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FIG. 7. Role of the interaction of hB-ind1 with Hsp90 in the replication of HCV. (A) hB-ind] knockdown (Huh-si$) and control (Huh-c) cell
lines were transfected cither with a plasmid encoding the FLAG-tagged siRNA-resistant hB-ind] (FLAG-rB-ind1) or FLAG-1B-ind 1 AxxA (with
substitutions in the motif required for binding to Hsp90) or with an empty vector (EV) and were then further transfected with replicon RNA
transcribed from pFK-1yy, neo/NS3-3'/NKS.1. (Upper panel) The cell colonics remaining after cultivation for 4 weeks in the presence of G418 were
fixed with 4% paraformaldehyde and stained with crystal violet. (Lower panel) The number of colonies was standardized to the amount of
transfected RNA. (B) (Upper panel) Huh-si5 cells expressing either FLAG-rB-ind1 or FLAG-rB-ind LAxxA were infected with HCVcc, and virus

production in the culture supernatants at 72 h postinoculation was determined by a focus-forming assay. (Lower panel) The amount of intracellular

HCV RNA was dat T2hy by real-ti

client proteins are refolded by Hsp%) chaperone activity to
achieve the mature form. After that, p23 enhances the disso-
ciation of the mature client protein from the final complex, and
the released Hsp%0 enters in the next chaperone cycle (72). It
has been reported that Hsp90 cochaperone frequencies differ
among client proteins (50). FKBPS interacts with the C-termi-
nal MEEVD motif of Hsp90 through the carboxylate clump
position in the TPR domain of FKBPS (45).

The C-terminal region of hB-indl shares homology with
PTPLA (60). Protein tyrosine phosphatases are generally in-
volved in the signaling pathways regulating metabolism, cell
growth, differentiation, and cytoskeletal dynamics through the
conserved HC(x),R motif (57). NS5A also interacts with signal
transducer and activator of transcription 1 (STAT1) and im-
pairs IFN signaling through the suppression of STATI phos-
phorylation (30). In addition, intracellular uptake of apoptotic
cells expressing NS5A by dendritic cells leads to an increase in
the secretion of CXCL-8 and impairment of IFN-induced ty-
rosine phosphorylation of STAT1 and STAT2 (67). Although
hB-ind1 lacks the conserved active motif, the interaction of
NSSA with the coiled-coil domain in the central region of
hB-ind1 may have an effect on the phosphorylation of host
proteins involved in the replication of HCV.

Hsp9) has been shown to be involved in the enzymatic
activity and intracellular localization of several viral poly-
merases, including those of influenza virus (39, 42), herpes
simplex virus type 1 (5), and Flock house virus (25). Knock-
down and treatment with an Hsp90 inhibitor have revealed
that Hsp90 activity is important for the rapid growth of nega-
tive-strand RNA viruses (9). Furthermore, Hsp90 has been
shown to be required for the activity of hepatitis B virus reverse
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transcriptase (21, 22). Although the precise mechanisms by
which Hsp90 and FKBPS cooperate with NS5A to improve the
in vivo replication of HCV have not been clarified yet, treat-
ment with Hsp90 inhibitors in combination with IFN reduced
HCV replication in mice xenotransplanted with human liver
fragments (43).

In this study, hB-indl was shown to interact with Hsp90
through the FxxW motif in the N-terminal p23 homology do-
main, and the interaction of hB-ind1 with Hsp%0 was shown to
be further intensified by the expression of FKBPS, suggesting
that FKBP8 and hB-ind1 cooperatively recruit Hsp90 to the
HCV replication complex. Furthermore, hB-ind1 was shown to
be involved in HCV genomic RNA replication and particle
production through the interaction with NS5A and Hsp90.
These results suggest that hB-indl may be involved in the
Hsp90 chaperone pathway in a function similar to that of p23
in cooperation with immunophilins such as FKBP8 and that it
plays a crucial role in HCV replication in terms of the correct
folding of the replication complex required for efficient enzy-
matic activity. In addition, cyclophilin B may also participate in
the translocation of NS5B, as seen in the polymerase subunits
of influenza virus, to facilitate binding to the viral RNA. In
contrast to cyclosporine A, FK506 per se exhibits no inhibition
of RNA replication in HCV replicon cells (65). FKBPS is a
member of the FKBP family but lacks several amino acid
residues required for peptidyl-prolyl cis-frans isomerase and
FK506 binding activities (29). Therefore, nonimmunosuppres-
sive FK506 derivatives that are capable of binding to FKBPS
may exhibit anti-HCV activity. Recently, geldanamycin, an in-
hibitor of Hsp90, was shown to drastically impair the replica-
tion of poliovirus without any escape mutant emerging (15).
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Therefore, elucidation of host proteins, including immunophi-
lins, cochaperones, and chaperones, participating in the HCV
replication complex may lead to the development of new ther-
apeutics for chronic hepatitis C with a broad spectrum and a
low possibility of emergence of breakthrough viruses against
antiviral drugs.

In conclusion, in this study we demonstrated that hB-ind1 is
mnwvolved in HCV replication through interactions with NS5A,
FKBPS, and Hsp90. Further clarification of the relationship
between viral and host proteins is needed in order to under-
stand the precise mechanism of HCV replication.
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