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Hepatitis C virus (HCV) nonstructural protein 5A (NS5A) has versatile functions
and has been implicated in viral pathogenesis, including interferon (IFN) resistance and
hepatocarcinogenesis. It has been reported that NS5A is cleaved into a few fragments
by a caspase(s) or caspase-like enzyme(s) under certain conditions. Two cleavage sites
have been mapped to the Asp residues at positions 154 and 398 (D** and D*®).
However, other possible cleavage sites were not determined yet so far. In this study, we
demonstrated caspase-3-mediated NS5A cleavage upon apoptotic stimuli and identified
a new site as the third cleavage target. This site was mapped to D!, which lies within
IFN sensitivity-determining region (ISDR). Although D®* was conserved among all
HCV subtype 1b (HCV-1b) strains tested, the consensus caspase-3 recognition sequence
(D*8-X-X-D*') was not conserved due to the sequence variation at position 248 in
ISDR. Furthermore, A®? was found to be necessary for efficient cleavage of NS5A.
The virological significance of the HCV strain-dependent NS5A cleavage at this site
awaits further investigation.

INTRODUCTION

Hepatitis C virus (HCV), a member of the Flaviviridae family, is known to be a causative
agent of chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (25,27,28). The
genome of the virus is a single-stranded, positive-sense RNA of approximately 9.6 kb in
length. The viral genome shows a considerable degree of sequence variation, based on
which HCV is currently classified into at least 6 clades consisting of more than 60 genotypes
(subtypes) (4,22,24). Geographic distribution and clinico-pathological features including
interferon (IFN) responsiveness appear to vary with different HCV genotypes (1,4,22,29,30).
The HCV genome consists of 5’- and 3’- untranslated regions and a large open reading frame
encoding a polyprotein of about 3,000 amino acids (aa) that undergoes proteolytic processing
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by both signal peptidase of the host cell and two virally-encoded proteinases to generate at
least 10 viral proteins; core, envelope 1 (E1), E2, p7, nonstructural protein 2 (NS2), NS3,
NS4A, NS4B, NS5A and NS5B (21).

HCV NS5A is a membrane-associated phosphoprotein of 447 residues, and is found in a
basally phosphorylated form of 56 kDa and a hyperphosphorylated form of 58 kDa.
Phosphorylation occurs mostly at serine residues and a minor fraction of threonine residues
(16). NS5A is reported to be involved in HCV resistance to IFN-a., the main treatment used
for HCV infection at present. Enomoto et al. (5,6) reported a strong correlation between the
number of mutations in a region spanning from aa 237 to 276 of NS5A and IFN treatment
efficacy in patients infected with HCV genotype 1b (HCV-1b) and therefore, this region is
called the IFN sensitivity-determining region (ISDR) (5,6). Some studies in Japan observed
that most patients infected with HCV strains possessing 4 aa mutations or more in the ISDR
experienced sustained responses to IFN, even after the termination of the therapy. In
addition to that observation, NS5A was also shown, through the ISDR and its adjacent region,
to interact with and interfere the activity of double-stranded RNA-dependent protein kinase
(PKR), one of the key molecules for IFN antiviral activity (8). However, the ISDR function
remains controversial. Some investigators reported data similar to those of the Japanese
studies (12,34), while others could not find a significant correlation between the number of
mutations in ISDR and IFN efficacy (9,23). Further investigations are still needed to refine
the function of ISDR mutations on clinical efficacy of IFN treatment.

When expressed in mammalian cells, NS5A is localized in the perinuclear region of the
cytoplasm. NS5A has a functional nuclear localization signal (NLS) at its C-terminal portion
(aa 354 to 362) (14), but also possesses NLS-masking sequence at its N-terminus (31). NS5A
mutants with an N-terminal deletion of 38 residues or more were demonstrated to be
localized in the nucleus, supporting these findings (31). NS5A was shown to be cleaved by a
caspase-like protease(s) at three sites, two of which have been mapped to positions 154 and
389 (D™* and D**°) (26). NS5A was also reported to be cleaved at almost the same positions
when the cells co-expressing HCV core underwent apoptosis (10). The cleavage product (aa
155 to 389) was localized in the nucleus and was shown to mediate transcriptional activation
when expressed with protein kinase A (PKA) (26). There is also a report that NS5A was
cleaved by calpain (15).

