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Abstract
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Previous studies in our laboratory, we have demonstrated that cross-linking of
TRAIL by plate-bound recombinant TRAIL receptor, DR4-Fc fusion protein
enhanced T cell proliferation and increased IFN-y production in conjunction with
immobilized sub-optimal anti-CD3 stimulatio, indicating the occurrence of
co-stimulation effects on T cells via signals transduced through TRAIL (J. Immunol.
167: 1347, 2001) ( Arthritis & Rheumatism 50:629, 2004). Thus, in addition to its role
in inducing apoptosis by binding to the death receptors, TRAIL itself can enhance T
cell proliferation after TCR engagement and signal the augmentation of IFN-y
secretion via a p38-dependent pathway. We further explore the role of TRAIL
co-stimulation on T cells activation and the molecular mechanism of signal
transduction through TRAIL in T cells. Activation at the TCR of a set of protein
tyrosine kinases (PTKSs) is an early event in this process. Our preliminary results
indicate that protein tyrosine kinase, Lck is directly activated by TRAIL reverse
signaling during TRAIL induced costimulation of T cells. We further study the
interaction of PTKs and associated molecules in lipid raft during TRAIL induce T cell
activation. We also investigated the localization and the association of TRAIL with
the PTKSs involved in early events of T cell activation, and the expression of
raft-associated ganglioside, GM1, in lipid raft domains during TRAIL-induced T cell
activation. For further exploration of intracellular signal trasnduction pathways for
transducing TRAIL costimulation signals, the downstream major signal trasnduction
pathways including P13/Akt, MAP kinase and NF-«kB pathways are investigated to
define the signal trasndcution pathways during TRAIL-induced T cell costimulation.
We have demonstrated that both PI3K/Akt and NF-xB pathways are involved in the
TRAIL-induced costimulation of T cells, and TRAIL engagement could direct
activate PI3K/Akt and NF-kB pathways, and this may be via relocalization and
assembly of signaling complex in lipid rafts. This study will provide a new approach
to address the role and molecular mechanisms of TRAIL induced co-stimulation in T

cell activation.
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Introduction

During T cell activation, there are two signals involved in activating T cells. One
is the signal transduced through T cell receptor (TCR), the other is the costimulation
signal transduced through CD28 or other costimulation molecules. Recently, there are
a number of T cell surface molecules with costimulation activity reported including
TRAIL (1-9). The significance of these newly defined costimulation molecules to T
cell activation is still not clear. TRAIL, a novel member in TNF superfamily, induces
apoptosis in transformed cell lines of diverse origin and its expression is upregulated
in activated T cells (10-18). Previously, we have shown that triggering of TRAIL by



immobilized TRAIL receptor, DR4-Fc, induced maximal proliferation response and
enhanced IFN-y secretion in mouse T cells (6). Thus, in addition to its role in inducing
apoptosis by binding to the death receptors, TRAIL itself can enhance T cell
proliferation after TCR engagement. These findings suggest the possibility that
TRAIL-induced costimulation may trigger activation of human T cells in vivo.
Enhanced reactivity of T cells to autoantigens via costimulation might be implicated
in the pathogenesis of human autoimmune diseases (19).

For further explore the possible molecular mechanisms of TRAIL-induced T cell
co-stimulation, we attempt to study the possible signaling pathway and the TRAIL
associated molecules in transduction of TRAIL reverse signal as well as other
co-stimulation signals in T cell activation. In order to investigate the initial signal
transduction events in plasma membrane, we will study the localization and
interaction between TRAIL and Lck as well as other key tyrosine kinases in lipid rafts
after engagement with TRAIL receptor on T cell membrane. Lipid rafts are highly
ordered cholesterol and ganglioside-rich platforms that can facilitate and coordinate
close interactions between critical signaling molecules to amplify downstream
signaling (20,21). In normal T cells, ligation of the TCR induces rapid lipid raft
clustering that leads to concentration of signaling proteins at the area of contact
between APCs and T cells known as the immunological synapse (22, 23). Efficient
formation of the immunological synapse is critical to amplification of signals
downstream of the TCR and subsequent T cell activation (24). Conversely, loss of
integrity of lipid raft processes have been shown to play a major role in the
pathogenesis of several diseases such as infections, allergies, neoplasms(25).
Alternation of lipid rafts composition and associated signaling have been reported in
SLE (26,27), suggesting that lipid rafts associated signal transdcution plays an
important role in amplification of signals downstream of the TCR and subsequent T
cell activation. In our previous studies, we have demonstrated that TRAIL-induced
costimulation is involved in activation of human CD4 T cells and may play a role in
enhanced reactivity of T cells to autoantigens in autoimmune disease. Several factors
can influence the strength of signals controlled by lipid rafts such as, lipid raft pool
size, membrane distribution pattern, protein content, and the kinetics of cytoskeletal
rearrangements following T cell stimulation. Thus, we assessed the contribution of
lipid rafts to T cell responses during TRAIL-induced costimulation. The changes in
lipid raft composition and dynamics may contribute to amplification of TCR-mediated
signals during TRAIL-induced costimulation.

