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Summary. Recent advances in our understanding of the 
structural nature of T cell activation and signal trans- 
duction from the T cell receptor for antigen make 
possible the development of new tolerogenic strategies. 
Here. we summarize the evidence supporting a critical 
role for the CO-receptor molecule (CD4 or CD8) and 
CD45 in determining the pattern of T cell receptor- 
mediated signaling. The consequences of this differential 
signaling can range from T cell proliferation and 
cytokine production to the establishment of a state of 
proliferative unresponsiveness known as T cell anergy. 
Inducing T cell anergy can be an alternative approach for 
the establishment of transplantation tolerance. 
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Introduction 

T lymphocytes are critical regulatory and effector 
cells of the adaptive immune response. Their function 
becomes apparent upon clone-specific activation 
following engagement of their surface receptor for 
antigen (TCR) with its natural ligand, a transmembrane 
complex formed by an immunogenic peptide bound to 
the groove of a major histocompatibility complex 
(MHC) ~nolecule on the surface of an antigen-presenting 
cell (APC). Full T cell activation results in activation of 
transcription of multiples genes, including the inter- 
leukin-2 (IL-2) gene. This will result in IL-2 production 
which will ultimately lead to proliferation and 
differentiation of the T cells into effector cells. 

The signals transduced upon specific interaction 
between the TCR and its ligand, grouped as 'signal l ' ,  
are not sufficient for full T cell activation. Additional 
signals, known altogether as costimulation or 'signal 2', 
are required and delivered by different receptors on the 
surface of the T cell upon engagement with their ligands 
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(e.g. CD28-CD80, CD28-CD86, adhesion molecule- 
ligand interactions or cytokine-cytokine receptor 
interactions) (Schwartz ,  1990).  This two-signal 
paradigm for T cell activation has been very useful in 
providing a framework to understand T cell activation 
and to dissect the functional contribution of recognition 
and costimulatory signals. 

A prediction of the two-signal model is that either 
one of the two signals alone will not induce T cell 
proliferation and differentiation, and this is indeed the 
case. However, a remarkable observation made during 
studies on the requirements for T cell activation was that 
TCR engagement is not ignored by the T cell in the 
absence of costimulationbut results in a state of 
proliferative unresponsiveness to subsequent T cell in 
the absence of costimulation, rechallenge with antigen in 
the presence of costilnulation (Jenkins and Schwartz, 
1987). This state was termed T cell anergy, by analogy 
to the unresponsive state described on B cells (Nossal, 
1993, 1996). The operational definition of T cell anegy 
initially emphasized the absence of costimulation as the 
crucial event leading to T cell unresponsiveness. 
However, recent evidence has expanded this definition 
by demonstrating that T cell anergy may be the result of 
TCR engagement that fails to induce IL-2 production, 
even when costimulation is available (Schwartz, 1996). 

The significance of T cell anergy in immunobiology 
has been a controversial issue. Although the i i l  \*irro 
induction of T cell  anergy is a well established 
phenomenon, some view it as a restricted in vitro 
phenomenon devoid of any biological relevance. This 
may in part be due to difficulties in demonstrating its 
involvement in the in viva maintenance of peripheral 
tolerance. For example, it is not yet established in viva 
that T cells become anergic upon recognizing antigen 
presented by non-professional APC, which resembles 
the original model of recognition in the absence of 
costimulation. However, two recent developments have 
renewed interest on T cell anergy. First, better under- 
standing in signal transduction mechanisms has resulted 
in better biochemical characterization of the state of T 
cell anergy (reviewed in (Quill, 1996; Schwartz, 1996)). 
'Thus, it is now feasible to analyze signal transduction in 


