Caspases (cysteinyl aspartate-specific proteases) are a family of proteases that play an
important role in apoptosis. Twelve mammalian caspases presently known are humbered in
the chronological order of their identification. The caspase proteolytic signaling cascades are
initiated by various external or internal signals and executed through several inter-related
signaling pathways. Based on their proapoptotic functions, the caspases have been divided
into two groups: initiators (caspase-2, -8, -9, -10 and probably, -11) and effectors (caspases-3,
-6, and -7) (reviewed in 35).

In the present paper we report that NS5A was cleaved by caspase-3 under certain cellular
condition(s) created by proapoptotic stimuli and ER stress. We have determined previously
unknown, the third caspase-3 recognition/cleavage site (D**®-S-P-D*') within ISDR of
NS5A of some HCV-1b isolates. NS5A of other HCV isolates was not cleaved at D' by
caspase-3 due to the mutation at position 248 whereas it was always cleavable at D'** and
D3893(géje to the sequence conservation at the recognition/cleavage sites, T-E-L-D*** and S-A-
V-D*,
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MATERIALS AND METHODS

Plasmid construction. Various plasmids expressing the entire NS5A tagged with the
FLAG sequence (DYKDDDDK) at the N-terminus and c-Myc and 6x His at the C-terminus
were constructed. To clarify the importance of aa sequence in the ISDR, three plasmids
expressing NS5A of different strains of HCV-1b were subcloned by PCR amplification with
appropriate sets of primers (Table 1) using pSGns5a-Jk, pSGns5a-94AJk and pSGnsba-
JIAJN] as templates (14), followed by digesting the amplified products with Xbal and HindllI
and inserting into the unique Xbal-Hindlll site of pcDNA3.1/Myc-His(-) (Invitrogen Corp.,
Carlsbad, CA, USA). The resultant plasmids were designated pcDNA-FLAG-ns5a-Jk-Myc-
His, pcDNA-FLAG-ns5a-94AJk-Myc-His, pcDNA-FLAG-nsba-J/AJ/J-Myc-His,
respectively. Point mutations in the ISDR (at positions aa 248, 249 and 252) were
introduced into these plasmids by site-directed mutagenesis. These expression plasmids
were used for transient expression experiments using vaccinia virus-T7 hybrid system.
FLAG-tagged NS5A sequence of the Jk strain was subcloned into the pCAGGS vector to
generate pPCAGGS-FLAG-ns5a-Jk for stable expression in cultured cells.

Name Polarity

FLAG-NS5A-Jk-F Sense

FLAG-NS5A-AJk-F Sense

NS5A-R Antisense

Sequences

5-TATATCTAGAATGGACTACAAAGACGATGACGACAAGATGTCCGGATCCTGGCTAAAGG-3’

5’-TATATCTAGAATGGACTACAAAGACGATGACGACAAGATGTCCGGATCCTGGCTCAGGG-3’

5’-TATAAAGCTTTGCAGCAGACGACGTC-3’

The translation initiation codons are shown in boldface letters.
The enzyme recognition sites are underlined.

Transient expression of NS5A in FL, L929, HeLa and Huh7 cells. FL human amnion
cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM) with 8% heat-
inactivated calf serum. HelLa human cervical cells and Huh7 human hepatocarcinoma cells
were maintained in DMEM with 10 % fetal calf serum (FCS). L929 mouse fibroblast cells
were maintained in Eagle’s minimum essential medium containing 8% FCS. All cells were
kept at 37°C in a CO, incubator. Cells were transfected with either of the NS5A expression
plasmids using FUGENE 6 (Roche Diagnostics) according to the manufacturer’s protocol.
Twenty four h after transfection, cells expressing NS5A were treated with cycloheximide
(CHX; 10 pg/ml) and poly(l:C) (20 pg/ml) (Amersham Biosciences Corp., Piscataway, NJ,
USA) for different periods of time as indicated in the figures.

