ABSTRACT

The interferon (IFN) system is the first line of defense against viral infections.
The recognition of viral infection by pattern recognition receptors (PRRs)
results in the transcriptional induction of IFN. IFN, secreted from the virus-
infected cells, acts on infected and yet uninfected cells to trigger the transcrip-
tion of IFN-stimulated genes (ISGs). All biological functions of IFN are
executed by the ISG-encoded protein products that inhibit virus replication.
Due to the virus-specific nature, and replication stage-specific action, of the
ISGs, there is a need to identify new antiviral ISGs and understand the mech-
anisms of their action. We carried out a high-throughput screen, using an
shRNA library of human ISGs, to identify novel antiviral ISGs against Sendai
virus (SeV), a model paramyxovirus. The screen isolated a novel antiviral
ISG, Tudor domain containing protein 7 (TDRD7), which we studied in-depth
for its antiviral function, using knockout, knockdown and ectopic expression
systems. TDRD7 deficiency led to increased virus replication, and reciprocal-
ly, ectopic expression of TDRD7 caused inhibition of SeV replication.
TDRD?7 inhibited cellular autophagy pathway, which was activated by SeV
infection and required for its replication, to exhibit its antiviral activity.
Further studies revealed that TDRD7 inhibited autophagy by blocking the
activation of AMP-dependent kinase (AMPK), which is required for the
initiation of autophagy pathwa. y. The antiviral activity of TDRD7 was
further expanded to human parainfluenza virus (HPIV3) and respiratory
syncytial virus (RSV), two closely related RNA viruses, which also require
AMPK-mediated autophagy pathway. We further explored the antiviral
activity of TDRD7 against HSV-1, which also activates the autophagy path-
way. Our results, supported by the current literature, indicate that HSV-1
induced, but did not require, cellular autophagy for its replication. We validat-
ed this using chemical inhibitors as well as genetic manipulation of the au-
tophagy pathway. Surprisingly, HSV-1 replication was dependent on AMPK
activity but not its autophagy pathway. Genetic and chemical inhibition of
AMPK, in the absence or the presence of autophagy, inhibited HSV-1 replica-
tion in vitro. TDRD7 inhibited HSV-1-induced AMPK activation to block
virus replication in human and mouse cell types, and the antiviral activity of
TDRD7 was dependent on AMPK activity. Finally, we examined whether
inhibition of AMPK in vivo restricts virus replication. The AMPK inhibitor in
vivo resulted in suppression of SeV and HSV-1 replication in a mouse infec-
tion model. Therefore, our studies revealed that the host IFN system uses a

previously unrecognized antiviral strategy by inhibiting the virus-activated

AMPK, to inhibit both autophagy-dependent and independent viruses
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