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            Abstract
Antigen stimulation of immune cells triggers Ca2+ entry through Ca2+ release-activated Ca2+ (CRAC) channels, promoting the immune response to pathogens by activating the transcription factor NFAT. We have previously shown that cells from patients with one form of hereditary severe combined immune deficiency (SCID) syndrome are defective in store-operated Ca2+ entry and CRAC channel function. Here we identify the genetic defect in these patients, using a combination of two unbiased genome-wide approaches: a modified linkage analysis with single-nucleotide polymorphism arrays, and a Drosophila RNA interference screen designed to identify regulators of store-operated Ca2+ entry and NFAT nuclear import. Both approaches converged on a novel protein that we call Orai1, which contains four putative transmembrane segments. The SCID patients are homozygous for a single missense mutation in ORAI1, and expression of wild-type Orai1 in SCID T cells restores store-operated Ca2+ influx and the CRAC current (ICRAC). We propose that Orai1 is an essential component or regulator of the CRAC channel complex.
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                    Figure 1: 
                        Gene-dosage effect in store-operated Ca
                        2+
                         entry.
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Figure 2: 
                        A region on chromosome 12q24 is linked to the SCID gene defect.
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Figure 3: 
                        Drosophila
                         Orai regulates NFAT translocation and Ca
                        2+
                         influx.
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Figure 4: 
                        ORAI1
                         is mutated in the SCID patients.
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Figure 5: 
                        Orai1 complements the Ca
                        2+
                         entry defect in SCID patients' T cells.
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Figure 6: 
                        Expression of Orai1 restores CRAC channel function in SCID T cells.
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On the track of CRAC
The immune response relies on the movement of calcium ions through specific CRAC channels in T cells, and it is these channels that are defective in patients with one form of severe combined immune deficiency (SCID) syndrome. Feske et al. set out to identify the underlying genetic defect in SCID patients using two unbiased genome-wide approaches: an RNAi screen in Drosophila and linkage analysis in a human family. Both methods identified a previously unknown protein called Orai1. SCID patients are homozygous for a mutation in the gene for Orai1 and when wild-type Orai1 is expressed in T cells from SCID patients, CRAC channel function is restored. Orai1 appears to be either a major component or regulator of the CRAC channel. The channel's properties have been studied electrophysiologically for many years, but its molecular identity is unknown. With a protein target now available, that omission may soon be rectified.
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