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BACKGROUND

Allergic and autoimmune diseases are driven by antigen-specific T lymphocytes. Studies
in this laboratory aim to elucidate mechanisms governing the development and the regulation
of peripheral T helper cell responses in health and disease (i.e., autoimmunity, allergy).
Elucidation of these mechanisms is important for the design of effective immunotherapies.

During the course of an immune response there is generation of distinct cytokine-produc-
ing CD4 T lymphocyte subsets.  For example, responses dominated by interferon Á (IFN-Á) -
producing T cells are called Th1, and those dominated by interleukin 4 (IL-4) -producing T cells
are called Th2. Th1 and Th2 responses differ not only in the cytokine profile but also in their
functional significance in terms of immunity against pathogens, environmental antigens, and
self.  Several studies indicate that Th1 is connected to protective immunity against intracellular
pathogens but can also lead to organ-specific autoimmunity. On the other hand, although Th2
responses are protective in cases of parasitic infections, they are also tightly linked to allergic
reactions. Th1 and Th2 responses can regulate one another. The generation of Th1 and Th2 (as
well as of the newly-described Th17 and the T regulatory) subsets has been shown to be influ-
enced by a number of factors including cytokines present in the priming microenvironment.

Previous studies had demonstrated that the cytokine osteopontin (Opn) participates in
Th1-associated immunity against viral, bacterial and self antigens. We recently demonstrated
that Opn is highly expressed in the lungs of asthmatic patients and of mice with allergic airway
inflammation. Moreover, we obtained novel results pointing to dual and opposing effects of
Opn-s (the secreted form of Opn) on Th2-mediated allergic airway disease (Xanthou et al., Nat.
Med., 2007). These effects of Opn-s were mainly mediated by regulation of Th2-suppressing
plasmacytoid dendritic cells (pDCs) during primary sensitization and Th2-promoting conven-
tional DCs (cDCs) during recall antigenic challenge. This work, not only revealed a novel and
important role for Opn-s in DC subset biology, but also showed that the previously-demonstrat-
ed effect of Opn-s on Th1/Th2 balance is operating predominantly during recall responses. In
addition, it revealed that pDCs have a suppressive role during Th2 responses. These studies
have generated many important new scientific questions regarding basic mechanisms in
immunology.

RESEARCH

Utilizing immunological approaches in combination with genomic and biochemical
assays, we currently investigate the cytokine-mediated shaping of T cell responses during pri-
mary (sensitization) and recall (secondary) antigenic encounters. We focus on the direct effects
on DC and Th cell subset regulation, and their interactions. Effects on DC subset biology, on in
vivo dynamic balances between macrophages and DCs, and impact on tolerance induction and
T regulatory cell generation and function are dissected. We also focus on elucidation of the
mechanisms by which pDCs exert regulatory function (i.e., induction of Treg) under certain
conditions. All mechanisms are mainly studied in in vivo mouse models of allergic (allergic air-
way inflammation) and autoimmune (models for multiple sclerosis and inflammatory bowel
disease) responses. Certain results obtained are evaluated in samples from patients.
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The aims of current scientific projects are:
1. To investigate the mechanisms of the Opn-s-mediated biological effect on

the pDC and cDC subsets. Briefly, we study the direct effect of Opn-s and Opn blockade on
DC subset recruitment, function and receptor binding (as Opn utilizes CD44 and ·Ó‚3 integrin).
We will also examine the role of other cytokines that may be mediating the Opn-s effect, such
as IFN-Á (we have preliminary results indicating its effect on pDCs during Th2 priming).
Moreover, we will investigate the effect of Opn-s on DC subset lineage commitment and differ-
entiation (candidate factors, i.e. T-bet, Notch1). 

2. To investigate the mechanisms by which plasmacytoid DCs exert in vivo
Th2-suppressing effects and how this process is affected by Opn and other
cytokines, such as IFN-Á and activin-A. Briefly, we examine the induction of Tregs as well
as the cytokines involved. We also investigate the effects of Opn isoforms (Opn-s and Opn-i, the
intracellular form) on tolerance induction, pDC induction and T regulatory (Treg) generation
and function. Preliminary studies by our team indicate that Opn-s affects this process. Part of
these studies is evaluated in models of allergic airway inflammation.

3. To dissect the effects of Opn-s on DCs and subsequent shaping of T effector
functions during recall immune responses in allergic airway inflammation. We
focus on interactions between Th(naïve)-DCs-Th(memory) populations or cytokine-mediated
interactions between Th(naïve)-Th(memory) populations. Among these studies we intend to
perform genomic comparison between “priming” DCs and “educated” DCs. Effects on the
dynamics between DC subsets and resident macrophages will also be investigated.

4. To investigate the effect of Opn on the recently described Th17-mediated
autoimmunity. We have obtained preliminary data that support an Opn-Th17 association.
Ongoing studies are performed in in vivo models of inflammatory bowel disease and multiple
sclerosis.

5. To investigate the effects of Opn (Opn-s and Opn-i) during a Th2-mediated
response following parasitic infection (Schistosoma mansoni). Preliminary studies
by our group show that Opn is highly induced in S. mansoni infected mouse liver and lung dur-
ing both acute and chronic phases. We will dissect the effects on the immune response, focus-
ing on DC and T cell subset regulation, as well as Treg induction. 

6. To investigate the effect of the cytokine activin-A on Treg induction during
allergic airway inflammation and autoimmunity. Preliminary studies indicate that
activin-A is a regulatory cytokine.

Activin-A is a cytokine originally demonstrated to be important in developmental and
fibrotic processes. However, increasing evidence suggests that Activin-A has an important role
during immune responses, as its produced both by DCs and Th lymphocytes early during
inflammatory reactions. Activin-A also participates in monocyte-mediated responses and in the
induction of Th1 cell-mediated autoimmunity (rheumatoid arthritis, Crohn's disease). Ongoing
studies by our group, using a mouse model of allergic asthma (ovalbumin-induced allergic air-
way inflammation), showed that Activin-A exhibited an anti-allergic/protective role in vivo
which was mainly mediated through decreased effector Th2 responses. Activin-A also sup-
pressed immune responses generated in vitro by both naïve and memory Th2 cells, at least
partly through induction of an IL-10-dependent T regulatory cell subset. Our data suggest that
Activin-A exerts a novel regulatory effect on Th2-associated immunity and allergic airway dis-
ease.  However, the exact mechanisms through which Activin-A regulates the development of
Th2 allergic responses as well as the generation and function of Tregs are not clearly defined.
Our research goals are to delineate the role of Activin-A during the development and regulation
of a) immune responses mediated by DCs, Th and Treg cells in vitro and b) Th-associated aller-
gic, antiviral and autoimmune responses in vivo. 
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