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            Abstract
Members of the tumour necrosis factor (TNF) receptor superfamily have important functions in immunity and inflammation. Recently linear ubiquitin chains assembled by a complex containing HOIL-1 and HOIP (also known as RBCK1 and RNF31, respectively) were implicated in TNF signalling, yet their relevance in vivo remained uncertain. Here we identify SHARPIN as a third component of the linear ubiquitin chain assembly complex, recruited to the CD40 and TNF receptor signalling complexes together with its other constituents, HOIL-1 and HOIP. Mass spectrometry of TNF signalling complexes revealed RIP1 (also known as RIPK1) and NEMO (also known as IKKγ or IKBKG) to be linearly ubiquitinated. Mutation of the Sharpin gene (Sharpincpdm/cpdm) causes chronic proliferative dermatitis (cpdm) characterized by inflammatory skin lesions and defective lymphoid organogenesis. Gene induction by TNF, CD40 ligand and interleukin-1β was attenuated in cpdm-derived cells which were rendered sensitive to TNF-induced death. Importantly, Tnf gene deficiency prevented skin lesions in cpdm mice. We conclude that by enabling linear ubiquitination in the TNF receptor signalling complex, SHARPIN interferes with TNF-induced cell death and, thereby, prevents inflammation. Our results provide evidence for the relevance of linear ubiquitination in vivo in preventing inflammation and regulating immune signalling.
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                    Figure 1: 
                        SHARPIN is recruited to the native CD40- and TNF-RSCs.
                      [image: ]


Figure 2: 
                        SHARPIN forms a tripartite complex with HOIP and HOIL-1 that is capable of forming linear ubiquitin chains.
                      [image: ]


Figure 3: 
                        NEMO and RIP1 are linearly ubiquitinated in the native TNF-RSC.
                      [image: ]


Figure 4: 
                        SHARPIN is required for full TNF-, CD40L- and IL-1β-induced activation of NF-κB and JNK and to prevent TNF-induced cell death.
                      [image: ]


Figure 5: 
                        Genetic ablation of TNF rescues the skin phenotype and reduces inflammation in 
                        cpdm
                         mice but does not revert the immunological distortion.
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        Editorial Summary
SHARPIN protein role in immune signalling
The ubiquitin conjugation system regulates the canonical (or classical) nuclear factor κB (NF-κB)-activation pathway that mediates immune responses. Linear polyubiquitin chains, in which the C-terminal glycine of ubiquitin is conjugated to the amino group of the N-terminal methionine of another ubiquitin, is generated by a unique ubiquitin ligase complex called LUBAC — the linear ubiquitin chain assembly complex. LUBAC is composed of two RING domain proteins called HOIL-1 and HOIP. Now, three complementary studies published by the laboratories of Henning Walczak, Kazuhiro Iwai and Ivan Dikic identify a novel component of the LUBAC complex called SHARPIN, which is recruited to receptor signalling complexes that form following TNF and CD40L stimulation. The LUBAC complex containing SHARPIN stimulates the formation of linear ubiquitin chains in vitro and in vivo and is required for the activation of NF-κB signalling.
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