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1) Viral and therapeutic control of IFN-f promoter stimulator 1 during hepatitis C
virus infection: LOO, Y-M., OWEN, D.M., LI, K., ERICKSON, A.K., JOHNSON,
C.L., FISH, PM., CARNEY, D.S., WANG, T., ISHIDA, H., YONEYAMA, M.,
FUJITA T., SAITO, T., LEE, W.M., HAGEDORN, C.H., LAU, D.T., WEINMAN,
S.A., LEMON, S.M. and GALE JR. M.

Viral signaling through retinoic acid-inducible gene-I (RIG-I) and its adaptor protein, IFN
promoter-stimulator 1 (IPS-1), activates IFN regulatory factor-3 (IRF-3) and the host
IFN-alpha/beta response that limits virus infection. The hepatitis C virus (HCV) NS3/4A protease
cleaves IPS-1 to block RIG-I signaling, but how this regulation controls the host response to HCV
is not known. Moreover, endogenous IPS-1 cleavage has not been demonstrated in the context of
HCYV infection in vitro or in vivo. Here, we show that HCV infection transiently induces RIG-I-
and IPS-1-dependent IRF-3 activation. This host response limits HCV production and constrains
cellular permissiveness to infection. However, HCV disrupts this response early in infection by
NS3/4A cleavage of IPS-1 at C508, releasing IPS-1 from the mitochondrial membrane. Cleavage
results in subcellular redistribution of IPS-1 and loss of interaction with RIG-I, thereby preventing
downstream activation of IRF-3 and IFN-beta induction. Liver tissues from chronically infected
patients similarly demonstrate subcellular redistribution of IPS-1 in infected hepatocytes and IPS-1
cleavage associated with a lack of ISG15 expression and conjugation of target proteins in vivo.
Importantly, small-molecule inhibitors of NS3/4A prevent cleavage and restore RIG-I signaling of
IFN-beta induction. Our results suggest a dynamic model in which early activation of IRF-3 and
induction of antiviral genes are reversed by IPS-1 proteolysis and abrogation of RIG-I signaling as
NS3/4A accumulates in newly infected cells. HCV protease inhibitors effectively prevent IPS-1
proteolysis, suggesting they may be capable of restoring this innate host response in clinical

practice.

2) Role of alpha/beta interferon response in the acquisition of poliovirus susceptibility of
kidney cells in culture: YOSHIKAWA T., IWASAKI T., IDA-HOSONUMA M.,
YONEYAMA M., FUJITA T., HORIE H., MIYAZAWA M., ABE S., SIMIZU B., and
KOIKE S.

Replication of poliovirus (PV) is restricted to a few sites, including the brain and spinal cord.
However, this neurotropism is not conserved in cultured cells. Monkey kidney cells become

susceptible to PV infection after cultivation in vitro, and cell lines of monolayer cultures from



almost any tissue of primates are susceptible to PV infection. These observations suggest that
cellular changes during cultivation are required for acquisition of susceptibility. The molecular
basis for the cellular changes during this process is not known. We investigated the relationship
between PV susceptibility and interferon (IFN) response in primary cultured kidney and liver cells
derived from transgenic mice expressing human PV receptor and in several primate cell lines. Both
kidneys and liver in vivo showed rapid IFN response within 6 h postinfection. However, monkey
and mouse kidney cells in culture and primate cell lines, which were susceptible to PV, did not
show such rapid response or showed no response at all. On the other hand, primary cultured liver
cells, which were partially resistant to infection, showed rapid IFN induction. The loss of IFN
inducibility in kidney cells was associated with a decrease in expression of IFN-stimulated genes
involved in IFN response. Mouse kidney cells pretreated with a small dose of IFN, in turn, restored
IFN inducibility and resistance to PV. These results strongly suggest that the cells in culture acquire
PV susceptibility during the process of cultivation by losing rapid IFN response that has been

normally maintained in extraneural tissues in vivo.

3) Differential role of MDAS and RIG-I in the recognition of RNA viruses: KATO, H.,
TAKEUCHI, O., SATO, S., YONEYAMA, M., YAMAMOTO, M., MATSUI, K.,
UEMATSLU, S., JUNG, A., KAWAI, T., ISHII, K. J., YAMAGUCHI, O., OTSU, K.,
TSUJIMURA, T., KOH, C-S., REIS E SOUSA, C., MATSUURA, Y., FUJITA, T.
AND AKIRA, S.

