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SUMMARY:

Background: Subcutaneous specific immunotherapy has been demonstrated capable of inducing T regulatory response.
There is few evidence concerning immunological changes induced by sublingual immunotherapy.

Objective: The aim of this study was to evaluate T cell proliferation in subjects successfully treated with SLIT for HDM.

Methods: PBMCs were isolated from patients after at least 3 years of successful HDM SLIT and from matched untreated
allergic and healthy control subjects. After 3 and 6 days of in vitro stimulation with PHA, Candida albicans, Dermatophagoides

farinae, grasses, Parietaria judaica, and cat, proliferation.

Results: Subjects treated with SLIT showed significant reduction of proliferation induced by Candida albicans, Parietaria,
and grasses in comparison with untreated atopics (p=0.0002, 0.0033, and 0.009 respectively).

Conclusion: This pilot study confirms reduced T cell proliferation in allergic subjects treated with SLIT.
Key-words: Sublingual immunotherapy - T cell proliferation - Immunologic tolerance.

INTRODUCTION

pecific immunotherapy (SIT) is traditionally

based on the subcutaneous administration of

allergen extracts to obtain clinical tolerance of
the causal allergens in patients with allergic disorder
(1). There is evidence that specific immunotherapy is
effective in patients with allergic rhinitis and mild form
of asthma as stated in a recent WHO position paper (2).
Th2 cells play a critical role in the pathogenesis of
allergic rhinitis and asthma (3). However, the immuno-
logical mechanisms that downmodulate and protect
against the development of them are poorly unders-
tood. A spectrum of CD4+ T cells, including Th3 cells,
Tr1 cells, CD4+CD25+ cells, and NKT cells, might exert
a role in regulating allergic reaction (4,5). A better
understanding of the role of regulatory cells in allergic
disorders may lead to the identification of pathways
involved in specific immunotherapy. Recently, a role
for regulatory cells has been evidenced in patients
treated with SIT for grasses and HDM (6,7). Moreover,
the role of IL-10 as early marker of successful immu-
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notherapy has been more recently evidenced (8). On
the basis of these findings, it has been pointed out that
SIT generates regulatory T cells secreting both IL-10
and TGF_ and specifically suppress allergen-induced
responses (9). This issue appears crucial as a defect of
T regulatory cells has been recently provided by an
elegant experimental study in allergic subjects (10).
As the traditional subcutaneous route of administra-
tion showed the risk of serious adverse reactions,
alternative routes of immunotherapy, including oral,
sublingual (SLIT), and nasal, have been investigated
and developed (11).

The rationale of SLIT is that oral administration of
high-dose allergen may reduce and prevent IgE res-
ponses. Methodologically, the extract is kept under
the tongue per few minutes and then swallowed: the
so-called sublingual-swallow. A different method may
be used: after keeping the allergen under the tongue,
it is spat out ("sublingual-spit"). At present, this last
method is rarely used.

SLIT efficacy has been evaluated in the WHO position
paper (2), in the EAACI/ESPACI document (12), and in
the ARIA document {13). All the published studies but
three evidenced the clinical efficacy of SLIT both on
rhinitis and asthma symptoms (11,14). The efficacy
for rhinitis was recently confirmed by meta-analysis
Cochrane review (15).
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Although the precise mechanisms by which this oral
tolerance is induce are not well understood, the route of
allergen processing and presentation remains a critical
determinant of the subsequent T-cell modulation (14).
Nasal immunotherapy, a variant of local immunotherapy,
has been demonstrated to be capable of decreasing aller-
gen-specific T-cell response (16). Very recently, oral speci-
fic immunotherapy provided evidence of inducing a form
of immunologic tolerance to the allergen (17). However,
the immunologic changes induced by SLIT remain still
unknown. Thus, our aim was to investigate this issue.

METHODS

Patients

The study was approved by the Review Board of the
La Spezia Navy Hospital and performed with the
informed consent of all participants. The donor panel
consisted of 9 healthy subjects (as control group), 10
allergic subjects, and 9 patients receiving HDM SLIT.
Allergy was defined by a positive skin prick test res-
ponse to Dermatophagoides pteronyssinus at least 4
mm greater than that elicited by the negative diluent
control (Stallergenes, Milan, Italy). Allergic donors
were all symptomatics, with a clear history of allergic
rhinitis. Subjects undergoing SLIT had received HDM
immunotherapy (Staloral 100 IR, Stallergenes, Milan,
Italy) for at least 3 years and were well matched to
allergic donors for age, sex, and skin prick test res-
ponse. Six subjects of untreated group and five sub-
jects of treated group were polysensitized, but the sen-
sitization for other allergens was not cause of symp-
tom occurrence as provided both by their history and
negative allergen-specific conjunctival chalienge.

