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Nature of Regulatory T Cells in the Context of Allergic
Disease
Cevdet Ozdemir, MD, Mübeccel Akdis, MD, PhD, and Cezmi A. Akdis, MD

Allergen-specific immunotherapy (SIT) is the cornerstone of the management of allergic diseases, which targets modification of the

immunologic response, along with environmental allergen avoidance and pharmacotherapy. SIT is associated with improved

tolerance to allergen challenge, with a decrease in immediate-phase and late-phase allergic inflammation. SIT has the potential to

prevent development of new sensitizations and progression of allergic rhinitis to asthma. It has a role in cellular and humoral

responses in a modified pattern. The ratio of T helper (Th)1 cytokines to Th2 cytokines is increased following SIT, and functional

regulatory T cells are induced. Interleukin-10 production by monocytes, macrophages, and B and T cells is increased, as well as

expression of transforming growth factor b. SIT is associated with increases in allergen-specific antibodies in IgA, IgG1, and IgG4

isotypes. These blocking-type immunoglobulins, particularly IgG4, may compete with IgE binding to allergen, decreasing the

allergen presentation with the high- and low-affinity receptors for IgE (FceRI and FceRII, respectively). Additionally, SIT reduces the

number of mast cells and eosinophils in the target tissues and release of mediators from these cells.
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T he allergic immune response is directed against

various environmental allergens and manifests clini-

cally as allergic rhinitis, allergic asthma, food allergy,

allergic skin inflammation, ocular allergy, and/or anaphy-

laxis. Contact of an allergen with the immune system starts

with handling of it by the antigen-presenting cells, mainly

dendritic cells (DCs), which process antigenic material and

present it on its surface to other cells of the immune

system, especially to CD4+ T helper (Th)2 cells. This

results in Th2-type cytokine production (interleukin [IL]-

4, IL-13), which causes class switching of B cells for

production of IgE. Allergen-specific IgE antibodies bind to

high-affinity FceRI receptors that are expressed on mast

cells and basophils. On reexposure to the same offending

allergen, interaction of allergen with allergen-specific IgE

results in degranulation of preformed granules in mast

cells. In addition to the release of histamine and proteases,

the synthesis and release of newly generated lipid-derived

mediators, such as leukotrienes and cytokines, responsible

for the symptoms and signs of allergic disorders occur.1–3

The late-phase response appears during the 6- to 12-hour

period after allergen exposure and is a cell-driven process

with infiltration of eosinophils, neutrophils, basophils, T

lymphocytes, and macrophages, which release additional

inflammatory mediators and cytokines, perpetuating the

proinflammatory response. This late-phase response is

thought to be responsible for the persistent, chronic signs

and symptoms of allergic diseases. Continued allergen

exposure often establishes a state of chronic symptomatic

inflammation.4,5

Treatment strategies such as antihistamines, antileuko-

trienes, b2-adrenergic receptor agonists, and corticoster-

oids aiming at suppression of mediators and immune cells

can be used to control the symptoms and progression of

allergic diseases; however, cessation of these treatments

may eventually lead to the relapse of the disease.6 Allergen-

specific immunotherapy (SIT) represents the only curative

and unique method of treatment for allergic disorders,

specifically restoring normal immunity against previously

disease-causing allergens and therefore offering a long-

lasting solution.6–14
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The mechanisms by which SIT has its effects include

