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            Abstract
Influenza A virus is an RNA virus that encodes up to 11 proteins and this small coding capacity demands that the virus use the host cellular machinery for many aspects of its life cycle1. Knowledge of these host cell requirements not only informs us of the molecular pathways exploited by the virus but also provides further targets that could be pursued for antiviral drug development. Here we use an integrative systems approach, based on genome-wide RNA interference screening, to identify 295 cellular cofactors required for early-stage influenza virus replication. Within this group, those involved in kinase-regulated signalling, ubiquitination and phosphatase activity are the most highly enriched, and 181 factors assemble into a highly significant host–pathogen interaction network. Moreover, 219 of the 295 factors were confirmed to be required for efficient wild-type influenza virus growth, and further analysis of a subset of genes showed 23 factors necessary for viral entry, including members of the vacuolar ATPase (vATPase) and COPI-protein families, fibroblast growth factor receptor (FGFR) proteins, and glycogen synthase kinase 3 (GSK3)-β. Furthermore, 10 proteins were confirmed to be involved in post-entry steps of influenza virus replication. These include nuclear import components, proteases, and the calcium/calmodulin-dependent protein kinase (CaM kinase) IIβ (CAMK2B). Notably, growth of swine-origin H1N1 influenza virus is also dependent on the identified host factors, and we show that small molecule inhibitors of several factors, including vATPase and CAMK2B, antagonize influenza virus replication.
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                    Figure 1: 
                        A genome-wide RNAi screen for influenza virus host cellular factors.
                      [image: ]


Figure 2: 
                        Identification of host factors involved in influenza virus entry.
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Figure 3: 
                        Characterization of factors in post-entry replication events and conserved requirement by different influenza viruses.
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Host factors in flu infectivity
Two genome-wide RNA interference screens published in this issue identify human host factors required for influenza A virus replication in lung epithelia cell lines. König et al. identify 295 host genes required for influenza replication. Of those, 219 are required for efficient wild-type virus growth, and 23 are required for viral entry. Karlas et al. report the discovery of 287 host genes influencing virus replication. An independent assay confirmed 168 hits (59%) inhibiting either the endemic H1N1 (119 hits) or the current pandemic swine-origin (121 hits) influenza A virus strains, with an overlap of 60%. These studies should provide a number of potential targets for host factor-directed antivirals for treatment of influenza viral infection.
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