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                          Background : Specific immune response to allergens is decisive in the 
development of clinically healthy or allergic states.  Objective : Recent 
developments in the mechanisms of allergen-specific peripheral tolerance 
can be used for future treatment modalities.  Methods : This review focuses 
on recent developments in allergen tolerance.  Results/conclusion : The 
balance between allergen-specific IL-10-secreting T regulatory cells (Tr1) 
and T helper 2 (Th2) cells appears to be decisive in the development 
of allergic and healthy immune response against allergens. Induction of 
IL-10- and TGF- β -producing Tr1 cells, IgG4-isotype-blocking antibodies, and 
suppressed mast cells, basophils and eosinophils represent major compo-
nents of a relatively normalized immune response after allergen-specific 
immunotherapy and healthy immune response to aeroallergens in 
sensitized individuals.  
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  1.   Introduction 

 The interaction of environmental and genetic factors can lead to the development 
of atopic disorders in some individuals but not in others, following allergen 
exposure. The generation of allergen-specific CD4 +  T helper (Th) 2 cells is the 
initial event responsible for the development of allergic diseases. These effector 
Th2 cells produce IL-4, IL-5 and IL-13, which mediate several regulatory and 
effector functions. These functions include allergen-specific IgE production by 
B cells, eosinophil development and recruitment, mucus production and 
bronchial hyper-reactivity, as well as allergic tissue homing of Th2 cells 
( Figure 1 )     [1,2] . The Th1 component, on the other hand, may contribute to 
chronicity and the effector phase in allergic disease     [1] . Activation and apoptosis 
of epithelial cells induced by IFN- γ , TNF- α  and Fas-ligand is an essential patho-
genetic event in eczematous lesions in atopic dermatitis and bronchial epithelial 
cell shedding in asthma     [1] . Anti-TNF treatments appear to be promising, 
suggesting that TNF has a role in especially severe forms of asthma     [3] . 
In addition, IFN- γ  upregulates several chemokines in epithelial cells such as 
IFN- γ -inducible protein 10, monokine induced by IFN- γ  and IFN- γ -inducible 
 α -chemoattractant, which further attract Th0/Th1 cells towards epidermis 
by binding to CXCR3 in atopic dermatitis     [4] . A further subset of T cells termed 
T regulatory (T Reg ) cells, which have an immunosuppressive function and 
cytokine profile distinct from that of either Th1 or Th2 cells, has been 
described     [5,6] . T Reg  cells are able to inhibit the development of allergic Th2 cell 
responses, as well as effector Th1 cell responses and therefore play an important 
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role in healthy immune response to allergens and 
allergen-specific immunotherapy (SIT) ( Figure 1 )     [7-12] . 
In addition, naturally occurring lung CD4 +  CD25 +  T cells 
are capable of regulating lung allergic responses in an IL-10 
and TGF- β -dependent manner     [13] .  

  2.   Changes in specifi c antibodies to allergens 
in healthy and allergic individuals: 
a mechanism of immune tolerance 

 Allergen-specific antibody response in healthy individuals 
ranges from no detectable Abs to low or sometimes relatively 
high amounts of specific IgG4, IgG1 and IgA response 
in the presence or absence of low amounts of specific 

IgE ( Table 1 ,  Figure 1 )     [11,14-16] . One of the key questions has 
been the reason for- and mechanisms of the existence of 
normal levels of IgE in all humans. Recently, it has been 
demonstrated that spontaneously produced IgE in T cell-
deficient and germ-free wild type mice is composed of 
natural specificities and induced by a mechanism indepen-
dent of MHC class II cognate help. This does not require 
secondary lymphoid structures or germinal center formation, 
although some bystander T cell-derived IL-4 is necessary     [17] . 
In principal, no exposure or no presentation (exposure in 
small amounts) may be responsible for no Ab response. 
Low amounts of exposure leading to immunological 
ignorance due to no accessibility and/or short persistence 
of the allergens in secondary lymphoid organs, which 
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  Figure 1     . Suppression and regulation of B cells, dendritic cells (DC), T helper (Th)1 and Th2 cell-mediated features of allergic 
infl ammation by regulatory T (T Reg ) cells.  T Reg  cells utilize multiple suppressor factors to regulate undesired activity of effector 
Th2 cells. IL-10 and TGF- β  suppress IgE production and induce non-infl ammatory Ig isotypes IgG4 and IgA, respectively. Furthermore, 
these two cytokines directly suppress allergic infl ammation induced by effector cells such as mast cells, basophils and eosinophils. 
In addition, Th2 cells are suppressed by T Reg  cells and can therefore no longer provide cytokines such as IL-3, IL-4, IL-5, IL-9 and IL-13. 
These cytokines are required for the differentiation, survival and activity of mast cells, basophils, eosinophils and mucus-producing cells, 
as well as for the tissue homing of Th2 cells. Suppression of DC that supports the generation of effector Th2 and Th1 cells and induction 
of T Reg  cell-inducing DC subsets is one of the key features. The Th1 cytokine, IFN- γ , in combination with TNF- α  and/or Fas ligand induces 
activation, chemokine production and apoptosis of skin keratinocytes and bronchial epithelial cells, essential tissue injury events in 
atopic dermatitis and asthma. T Reg  cells may be involved in tissue remodeling via TGF- β  in asthma. T Reg  cells suppress the stimulation 
of Th0/Th1 cells, leading to the abrogation of tissue injury mechanisms Allergen-specifi c immunotherapy has been demonstrated to 
affect T cell, B cells and effector cells (see text). Black lines: Stimulation; Red lines: Suppression.    
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has been demonstrated in mouse models, still remains as a 
hypothetical possibility     [18] . Short persistence and low dose 
may not be as demonstrative in humans as in mice, since a 
single bee sting can induce IgE and IgG and relatively very 
small doses of T cell epitope peptides injected into skin can 
initiate allergic reactions     [19-21] . One honeybee sting releases 
 ∼  50 – 140 mg of venom per sting and contains 5 – 15 mg 
of the major allergen phospholipase A 2 . A single honeybee 
sting is sufficient to induce IgE or IgG production 
against phospholipase A 2      [21] . Wasp venom has approxi-
mately 10 – 20 times less protein content (1.7 – 3.1 µg), 
however, again one wasp sting is sufficient to induce IgE or 
IgG type antibodies against single allergic components, some 
of which are less than 10% of the protein content     [21] . 

