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Abstract

Several clinical studies and animal models have shown
that Th2 lymphocytes play a key role in the pathophysiol-
ogy of IgE-mediated allergic immune responses like
allergic rhinitis and asthma or venom anaphylaxis. Clas-
sical specific immunotherapy (SIT) that has been proven
to be clinically effective can serve as a role model for
immunological changes that are associated with amelio-
ration of allergic diseases. During SIT, the Th2-domi-
nated immune response is modified towards a Th1
response leading to a decline in allergen-specific IgE and
an increase in allergen-specific IgG production. Most
importantly, however, production of the immunosup-
pressive/-regulatory cytokine interleukin 10 (IL-10) is also
induced leading to T cell tolerance and prevention of tis-
sue inflammation. In this article the role of IL-10-produc-
ing T cells in the regulation of allergicimmune responses
will be discussed.

Copyright © 2001 S. Karger AG, Basel

Introduction

Atopic allergic diseases, like allergic rhinitis and asth-
ma, are T-cell-mediated disorders characterized by high
serum IgE levels in most cases and eosinophilic airway
inflammation. After allergen exposure, CD4+ T-helper
cells are activated by antigen-presenting cells to produce
Th2 cytokines such as IL-4, IL-5, IL-6, and IL-13, which
are responsible for strong antibody responses including
IgE synthesis by B lymphocytes, and for the growth and
differentiation of eosinophils and mast cells. The release
of histamine, leukotrienes and prostaglandins following
cross-linking of allergen-specific IgE on the surface of
mast cells and basophils induces the development of urti-
caria, edema, bronchial hyperreactivity, and even sys-
temic anaphylaxis in the context of bee and wasp venom
hypersensitivity [1-3]. Thus, inhibition of the Th2-domi-
nated T cell response appears to be an attractive target for
the treatment of the diseases described. A shift from Th2
to Thl can be observed during specific immunotherapy
(SIT), and also an induction of IL-10-producing T cells
[4-7]. Another concept for the therapy of asthma may be
the administration or endogenous induction of the anti-
inflammatory cytokine IL-10 which was shown to inhibit
the development of airway inflammation in a murine
model of airway hyperreactivity [8-10]. Additionally, in-
haled corticosteroids inhibit proinflammatory cytokines
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but partially enhance the production of IL-10 by alveolar
macrophages from asthmatic patients, which may con-
tribute to their beneficial effect in asthma [11]. Vaccina-
tion with allergen peptide- or DNA-pulsed dendritic cells
(DC) may represent a third form of immunotherapy, as
DC play an important role in induction of primary
immune responses to aeroallergens in naive T lympho-
cytes [12-14]. This article summarizes the role of IL-10 in
all of these therapeutic approaches indicating that IL-10 is
one of the main regulators in allergic/atopic diseases.

Anti-Inflammatory and Anti-Allergic Properties
of IL-10

IL-10 was first described as cytokine synthesis inhib-
iting factor generated by mouse Th2 cells which was able
to suppress the proliferation especially of Thl cells [re-
viewed in ref. 15]. However, IL-10 is not a Th2 cytokine
since it is also produced by Thl cells (at least in humans)
and by other cell types including CD8+ T Iymphocytes,
monocytes/macrophages, B lymphocytes, mast cells, eo-
sinophils, keratinocytes, and various tumor cells [15, 16].
Monocytes and B cells are the major source for human
IL-10, which is released after stimulation with bacterial
cell wall components, parasites, HI'V or other viruses. The
strong suppressive effects of IL-10 are due to the inhibi-
tion of the production of the proinflammatory cytokines
IL-10, IL-1B8, IL-6, IL-8, IL-12, TNF-0, GM-CSF, and G-
CSF by monocytes, and the downregulation of MHC class
II molecules and costimulatory molecules on monocytes/
macrophages and dendritic cells [17-19]. Furthermore,
the production of the IL-1 receptor antagonist, which
exerts anti-inflammatory properties on its own, is en-
hanced by IL-10 [20]. In vivo experiments with mice have
shown that IL-10 inhibits delayed-type hypersensitivity,
experimental autoimmune encephalomyelitis, and T-cell-
mediated inflammatory bowel disease [21-24]. Besides
the inhibition of mainly Th1-mediated inflammatory pro-
cesses, IL-10 is also involved in the inhibition of Th2-
driven allergic immune responses [9, 25, 26]. IL-10 me-
diates a monocyte-dependent inhibitory effect on IL-4
induced IgE and IgGy synthesis by human peripheral
blood mononuclear celles (PBMC) and inhibits IgE-
induced activation and cytokine production of human
mast cells [27-29]. Additionally, IL-10 inhibits the pro-
duction of IL-5 by human resting T cells and also directly
decreases survival and cytokine, chemokine and mediator
production by eosinophils and neutrophils [26, 30, 31].
Finally, IL-10 or IL-10-treated DC induce a long-term
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antigen-specific anergic state in human CD4+ and CD8+
T cells [32-34] and the differentiation of a regulatory
T cell subset, which is characterized by high levels of IL-
10 secretion and strong suppressive properties [35]. More
recently, the same group has shown that such IL-10-pro-
ducing T cells, which have been termed Trl cells due to
their additional production of IFN-y, can also inhibit
Th2-specific responses in vivo indicating that regulatory
cells play a fundamental role into preventing allergic dis-
orders [36].

