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We are interested in the contribution of cell surface molecules (positive and negative
costimulatory molecules) on human T cells and antigen-presenting cells (APC) in immune
responses. For our studies we have developed experimental systems that make it possible to
efficiently analyse the contribution of individual ligands to T cell activation processes. In
addition we are trying to identify novel receptors that regulate the activation of T cells by
APC. To achieve this goal we rely on our experience in the generation, expression and
screening of cDNA expression libraries. Another focus of our research is the identification of
cell surface antigens that are recognized by sera derived from cancer patients, solid organ or
hematopoietic stem cell recipients. For these projects we are developing efficient
methodologies to screen retroviral expression libraries with polyclonal antibody preparations
like human sera or Antithymocyte globulins.

16

DIVISION OF IMMUNE RECEPTORS AND T CELL ACTIVATION
The role of individual costimulatory molecules in the activation of human T cells
A large number of positive and negative costimulatory molecules govern the interaction of
antigen-presenting cells with T cells (Figure 1a). The manipulation of such pathways offers
attractive avenues to enhance immunity to pathogens but also to attenuate unwanted
responses in autoimmune conditions or transplantation. While the role of most costimulatory
molecules has been extensively studied in animal models, functional data on the effects of
several of these molecules on human T cells are much more limited. It is evident that a
complete understanding of the role of human costimulatory molecules is a prerequisite to
identify good therapeutic targets.
We are trying to learn about the contribution of individual receptor-ligand pairs to T
cell activation processes and also to identify novel molecules that play a role in this context.
We are studying the consequences of costimulatory signals on primary human T cells by
assessing parameters like proliferation, cytokine secretion and activation-marker regulation.
In addition, we are using genome-wide gene expression analysis and biochemical assays on
intracellular signalling processes to get a more complete picture on the function of
costimulatory signals during the activation of human T cells.

C

Figure 1:
A) Selected costimulatory ligands that regulate T cell activation processes by interacting with their activating or
inhibitory
receptors on T cells.
B) Our system of T cell stimulators is a straightforward and versatile system to study the contribution of individual
costimulatory ligands to the activation of human T cells.
C) Confocal microscopy of CFSE-labeled T cells (green) co-cultured with CMTMR-labeled T-cell stimulator cells
(red). Interaction of T cells and T cell stimulator cells (left). Cluster formation between T cells and stimulator cells
expressing CD80 (middle) or stimulator cells expressing no costimulatory molecule (right).
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For our studies we have developed a novel system of T cell stimulators. This system
is based on the murine Bw5147 cell line that was engineered to express a membrane-bound
anti-human CD3 single chain antibody. By ligating their T cell receptor complex, this antibody
gives “Signal 1” to human T cells. Upon expression of costimulatory molecules on our
stimulator cells, their role in T cell activation processes can readily be studied (Figure 1b and
c). We find this system to be an excellent tool to investigate the role of individual
costimulatory molecules in their natural conformation but detached from the complex surface
of an APC that harbours a plethora of costimulators.
Studies on the costimulatory function of human CD63
Judith Leitner is investigating the role of T-cell-expressed CD63 during the activation of
human T cells. Previous work at our Institute has led to the identification of a mAb 11C9, that
induces a potent costimulatory signal in human T cells. Retroviral expression cloning was
used to identify the tetraspan molecule CD63 as the target structure mediating this
costimulatory effect. Current work at our lab is aimed at dissecting the molecular
mechanisms underlying the costimulatory effects triggered by CD63 ligation on human T
cells. In this project we closely collaborate with Dr. Otto Majdic and Prof. Johannes Stöckl
from our institute.
Responsiveness of CD28-negative T cells to alternative costimulatory signals
Loss of the costimulatory receptor CD28 is an important phenotypic correlate for senescent T
lymphocytes in humans. Such cells are functionally impaired and contribute to immune
dysfunction in elderly and chronically infected individuals. Since CD28 negative T cells are
deficient in the primary costimulatory pathway, insufficient activating signals might contribute
to the functional senescence in this cell population. Judith Leitner is currently analysing
whether signals from alternative costimulatory molecules are able to revert the dysfunctional
state of CD28 negative T cells derived from elderly individuals. In her studies she was able to
demonstrate that ligation of the CD2 molecule by CD58 is generating a potent costimulatory
signal in CD28 negative T cells, whereas other costimulatory pathways have limited effect in
this regard (Fig. 2). This project is carried out in close collaboration with the group of Prof.
Grubeck-Loebenstein, Institute of Biomedical Aging Research of the ÖAW, Innsbruck,
Austria.