 Non-allergic beekeepers, who are exposed to multiple 
honeybee stings due to their profession, represent a suitable 
model for high dose allergen exposure whilst still retaining 
a healthy immune response. These beekeepers have approxi-
mately 1000 times higher specific IgG4 versus specific 
IgE ratios compared with allergic individuals     [22] . The level 
of specific IgG4 primarily reflects exposure. In beekeepers, 
bee-venom-specific IgG4 correlates to the number of annual 
stings and to the number of years spent in bee-keeping. 
High-dose exposure appears to induce clinical tolerance, 
45% of beekeepers who were stung less than 25 times a year 
had a history of systemic sting reactions, compared with no 
allergy in those with more than 200 stings per year     [21] . 
High dose exposure, increased specific IgG4 and protection 
from allergy has also been demonstrated for high-pet-
contact and the low occurrence of asthma and allergies 
in children     [23] . In atopic children and adults, maintenance 
of tolerance to cow’s milk without cow’s milk allergy is 
associated with elevated levels of specific IgG4, in combi-
nation with low specific IgE. The upregulation of specific 
IgG4 in tolerant atopic individuals may be related to 
the type of allergen and its regular dose of exposure     [24] . 
IgG4 has unique structural and functional features among 
IgG subsets. Its heavy chains may repair in a way that 
leads to functional monomeric antibodies, it has low 

affinity for certain Fc γ  receptors, and it does not activate 
complement     [25] . As such IgG4 is uniquely capable of 
inhibiting immune complex formation by other isotypes and 
thus may have an anti-inflammatory role in immunity. 
In addition the results on IgG4 pose a challenge to many of 
the hypotheses about reasons for the increase in asthma. 
The evidence that children or adults who make a modified 
Th2 response i.e., immunoglobulin (Ig)G and IgG4 Ab 
without IgE, are not at increased risk of asthma strongly 
supports the role of IgE in asthma. Equally the results may 
give insight into a form of tolerance that could be a target 
for protecting patients against allergic disease. In principle, 
allergen dose correlated with IgG4 and protection in cat 
allergy and bee venom allergy versus tolerance     [26] . 

 An allergen-dose controlled model, which induces long-
term cure in humans, is allergen-SIT. Although peripheral 
tolerance has been demonstrated in specific T cells, the 
ability of B cells to produce specific IgE antibodies is not 
eliminated during allergen-SIT     [27] . In fact, the serum levels 
of both specific IgE and IgG4 antibodies increase during the 
early phase of treatment. However, the increase in antigen-
specific IgG4 is more striking and therefore the ratio 
of specific IgE to IgG4 significantly decreases between 
6 months and 3 years of treatment. A similar change 
in specific isotype ratio has been observed in SIT for 
various allergies     [27-29] . Moreover, IL-10 produced and 
progressively secreted during allergen-SIT, appears to upregu-
late synthesis of antigen-specific IgG4 and downregulate 
IgE antibodies     [10] . IL-10 potently suppresses both total 
and allergen-specific IgE, and simultaneously increases IgG4 
production     [10,30] . Therefore, IL-10 not only generates T cell 
tolerance, it also regulates specific isotype formation and 
skews the specific IgE response towards an IgG4-dominated 
phenotype. SIT also induces a serum-blocking activity, 
presumed to be allergen-specific IgG4 that blocks formation 
of allergen-IgE complexes and binding to CD23 +  B cells. 
A likely consequence of this is inhibition of IgE-facilitated 
allergen presentation to T cells     [28] . The practical problem 
today is that although many laboratories offer assays for 

  Table 1     . Immune response to allergens and clinical outcome in healthy and allergic individuals.   

 Specifi c antibody response  Allergen-specifi c T cell response  Clinical outcome 

Healthy No response No response Healthy

Detectable IgG1, IgG4 and IgA Th0 response in PBMC and specifi c T cell 
clones with low frequency

Skin prick test and IgE positivity, clinical 
disease cannot be induced

High amounts of IgG4, relatively low 
amounts of IgG1 and detectable IgA 
and IgE

Tr1, particularly IL-10-dominating 
response with relatively high frequency

Skin prick test and IgE positivity, healthy 
in normal circumstances, clinical disease 
can be induced by provocation tests 
and is dose-dependent

Allergic Relatively high amounts of IgE, 
together with low or high amounts 
of IgG1, IgG4 and IgA

Th2 response with varying quantities 
of IL-4, IL-5 and IL-13, detectable IL-10 
and IFN- γ 

Intermittent or persistent allergy in 
various clinical forms

   PBMC: Peripheral blood mononuclear cell; Th: T helper; Tr: T regulatory.   
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IgG-subgroup antibodies to common allergens, the clinical 
significance of these measurements needs to be clarified. In 
addition, the increase in allergen-specific IgA during SIT 
may imply a role for TGF- β  as an IgA isotype switch factor 
and involvement of regulatory T cells, which needs to be 
further investigated     [11,31,32] . A recent study has shown that 
the IgA response to SIT (IgE-mediated allergic rhinitis and 
asthma) is selective for IgA2, correlates with increased local 
TGF- β  expression, and induces monocyte IL-10 expression, 
suggesting that IgA Abs could thereby contribute to tolerance 
development in IT-treated allergic patients     [33] . Children, 
with allergic airway disease, who are sensitized to house-dust 
mites are known to have increased levels of allergen-specific 
IgE and IgG, and there is an association between the 
quantity of those immunoglobulins and the clinical features 
of disease. It was demonstrated that Der p1-specific IgG1, 
IgG4, IgE and IgA levels of asthmatic children with a 
duration of disease of more than 4 years were significantly 
higher than those of children with a disease duration of less 
than 4 years. The ratio of Der p1-specific IgA/IgE was 
significantly lower in asthmatic children when compared 
with children with allergic rhinitis and controls     [34] .  

  3.   Differences and similarities in specifi c 
T cell response to allergens in healthy 
and allergic individuals 

 Studies on T cell responses to allergens in healthy individuals 
have demonstrated a wide range of immune response 
from no detectable response to involvement of active 
peripheral tolerance mechanisms mediated by different 
subsets of T Reg  cells ( Table 1 ,  Figure 1 ). Investigation into 
T-cell-mediated immune suppression strengthened during 
the 1990s and the concept of T Reg  cells suppressing immune 
responses via cell–cell interactions and/or the production 
of suppressor cytokines is currently well established. 
However, many aspects behind these mechanisms remain 
to be elucidated     [6,35,36] . 