For further characterization of the signal transduction pathways for transmitting
TRAIL reverse signals, we will assay the major signal transduction pathways during

TRAIL-induced costimualtion of T cells. Previous study we have demonstrated that



p38 MAP kinase is activated and to augment the production of IFN-y during
TRAIL-induced costimulation of T cells (10). We will study the PI3/Akt pathway,
MAP kinase pathways as well as the NF-kB pathway to define the signal trasndcution
pathways during TRAIL-induced T cell costimulation. In addition, we will try to use
siRNAs to silence the key kinases in TRAIL-induced costimulation of T cells to
define role of these signal transduction pathways in TRAIL costimulation.

This study will provide a new approach to address the role and molecular
mechanisms of TRAIL induced co-stimulation in T cell activation. Targeting
TRAIL-induced costimulation of T cells represents a new modality to reverse T cell

hyper-reactivity and treatment of human autoimmune diseases.

Results and Discussion

Previously, we have shown that triggering of TRAIL by immobilized TRAIL
receptor, DR4-Fc, induced maximal proliferation response and enhanced IFN-y
secretion in mouse T cells. Thus, in addition to its role in inducing apoptosis by
binding to the death receptors, TRAIL itself can enhance T cell proliferation after
TCR engagement. Enhanced reactivity of T cells to autoantigens via aberrant
costimulation signals may play a role in the development of human autoimmune
diseases. Our results demonstrated that TRAIL induced activation of human CD4 T
cells in conjunction with signal from TCR. It raises the possibility that
TRAIL-induced costimulation of T cells may occur in human T cell activation,
leading to an enhanced reactivity to low affinity self-antigens in autoreactive T cells.
We have characterized the T cell subsets responding to TRAIL co-stimulation in T cell
activation and to further investigate role of TRAIL induced co-stimulation in the
pathogenesis of human auotimmune diseases and we demonstrated that TRAIL
costimluate human CD4 T cells and also enhanced the proliferation and IFN-y

production in SLE and RA patients CD4 T cells.

For further explore the possible molecular mechanisms of TRAIL-induced T cell
costimulation, we are studying the possible signaling pathway in transduction of
TRAIL reverse signal as well as other co-stimulation signals in T cell activation. We
investigated the signal transduction pathways in TRAIL-induced T cell costimulation.
We used an in vitro T cell stimulation system with immobilized anti-CD3 and
recombinant TRAIL receptor, DR4-Fc proteins to activate human T cells. We have
demonstrated that both PI3K/Akt and NF-kB pathways are involved in the
TRAIL-induced costimulation of T cells, and TRAIL engagement could direct
activate PI3K/Akt and NF-kB pathways, and this may be via relocalization and
assembly of signaling complex in lipid rafts. Our results demonstrated that
cross-linking of TRAIL by immobilized DR4-Fc¢ in conjunction with suboptimal
anti-CD3 induced phosphorylation of Akt kinase, which could be suppresssed by



Wortmannin, a PI-3 kinase inhibitor and Akt specific inhibitor. The enhanced T cell
proliferation and increased IFN-y production induced by TRAIL costimulation could
also be inhibited by transfection with Akt dominant mutant construct or with Akt
siRNA to knock down the expression of Akt. Moreover, we also demonstrated that
TRAIL engagement directly induced phosphorylation of Akt and its downstream
kinase GSK-3 beta in Jurkat cells. These results indicate that PI-3K/Akt signaling
pathway is essential in TRAIL-induced costimulation of T cells. This study will
provide a new approach to address the role and molecular mechanisms of TRAIL
induced co-stimulation in T cell activation. This part of work is writing manuscript for
submission for publication.

Moreover, we have also demonstrated that TRAIL-induced costimulation
induces NF-«xB activation. The TRAIL-induced NF-kB activation is associated with
activation of IKK and Bcl-10 pathways, and the activation of PI3K/Akt and NF-«B
pathways may be linked with relocaization and assembly of signaling complex in lipid
rafts. We are currently working on the activation of lipid rafts associated signaling
complex during TRAIL-induced costimulatiopn now. This part of work is under
writing manuscript for submission for publication. These results will provide a new
vision to address the role of T cell activation and TRAIL induced co-stimulation in the
pathogenesis and therapy of human auotimmune diseases.

Self-estimation

We are satisfied with the progress we have obtained in recent one year and we
also have fruitful publication in this year. We will keep following the data we obtained,

and the results will submit for publication in the near future.
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