of allergen-specific immunotoler-
ance. The role of the Dendritic Cells (DC) be-
comes thus fundamental [8].

Immunotherapy with high doses of allergen
may give different levels of response, both for den-
dritic and regulatory cells. This is true mainly for
sublingual exhibition at high antigen doses, rapid-
ly captured and sent to the DC of the draining
lymph nodes, and then exposed to the T-cells,
thanks to IL-12, in order to activate a process that
will bring to Th1 polarization. Followed by lym-
phocytes re-circulation and allergen absorption,
this mechanism becomes similar to SCIT (specific
IgE increase, specific T proliferative response,
etc.) through a mechanism of immunodeviation or,
more properly, of immunosuppression.

On the whole, specific immunotherapy has a
significant effect on modulating allergen-specific
T-cells: this fact explains why both the clinical and
the late response are attenuated, even if specific
serum antibodies are not directly involved at the
same time.
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Most of the recent approaches of specific im-
munotherapy aim at obtaining a switch to a physi-
ologic Th1 oriented asset [8], mainly through the
induction of regulatory T cells and IL-10 and
TGFβ production [22, 23].

SLIT Mechanisms

As for SLIT, in order to be efficient, as recent-
ly underlined in the ARIA document, the doses of
allergen have to be really high, such as they have
to be superior to those used for the subcutaneous
injection (from 50 up to 100 times the cumulative
doses of SCIT) [1]. Another consideration that has
to be made concerns the allergen kinetics. After
having been underneath the tongue for a short pe-
riod of time and then swallowed, it may be rapidly
and almost completely detected in the stomach and
the small intestine, while a small portion of it, up
to 2%, remains in the sublingual region for up to
20-30 hours [24]. On the other hand, the plasmatic
radioactivity reaches a peak after 1 hour, and per-
sists after 2 hours, demonstrating that the absorp-
tion takes place mainly in the gastroenteric tract.
Actually, the high molecular weight of allergen ex-
tracts wouldn’t allow a sublingual absorption.

As previously mentioned, very few studies
have investigated the immunologic mechanism of
this type of administration and, so far, only three
parameters have been evaluated: allergen-specific
antibodies synthesis, in vitro cytokine production
and proliferative response.

As for the first parameter, data published so far
seems to be contrasting, since some authors have
found an increased synthesis of specific IgG4, while
others haven’t demonstrated this particular phenom-
enon [24]. Of course, this data discrepancy could
depend on several methodological aspects that may
indeed differentiate the studies (i.e. type of allergen,
concentrations, duration of treatment, etc.).

As for the cytokines synthesis, so far only one
paper has been able to detect a reduced level of IL-
13, even though in a in vitro model [11].

Furthermore, one study has reported that SLIT
is able to induce a reduced proliferative allergen-
specific response, which indirectly demonstrates
the involvement of a regulatory response [25].

At last, very recent data has shown that in pa-
tients treated for 3 years with successful SLIT a re-
duced proliferative response is detectable, in addi-
tion an increased production of IL-10 is present
only in SLIT-treated allergic patients [26, 27]. This
fact directly demonstrates the involvement of the
regulatory response as a consequence of sublin-
gual assumption of the allergenic extract. In addi-
tion, it has been reported that the reduction of
eosinophilic infiltration and bronchial hyperreac-
tivity are related with IL-10 production in SLIT-
treated allergic patients [28].

Conclusions

Specific immunotherapy is at present the only
therapeutic strategy oriented towards the allergen
specific response. Moreover, it represents the only

treatment able to modify the natural history of the
allergic reaction, preventing the typical evolution
to polysensitization, the symptom aggravation, and
the asthma-rhinitis association. Its efficacy has
been widely demonstrated. Moreover, specific im-
munotherapy is the only specific treatment for res-
piratory allergies, since no other treatment can car-
ry on a similar immunomodulant activity against
the causal allergen. Furthermore, in order to assure
a therapeutic benefit, the diagnosis must be correct
and precise. Especially in polysensitised patients,
the main allergen responsible for the major symp-
toms has to be detected. It is still important,
though, to consider that appropriate therapeutic
management of the allergic patient should be
based on a multidisciplinar approach where the al-
lergist is the physician who should actually unify
the various professional aspects.
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