  3.1   Immune regulation against allergens and 
T reg  cells 
 In a large number of healthy individuals, T cells do not 
show any proliferative response to allergens in peripheral 
blood mononuclear cell (PBMC) cultures, which can be due 
to the low frequency of specific T cells because of life time 
non-exposure     [9,37] . Active suppression against allergens by 
T Reg  cells takes place in cultures from most of the healthy 
individuals     [9,37] . In individuals, who show a detectable 
IgG response, a balanced allergen-specific immune response 
due to expansion of Tr1 cells has been demonstrated     [9] . 
Tr1 cells, also known as inducible T Reg  cells, are defined by 
their ability to produce high levels of IL-10 and TGF- β      [6,35] . 
It is now clear that during the early course of allergen-SIT, 
IL-10- and/or TGF- β -producing Tr1 cells in humans are 
generated  in vivo , which implies that Tr1 cells are induced 

by high and increasing doses of allergens     [10,11,28,38] . 
Therefore, Tr1 cells could be used as a promising target 
for the development of new therapeutic agents, as well as 
in cellular therapy for peripheral tolerance modulation in 
allergy and autoimmunity. 

 The CD4 +  CD25 +  T Reg  cells, also called constitutive 
T Reg  cells, account for 5 – 10% of peripheral CD4 +  T cells 
and inhibit the activation of effector T cells in the 
periphery     [39] . These cells, along with CD4 and CD25 
expression, are also associated with the transcription factor 
forkhead box P3 (FoxP3)     [40] . Various allergic and auto-
immune phenotypes develop in X-linked immune dysregula-
tion, polyendocrinopathy and enteropathy syndrome (IPEX) 
spontaneously when CD4 +  CD25 +  T Reg  cells are non-
functional, indicating the presence of a population of 
professional suppressor (T Reg ) cells     [41] . IPEX is characterized 
by an allergic phenotype with dermatitis and hyper IgE and 
an autoimmune phenotype with enteropathy, type I diabetes, 
thyroiditis, hemolytic anemia and thrombocytopenia, and 
results from mutations of FOXP3     [42] . The relevance of 
immune suppressive function of FOXP3 +  CD4 +  CD25 +  
T Reg  cells in human allergies has been studied. Impaired skin 
infiltration of CD4 +  CD25 +  FOXP3 +  T cells was observed 
in acute atopic dermatitis lesions     [12]  and FOXP3 mRNA 
expression was significantly increased in asthmatic patients 
receiving glucocorticoid treatment     [43] . 

 There is some evidence in adults that constitutive 
CD4 + CD25 +  T Reg  cells and inducible IL-10- and TGF- β -
secreting Tr1 cells represent overlapping populations. 
CD4 + CD25 +  T Reg  cells normally inhibit Th2 cytokine 
expression and proliferation of PBMC from non-atopic 
donors, in response to allergen. This suppression has been 
shown to be associated with the control of allergic 
disease     [37] . In addition, in allergen-SIT increased allergen-
specific suppressor activity of both allergen-specific IL-10-
secreting Tr1 cells and CD4 + CD25 +  T reg  cells has been 
demonstrated     [10,11,37] . A recent study using IFN- γ -, 
IL-4- and IL-10-secreting allergen-specific CD4 +  T cells 
that resemble Th1-, Th2- and Tr1-like cells, respectively, 
showed that both healthy and allergic individuals exhibit 
all three subsets but in different proportions. In healthy 
individuals, Tr1 cells represent the dominant subset for 
common environmental allergens, whereas a high frequency 
of allergen-specific IL-4-secreting T cells is found in 
allergic individuals. Therefore, the frequency of effector 
Th2 cells or T Reg  cells is decisive in the development of 
allergy or a healthy immune response     [9] . Allergen-specific 
Tr1 cells employ IL-10, TGF- β , CTLA-4 and PD1 as 
suppressor molecules. 

 In this respect, SIT vaccines that target T cells and induce 
T cell tolerance, while bypassing IgE binding, represent a 
novel opportunity for the prevention and treatment of 
allergy     [44] . Immunization of mice with a major allergen 
fusion protein or fragments containing linear T cell epitopes, 
but not three-dimensional B cell epitopes, of the major bee 
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venom allergens have been shown to protect against IgE 
responses to later encounters with the allergens, representing 
novel vaccines for the prevention of allergy     [45,46] . 

 Peptide-induced, antigen-specific non-responsiveness, also 
known as tolerance, has been demonstrated in numerous 
murine models of both autoimmunity and allergy     [47] . 
Initial experiments demonstrated that it was possible to 
induce systemic tolerance to peptides administered in 
incomplete Freund’s adjuvant during the neonatal period. 
The majority of peptide immunotherapy studies in subjects 
with allergic disease have been performed with peptides 
from the major allergen of cat dander (Fel d 1) or bee 
venom (phospholipase A). T cell epitope (peptide)-SIT of 
bee-venom-allergic individuals and cat-allergic individuals 
induced a Tr1 type allergen-specific immune response 
with decreased IL-4, IL-5, IL-13 and IFN- γ  and increased 
IL-10 production     [48-50] .  

  3.2   Role of histamine and histamine receptors 
 Human CD4 +  Th1 cells predominantly express histamine 
receptor1 and CD4 +  Th2 cells histamine receptor 2, which 
results in their differential regulation by histamine     [51] . 
Histamine induces the production of IL-10 by dendritic 
cells     [52] . In addition, histamine induces IL-10 production 
by Th2 cells     [53] , and enhances the suppressive activity of 
TGF- β  on T cells     [54] . All three of these effects are mediated 
via histamine receptor 2, which is relatively highly expressed 
on Th2 cells and suppresses IL-4 and IL-13 production and 
T cell proliferation     [51] . Apparently, these findings suggest 
that histamine receptor 2 may represent an essential receptor 
that participates in peripheral tolerance to allergens.   

  4.   Mechanisms of immune suppression by 
IL-10 and TGF- b  

 Antigen-specific T cell suppression of both Th1 and Th2 type 
immune responses by IL-10, a known suppressive cytokine 
of T cell proliferation and cytokine production is essential 
in peripheral tolerance to allergens, autoantigens, trans-
plantation antigens and tumor antigens. In mice, IL-10 
administration before allergen treatment induced antigen-
specific T cell unresponsiveness and demonstrated the 
pivotal role of IL-10 in establishment of peripheral T cell 
tolerance     [55] . Moreover, inhibition of graft-versus host 
disease by IL-10 and allograft rejection in human-leukocyte-
antigen-mismatched, bone-marrow-transplanted severe com-
bined immunodeficient patients gives further evidence for a 
key role of this cytokine in the induction and maintenance 
of peripheral tolerance     [56] . Similarly, inappropriate stimula-
tion of tumor-reactive human T cells was shown to result 
from increased endogenous IL-10 production by these cells, 
indicating a role for IL-10 in tumor-specific tolerance     [57] . 
IL-10-producing antigen-presenting cells, such as B cells     [58]  
and dendritic cells     [59]  as well as clonally expanded 
IL-10-producing allergen-specific Tr1 cells     [9,10]  all contribute 

to the suppressive effects of IL-10. IL-10 may also modulate 
tolerance to food antigens in experimental models; a micro-
organism bioengineered to deliver IL-10 in the gut can 
decrease food-induced anaphylaxis and provide an option to 
prevent IgE-type sensitization to common food allergens     [60] . 
Interestingly, the same features of peripheral tolerance 
were found in the T cells of healthy beekeepers, who had 
previously been stung by large numbers of bees. These 
naturally anergized individuals show increased numbers of 
IL-10-producing CD4 +  CD25 +  T cells and monocytes, 
similar to allergic patients after bee-venom-SIT     [10] . 