Induction of Regulatory IL-10-Producing T Cells
during Immunotherapy

SIT has been shown to modify the course of allergic
diseases inducing changes in serum immunoglobulin con-
centrations towards IgG and reducing the recruitment of
inflammatory cells [4, 37, 38]. Immunotherapy decreases
mast cell and eosinophil numbers in nasal lavage or bron-
choalveolar fluid as well as infiltration of CD4+ T lym-
phocytes and eosinophils in cutaneous late-phase re-
sponses [39-41]. In vitro studies with human T cell lines
and clones from peripheral blood have provided evidence
that SIT influences allergen-specific T helper cells in par-
ticular. We and others have demonstrated that SIT -
including insect venom immunotherapy (VIT) - induces
a shift in the dominance of allergen-specific Th cells from
Th2 (IL-4, IL-5) to Thl (IFN-y) [5-7, 42, 43]. These
changes in cytokine production appear also to be the rea-
son for the subsequent shift in allergen-specific Ig produc-
tion from IgE towards IgG4, as IgE and IgG4 responses
are conversely regulated by IL-4 and IFN-y [44].

Despite the observation that SIT induces a shift of the
allergen-specific immune response from a Th2-domi-
nated to a Thl-dominated response, successful SIT is not
characterized by enhanced tissue inflammation. The rea-
son is that SIT also leads to a strong inhibition of the aller-
gic immune response due to induction of anergy in aller-
gen-specific T cells and also due to induction of IL-10-
producing T cells. Induction of IL-10-producing T cells
has been first described by us in VIT. One week after ini-
tiation of VIT, according to a rush protocol, we observed a
strong increase in IL-10 production at the protein level
after 48 h of stimulation of PBMC with the respective
venom as well as at the mRNA level in freshly isolated
PBMC [7, 45].

In our investigation, CD4+ T cells were the main
source of allergen-induced IL-10 production at this early
time point [7]. The induction of increased IL-10 produc-
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tion after initiation of VIT was also observed by Akdis et
al. [46], who found a substantial production of IL-10 also
by B cells and monocytes at later time points. Additionally,
these authors demonstrated that neutralization of IL-10 in
PBMC fully reconstituted the proliferative T cell and cyto-
kine responses which had been inhibited due to blocking
the CD28 costimulatory signal in T cells and that addition
of exogenous IL-10 to B cell cultures from patients allergic
to bee venom inhibited the production of phospholipase-
A,-specific IgE, but enhanced the production of IgG4 [46-
48]. In our study, blocking of IL-10 by monoclonal anti-
bodies also restored the proliferative response of PBMC to
the respective venom, but not the allergen-induced IL-4
production, while the allergen-induced IFN-y production
was further increased [7]. Thus, the induction of IL-10-
producing regulatory T cells during VIT appears to pre-
vent inflammatory responses that might otherwise result
from enhanced Th1 responses.

