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Abstract

Sublingual immunotherapy has been considered to be a 

painless and effective therapeutic treatment for allergic 

rhinitis, and is known as type 1 allergy of the nasal mucosa. 

So far, its mechanism of action has been elucidated 

employing peripheral blood serum and lymphocytes in 

an antigen- specific fashion. Because of the limitations in 

sampling human materials, there is still controversy among 

many reports between clinical efficacy and laboratory data. 

Therefore, its mechanism of action needs to be investigated 

further by using promising animal models such as rodents 

and monkeys. Bearing this in mind, in our present study, 

we successfully constructed an effective murine model for 

sublingual immunotherapy in allergic rhinitis in which mice 

were administered ovalbumin (OVA) sublingually followed 

by intraperitoneal sensitization and nasal challenge.

Copyright © 2011 S. Karger AG, Basel

Allergic Rhinitis and Regulatory Mechanism 

for Allergic Inflammation

Allergic rhinitis is one of the commonest types 

of allergic inflammation affecting 10– 25% of the 

world’s population, and its prevalence has in-

creased over the last decade. Allergic rhinitis is 

characterized by a predominant Th2 response, 

antigen- specific IgE synthesis and infiltration of 

eosinophils into the nasal mucosa [1]. The type 

1 allergic response is largely divided into two 

phases, namely systemic response at the induc-

tion phase and allergic inflammation in the elic-

iting phase. The eliciting phase is further divid-

ed into two phases, namely immediate phase and 

late phase. To consider the pathologies of type 

1 allergic inflammation, we should now distin-

guish between the induction phase and the elic-

iting phase, even though there is always a mix-

ture of these two phases in normal human nasal 

mucosa. The hygiene hypothesis in line with 

helper T cell dichotomy has been proposed by a 

large number of investigators and many plausi-

ble hypotheses are available to understand aller-

gic inflammation in comparison with infective 

inflammation.

More recently, regulatory T cells, defined as 

CD4+CD25+ FoxP3+ T cell subpopulations, have 

been focused on as key players to downregulate 

excessive Th1 or Th2 pathologies such as autoim-

mune disease or allergy. These regulatory T cell 

subpopulations are considered to be efficiently 
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developed in a circumstance of low hygiene and 

high pathogen/adjuvant burden. Regulatory T 

cells producing IL- 10 and/or TGF- β are induced 

not only in atopic patients by successful immuno-

therapy, but also during natural allergen exposure 

in healthy people.

Regulatory T cells can control and regulate 

all the effector mechanisms activated during al-

lergy and the Th2 responses through the pro-

duction of IL- 10/TGF- β and/or cell- cell contact. 

IL- 10 is a potent suppressor of total and allergen-

 specific IgEs, whereas it induces an antibody iso-

type switch towards IgG4. TGF- β also decreases 

IgE production and induces an immunoglobulin 

isotype switch towards IgA. IL- 10 and TGF- β act 

directly or indirectly on the human airways to de-

crease both mucus production and airway hyper-

 reactivity.

Antigen- Specific Subcutaneous –  and 

Sublingual –  Immunotherapy

In the 5th edition of Japanese guidelines of allergic 

rhinitis, specific immunotherapy is recommend-

ed and introduced. So we need a more elegant and 

safe immunotherapy rather than the convention-

al one, and now sublingual immunotherapy has 

been in trials with T cell epitopes of cedar pol-

len in patients suffering from cedar pollenosis. 

Peptide immunotherapy with the T cell epitope of 

allergens (percutaneously or sublingually) is now 

in the process of clinical trials in Japan.

For the better understanding of sublingual 

immunotherapy, we need information such as 

standardization of antigens for immunotherapy, 

clinical efficacy, safety, mechanism of action, and 

aim for early intervention. Allergen- specific im-

munotherapy is associated with an improved tol-

erance to allergen challenge, with a decrease in 

immediate-  and late- phase allergic inflammation 

[2]. Allergen- specific immunotherapy also modi-

fies cellular and humoral responses to the aller-

gen. The ratio of Th1 cytokines to Th2 cytokines 

is increased following allergen- specific immuno-

therapy, and functional regulatory T cells are in-

duced. Production of blocking antibodies, IgG1, 

IgG4 and IgA, is induced and these immuno-

globulins compete with IgE for allergen binding, 

thereby decreasing the allergen capture and pre-

sentation that is facilitated by the IgE in complex 

with FcεRI or FcεRII.