the very early desensitization effect. The regulation of T-

cell responses by generation of T regulatory (Treg) cells

induces peripheral T-cell tolerance. Modulation of B-cell

interactions results in alterations in allergen-specific IgE

and IgG subtype synthesis. Also, suppression of effector

cells (eosinophils, basophils, and mast cells) and their

inflammatory responses occurs (Figure 1).1,3,6,15–18 For an

efficient immunotherapy course, well-standardized native

proteins or recombinant allergens should be used to

induce tolerance in allergen-specific T cells. For accurate

results, SIT is expected to suppress IgE production and

type I skin test reactivity in accordance with promot-

ing IgG4 and IgA types of antibody production that

can block the responsiveness of IgE for allergens. For a safe

and efficient SIT, it is a requisite to develop routes with

ease of applicability that will have persistent clinical

effectiveness that can be built within a short duration of

therapy time.1

Early and Late Effects of SIT on Mast Cells,
Basophils, and Eosinophils

SIT has early and late impacts on major cells of allergic

inflammation. Rapid clinical tolerance induction can be

seen in rush and ultrarush bee venom immunotherapy

(VIT) protocols over several hours, which supports the

effect of SIT on early desensitization. It has been

demonstrated that an absolute amount of histamine

released in response to stimulation was decreased after

major bee venom allergen stimulations. Moreover, a

significant reduction in leukotriene C4 production after

VIT in samples stimulated with that specific allergen was

reported.19 Additionally, suppression of basophil IL-4 and

IL-13 during early phases of rush immunotherapy has been

demonstrated.20,21

SIT modifies the number and the function of effector

cells that mediate the allergic response.3,22 For example,

the numbers of Th2 cells and eosinophils are reduced at

Figure 1. Allergen-specific immunotherapy (SIT) is associated with improved tolerance to allergen challenge, with a decrease in immediate-phase
and late-phase allergic inflammation. SIT also reduces the number of effector cells and release of their mediators in the target tissues. It has a role in
cellular and humoral responses. T helper (Th)2 cytokines are decreased, and functional regulatory T cells (Tregs) are induced. Interleukin (IL)-10
production by monocytes, macrophages, B cells, and T cells is increased, as well as expression of transforming growth factor b (TGF-b). SIT is
associated with increases in allergen-specific antibodies in IgA, IgG1, and IgG4 isotypes. SIT also prevents development of new sensitizations and
progression of allergic rhinitis to asthma.
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sites of allergen challenge following SIT.23,24 Furthermore,

SIT reduces the seasonal increases in the number of

basophils and eosinophils25,26 in the mucosa, as well as the

number of mast cells in the skin27 and the IgE-mediated

release of histamine by basophils.3,28 Also, a significant

decrease in nasal eosinophils after 2 years of sublingual

immunotherapy was shown.29

Effects of SIT on Dendritic Cells

To understand the mechanisms of action of SIT, some

cardinal steps should be explained. The first question is

which type of cells will be the pioneers to present the

allergen to T cells? Will it be plasmacytoid dendritic cells

(pDCs), myeloid dendritic cells (mDCs), immature DCs,

or Langerhans cells (LCs)? This decision is normally made

by the type of adjuvant and is an essential issue for the

future of SIT vaccine development.

Tolerance is the usual outcome of inhalation of

harmless antigens. Both mDCs and pDCs take up inhaled

antigen in the lung and present it in an immunogenic or

tolerogenic form into the draining lymph nodes.30,31 The

essential role of lung pDCs in preventing the cardinal

features of asthma has been demonstrated by experiments

depleting pDCs, which lead to IgE sensitization, airway

eosinophilia, goblet cell hyperplasia, and Th2 cell cytokine

production. Furthermore, adoptive transfer of pDCs

before sensitization prevented disease in a mouse asthma

model.32 It was explained that pDCs did not induce T-cell

division but suppressed the generation of effector T cells

induced by mDCs. Moreover, LCs in the oral mucosa are

mainly known to play a crucial role in initiating allergen-

dependent immune responses. Hence, the oral mucosa

represents a unique immunologic unit with the first

contact with the allergen within the gastrointestinal tract,

where immune tolerance is the natural outcome. Freshly

isolated oral LCs expressed significantly higher amounts of

major histocompatibility classes I and II, as well as

costimulatory molecules CD40, CD80/B7.1, and CD86/

B7.2. FceRI expression on oral LCs was further increased

and correlated with the serum IgE levels in atopic

individuals. Surprisingly, oral LCs constitutively expressed

the high-affinity receptor for IgE (FceRI) even in

nonatopic donors.33 As mentioned previously, the oral

mucosa is an important site to induce immunologic

tolerance to protein antigens. Dendritic LCs in both skin

and oral epithelium are the first cells to encounter antigen;

DCs derived from the oral mucosa were not able to

transfer tolerance, but they acted as antigen-presenting

cells in senso stricto irrespective of the source and route of

antigen administration.34 It has been shown that regula-

tory T-cell clones induced by oral tolerance developed by

oral administration of myelin basic protein can suppress

autoimmune encephalomyelitis through peripheral toler-

ance, which was seen by production of transforming

growth factor b (TGF-b) with various amounts of IL-4 and

IL-10.35 Further studies are required to elucidate the in

vivo role of these cells and their subsets.

