MODULATION OF NEURONAL ANTIVIRAL RESPONSES BY LNCRNA NOSTRILL
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Viral infection contributes to neurodegeneration and is associated with multiple diseases, including, Multiple Sclerosis (MS). Neurons and microglia initiate antiviral responses to clear virus; however, failure of these responses can lead to neurodegeneration. Previous work have shown that in vitro infection of microglia with Theiler’s Murine Encephalomyelitis Virus (TMEV) upregulates Nostrill. Nostrill is an NFκB-dependent long noncoding RNA that regulates Interferon Regulatory Factor 7 (IRF7) and Type I Interferon (IFNα/β) gene transcription. In the TMEV mouse model of viral-induced demyelination, neurons are the initial targets of infection, followed by microglia. It is not known if neurons express or upregulate Nostrill. We hypothesize that Nostrill regulates early neuronal antiviral innate immune responses by associating with transcriptional regulators such as NF-κB to increase IRF7 and promote interferon synthesis. We utilized mouse Neuro2a cells to perform RT-qPCR, Fluorescent In Situ Hybridization (FISH), and co-immunoprecipitation (Co-IP) assays. RT-qPCR analysis of steady-state mRNA showed that TMEV-infected Neuro2a cells significantly upregulated Nostrill 2-fold (p<0.01, n=3), IRF7 87-fold (p<0.01, n=3), IFNα 12-fold (p<0.001, n=3), and IFNβ 266-fold (p<0.0001, n=3) compared to uninfected cells. To determine if upregulation of the antiviral genes of interest corresponds with Nostrill expression, we used a silencing RNA construct specific for Nostrill to knockdown Nostrill expression. RT-qPCR showed that silencing of Nostrill significantly reduced Nostrill 3.3-fold (p<0.0001, n=3), IRF7 48-fold (p≤0.05, n=3), IFNα 16-fold (p<0.0001, n=3), and IFNβ 241-fold (p<0.001, n=3) compared to a silenced control with TMEV. These data suggest that Nostrill plays a role in regulating antiviral gene expression. To determine if Nostrill influences protein production, we co-immunoprecipitated phosphorylated-IRF7 (pIRF7) from uninfected and TMEV-infected Neuro2a cells. Co-IP revealed that TMEV infection significantly increased pIRF7 ~6.7 fold compared to uninfected cells. FISH probed for Nostrill showed differential localization in uninfected and infected cells. In uninfected cells, 88% (p<0.0001, n=4) of Nostrill localized in the nucleus, but in TMEV-infected cells, Nostrill localization in the nucleus significantly reduced by 60% (p<0.0001, n=4), whereas 40% localized in the cytoplasm. These data demonstrate that in TMEV-infected Neuro2a cells, Nostrill expression has a positive role in modulating the IRF7 signaling pathway at the mRNA and protein level in the nucleus and the cytoplasm. Future studies will investigate the specific mechanisms of Nostrill using RNA immunoprecipitation (RIP) and Chromatin Immunoprecipitation (ChIP) assays to determine which proteins and genes Nostrill interacts with. 
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