Figure 2:
Proliferative response of CD28-CD8 T cells (left diagram) and CD28+CD8 T cells (right diagram) to costimulatory
signals. Purified CD8 T cells were activated with stimulator cells expressing the indicated costimulatory molecules
or with stimulator cells expressing no human costimulatory molecules (control). Recombinant human IL-2 was
added as indicated.
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Pathways involved in the exhaustion of human T cells
Chronic stimulation by persisting antigens is inducing exhaustion in virus-specific CD8 T
cells. The functional impairment associated with this state is currently incompletely
understood. In addition to the loss of the primary costimulatory receptor CD28, other
mechanisms must be responsible for this phenomenon, since exhausted T cells are not
confined to the CD28-negative T cell compartment. Recently, TIM-3 (T-cell immunoglobulin
domain and mucin domain 3) has been implicated to be involved in the exhausted state of
virus-specific T cells in chronically infected individuals. Studies in mice have found that
interaction of T cell-resident TIM-3 with Galectin-9 down-modulates immune responses and
furthermore induces apoptosis in responder T cells. Judith Leitner is currently addressing the
functional role of TIM-3 in human T cell activation. In addition, she is analysing a potential
interaction of human TIM-3 with human Galectin-9. In this study we are closely collaborating
with Dr. Katharina Grabmeier-Pfistershammer from the Department of Dermatology, who is
investigating TIM-3 expression and function on T cells from HIV-infected individuals.
Defining the major specificities in Antithymocyte globulins
Anti-thymocyte globulins (ATGs) are polyclonal antibody preparations that are widely used as
very effective immunosuppressive agents. Recent research has demonstrated that ATGs can
exert potent and broad immunomodulatory functions by interacting with different types of T
cells including regulatory T cells. Currently, there is limited information regarding the cellular
targets of ATG, which are responsible for their broad immunomodulatory and
immunosuppressive effects. Irene Popow is currently screening eukaryotic expression
libraries derived from freshly prepared and in vitro activated human PBMC to identify novel
ATG specificities that are directed to surface molecules expressed on these cells (Fig.3).
Furthermore, she is developing methodologies to quantify the amounts of antibodies directed
to each ATG-antigen. The ultimate goal of her work is to establish a comprehensive
specificity profile of the major ATG-preparations used in the clinic. Such information will lead
to a better understanding of the pleiotropic effects associated with ATG administration, which
eventually could be exploited for improved treatment modalities.
The CD6-CD166 interaction in human T cell responses
CD6 was one of the first accessory molecules demonstrated to be involved in T cell
activation processes. The binding of CD6 to its APC-expressed ligand CD166 (ALCAM) is
promoting adhesion thereby prolonging and stabilizing APC-T cell interaction. However,
crosslinking of CD6 with antibodies can also induce a costimulatory signal and thus CD6
might have a dual function as adhesion molecule and costimulatory receptor. Katharina
Hawlik is using our system of T cell stimulators to investigate the consequences of CD166CD6 interaction during the activation of human T cells.
The interplay between costimulatory signals and immunosuppressive agents
The clinical management of aberrant T cell responses largely relays on the administration of
immunosuppressive drugs, which act by interfering with metabolic pathways or distinct
signalling events. Since engagement of different costimulatory receptors induce distinct
intracellular signaling pathways, the efficacy of immunosuppressive agents may critically
depend on the quantity and quality of costimulatory signals that contribute to the activation of
the T cells. Sylwia Rakowska is investigating the ability of different immunosuppressive
agents to inhibit proliferation and cytokine production in human T cells receiving distinct
costimulatory signals.
FoxP3-expressing T cell stimulator cells
The suppressive function of FoxP3 expressing regulatory T cells depends on a close contact
to the responder T cells. In this study we want to assess whether FoxP3-expression confers
regulatory activity to stimulator cells of T cell origin. Sabrina Jutz will use an inducible system
to analyze whether T cell responses are affected by FoxP3-expressing T cell stimulator cells.
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Figure 3:
A) Strategy to identify novel ATG-antigen by expression cloning.
B) ATGs depleted of antibodies to molecules previously described as ATG antigens were used for flow cytometric
sorting of reactive cells from a cell pool expressing a cDNA library derived from human pBMC.
C) Bw cells that express novel ATG-antigens were probed with ATG-F or THG at the indicated concentrations (red
line). Reactivity of control cells is shown as a grey line. Insets show reactivity of cells expressing novel ATGantigens with mAb to these molecules (black histograms). Open histograms represent reactivity of these mAb to
control cells.