 IL-10 inhibits the proliferative T cell response of PBMC 
to various allergens, however, does not suppress the 
proliferative responses of T cells that were stimulated by 
anti-CD3     [61] . IL-10 inhibits T cell proliferation within a 
certain range of low numbers of triggered TCRs, indicating 
that T cells require co-stimulation. IL-10 suppresses T cells 
by blocking CD28 and inducible co-stimulator (ICOS) 
co-stimulatory signals in a rapid signal transduction 
cascade     [62] . Upon binding to its receptor, IL-10 activates 
two tyrosine kinases, Jak1 and Tyk2. Tyk2 acts as a constitu-
tive reservoir for Src-homolog-containing phosphatase-1 
(SHP-1) tyrosine phosphatase in resting T cells. Upon 
activation, SHP-1 rapidly binds to CD28 and ICOS and 
dephosphorylates them within 1.5-3 min. In consequence, 
the binding of phosphatidylinositol 3-kinase to either 
co-stimulatory molecule no longer occurs and downstream 
signaling is inhibited     [62] . Supporting these findings, spleen 
cells from SHP-1-deficient mice showed increased prolifera-
tion with CD28- and ICOS-stimulation in comparison 
to wild type mice, which was not suppressed by IL-10. 
Generation of dominant negative SHP-1-overexpressing 
T cells or silencing of the SHP-1 gene by small inhibitory 
RNA (siRNA) both altered SHP-1 functions and abolished 
the suppressive effect of IL-10     [62] . Interestingly, the 
suppressive effect of IL-10 was not observed in other IL-10 
family cytokines IL-19, IL-20, IL-22 and IL-24     [63] . 

 The TGF- β  superfamily consists of more than 35 members, 
with TGF- β 1 being the prototypic member. TGF- β 1-deficient 
mice develop the phenotype, due to activated CD4 +  T cells, 
of a rapid wasting syndrome leading to death by the age of 
3 or 4 weeks     [64,65] . Although controversial, TGF- β  has been 
implicated in the conversion of naive CD4 + CD25 -  T cells 
into CD4 + CD25 +  T cells by the induction of FoxP3     [66] . 
In contrast, several recent studies have demonstrated 
that TGF- β  plays an essential role in the development 
of IL-17-secreting T cells, which promote neutrophilic 
inflammation     [67] . TGF- β  signaling has been demonstrated to 
be required for  in vivo  expansion and immunosuppressive 
capacity of CD4 + CD25 +  T cells     [68] . However, studies with 
TGF- β -deficient mice have shown that CD4 + CD25 +  T cells 
can develop for up to 2 weeks and autocrine TGF- β  
production was not essential for these cells to exhibit 
suppressive activity  in vivo      [69] . In contrast to its known 
T-cell-suppressive activity, some reports imply a role for 
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TGF- β  in the pathogenesis of asthma, particularly in the 
remodeling of injured lung tissue in humans because 
TGF- β  is one of the main fibrotic cytokines     [70] . The 
exact suppressive mechanisms behind TGF- β  receptor 
pathways remain to be elucidated. Recently, a distinct 
small fraction of NK cells, which display regulatory func-
tions involving IL-10 has been identified in humans     [71] . 
Small molecular drugs that target these pathways, as well as 
those that induce IL-10 in tissues represent future drug 
development modalities.  

  5.   Conclusion 

 In sensitized individuals, peripheral T cell tolerance represents 
the key mechanism in healthy immune responses to allergens. 
It is characterized by T Reg  cells, suppressive cytokines and 
also non-inflammatory Ab isotypes. There is increasing 
evidence to support Tr1 cells and immunosuppressive 
cytokines as key players in mediating successful allergen-SIT 
and a healthy immune response to allergens. In addition to 
allergy, these mechanisms may have implications in auto-
immunity, graft-versus-host disease, tumor cell growth, 
parasite survival, chronic infections and the development of 
acquired immune deficiency syndrome. Suppression of an 
immune response may have beneficial effects in the case of 
hypersensitivity reactions but it may also be harmful in 
other cases such as cancer development, chronic infection 
and tissue remodeling. The overexpression of T Reg  cells and 
suppressive cytokines may be responsible for chronicity and 
tumor tolerance and therefore does not always support a 
healthy response. Taking this into account, along with 
the recent advances in knowledge of peripheral tolerance 
mechanisms; developments of safer approaches and treatment 
of immune-mediated diseases are expected soon.  

  6.   Expert opinion 

 Changes in the fine balance between allergen-specific 
Treg and Th2 and/or Th1 cells are very crucial in the 

development and treatment of allergic diseases. In addition to 
the treatment of established allergy, it is essential to consider 
prophylactic approaches before the initial sensitization takes 
place. Preventive vaccines that induce Treg responses could 
be developed, and allergen-specific Treg cells, which will 
become predominant, may in turn dampen both the Th1 
and Th2 cells and their cytokines, ensuring a well-balanced 
immune response. By the application of recent knowledge 
regarding peripheral tolerance mechanisms, more rational 
and safer approaches are awaited for the treatment, 
prevention and cure of allergic diseases. Allergen-SIT has 
been used for almost a century as a desensitizing therapy 
for allergic diseases and represents the only curative and 
specific treatment. Administration of appropriate concen-
trations of allergen extracts has been shown to be 
reproducibly effective when patients are carefully selected. 
However, current allergen-SIT vaccines and treatment 
protocols have several disadvantages related to the content 
of the vaccine, type of adjuvant, route of application, 
long duration of treatment, side effects and sometimes 
limited efficacy. Several strategies have been developed 
to tackle these issues and it became possible to produce 
recombinant allergen-SIT vaccines with reduced allergenic 
activity. The use of immunomodulatory and antigen- 
directing adjuvants and mucosal SIT routes are being 
intensely investigated and fruitful results have been reported. 
Current understanding of immunological mechanisms of 
allergen-SIT, parti cularly the role of T regulatory cells in 
allergen-specific peripheral tolerance may open a new future 
for novel treatment strategies. With the application of 
the recent knowledge, more rational and safer approaches 
for the future of prevention and cure of allergic diseases 
are expected. 