The study was performed during the winter, such as
outside the pollen season.

Clinical evaluation

Patients were assessed for a change in symptoms.
The following symptoms were assessed by the
patient, answering the questions made by the investi-
gator: nasal obstruction, sneezing, rhinorrhea, and
itchy nose. Each symptom was evaluated on the fol-
lowing scale: 0= absent, 1= mild (symptom was pre-
sent but was not annoying or troublesome), 2= mode-
rate (symptom was frequently troublesome but did
not interfere with either normal daily activity or
sleep), and 3= severe (symptom was sufficiently trou-
blesome to have interfered with normal daily activity
or sleep). Total symptom score (TSS) being the sum
of each individual symptom was considered.

Allergen-specific
proliferative response

PBMC were isolated by centrifugation on a Ficoll-
Hypaque gradient for 30 min at 1800 rpm. PBMC were
suspended at 2x108/ml in RPMI 1640 (Sigma, Milan,
Italy) supplemented with 10% autologous plasma, 2mm
L-glutamine (Sigma), and cultured in duplicate on 96
flat-bottomed plates (Nunc, Kamstrup, Denmark) for 6
days in the presence of allergen extracts (20 mcg/ml),
including Dermatophagoides farinae, Parietaria judaica,
five grasses, and cat fur (allergens were kindly provided
by Stallergenes Italy, Milan). We chose these allergens
as they are the most important cause of sensitization in
our area. In all groups, we included duplicate medium
controls wells as a negative control and duplicate in
presence of 2x106/ml autocleaved bodies of Candida
albicans, as recall antigen, or PHA. After 6-hrs pulse
with 0,5 mCi (3H)-thymidine/well (3H-TdR; Amersham
International, Bucks, UK), cultures were harvested and
counted incorporated radioactivity as index of prolifera-
tion. We expressed data as Kcpm {cpm/1000) in aller-
gen-stimulated wells with medium control subtracted.
Data are individual values with median horizontal bars
from separate donors of each group

Statistical analysis

We compared proliferation data among groups with
the non-parametric Mann-Whitney U test with Prism
software (version 3; Graph Pad, San Diego, CA, USA).

RESULTS

Clinical efficacy of SLIT

Allergic subjects ondergoing HDM SLIT showed a
significant improvement of nasal symptoms in com-
parison with untreated rhinitics (p<0.01).

Effects of SLIT
on the proliferative response

> Candida albicans-induced T-cell proliferation (figu-
re 1): SLIT-treated patients showed significant lower
proliferation than untreated allergic subjects
(p=0.0002). Untreated allergic subjects showed signi-
ficant higher proliferation than healthy subjects
(p=0.0006). There was no difference between SLIT-
treated subjects and healthy donors.

> Dermatophagoides farinae-induced T-cell prolifera-
tion (figure 2): SLIT-treated patients showed lower pro-
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liferation than untreated group. even though without
significant difference. There was no significant diffe-
rence between treated rhinitics and normal subjects,
whereas there was significant difference between
untreated allergics and normal subjects (p=0.041).

>  Parietaria judaica-induced T-cell proliferation
{(figure 2): SLIT-treated rhinitics showed significant
lower proliferation than untreated allergic subjects
{p=0.0033). Untreated allergics showed higher proli-
feration than control group (p=0.0033), whereas
there was no difference between normal subjects
and SLIT-treated patients.
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Figure 1: Proliferative response to Candida albicans of PBMCs
from untreated (UA), normal (CG), and SLIT-treated (TA) sub-
jects. (Kilocounts per minute).

Five grasses-induced T-cell proliferation (figure 2):
SLIT-treated patients showed lower proliferation than
untreated rhinitics (p=0.009). There was no significant
difference between treated subjects and healthy
volunteers. Untreated allergic patients showed higher
proliferation than normal subjects (p=0.0033).

Cat fur-induced T-cell proliferation (Figure 2): there
was no significant difference between treated and
untreated patients and between treated subjects and
normal controls. Untreated subjects showed higher
proliferation than healthy donors (p=0.033).

