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            Abstract
Functional impairment of antigen-specific T cells is a defining characteristic of many chronic infections, but the underlying mechanisms of T-cell dysfunction are not well understood. To address this question, we analysed genes expressed in functionally impaired virus-specific CD8 T cells present in mice chronically infected with lymphocytic choriomeningitis virus (LCMV), and compared these with the gene profile of functional memory CD8 T cells. Here we report that PD-1 (programmed death 1; also known as Pdcd1) was selectively upregulated by the exhausted T cells, and that in vivo administration of antibodies that blocked the interaction of this inhibitory receptor with its ligand, PD-L1 (also known as B7-H1), enhanced T-cell responses. Notably, we found that even in persistently infected mice that were lacking CD4 T-cell help, blockade of the PD-1/PD-L1 inhibitory pathway had a beneficial effect on the â€˜helplessâ€™ CD8 T cells, restoring their ability to undergo proliferation, secrete cytokines, kill infected cells and decrease viral load. Blockade of the CTLA-4 (cytotoxic T-lymphocyte-associated protein 4) inhibitory pathway had no effect on either T-cell function or viral control. These studies identify a specific mechanism of T-cell exhaustion and define a potentially effective immunological strategy for the treatment of chronic viral infections.
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                    Figure 1: 
                        PD-1 is highly upregulated by exhausted CD8 T cells during chronic infection.
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Figure 2: 
                        Blockade of the PD-1/PD-L1 inhibitory pathway increases CD8 T-cell function and enhances the clearance of chronic viral infection.
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Figure 3: 
                        Restoration of function in â€˜helplessâ€™ exhausted CD8 T cells.
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Figure 4: 
                        Proliferation of exhausted CD8 T cells in both lymphoid and non-lymphoid tissues after anti-PD-L1 treatment.
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Figure 5: 
                        PD-L1
                        -/-
                         mice make normal CD8 T-cell responses after LCMV Armstrong infection but succumb to clone 13 infection owing to immunopathology.
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        Editorial Summary
Boosting antiviral immunity
It's common in chronic viral disease for the immune system to grow accustomed to the infection. Normally CD8 T cells retain a â€˜memoryâ€™ of the viruses they encounter, so they can respond rapidly to a new infection. In a chronic infection the memory cells lose this capacity, but the nature of this â€˜exhaustedâ€™ state is not well understood. Barber et al. have now found a possible cause in a study of a mouse infection model. The inhibitory immune receptor gene PD-1 is much more active in exhausted than in normal CD8 T cells, and administration of antibodies that block PD-1 action restores function in virus-specific T cells and also reduces virus levels. The discovery of a T-cell exhaustion mechanism suggests a route to immunological strategies for treating chronic viral infections.
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