       Declaration of interest 

 The author’s laboratory is supported by the Swiss National 
Science Foundation grant 32-112306/1 and the Global 
Allergy and Asthma European Network (GA 2 LEN).    

E
xp

er
t O

pi
n.

 B
io

l. 
T

he
r.

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/3

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Akdis

 Expert Opin. Biol. Ther. (2008) 8(6) 775

Bibliography 
 Papers of special note have been highlighted 
as either of interest (•) or of considerable 
interest (••) to readers.

  1.     Akdis   CA, Blaser K, Akdis M. 
Apoptosis in tissue infl ammation and 
allergic disease.  Curr Opin Immunol  
 2004 ; 16 : 717 -23  

  2.     Larche   M, Akdis CA, Valenta R. 
Immunological mechanisms of 
allergen-specifi c immunotherapy. 
 Nat Rev Immunol   2006 ; 6 : 761 -71  

  3.     Berry   MA, Hargadon B, Shelley M, 
et al. Evidence of a role of tumor necrosis 
factor  α  in refractory asthma.  N Engl 
J Med   2006 ; 354 : 697 -708 

  •    This study tests the hypothesis that the 
TNF- a  axis is upregulated in patients 
with refractory asthma by measuring the 
expression of membrane-bound TNF- a , 
TNF- a  receptors and TNF- a -converting 
enzyme in peripheral-blood monocytes. 
In addition, in a small, randomized, 
double-blind, placebo-controlled, 
crossover pilot study of the effects of 
treatment with etanercept, an agent 
active against TNF- a , an improvement 
in airway hyperresponsiveness and 
quality of life in patients with refractory 
asthma was demonstrated.    

  4.     Klunker   S, Trautmann A, Akdis M, et al. 
A second step of chemotaxis after 
transendothelial migration: Keratinocytes 
undergoing apoptosis release IP-10, 
Mig and iTac for T cell chemotaxis 
towards epidermis in atopic dermatitis. 
 J Immunol   2003 ; 171 : 1078 -84  

  5.     Chen   Y, Kuchroo VK, Inobe J, et al. 
Regulatory T cell clones induced by oral 
tolerance: suppression of autoimmune 
encephalomyelitis.  Science  
 1994 ; 265 : 1237 -40  

  6.     Groux   H, O’Garra A, Bigler M, et al. 
A CD4+ T-cell subset inhibits 
antigen-specifi c T-cell responses 
and prevents colitis.  Nature  
 1997 ; 389 : 737 -42  

  7.     Akdis   M, Akdis CA. Mechanisms of 
allergen-specifi c immunotherapy.  J Allergy 
Clin Immunol   2007 ; 119 : 780 -91  

  8.     Cottrez   F, Hurst SD, Coffman RL, 
Groux H. T regulatory cells 1 inhibit a 
Th2-specifi c response in vivo.  J Immunol  
 2000 ; 165 : 4848 -53  

  9.     Akdis   M, Verhagen J, Taylor A, et al. 
Immune Responses in healthy and allergic 
individuals are characterized by a fi ne 

balance between allergen-specifi c 
T regulatory 1 and T helper 2 cells. 
 J Exp Med   2004 ; 199 : 1567 -75 

  ••    In this paper, it is demonstrated that 
Tr1 cells consistently represent the 
dominant subset specifi c for common 
environmental allergens in healthy 
individuals; in contrast, there is a 
high frequency of allergen-specifi c 
IL-4-secreting T cells in allergic 
individuals. Tr1 cells use multiple 
suppressive mechanisms, IL-10 and 
TGF- b  as secreted cytokines, and 
cytotoxic T lymphocyte antigen 4 and 
programmed death 1 as surface 
molecules. Healthy and allergic 
individuals exhibit all three 
allergen-specifi c subsets in different 
proportions, indicating that a change 
in the dominant subset may lead to 
allergy development or recovery.    

  10.     Akdis   CA, Blesken T, Akdis M, et al. 
Role of IL-10 in specifi c immunotherapy. 
 J Clin Invest   1998 ; 102 : 98 -106  

  11.     Jutel   M, Akdis M, Budak F, et al. IL-10 
and TGF- β  cooperate in the regulatory 
T cell response to mucosal allergens 
in normal immunity and specifi c 
immunotherapy.  Eur J Immunol  
 2003 ; 33 : 1205 -14  

  12.     Verhagen   J, Akdis M, Traidl-Hoffmann C, 
et al. Absence of T-regulatory cell 
expression and function in atopic 
dermatitis skin.  J Allergy Clin Immunol  
 2006 ; 117 : 176 -83 

  •    A dysregulation of disease-causing effector 
T cells was observed in atopic dermatitis 
lesions, in association with an impaired 
CD4 +  CD25 +  FOXP3 +  T-cell infi ltration, 
despite the expression of type 1 regulatory 
cells in the dermis.    

  13.     Joetham   A, Takeda K, Taube C, et al. 
Naturally occurring lung CD4(+)CD25(+) 
T cell regulation of airway allergic 
responses depends on IL-10 induction of 
TGF- β .  J Immunol   2007 ; 178 : 1433 -42  

  14.     Akdis   CA. Mechanisms of allergic disease. 
 Curr Opin Immunol   2006 ; 18 : 718 -26  

  15.     Pereira   EA, Silva DA, Cunha-Junior JP, 
et al. IgE, IgG1, and IgG4 antibody 
responses to Blomia tropicalis in atopic 
patients.  Allergy   2005 ; 60 : 401 -6  

  16.     Kruszewski   J, Raczka A, Klos M, 
Wiktor-Jedrzejczak W. High serum levels 
of allergen specifi c IgG-4 (asIgG-4) for 
common food allergens in healthy blood 
donors.  Arch Immunol Ther Exp (Warsz)  
 1994 ; 42 : 259 -61  

  17.     McCoy   KD, Harris NL, Diener P, et al. 
Natural IgE production in the absence of 
MHC class II cognate help.  Immunity  
 2006 ; 24 : 329 -39 

  ••    The authors demonstrated that 
spontaneously produced IgE in 
T cell-defi cient and germ-free wild-type 
mice is composed of natural specifi cities 
and induced by a mechanism independent 
of MHC class II cognate help. This does 
not require secondary lymphoid structures 
or germinal center formation, although 
some bystander-T-cell-derived IL-4 is 
necessary. The pathway of spontaneous 
IgE production is not inhibited by 
regulatory T cells and increases with age 
to give signifi cant serum concentrations, 
even in naive animals.    