DISCUSSION

Allergic rhinitis is characterized by a Th2-polarized
inflammation. Th2-derived cytokines have been
previously investigated in subjects with allergic rhi-
nitis, particularly concerning the role of IL-4 and IL-
13 (18). IL-4 is a pivotal cytokine that orchestrates
allergic inflammation as it is the most important
signal to induce Th2 polarization in allergic sub-
jects (19). IL-4 and IL-13 promote IgE synthesis,
upregulates adhesion molecules selective for eosi-
nophil recruitment, and cause increased mucus
production and airway hyperreactivity (19). Thus,
there is agreement about the role exerted both by
IL-4 and IL-13 as main pathogenetic factors in indu-
cing, maintaining, and amplifying inflammatory
allergic inflammation.
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Figure 12: Proliferative response to Dermatophagoides pteronyssinus, Parietaria judaica, cat fur and grasses of PBMCs from untrea-
ted (UA), normal (CG), and SLIT-treated (TA) subjects. (Kilocounts per minute).
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Otherwise, there is an accumulating evidence that Th1-
related cytokines, such as IFN_ and IL12, may suppress
and counteract this Th2 response and viceversa as
there is functional dichotomy between Th1 and Th2
cells (20). However, there is evidence that Th1 cells
may be themselves pro-inflammatory as it has been
demonstrated that the development of an Th1-associa-
ted inflammatory response could exacerbate asthma
(21). Furthermore, the increase in prevalence of atopic
diseases over the past 20 years has been accompanied
by an increase in the prevalence of autoimmune, Th1-
driven, diseases, also in the same subject (22). Thus,
forms of immunity other than pure Th1 responses
must be effective in regulating the allergic inflamma-
tion: such as regulatory T cells (3). As recently eviden-
ced, allergic subjects shows a defect of T regulatory
cells (10). This defect may be replaced by subcuta-
neous SIT as provided by several studies (6,7,8).
Particularly, successufully SIT has been demonstrated
capable of inducing IL-10 production by T cells (9). IL-
10 exerts a number of documented activities that are
relevant for understanding the mechanisms of action
of specific immunotherapy. IL-10 properties include:
the modulation of allergen-specific IgE production in
favor of IgG4 (23), the inhibition of allergen-dependent
mast cell activation (24), and the suppression of activa-
tion and survival of eosinophils (25). Moreover, IL-10
reduces the production of pro-allergic cytokines (26)
and induces hyporreactivity to allergens (27).
Sublingual immunotherapy is a safe and effective
route of administration of allergen extracts in allergic
patients. However, its mechanism of action is still
poorly understood, as there are few data concerning
the immunologic changes induced by SLIT (11,14).
Few studies showed a relevant effect on the IgG4 res-
ponse after SLIT, thus it could seem that SLIT does
not reduce constantly the IgE production and increa-
se the IgG4 synthesis (11). On the contrary, a decrea-
se of serum IL-13 was demonstrated after SLIT thera-
py (28). Moreover, it has been reported that T cell pro-
liferative response was reduced by SLIT (29). The
same effect was demonstrated also for other local
routes of specific immunotherapy, such as nasal (16)
and oral (30). These findings confirm numerous expe-
rimental studies in animal models, showing that the
oral route is tolerogenic and can reverse the Th2 pola-
rization (31, 32, 33).

The present study evidenced that allergic subjects
successfully treated with SLIT for HDM showed redu-
ced T cell proliferation induced by different stimuli.
The most relevant result is the response to Candida
albicans that is an ubiquitous antigen. We chose this
antigen because it is a common recall antigen. It is of
note that a previous study did not show reduction of
tetanus toxoid-induced proliferation, probably becau-
se of low allergen dose schedule (29).

In addition, allergen-specific T cell proliferation was
also affected by SLIT. Even though Der f-induced pro-
liferation was not significantly reduced, perhaps
because of few cases investigated, it is noteworthy to
mention that there was significant reduction of T cell
proliferation also for other allergens that were not
causal allergens, but only responsible of sensitization.
Thus, these findings confirm that SLIT is capable of
inducing immunologic hyporeactivity that may be
both specific toward the allergen administered and
also directed to other environmental antigens. As
recently evidenced by several studies (6,7,8), the
decreased T cell proliferation induced by SLIT may be
consequence of T regulatory cell involvement.
Therefore, decreased T cell proliferation may be attri-
buted to the induction of generation of regulatory
cells capable of inducing a tolerance to the causal
allergen. This tolerance is involved in the clinical
improvement achieved by SLIT-treated patients.

In conclusion, we reported systemic immunologic
changes induced by the administration of allergenes
via the oral mucosa. It is well known that oral-asso-
ciated lymphoid tissue shows a particular capacity to
induce immune tolerance (34,35). According with the
studies, analyzing the events occuring during muco-
sal immunotherapy, such as via nasal (16), oral (17),
and sublingual route {29), we conclude that HDM SLIT
may induce both a decrease in T cell reactivity and an
immunologic tolerance.
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