Establishment of an antigen-specific system for the evaluation of costimulatory
ligands
Currently studies on mice are the primary model system for investigation on the regulation of
immune responses. Kerstin Schultes is establishing an efficient in vitro system to analyze the
function of costimulatory ligands in the activation of murine T cells that encounter their
cognate antigen. She is using a murine cell line engineered to express a LCMV antigen to
stimulate splenocytes derived from mice transgenic for an LCMV-specific T cell receptor. By
expressing costimulatory or coinhibitory ligands on these stimulator cells, she will be able to
study the influence of distinct accessory signals on antigen-specific T cell responses. This
project will be carried out in close collaboration with the laboratory of Prof. Pickl at our
institute.
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Grants
OeNB (Österreichische Nationalbank) “Responsiveness of CD28-negative T cells to alternative
costimulatory signals” 1.1.2008-31.05.2010.
ÖAW (Austrian Academy fo Sciences) Doc Forte fellowship “Identification of tumor antigens using
antibodies induced by DC-based vaccines” 1.1.2009 - 31.12.2010. (to Judith Leitner)
EKFS (Else Kröner Fresenius Stiftung) “Defining the major specificities in ATGs” 1.9.2009-29.02.2012.
Compugen „The functional role of CGEN-15001T molecules in human T cell responses“ 1.7.201131.12.2011.
FWF (Austrian Science Fund) „The role of CD63 during T cell activation“ 1.2.2010-31.1.2013.

Theses
Diploma Theses
Werner Kuschei: Effects of TNF and CD11a antagonists on T cell costimulatory pathways. 1.10.20081.9.2010.
Karin Drobits: The interplay between immunosuppressive drugs and costimulatory signals in the
activation of human T cells. 01.08.2009-30.9.2010.
Sylwia Rakowska: Effects of immunosuppressive drugs on T cells costimulated via CD2 and CD28.
Since 1.11.2010.
Katharina Hawlik: The function of CD166-CD6 interaction during the activation of human Tcells. Since
1.11.2010.
Kerstin Schultes: Development of an antigen-specific system for the evaluation of costimulatory
ligands.
Since 15.9.2011.
Sabrina Jutz: Studies on FoxP3-expressing T cell stimulator cells. Since 1.10.2010.

PhD Theses
Judith Leitner: The role of costimulatory pathways during the activation of human T cells. 01.08.2006 –
21.06.2011.
Irene Popow: since 1.10.2009.

Awards
Judith Leitner: „Dissertationspreis“ ÖGAI, 09.2011.
Judith Leitner: Doc Forte Fellowship awarded 11.2008.
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