  18.     Zinkernagel   RM, Ehl S, Aichele P, et al. 
Antigen localisation regulates immune 
responses in a dose- and time-dependent 
fashion: a geographical view of immune 
reactivity.  Immunol Rev   1997 ; 156 : 199 -209  

  19.     Müller   UR, Mosbech H. Position paper: 
immunotherapy with hymenoptera 
venoms.  Allergy   1993 ; 48 : 36 -46  

  20.     Haselden   BM, Kay AB, Larche M. 
Immunoglobulin E-independent major 
histocompatibility complex-restricted T cell 
peptide epitope-induced late asthmatic 
reactions.  J Exp Med   1999 ; 189 : 1885 -94  

  21.     Bilo   BM, Rueff F, Mosbech H, et al. 
Diagnosis of Hymenoptera venom 
allergy.  Allergy   2005 ; 60 : 1339 -49  

  22.     Carballido   JM, Carballido-Perrig N, 
K ä gi MK, et al. T cell epitope specifi city in 
human allergic and non-allergic subjects to 
bee venom phospholipase A 2 .  J Immunol  
 1993 ; 150 : 3582 -91  

  23.     Platts-Mills   T, Vaughan J, Squillace S, 
et al. Sensitisation, asthma, and a 
modifi ed Th2 response in children 
exposed to cat allergen: a population-based 
cross-sectional study.  Lancet  
 2001 ; 357 : 752 -6  

  24.     Ruiter   B, Knol EF, Van Neerven RJ, et al. 
Maintenance of tolerance to cow’s milk in 
atopic individuals is characterized by 
high levels of specifi c immunoglobulin G4. 
 Clin Exp Allergy   2007 ; 37 : 1103 -10  

  25.     Aalberse   RC, Schuurman J. IgG4 breaking 
the rules.  Immunology   2002 ; 105 : 9 -19  

  26.     Woodfolk   JA, Platts-Mills TA. The 
immune response to intrinsic and extrinsic 
allergens: determinants of allergic disease. 
 Int Arch Allergy Immunol  
 2002 ; 129 : 277 -85  

E
xp

er
t O

pi
n.

 B
io

l. 
T

he
r.

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/3

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



T cell tolerance to inhaled allergens: mechanisms and therapeutic approaches

776 Expert Opin. Biol. Ther. (2008) 8(6)

  27.     Akdis   CA, Akdis M, Blesken T, et al. 
Epitope-specifi c T cell tolerance to 
phospholipase A2 in bee venom 
immunotherapy and recovery by IL-2 
and IL-15 in vitro.  J Clin Invest  
 1996 ; 98 : 1676 -83  

  28.     Nouri-Aria   KT, Wachholz PA, Francis JN, 
et al. Grass pollen immunotherapy induces 
mucosal and peripheral IL-10 responses 
and blocking IgG activity.  J Immunol  
 2004 ; 172 : 3252 -9  

  29.     Van Ree   R, Van Leeuwen WA, Dieges PH, 
et al. Measurement of IgE antibodies 
against purifi ed grass pollen allergens 
(Lol p 1, 2, 3 and 5) during immunotherapy. 
 Clin Exp Allergy   1997 ; 27 : 68 -74  

  30.     Punnonen   J, De Waal Malefyt R, 
Van Vlasselaer P, et al. IL-10 and viral 
IL-10 prevent IL-4-indiced IgE synthesis 
by inhibiting the accessory cell function of 
monocytes.  J Immunol   1993 ; 151 : 1280 -9  

  31.     Niederberger   V, Horak F, Vrtala S, et al. 
Vaccination with genetically engineered 
allergens prevents progression of allergic 
disease.  Proc Natl Acad Sci USA  
 2004 ;101(Suppl 2): 14677 -82  

  32.     Bahceciler   NN, Arikan C, Taylor A, et al. 
Impact of sublingual immunotherapy on 
specifi c antibody levels in asthmatic children 
allergic to house dust mites.  Int Arch 
Allergy Immunol   2005 ; 136 : 287 -94  

  33.     Pilette   C, Nouri-Aria KT, Jacobson MR, 
et al. Grass pollen immunotherapy induces 
an allergen-specifi c IgA2 antibody response 
associated with mucosal TGF- β  expression. 
 J Immunol   2007 ; 178 : 4658 -66  

  34.     Aydogan   M, Mete N, Yazi D, et al. 
Comparison of Der p1-specifi c 
antibody levels in children with allergic 
airway disease and healthy controls. 
 Pediatr Allergy Immunol   2007 ; 18 : 320 -5  

  35.     Levings   MK, Sangregorio R, Galbiati F, 
et al. IFN- α  and IL-10 induce the 
differentiation of human type 1 T regulatory 
cells.  J Immunol   2001 ; 166 : 5530 -9  

  36.     Akdis   M. Healthy immune response to 
allergens: T regulatory cells and more. 
 Curr Opin Immunol   2006 ; 18 : 738 -44  

  37.     Ling   EM, Smith T, Nguyen XD, et al. 
Relation of CD4+CD25+ regulatory T-cell 
suppression of allergen-driven T-cell 
activation to atopic status and expression of 
allergic disease.  Lancet   2004 ; 363 : 608 -15  

  38.     Groux   H, O’Garra A, Bigler M, et al. 
A CD4 +  T-cell subset inhibits 
antigen-specifi c T-cell responses and 
prevents colitis.  Nature   1997 ; 389 : 737 -42  

  39.     Sakaguchi   S, Sakaguchi N, Asano M, et al. 
Immunologic self-tolerance maintained by 
activated T cells expressing IL-2 receptor 
alpha-chains (CD25). Breakdown of a 
single mechanism of self-tolerance causes 
various autoimmune diseases.  J Immunol  
 1995 ; 155 : 1151 -64  

  40.     Fontenot   JD, Gavin MA, Rudensky AY. 
Foxp3 programs the development and 
function of CD4+CD25+ regulatory 
T cells.  Nat Immunol   2003 ; 4 : 330 -6  

  41.     Wildin   RS, Ramsdell F, Peake J, et al. 
X-linked neonatal diabetes mellitus, 
enteropathy and endocrinopathy syndrome 
is the human equivalent of mouse scurfy. 
 Nat Genet   2001 ; 27 : 18 -20  