Protein detection and immunoblotting. Cells were lysed in a buffer consisting of 50
mM Tris-HCI (pH 8.0), 150 mM NacCl, 0.2% sodium azide, 0.1% sodium dodecyl sulfate
(SDS), 0.1% Triton X-100 and 0.5% sodium deoxycholate. Lysates were centrifuged at
15,000 rpm for 20 min at 4°C to clarify from cell debris, and supernatants were mixed with
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gel-loading buffer (final concentration; 50 mM Tris-HCI (pH 6.8), 1% SDS, 5% N, N’-
mercaptoethanol, 0.001% bromophenol blue and 2% glycerol) and were boiled for 5 min.
The proteins were resolved in SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
were electrophoretically blotted onto a polyvinylidene difluoride filter (Millipore Corp.,
Bedford, MA, USA). The filters were blocked with 5% skim milk in phosphate buffered
saline (PBS) and were incubated with an appropriate mouse monoclonal antibody (see
below). After being washed with PBS containing 0.05% Tween 20, the filters were reacted
with peroxidase-labeled goat anti-mouse IgG. The specific protein bands were visualized by
an enhanced chemiluminescence method (ECL; Amersham Biosciences Corp.).

Stable expression of NS5A in FL cells. FL cells were co-transfected with a selection
plasmid pSV2neo (0.1 npg) and either pPCAGGS-FLAG-ns5A-Jk (2 pg) or the control
pCAGGS vector (2 ug) by using FUGENE 6. After 2 to 3 weeks of selection in culture
medium containing geneticin (G418; 400 ug/ml), the resultant colonies were collected
without cell cloning, and the uncloned cells, respectively named FL/NS5A-Jk and FL/pCAG,
were continuously maintained in medium containing 400 pg/ml geneticin. To clarify which
caspase is responsible for NS5A cleavage, the stable FL transformants were treated with
various caspase inhibitors at concentration of 25 uM 1 h before being treated with CHX and
poly(l:C).

Recombinant caspase-3 cleavage in vitro. FL cells were infected with a recombinant
vaccinia virus expressing T7 RNA polymerase (VTF7-3). After 1 h, the cells were
transfected with pcDNA-FLAG-ns5a-Jk-Myc-His, pcDNA-FLAG-ns5a-94AJk-Myc-His or
pcDNA-FLAG-ns5a-J/AJ/J-Myc-His using Lipofectin reagent (Invitrogen, Inc.) according to
the manufacturer’s protocol. After cultivation for 16 h, cells were collected and lysed in a
buffer containing 10 mM Tris-HCI (pH 8.0), 150 mM NaCl, 1 mM EDTA and 1% NP40.
The cell lysates were clarified by centrifugation and incubated with anti-Myc antibody for 1
h at 4°C followed by addition of protein G Sepharose beads and incubation for another 30
min. After being washed with the same lysis buffer, the immunoprecipitates were treated
with purified caspase-3 (Calbiochem-Novabiochem Corp.) for 3 h at 37°C in a buffer
containing 62.5 mM Hepes-KOH (pH 7.4), 125 mM NaCl, 12.5 % glycerol and 25 mM DTT.
The samples were then analyzed by immunoblotting with anti-FLAG M2 antibody.