SIT Induces Specific T-Cell Tolerance

Induction of allergen-specific tolerance in peripheral T

cells represents a key step in specific immunotherapy.36

The deviated immune response was characterized by

suppressed proliferative T-cell and Th1 (interferon-c)

and Th2 (IL-5, IL-13) cytokine responses and increased IL-

10 and TGF-b secretion by allergen-specific T cells.6,36,37

The CD4+CD25+ Treg cells, also called constitutive Treg

cells, account for 5 to 10% of peripheral CD4+ T cells and

inhibit the activation of effector T cells in the periph-

ery.38,39 FOXP3, the transcriptional regulator expressed on

Treg cells, acts as a master switch gene for Treg cell

development and function.38 Although the pathways

regulating FOXP3 expression are yet unknown, a mechan-

ism controlling Treg cell polarization, which is overruled

by the Th2 differentiation pathway, was recently

described.40 Increased IL-10 produced initially by activated

inducible CD4+CD25+ Treg cells and allergen-specific T

cells and followed by B cells and monocytes by SIT causes

specific tolerance in peripheral T cells and regulates

specific IgE and IgG4 production toward normal IgG4-

related immunity.36

Neutralization of cytokine activity showed that T-cell

suppression was induced by IL-10 and TGF-b during SIT

and in normal immunity to the mucosal allergens. A

deviation toward a regulatory or suppressor T-cell

response during SIT and in normal immunity as a key

event for the healthy immune response to mucosal

antigens is present.37

Regulation of B Cells and Specific Antibodies by SIT

Induction of blocking antibodies, especially the IgG4 type,

takes place in a successful SIT regimen. A substantial

number of studies demonstrated increases in specific IgG4

levels together with clinical improvements.41,42 IgG4 is

noninflammatory. IgG4 levels can reflect the dose of

exposure and by itself, does not activate the complement.

So far, no specific Fc receptors are defined.1 IgG4 captures

the allergen before reaching the IgE bound effector cells,
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thus preventing the activation of mast cells and basophils.

IgG4 has been shown to reduce the IgE-mediated

degranulation of these cells in an allergen-specific manner,

leading to a reduction in allergic inflammation.43–45

Blocking antibodies also inhibit IgE-facilitated allergen

presentation to T cells and prevent allergen-induced boost

of memory IgE production.1,6 On the other hand, IL-10

induced by specific immunotherapy suppresses IgE and

synthesizes IgG4. In vitro studies demonstrate nonana-

phylactogenic activity by blocking of IgE binding. IL-10

reduces release of proinflammatory cytokines by mast cells.

The role of IL-10 in costimulatory pathways on B cells is

by blocking B7/CD28. Also, IL-10 inhibits DC maturation

and leads to reduced MHC class II and costimulatory

ligand expression. Thus, IL-10 not only generates tolerance

in T cells, it also regulates specific isotype formation.6

Moreover, TGF-b suppresses IgE and is a class switch

factor for IgA. IgA induced by Treg cells and Tr1 and Th3

cells is much less compared with Toll-like receptor

(CpG+IL-2)-induced IgA in cell cultures. TGF-b also

downregulates FceRI expression on LCs. It upregulates the

transcription factor FOXP3 and is associated with CTLA-4

expression in T cells.46

Conclusion

In a healthy immune response to noninfectious nonself-

antigens, peripheral T-cell tolerance is the key immuno-

logic mechanism. This tolerance induced by SIT includes

suppression of T cells and switching of antibody profile

into noninflammatory types IgG4 and IgA, with a decrease

in IgE. Effector cells such as mast cells, eosinophils, and

basophils are also suppressed, as well as late-phase

reactions of allergic immune response. The proposed role

of Treg cells and cytokines in SIT has been elucidated, and

there is clear evidence to support IL-10 and/or TGF-b-

secreting Treg cells and immunosuppressive cytokines as

key players in mediating successful SIT and a healthy

immune response to allergens.
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