  42.     Chatila   TA, Blaeser F, Ho N, et al. JM2, 
encoding a fork head-related protein, is 
mutated in X-linked autoimmunity-allergic 
disregulation syndrome.  J Clin Invest  
 2000 ; 106 : R75 -81  

  43.     Karagiannidis   C, Akdis M, Holopainen P, 
et al. Glucocorticoids upregulate FOXP3 
expression and regulatory T cells in asthma. 
 J Allergy Clin Immunol   2004 ; 114 : 1425 -33  

  44.     Akdis   CA, Blaser K. Bypassing IgE and 
targeting T cells for specifi c 
immunotherapy of allergy.  Trends Immunol  
 2001 ; 22 : 175 -8  

  45.     Kussebi   F, Karamloo F, Rhyner C, et al. 
A major allergen gene-fusion protein for 
potential usage in allergen-specifi c 
immunotherapy.  J Allergy Clin Immunol  
 2005 ; 115 : 323 -9 

  •    By genetic engineering, a recombinant 
hybrid protein, which comprised the 
whole amino acid sequences of bee venom 
major allergens Api m 1 and Api m 2 was 
engineered and demonstrated profoundly 
reduced basophil degranulation and type 1 
skin test reactivity (IgE cross-linking), 
whist preserving the entire T cell 
reactivity. Pretreatment of mice with this 
hybrid [Api m 1/2] protein signifi cantly 
suppressed the development of specifi c IgE 
as well as other antibody isotypes after 
exposure to the native allergen.    

  46.     Karamloo   F, Schmid-Grendelmeier P, 
Kussebi F, et al. Prevention of allergy 
by a recombinant multi-allergen vaccine 
with reduced IgE binding and preserved 
T cell epitopes.  Eur J Immunol  
 2005 ; 35 : 3268 -76 

  •    By genetic engineering, a recombinant 
chimeric protein, which comprised the 
whole amino acid sequences of three bee 
venom major allergens was engineered. 
Api m 1, hyaluronidase (Api m 2) and 

mellitin (Api m 3) fragments with 
overlapping amino acids were assembled 
in a different order in the Api m (1/2/3) 
chimeric protein. It demonstrated 
profoundly reduced basophil 
degranulation and type 1 skin test 
reactivity (IgE cross-linking), whilst 
preserving the entire T cell reactivity. 
Pretreatment of mice with this fusion 
protein signifi cantly suppressed the 
development of specifi c IgE as well as 
other antibody isotypes after exposure to 
the native allergen.    

  47.     Larche   M. Immunore gulation by targeting 
T cells in the treatment of allergy and 
asthma.  Curr Opin Immunol  
 2006 ; 18 : 745 -50  

  48.     Larche   M, Wraith DC. Peptide-based 
therapeutic vaccines for allergic and 
autoimmune diseases.  Nat Med  
 2005 ; 11 : S69 -76  

  49.     Müller   UR, Akdis CA, Fricker M, et al. 
Successful immunotherapy with T cell 
epitope peptides of bee venom 
phospholipase A 2  induces specifi c T cell 
anergy in bee sting allergic patients. 
 J Allergy Clin Immunol   1998 ; 101 : 747 -54  

  50.     Tarzi   M, Klunker S, Texier C, et al. 
Induction of interleukin-10 and suppressor 
of cytokine signalling-3 gene expression 
following peptide immunotherapy. 
 Clin Exp Allergy   2006 ; 36 : 465 -74 

  •    In this study synthetic peptides of 
phospholipase A 2  (PLA) were selected for 
a peptide vaccine, on the basis of binding 
affi nity for commonly expressed HLA-DR 
molecules. The proliferation of venom-
stimulated PBMCs decreased in treated 
subjects compared with controls. Peptide 
treatment reduced the production of IL-13 
by PLA-stimulated PBMCs and IFN- g , 
and increased the production of IL-10. 
Transcription of the suppressor of 
cytokine signalling  (Socs)3  gene was 
signifi cantly increased following therapy. 
A transient, but modest, increase in 
allergen-specifi c IgG was also observed. 
HLA-DR-based T cell epitopes modify 
surrogate markers associated with 
successful immunotherapy and induction 
of immune regulation, supporting the 
concept that this form of treatment may 
be effi cacious for human allergic disease.    

  51.     Jutel   M, watanabe T, Klunker S, et al. 
Histamine regulates T-cell and antibody 
responses by differential expression of 
H1 and H2 receptors.  Nature  
 2001 ; 413 : 420 -5  

E
xp

er
t O

pi
n.

 B
io

l. 
T

he
r.

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/3

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Akdis

 Expert Opin. Biol. Ther. (2008) 8(6) 777

  52.     Mazzoni   A, Young HA, Spitzer JH, et al. 
Histamine regulates cytokine production 
in maturing dendritic cells, resulting in 
altered T cell polarization.  J Clin Invest  
 2001 ; 108 : 1865 -73  

  53.     Osna   N, Elliott K, Khan MM. Regulation 
of interleukin-10 secretion by histamine 
in TH2 cells and splenocytes. 
 Int Immunopharmacol   2001 ; 1 : 85 -96  

  54.     Kunzmann   S, Mantel P-Y, Wohlfahrt JG, 
et al. Histamine enhances 
TGF- β 1-mediated suppression of 
Th2 responses.  FASEB J   2003 ; 17 : 1089 -95  

  55.     Enk   AH, Saloga J, Becker D, et al. Induction 
of hapten-specifi c tolerance by interleukin 10 
in vivo.  J Exp Med   1994 ; 179 : 1397 -402  

  56.     Bacchetta   R, Bigler M, Touraine JL, et al. 
High levels of interleukin 10 production 
in vivo are associated with tolerance in 
SCID patients transplanted with HLA 
mismatched hematopoietic stem cells. 
 J Exp Med   1994 ; 179 : 493 -502  

  57.     Becker   JC, Czerny C, Brocker EB. 
Maintenance of clonal anergy by 
endogenously produced IL-10. 
 Int Immunol   1994 ; 6 : 1605 -12  

  58.     Mauri   C, Gray D, Mushtaq N, Londei M. 
Prevention of athritis by interleukin 
10-producing B cells.  J Exp Med  
 2003 ; 197 : 489 -501  

  59.     Akbari   O, Dekruyff RH, Umetsu DT. 
Pulmonary dendritic cells producing 
IL-10 mediate tolerance induced by 
respiratory exposure to antigen. 
 Nat Immunol   2001 ; 2 : 725 -31  

  60.     Frossard   CP, Steidler L, Eigenmann PA. 
Oral administration of an IL-10-secreting 
Lactococcus lactis strain prevents 
food-induced IgE sensitization.  J Allergy 
Clin Immunol   2007 ; 119 : 952 -9  

  61.     Akdis   CA, Joss A, Akdis M, et al. 
A molecular basis for T cell suppression by 
IL-10: CD28-associated IL-10 receptor 
inhibits CD28 tyrosine phosphorylation 
and phosphatidylinositol 3-kinase binding. 
 FASEB J   2000 ; 14 : 1666 -8  

  62.     Taylor   A, Akdis M, Joss A, et al. IL-10 
inhibits CD28 and ICOS co-stimulations 
in T cells via SHP-1.  JACI   2007 ; 120 : 76 -83 

  ••    This study demonstrated the inhibition of 
the CD28 or ICOS co-stimulatory 
pathways by SHP-1 as a novel mechanism 
for direct T cell suppression by IL-10. 
SHP-1 appears to act as a handbrake in 
T cells, preventing their activation by 
co-stimulation alone and increases the 
threshold for T cell activation.    