Antibodies and caspase inhibitors. The primary antibodies used in immunoblotting and
immunoprecipitation analysis were the following: (i) mouse monoclonal anti-FLAG M2
antibody (Sigma-Aldrich, Inc., St. Louis, MO, USA), (ii) mouse monoclonal anti-Myc
antibody (sc-40; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and (iii) mouse
monoclonal anti-6x His antibody (C-term; Invitrogen). The caspase inhibitors used in the
analysis were: (i) caspase-1 inhibitor (Z-YVAD-FMK), (ii) caspase-2 inhibitor (Z-VDVAD-
FMK), (iii) caspase-3 inhibitors (Z-DEVD-FMK and Z-DQMD-FMK), (iv) caspase-5
inhibitor (Z-WEHD-FMK), (v) caspase-6 inhibitor (Z-VEID-FMK), (vi) caspase-8 inhibitor
(Z-IETD-FMK), (vii) caspase-9 inhibitor (Z-LEHD-FMK), and (viii) general caspase
inhibitor (Z-VAD-FMK).  All caspase inhibitors were purchased from Calbiochem-
Novabiochem Corp., San Diego, CA, USA.

RESULTS

Cleavage of NS5A in cells treated with CHX and poly(I:C). FL cells transiently
expressing NS5A were treated with CHX and poly(I:C), both of which are known as
apoptosis-inducing reagents. After being treated in various periods of time, cells were
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collected, lysed and analyzed by immunoblotting. Three cleavage products of 48, 30 and 19
kDa were identified for NS5A of the HCV-JK strain (Fig. 1A). The amounts of the latter two
fragments (30 and 19 kDa) increased to accumulate until 6 h after treatment with CHX and
poly(I:C) whereas the other fragment (48 kDa) became more apparent at 3 h but disappeared
by 6 h post treatment. On the other hand, NS5A of the M094AJk strain generated only two
cleavage products (48 and 19 kDa), with the 30-kDa-fragment being missing. The different
cleavage patterns between the two HCV strains were consistently observed in other cell lines,
such as L929, HeLa and Huh7 (data not shown). From these results, we concluded that the
19 kDa and 48 kDa fragments were those cleaved at D*** and D**°, respectively, as reported
by Satoh et al. (26), and that the disappearance of the 48 kDa fragment 6 h after the
treatment, specifically observed for NS5A-Jk, was due to the cleavage somewhere within or
around the ISDR, which generated the 30 kDa fragment. When cells were preincubated with
Z-VAD-FMK, a general caspase inhibitor, the NS5A cleavage was almost completely
suppressed. Immunoblot analysis of the cell lysates using anti-Myc (Fig. 1B) and anti-6xHis
antibodies (data not shown) detected only the full-size NS5A, suggesting that the cleavage at
D*° occurs first, leaving the N-terminal fragments undetectable by these antibodies. The
Myc-His-tagged, short C-terminal fragment (aa 390 to 447) with the expected size of ~8 kDa
was likely to have passed through the gel in Fig. 1B.

Inhibition of the NS5A cleavage by various caspase inhibitors. To determine which
caspase(s) is responsible for the cleavage of NS5A, we used a series of caspase inhibitors.
When FL cells stably expressing NS5A (FL/NS5A-Jk) were treated with CHX and poly(l:C)
without caspase inhibitor pretreatment, NS5A was cleaved to generate three fragments of 48,
30 and 19 kDa (Fig. 2A), with the pattern being practically the same as that observed in Fig.
1A. Pretreatment of the cells with caspase-2 or -5 tetrapeptide inhibitors did not change the
NS5A cleavage pattern. However, when treated with either caspase-1, -3, -6, -8 or -9
inhibitor, NS5A cleavage was almost completely inhibited. As caspase-3 is the most
downstream effector of those 5 caspases (-1, -3, -6, -8 and -9), we suspected that the
cleavage was carried out by caspase-3. We confirmed that the inhibition of NS5A cleavage
by a more specific caspase-3 inhibitor (Z-DQMD-FMK) and the inhibition was dose-
dependent (Fig. 2B). These results collectively suggest that caspase-3 is principally
responsible for the NS5A cleavage.