Sublingual immunotherapy has previously 

been shown in many clinical studies to modulate 

allergen- specific Th2 responses with a decrease 

in the IgE to IgG4 ratio, and its mechanism has 

been considered similar to that of subcutane-

ous immunotherapy [3– 7]. Here, we address 

some new findings of the immunological mech-

anisms of sublingual immunotherapy such as 

decrease in the IgE/IgG4 ratio, induction of IL-

 10- producing Tregs and allergen- specific T cell 

tolerance, etc. Cosmi’s group have performed a 

clinical long- term study for sublingual immuno-

therapy in patients with perennial rhinitis with 

Dermatophagoides and came to the conclusion 

that the effects of SLIT is downregulation of Dp-

 specific IgE , enhancement of IFN- γ with Th cells, 

downregulation of Dp- specific proliferation, and 

enhancement of IL- 10 production. On the other 

hand, in their clinical study of patients with birch 

pollenosis, Bohler et al. [8] found that transient 

induction of regulatory T cells immediately after 

SLIT is followed by long- term allergen- specific 

peripheral tolerance (anergy) and immune de-

viation (from Th2 to Th1 milieu). Then, why do 

we choose sublingual immunotherapy as a new 

therapeutic method rather than subcutaneous 

immunotherapy?

Sublingual immunotherapy requires much 

more amounts of allergen than subcutaneous im-

munotherapy, but it has several benefits in com-

parison with subcutaneous immunotherapy [9]. 

Sublingual immunotherapy is pain- free and saf-

er than subcutaneous immunotherapy, because 

the amount of mast cells is least in the sublingual 

mucosal tissue. Another benefit is that patients 

can carry out the immunotherapy procedure by 
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themselves at home after reaching the allergen 

maintenance dose, thus necessitating fewer vis-

its to the outpatient clinic. To solve the problem 

of sublingual immunotherapy requiring a high 

dose of allergen, improvement of the allergen de-

livery system is necessary. One possible way is 

to modify immunocompetent cells such as den-

dritic cells for the efficient induction of regulato-

ry T cells and the production of allergen- specific 

IgGs.

Experimental Data in Our Murine Allergic 

Rhinitis Model and Future Goal

Sublingual immunotherapy has been consid-

ered to be a painless and effective therapeutic 

treatment for allergic rhinitis, which is a known 

as type 1 allergy of the nasal mucosa. So far, its 

mechanism of action has been elucidated by 

employing peripheral blood serum and lympho-

cytes in an antigen- specific fashion. Controversy 

still exists between many reports regarding the 

clinical efficacy and laboratory data of this 

method because of the limitations in sampling 

human material. Therefore, its mechanism of 

action needs to be further investigated using 

promising animal models such as rodents and 

monkeys. Bearing this in mind, in our present 

study, we successfully constructed an effective 

murine model for sublingual immunotherapy 

in allergic rhinitis in which mice were admin-

istered ovalbumin (OVA) sublingually followed 

by intraperitoneal sensitization and nasal chal-

lenge. The materials and methods are shown in 

detail in figure 1. To summarize our experimen-

tal data, sublingually treated mice showed sig-

nificantly decreased allergic responses as well 

as suppressed Th2 immune responses and sub-

lingual administration of OVA did not alter the 

frequency of CD4+CD25+ regulatory T cells 

(Tregs), but led to upregulation of Foxp3-  and 

IL- 10- specific mRNAs in the Tregs of cervical 

lymph nodes (CLN). These results suggest that 

IL- 10 expressing CD4+CD25+Foxp3+ Tregs in 

CLN are involved in the suppression of allergic 

responses [10].

(D21) (D28) (D35) (D42~55)

OVA 25 μg/Alum 1 mg i.p. OVA 400 μg i.n.

OVA 500 μg with pCCL19 or pCCL21 s.l.

(D7)(Day 0) (D14)

Serum, nasal wash,
broncho-alveolar lavage

(OVA-specific IgE/IgG/IgA ELISA)

T cell culture (Cytokine ELISA) 

Flow cytometric analysis  (Treg) 

Gene expression

(Quantitative real-time PCR) 

Balb/c

Fig. 1. Induction of allergic rhinitis and sublingual immunotherapy: Mice were sensitized by in-

traperitoneal injections (i.p.) of 25 μg of OVA with 1 mg of alum every week for three times and 

were nasally challenged (i.n.) with 400 μg of OVA for 14 consecutive days. For sublingual treatment 

(s.l.), 4 μl of PBS alone or PBS containing 500 μg of OVA was applied on the sublingual mucosa of 

anesthetized mice before sensitization. Mice and specimens: 6-  to 8- week- old Balb/c mice were 

used. After the final nasal challenge, serum, nasal wash and broncho- alveolar lavage (BAL) were 

collected. Single cells of spleen, cervical lymph node (CLN), nasopharynx- associated lymphoid tis-

sue (NALT), and nasal passage were harvested from the mice.
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Conclusion 

The future goal, from the research and clinical 

aspects, is that antigen dosing via the sublingual 

route should be precisely examined with T cell 

epitopes to increase clinical efficacy and avoid ad-

verse events. Different types of antigen delivery 

systems should be developed to replace the con-

ventional methods.
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