Influence of IL-10 on Effector Cells during VIT

Besides the observed changes in cytokine expression by
allergen-specific T cells, VIT also reduces the histamine
and sulfido-leukotriene release of mast cells and basophils
[49, 50]. This reduced reactivity of effector cells is partial-
ly due to the induction of IL-10 (and IFN-y) during VIT,
as neutralization of IL-10 and IFN-y restored the release
after the initiation of VIT, while the addition of exoge-
nous IL-10 and IFN-y leads to a reduction of the release
before VIT [49]. As already mentioned, IL-10 also exerts
anti-allergic properties by decreasing the expression of
CD40 in eosinophils leading to an enhanced apoptosis of
these cells [51]. Consistent with these findings a decreased
production of IL-10 mRNA was found in purified T cells
from asthmatic patients compared to healthy controls,
while after multiple bee stings hyperimmune beekeepers
showed an enhanced intracytoplasmic IL-10 content of
CD4+CD25+ T cells and monocytes [46, 52]. However,
there are also reports describing an enhanced production
of IL-10 in atopic dermatitis or in the gut mucosa of asth-
matic patients which was discussed to counterbalance the
effect of proinflammatory cytokines mitigating their in-
flammatory reaction [53, 54]. Additionally, in a murine
model of asthma IL-10 inhibited eosinophilia and Th2
cytokine production, but augmented airway reactivity to
methacholine [55]. Another study stated that IL-10-defi-
cient mice developed a pulmonary inflammatory re-
sponse but not airway hyperresponsiveness, which was
restored after reconstitution of these mice with IL-10[56].

Interleukin 10 in the Regulation of Allergic
Immune Responses

Therefore, the direct application of IL-10 may be proble-
matic, especially in asthmatics.

Induction of Allergen-Specific
Hyporesponsiveness of T Cells by IL-10-Treated
Dendritic Cells

Dendritic cells (DC), which are located in an immature
state in peripheral organs at the site of the antigen entry,
are the most potent antigen-presenting cells due to their
capacity to induce primary immune responses in naive T
lymphocytes [reviewed in ref. 12]. After antigen capture
they are activated to migrate to the draining lymph nodes,
where they present processed peptide on MHC molecules
to naive T cells and induce a polarized Th1 or Th2 type
response. It has been proposed that distinct DC lineages
control the initiation of Thl versus Th2 immune re-
sponses [57, 58]. However, factors of the microenviron-
ment also determine the type of immune response in-
duced. For example, the presence of IFN-y during DC
maturation promotes the development of I1L-12-produc-
ing DC with Th1-driving capacity while PGE, primes for
alow IL-12 production ability and a Th2-driving capacity
[59-61]. Thus, DC also play an important role in the
induction of Th2-mediated immune responses in allergic
diseases [reviewed in ref. 13]. In this respect we and oth-
ers have shown that allergen-pulsed DC are able to induce
Th2 responses in naive and memory T helper cells from
atopic individuals [13, 60-63]. DC modified in vitro can
shift an allergen-specific immune response towards a Th1
response and may represent a new form of immunothera-
py. For this purpose the development of culture condi-
tions to generate DC in large numbers from peripheral
blood monocytes or CD34+ precursors in vitro was very
helpful [64, 65].

Maturation of DC in the presence of IL-10 inhibits
their terminal differentiation characterized by a de-
creased expression of MHC class II molecules, several
costimulatory and adhesion molecules including the DC-
specific marker CD83 and induces their function towards
tolerance induction, especially of Th1 cells [33, 66]. How-
ever, we were able to demonstrate that IL-10-treated DC
also inhibit allergen-specific Th2 cells, while DC pre-
treated with another anti-inflammatory agent, hydrocorti-
sone, only inhibit Th1 but not Th2 cells [67]. The IL-10-
DC-mediated inhibition was long-lasting and stable as
cytokine production remained low at least among the
naive T cell population even after restimulation with reg-
ularly matured DC. The inhibitory effects of IL-10- or
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HC-treated DC were not due to enhanced apoptosis of
allergen-specific T cells but to functional hyporesponsive-
ness, as the addition of exogenous IL-2 restored all cyto-

kine responses [67].

Concluding Remarks

Taken together, IL-10 plays an important role in the
regulation and prevention of inflammatory immune re-

Therefore, the induction of IL-10-producing regulatory T
cells as it occurs during SIT or IL-10-treated DC may be
useful new therapeutic tools for the downregulation of
allergic responses.
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