Cleavage of NS5A by recombinant caspase-3 in vitro. To directly assess the
involvement of caspase-3 in NS5A cleavage, we performed an in vitro cleavage experiment.
NS5A transiently expressed in FL cells using vaccinia expression system was
immunoprecipitated using anti-Myc antibody, treated with purified recombinant caspase-3
and analyzed by immunoblotting with anti-FLAG antibody. As shown in Fig. 3, NS5A of
the Jk strain was cleaved in vitro to generate three fragments of 48 kDa (corresponding to aa
1 to 389), 30 kDa (aa 1 to 251; see below) and 19 kDa (aa 1 to 154). On the other hand,
NS5A of the M094AJk strain (94AJK) and a chimeric NS5A (J/AJ/JK), whose ISDR was
derived from the M094AJk strain, were cleaved to generate only two fragments of 48 and 19
kDa. These cleavage patterns in vitro are consistent with the patterns of intracellular
cleavage of NS5A (see Fig. 1A). Also, this result suggests the possible presence of a
cleavage site in ISDR of NS5A-Jk.
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FIG. 1. NS5A cleavage and its inhibition by a general caspase inhibitor in cells treated with
CHX and poly(I:C). FL cells transiently transfected with a control plasmid, pcDNA3.1/Myc-
His(-) (Control, lanes 1 to 4), pcDNA-FLAG-ns5a-Jk-Myc-His (NS5A-J, lanes 5 to 8) or pcDNA-
FLAG-ns5a-94AJk-Myc-His (NS5A-AJ, lanes 9 to 12) were pretreated with (+; lanes 4, 8 and 12)
or without 40 uM Z-VAD-FMK (—; lanes 1 to 3, 5to 7, and 9 to 11) for 1 h, and then treated with
CHX (10 pg/ml) and poly(l:C) (20 pg/ml) for the indicated time period. Cell lysates were
resolved in 8 % gel SDS-PAGE and subjected to immunoblotting analysis using anti-FLAG M2
antibody (A) or in 15 % gel SDS-PAGE and reacted with anti-Myc antibody (B). Asterisks
indicate the positions of uncleaved and cleaved NS5A bands. Schematic representation of full-
length NS5A and its cleaved products tagged with Myc-His and/or FLAG is shown on the left.
Numbers under the bars denote aa positions of NS5A. Molecular mass markers in kDa are
indicated on the right.
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FIG. 2. Inhibition of NS5A cleavage by caspase inhibitors. (A) FL cells stably expressing NS5A
were pretreated with various caspase inhibitors, as indicated on the top, before being treated with
CHX (10 pg/ml) and poly(l:C) (20 pg/ml). Cell lysates were subjected to immunoblotting
analysis using anti-FLAG antibody. Asterisks indicate the position of the expected bands. (B) FL
cells stably expressing NS5A were pretreated with caspase-3 inhibitor Z-DQMD-FMK at the
indicated concentration, before being treated with CHX (10 pg/ml) and poly(l:C) (20 pg/ml).
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FIG. 3.

In vitro cleavage of NS5A by recombinant caspase-3. Full-length FLAG-
NS5A-Myc-His immunoprecipitated with anti-Myc antibody was incubated
with recombinant caspase-3 at 37°C for 3 h, and subsequently analyzed by
immunoblotting with anti-FLAG antibody. Asterisk indicates the position of
the 30kDa band of cleaved NS5A-Jk. H, 1gG heavy chain; L, IgG light chain.