  63.     Oral   HB, Kotenko SV, Yilmaz M, et al. 
Regulation of T cells and cytokines by the 
interleukin-10 (IL-10)-family cytokines 
IL-19, IL-20, IL-22, IL-24 and IL-26. 
 Eur J Immunol   2006 ; 36 : 380 -8 

  •    The effects of IL-10-family cytokines, 
IL-19, IL-20, IL-22, IL-24 and IL-26 
on naive T cell differentiation, 
antigen-specifi c T cell suppression, 
survival and expression of surface markers 
were investigated in comparison with 
IL-10 and cytomegalovirus (CMV)-IL-10. 
IL-10 and CMV-IL-10 induced increased 
IFN- g  and IL-10, but decreased IL-4 and 
IL-13. Long-term exposure of T cells to 
IL-19, IL-20 and IL-22 down-regulated 
IFN- g  but up-regulated IL-4 and IL-13 
in T cells and supported the polarization 
of naive T cells to Th2-like cells. 
Neutralization of endogenous IL-22 
activity by IL-22-binding protein 
decreased IL-4, IL-13 and IFN- g  
synthesis. The antigen-specifi c suppressor 
activity of IL-10 and CMV-IL-10 was 
not observed for any of the other 
IL-10-family cytokines.    

  64.     Diebold   RJ, Eis MJ, Yin M, et al. 
Early-onset multifocal infl ammation in the 
transforming growth factor  β 1-null mouse 
is lymphocyte mediated.  Proc Natl Acad 
Sci USA   1995 ; 92 : 12215 -9  

  65.     Shull   MM, Ormsby I, Kier AB, et al. 
Targeted disruption of the mouse 
transforming growth factor- β 1 gene 
results in multifocal infl ammatory disease. 
 Nature   1992 ; 359 : 693 -9  

  66.     Chen   W, Jin W, Hardegen N, et al. 
Conversion of peripheral CD4+CD25- 
naive T cells to CD4+CD25+ regulatory 
T cells by TGF- β  induction of 
transcription factor Foxp3.  J Exp Med  
 2003 ; 198 : 1875 -86  

  67.     Bettelli   E, Carrier Y, Gao W, et al. 
Reciprocal developmental pathways for 
the generation of pathogenic effector 
TH17 and regulatory T cells.  Nature  
 2006 ; 441 : 235 -8 

  ••    Recently, a subset of interleukin 
IL-17-producing Th17 cells distinct from 
Th1 or Th2 cells has been described and 
shown to have a crucial role in the 
induction of autoimmune tissue injury. In 
contrast, CD4+CD25+Foxp3+ T Reg  cells 
inhibit autoimmunity and protect against 
tissue injury. TGF- b  is a critical 
differentiation factor for the generation 
of T Reg  cells. But this study shows that 
IL-6 and TGF- b  together induce the 
differentiation of pathogenic Th17 cells 

from naive T cells. The data demonstrate 
a dichotomy in the generation of pathogenic 
T cells that induce regulatory T cells that 
inhibit autoimmune tissue injury.    

  68.     Huber   S, Schramm C, Lehr HA, et al. 
Cutting edge: TGF- β  signaling is 
required for the in vivo expansion and 
immunosuppressive capacity of regulatory 
CD4+CD25+ T cells.  J Immunol  
 2004 ; 173 : 6526 -31  

  69.     Mamura   M, Lee W, Sullivan TJ, et al. 
CD28 disruption exacerbates infl ammation 
in Tgf- β 1-/- mice: in vivo suppression 
by CD4+CD25+ regulatory T cells 
independent of autocrine TGF- β 1. 
 Blood   2004 ; 103 : 4594 -601  

  70.     Vignola   AM, Chanez P, Chiappara G, et al. 
Transforming growth factor- β  expression in 
mucosal biopsies in asthma and chronic 
bronchitis.  Am J Respir Crit Care Med  
 1997 ; 156 : 591 -9  

  71.     Deniz   G, Erten G, Kucuksezer UC, 
et al. Regulatory NK cells suppress 
antigen-specifi c T cell responses. 
 J Immunol   2008 ; 180 : 850 -7 

  ••    In this study, regulatory NK cells were 
characterized according to their IL-10 
secretion properties. Freshly purifi ed 
IL-10-secreting NK cells displayed up to 
a 40-fold increase in IL-10, but not in 
the FoxP3 and TGF- b  mRNAs. PHA 
and IL-2 stimulation as well as 
vitamin D3/dexamethasone and 
anti-CD2/CD16 mAbs were 
demonstrated to induce IL-10 expression 
in NK cells. The effect of IL-10(+) 
NK cells on Ag-specifi c T cell proliferation 
has been examined for the bee venom 
major allergen, phospholipase A(2) and 
purifi ed protein derivative of 
 Mycobecterium bovis -induced T cell 
proliferation. IL-10 +  NK cells signifi cantly 
suppressed both allergen/antigen-induced 
T cell proliferation and secretion of IL-13 
and IFN- g , particularly due to secreted 
IL-10 as demonstrated by blocking of the 
IL-10 receptor. These results demonstrate 
that a distinct small fraction of NK cells 
display regulatory functions in humans.       

  
Affi liation
   Mübeccel     Akdis      MD PhD  
 Swiss Institute of Allergy and Asthma 
Research (SIAF), 
Obere Strasse 22, 
CH-7270 Davos, Switzerland 
Tel:  +41 81 4100848 ; Fax:  +41 81 4100840 ; 
E-mail:  akdism@siaf.unizh.ch  

E
xp

er
t O

pi
n.

 B
io

l. 
T

he
r.

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/3

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



E
xp

er
t O

pi
n.

 B
io

l. 
T

he
r.

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/3

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


