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            Abstract
Activation of self-reactive T cells and their trafficking to target tissues leads to autoimmune organ destruction. Mice lacking the co-inhibitory receptor cytotoxic T lymphocyte antigen-4 (CTLA-4) develop fatal autoimmunity characterized by lymphocytic infiltration into nonlymphoid tissues. Here, we demonstrate that the CD28 co-stimulatory pathway regulates the trafficking of self-reactive Ctla4âˆ’/âˆ’ T cells to tissues. Concurrent ablation of the CD28-activated Tec family kinase ITK does not block spontaneous T cell activation but instead causes self-reactive Ctla4âˆ’/âˆ’ T cells to accumulate in secondary lymphoid organs. Despite excessive spontaneous T cell activation and proliferation in lymphoid organs, Itkâˆ’/âˆ’; Ctla4âˆ’/âˆ’ mice are otherwise healthy, mount antiviral immune responses and exhibit a long lifespan. We propose that ITK specifically licenses autoreactive T cells to enter tissues to mount destructive immune responses. Notably, ITK inhibitors mimic the null mutant phenotype and also prevent pancreatic islet infiltration by diabetogenic T cells in mouse models of type 1 diabetes, highlighting their potential utility for the treatment of human autoimmune disorders.
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                    Figure 1: B7 signals regulate Ctla4âˆ’/âˆ’ T cell migration.[image: ]


Figure 2: ITK deficiency prolongs the lifespan of Ctla4âˆ’/âˆ’ mice.[image: ]


Figure 3: ITK deficiency prevents Ctla4âˆ’/âˆ’ T cell infiltration into tissues.[image: ]


Figure 4: Impaired transendothelial migration by DKO T cells.[image: ]


Figure 5: ITK inhibitors moderate autoimmunity.[image: ]
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Ctla4âˆ’/âˆ’ T cells are highly motile in blood vessels of lung slices from B7+/+ mice.
CFSE-labeled Ctla4âˆ’/âˆ’ T cells (pseudolabeled green) were intravenously injected into B7+/+ mice that were previously injected with CMTMR Orange dye (pseudolabeled red). An average of 16 frames per second was captured every 5 s using Video Savant software and a QuickTime movie rendition was made at 30 frames per second. The movie shows movement of Ctla4âˆ’/âˆ’ T cells along blood vessel walls with characteristically elongated migratory morphology along vessel walls. One Ctla4âˆ’/âˆ’ T cell is also shown crossing the endothelial barrier. (MOV 2974 kb)


Ctla4âˆ’/âˆ’ T cells lose characteristic morphology and motility in blood vessels of lung slices from B7-deficient mice.
CFSE-labeled Ctla4âˆ’/âˆ’ T cells (pseudolabeled green) were intravenously injected into Cd80âˆ’/âˆ’Cd86âˆ’/âˆ’ mice that were previously injected with CMTMR Orange dye (pseudolabeled red). An average of 16 frames per second was captured every 5 s using Video Savant software and a QuickTime movie rendition was made at 30 frames per second. The movie shows the altered morphology and migratory behavior of Ctla4âˆ’/âˆ’ T cells in vessel of B7-deficient mice. Ctla4âˆ’/âˆ’ T cells become rounded and display random motility in the absence of B7, as opposed to directional movement in B7-sufficient lung slices. (MOV 1298 kb)


Ctla4âˆ’/âˆ’ T cells are highly motile in blood vessels of lung slices from Rag1âˆ’/âˆ’ mice.
CFSE-labeled Ctla4âˆ’/âˆ’ T cells (pseudolabeled green) were intravenously injected into Rag1âˆ’/âˆ’ mice that were previously injected with CMTMR Orange dye (pseudolabeled red). An average of 16 frames per second was captured every 5 s using Video Savant software and a QuickTime movie rendition was made at 30 frames per second. The movie shows movement of Ctla4âˆ’/âˆ’ T cells with characteristically elongated migratory morphology along vessel walls; some T cells are shown moving across the endothelial cell layer into tissues while one Ctla4âˆ’/âˆ’ T cell is stationery at the vessel wall. The behavior of Ctla4âˆ’/âˆ’ T cells in RAG-1â€“deficient mice is similar to that seen in B7-sufficient RAG-1â€“sufficient mice (Supplementary Video 1). (MOV 2185 kb)


DKO T cells do not show migratory behavior in blood vessels of lung slices.
CFSE-labeled DKO T cells (pseudolabeled green) were intravenously injected into Ragâˆ’/âˆ’ mice that were previously injected with CMTMR Orange dye (pseudolabeled red). An average of 16 frames per second was captured every 5 s using Video Savant software and a QuickTime movie rendition was made at 30 frames per second. The movie shows the behavior of DKO T cells within blood vessel of lung slices; unlike Ctla4âˆ’/âˆ’ T cells, DKO T cells are rounded and do not make stable contacts with vessel walls. They do not display directionality in movement, have random motility and do not get across the endothelial barrier. (MOV 4435 kb)
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