Determination of the cleavage site in ISDR by site-directed mutagenesis. The
consensus sequence(s) of the caspase-3 cleavage site has been reported to be D-X-X-D
(3,13,18,20,33). Some noncanonical sequences, such as S-A-L-D and V-E-V-D, were also
reported (17,19). Previously identified two caspase recognition sites in NS5A (T-E-L-D**
and S-A-V-D**) are also noncanonical. As shown above, a third recognition site for
caspase-3 was expected to be present in ISDR of the Jk strain, but not in that of the
MO094AJk strain. There are two potential caspase-3 recognition sites in and around ISDR of
the Jk strain, D**®-S-P-D**! and D**2-S-F-D*®* (Fig. 4). Considering the size of the cleavage
product of 30 kDa, we focused on the D?*-S-P-D?! sequence. As D! is shared by the Jk
and M094AJK strains (and also by the chimeric NS5A), and as G**® replaces D*® in the
MO094AJk strain and the chimeric NS5A (see Fig. 5A), we introduced a point mutation at
position 248 of the JK strain so that the D-X-X-D consensus sequence was no longer exist.
The introduction of the D-to-G single-point mutation at this position to NS5A of the Jk strain
completely abolished the generation of 30-kDa-fragment (Fig. 5B, lane 5). In order to see
whether or not the combination of D?*® and D** was sufficient for the caspase recognition
and cleavage in the context of the NS5A sequence, we introduced a G-to-D mutation at
position 248 to the chimeric NS5A-J/AJ/Jk and cleavability of this NS5A mutant was
examined. The result showed that the 30-kDa-cleavage product was detected only faintly
(lane 8). This suggests that D**® and D! alone are not sufficient for complete recognition
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Fig. 4. Alignment of aa sequences of NS5A of the HCV-Jk and M094AJk strains. Hyphens
indicate residues identical to those of the HCV-Jk sequence. Arrow heads indicate the putative
caspase recognition/cleavage sites. The chimeric portion including ISDR sequence is enclosed in
a shaded box (see Fig. 5A).

and/or cleavage by caspase-3. The 30-kDa-fragment was still faint when an additional
mutation was introduced at position 249 (lane 9). The introduction of a further mutation at
position 252, which makes the sequence of this site completely match that of the Jk strain,
resulted in more efficient cleavage of NS5A (lane 10). Taken together, these results suggest
the possibility that D*®-S-P-D?**'-A%? is required for full recognition and/or cleavage by
caspase-3 in the context of NS5A sequence.

NS5A cleavage in the absence of CHX and poly(l:C) treatment. It is known that
expression of a particular viral protein(s) itself as well as virus replication in the cell triggers
apoptotic pathways. Therefore, we were interested to know whether NS5A cleavage occurs
even without CHX and poly(l:C) treatment. In this experiment, FL cells transiently
expressing NS5A were first treated with a general caspase inhibitor Z-VAD-FMK for 18 h.
As had been expected, NS5A cleavage was completely inhibited by Z-VAD-FMK (Fig. 6,
lane 1). Six hours after removal of Z-VAD-FMK, however, three cleavage products of 48,
30 and 19 kDa became detectable (lane 2). Continuous treatment with Z-VAD-FMK still
successfully inhibited the NS5A cleavage (lane 3). These results suggest that NS5A
cleavage occurs even in the absence of external proapoptotic stimuli.
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FIG. 5. Effects of aa mutations at the putative caspase-3 recognition/cleavage site in ISDR. (A)
Schematic representation of NS5A of the Jk and M094AJKk strains and their chimeric form. The
sequences of HCV-Jk and M094AJk are depicted by white and black rectangles, respectively.
The numbers indicate the aa positions of NS5A. (B) FL cells transiently expressing full-length
FLAG-tagged NS5As and their mutants were treated with (lanes 2, 4, 5, and 7 to 11) or without
(lanes 1, 3 and 6) 10 pg/ml CHX and 20 pg/ml poly(l:C) for 3 h. Cell lysates were subjected to
immunoblotting analysis using anti-FLAG M2 antibody. Mutated aa residues are indicated on the
top of the lanes. Asterisks indicate the position of the expected bands. (C) Amino acid sequence
alignment of NS5A-Jk, NS5A-J/AJ/JK, and their mutants. Hyphens represent residues identical to
those of HCV-Jk sequence. White letters in black box indicate aa residues important for efficient
cleavage. ++, strong; +, weak; —, no cleavage.
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DISCUSSION