The innate immune system senses viral infection by recognizing a variety of viral
components (including double-stranded (ds)RNA) and triggers antiviral responses. The cytoplasmic
helicase proteins RIG-I (retinoic-acid-inducible protein I, also known as Ddx58) and MDAS
(melanoma-differentiation-associated gene 5, also known as Ifihl or Helicard) have been
implicated in viral dsSRNA recognition. In vitro studies suggest that both RIG-I and MDAS detect
RNA viruses and polyinosine-polycytidylic acid (poly(I:C)), a synthetic dsRNA analogue.
Although a critical role for RIG-I in the recognition of several RNA viruses has been clarified, the
functional role of MDAS and the relationship between these dSRNA detectors in vivo are yet to be
determined. Here we use mice deficient in MDAS (MDAS5-/-) to show that MDAS and RIG-I
recognize different types of dsRNAs: MDAS recognizes poly(I:C), and RIG-I detects in vitro
transcribed dsRNAs. RNA viruses are also differentially recognized by RIG-1 and MDAS. We find
that RIG-I is essential for the production of interferons in response to RNA viruses including
paramyxoviruses, influenza virus and Japanese encephalitis virus, whereas MDAS is critical for
picornavirus detection. Furthermore, RIG-I-/- and MDAS5-/- mice are highly susceptible to infection
with these respective RNA viruses compared to control mice. Together, our data show that RIG-I

and MDAS distinguish different RNA viruses and are critical for host antiviral responses.



4) Regulation of innate antiviral defenses through a shared repressor domain in RIG-I
and LGP2: SAITO, T., HIRAIL, R., LOO., YUEH-MING., D, OWEN,, C, L.
JOHNSON,, S., C.SHINHA., AKIRA, S., FUJITA T. and GALE JR., M.

RIG-I is an RNA helicase containing caspase activation and recruitment domains (CARDs).
RNA binding and signaling by RIG-I are implicated in pathogen recognition and triggering of
IFN-alpha/beta immune defenses that impact cell permissiveness for hepatitis C virus (HCV). Here
we evaluated the processes that control RIG-I signaling. RNA binding studies and analysis of cells
lacking RIG-I, or the related MDAS protein, demonstrated that RIG-I, but not MDAS, efficiently
binds to secondary structured HCV RNA to confer induction of IFN-beta expression. We also
found that LGP2, a helicase related to RIG-I and MDAS but lacking CARDs and functioning as a
negative regulator of host defense, binds HCV RNA. In resting cells, RIG-I is maintained as a
monomer in an autoinhibited state, but during virus infection and RNA binding it undergoes a
conformation shift that promotes self-association and CARD interactions with the IPS-1 adaptor
protein to signal IFN regulatory factor 3- and NF-kappaB-responsive genes. This reaction is
governed by an internal repressor domain (RD) that controls RIG-I multimerization and IPS-1
interaction. Deletion of the RIG-I RD resulted in constitutive signaling to the IFN-beta promoter,
whereas RD expression alone prevented signaling and increased cellular permissiveness to HCV.
We identified an analogous RD within LGP2 that interacts in trans with RIG-I to ablate
self-association and signaling. Thus, RIG-I is a cytoplasmic sensor of HCV and is governed by RD
interactions that are shared with LGP2 as an on/off switch controlling innate defenses. Modulation

of RIG-I/LGP2 interaction dynamics may have therapeutic implications for immune regulation.

5) Viral Infections Activate Types I and III Interferon Genes through a Common
Mechanism: ONOGUCHI, K., YONEYAMA, M., TAKEMURA, A., AKIRA, S,
TANIGUCHI, T., NAMIKI, H., AND FUJITA, T.

Viral infections trigger innate immune responses including production of type I interferons
(IFN-a, -ss) and other proinflammatory cytokines. Novel antiviral cytokines, IFN-s (IFN-1, IFN-2,
and IFN-3) are classified as type III IFN, and have evolved independently of type I IFN. Type III
IFN genes are regulated at the level of transcription and induced by viral infection. Although
regulatory mechanisms of type I IFNs is well elucidated, the expression mechanism of IFN-s is not
well understood. Here, we analyzed the mechanism by which IFN- gene expression is induced by
viral infections. Loss and gain of function experiments revealed the involvement of RIG-I, IPS-1,
TBK-1 and IRF-3, key regulators of the virus-induced activation of type I IFN genes. Consistent
with this, a search for the cis-regulatory element of human IFN-1 gene revealed a cluster of IRF

binding sites and a NF-B binding site. Functional analysis demonstrated that all of these are



essential for gene activation by the virus. These results strongly suggest that type I and III IFN

genes are regulated by a common mechanism.
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