In the present study, we showed the evidence that HCV NS5A was cleaved into two (48
and 19 kDa) or three fragments (48, 30 and 19 kDa), depending upon the HCV isolates tested,
when cells received proapoptotic stimuli such as CHX and poly(l:C) treatment (Fig. 1). We
also demonstrated that caspase-3 was the principal enzyme responsible for the cleavage (Figs.
2 and 3). The fragments of 48 and 19 kDa were likely to result from the cleavage at the
previously identified two sites, D*** and D*° (26), while the third cleavage site responsible
for the generation of the 30 kDa fragment was as-yet-undetermined. In this study we have
mapped the third cleavage site to position 251 (D*') within ISDR of NS5A (Fig. 5).
Although D** was highly conserved among HCV-1b clinical isolates, the consensus caspase-
3 recognition sequence (D**®-X-X-D*") is not conserved due to the sequence variation at
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Full (56 kDa) i e — transient expression system

without CHX and poly(l:C)
treatment. FL cells transiently
(+ORDay _— expressing FLAG-ns5a-Jk-
Myc-His were treated with 40
UM Z-VAD-FMK for 18 h. Z-
VAD-FMK was then removed
by washing the cells several
(30 kL) +. *ﬂ - times with culture medium.
The cells were collected (lane
1) and further cultured for 6 h
with (lane 2) or without (lane
3) Z-VAD-FMK retreatment
— and subjected to
immunoblotting analysis using
anti-FLAG M2 antibody.

(19 kDa) =

position 248 in ISDR. Furthermore, the residue (A%?) next to the D**3-X-X-D?! consensus
sequence which also varies with different HCV isolates, is likely to be involved in the full
recognition by caspase-3 (Fig. 5). These sequence variations well explain the isolate-
dependent NS5A cleavage at D** that generates the 30-kDa-fragment. The present result
also suggests the possibility that the cleavage at D** precedes that at D*** and D** (Fig. 1B).

Caspase-mediated processing of NS5A generates both N- and C-terminally deleted forms.
Although the virological significance of the NS5A processing by caspases is still unclear,
Satoh et al. (26) reported that one of the cleavage products (aa 154-389) had transcriptional
activity in cooperation with PKA. The NS5A sequence used in their study has the D**¢-S-P-
D®-A%? sequence and, therefore, is expected to be cleaved by caspase-3. It is intriguing to
speculate that NS5A of other strains that do not have the consensus D**%-S-P-D?'-A%?
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sequences might exert a stronger transcriptional activity. It is thus possible that
transcriptional activity of NS5A differs with different HCV strains. In fact, Fukuma et al.
(7) reported using yeast and mammalian cell systems that transcriptional activity was
enhanced by aa mutations in ISDR, which are associated with decreased viral load and
increased IFN sensitivity. Another possibility should also be taken into consideration that
NS5A competes with the cellular substrates of caspase-3, such as poly ADP-ribose
polymerase that cleaves DNA into fragments, thereby preventing the cell from apoptosis. In
this connection, it was reported that, despite an increased caspase-3 activity in the cells,
majority of hepatocytes in HCV-infected patients did not undergo apoptosis, as demonstrated
by the lack of TUNEL reactivity (2).

We observed NS5A cleavage in cells transiently expressing NS5A even in the absence of
CHX and poly(l:C) treatment (Fig. 6). On the other hand, in cells stably expressing NS5A,
the cleavage was not observed in the absence of CHX and poly(l:C) treatment (see Fig. 2).
In general, transient expression of a protein is thought to induce stronger ER stress, which
activates caspase-3, than that induced by stable, weaker expression of the same protein (11).
Also, replication of HCV subgenomic RNA replicon was reported to induce ER stress (32).
It is thus possible that NS5A cleavage occurs in HCV subgenomic RNA replicon-harboring
cells and also in hepatocytes of HCV-infected patients. Further study is needed to elucidate
the issues.
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