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Abstract
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Chronic HCV infection may lead to hepatic fibrosis and the precise mechanisms remain unclear. In
this study, Huh-7 cells were transiently transfected with NS5A and subjected to MTT assay, DNA
fragmentation assay and western blotting to see the impact of NS5A protein on apoptosis. Results
showed that NS5A may inhibit cell proliferation by inducing apoptosis and pro-caspases 3, 8 & 9
were cleaved and activated to result in the presence of active forms in a time-dependent fashion,
which suggesting that NS5A-induced apoptosis is caspase-dependent. Furthermore, the cytosolic
level of cytochrome ¢ was increased together with a gradually down-regulated Bcl-2 and
up-regulated Bax protein expression. The continuing reduction of Bid protein and the gradual
increase of tBid protein also indicated that a time-dependent increased turn-over of Bid protein into
tBid. Taken together, our data suggested that HCV NSH5A may induce apoptosis through a
mitochondrial damage-mediated caspase pathway.



Introduction

Hepatitis C virus (HCV) infection may lead to liver diseases of various severities, from acute
hepatitis to fatal hepatocellular carcinoma (HCC). While most studies on HCV-related pathogenesis
focused on that the anti-apoptosis potential of viral proteins leading to inhibition of cell death and
uncontrolled cell growth may be the underlying mechanism for HCC, fewer studies have been
conducted to address the molecular mechanism of acute hepatitis. Vira hepatitis is evidenced by
death of hepatocytes causing by virus replication or immunity during the early stage of disease and
the mechanism of HCV replication, persistence and pathogenesisis still unclear.

Apoptosis is one of the typical processes of cell death and generally considered to be a

mechanism of host defense against vira infection since induction of apoptosis will interrupt viral
replication as vira infected cells are eliminated. Therefore, viruses have evolved various
mechanisms to evade or inhibit the process of apoptosis to lead to a chronic infection. On the other
hand, it is now known that some viruses are able to induce apoptosis, resulting in the dissemination
of viral particles with minimum host immune response as well as protecting progeny vira particles
from host neutralizing antibodies, since apoptotic cells are usually vacuolized and endocytosed by
phagocytic cells. Furthermore, recent reports have pointed out the contribution of the
mitochondria-dependent apoptotic pathway involving the Bcl-2 family of proteins in the
development of liver diseases (Taya, et a., 2000; Toubi et al., 2001) and our recent study also
revealed that HCV E2 may induce apoptosis of Huh-7 cells via a mitochondrial-related caspase
pathway (Chiou et a., 2006) The impact of other HCV vira proteins on cell growth should be
clarified.
Among HCV structural (core, E1, E2, and P7) and non-structural (NS2, NS3, NS4A, NSAB, NS5A,
and NS5B) proteins, NS5A has been demonstrated to be a versatile protein involved in many
cellular events and interfering various pathways related to viral persistence or pathogenesis. This
protein is well known to block the innate immunity against viruses by directly interacting with and
inhibiting the activity of protein kinas K (PKR), which is interferon-induced and double-stranded
RNA-dependent. Furthermore, studies with NS5A expressing cell lines revealed that NS5A may
interfere cell cyclesto lead to areduced S phase and an increased G,/M phase (Honda et a., 2000).
NS5A has also been demonstrated to interfere the process of apoptosis, for instance, protecting cells
against TNF-a- and p53-mediated apoptosis (Avirutnan et al., 1998; Duarte dos Santos et al., 2000;
Hijikataet al., 1991; Prikhod’ko et al., 2002; Wang et a., 2002; Zhu et a., 1998). The anti-apoptotic
property of NS5A has been widely investigated to imply that NS5A may contribute to the persistent
infection and carcinogenesis, while the involvement of NS5A in apoptosis induction to lead to
hepatic injury has been less investigated. In this study, we aim to see the impact of NS5A on
apoptosis-related events to address the involvement of NS5A in the process of acute hepatitis.

Materialsand Methods

Cdll culture

Huh-7, a human hepatocellular carcinoma cell line, was grown in Dulbeco’s modified eagle
medium (Life Technologies, Grand Island, NY) supplemented with 10% fetal calf serum, 2 mM



glutamine, 100 U/mL penicillin, 100 pg/mL streptomycin sulfate, 0.1 mM nonessential amino acid
and 1 mM sodium pyruvate and maintained at 37°C in a humidified atmosphere of 5% CO..
Construction of a plasmid containing NS5A gene

A DNA fragment containing full-length NS5A coding region (aa 498-777) was obtained from a
PCR amplification with a pair of primers (5’-GCAAGCTTCGCTCCGGCTCGTGGCTAAAG-3’;
Hindlll site underlined and 5’-GGGCCCTTAGGACATTGAGCAGCAGACGA-3’; Apal site
underlined) and then cloned into a expression vector pEGFP-N1 (Beckton-Dickinson) to yield
PEGFP-NS5A, a NS5A expression vector.

Cell survival assay

At 12 or 24 hours after transfection as described above, cells were subjected to trypsin treatment
and collected and then stained with an equal volume of trypan blue. Surviving cells were counted
under microscope and survival rate was expressed as percentage with the number of untransfected
cells being the control of 100%.

DNA fragmentation

Transfected or untransfected cells were harvested and incubated in lysis buffer (10 mM/L Tris, 1
mM/L EDTA, 100 mM/L NaCl, 5 g/L SDS, 1 pg/uL RNase A, pH 8.0) at 37°C for 30 minutes.
After the incubation, proteinase K (final concentration of 0.1 mg/mL) was added and the incubation
was continued at 55°C for 4 additional hours. At the end of incubation, DNA was extracted and
precipitated with ethanol, and then dissolved in TE buffer followed by agarose gel electrophoresis.
Western blot analysis

For the preparation of whole cell lysate, cells were lysed in alysis buffer (25 mmol/L hepes, 15 g/L
Triton X-100, 10 g/L sodium deoxycholate, 1 g/L SDS, 0.5 mol/L NaCl, 5 mmol/L edetic acid, 50
mmol/L NaF, 0.1 mmol/L sodium vanadate, 1 mmol/L phenylmethylsulfonyl fluoride (PMSF) and
0.1 g/L leupeptin, pH7.8) at 4°C and then centrifuged at 15,000 g for 15 minutes. For the detection
of cytochrome c in cytosolic fraction, cells were washed twice with ice-cold PBS (pH 7.4) and then
resuspended in 100 ul of ice-cold mitochondria buffer (20 mM HEPES (pH 7.4), 1.5 mM MgCl.,
10 mM KCI, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, and protease inhibitors) containing 250 mM
sucrose. The nuclei and unbroken cells were separated from the cytosol fraction by centrifugation at
10,000 g for 10 minutes. Samples were separated in a 12.5% polyacrylamide gel and transferred
onto a nitrocellulose membrane as previously described (Liu et a., 2001). The blot was
subsequently incubated with 5% non-fat milk in PBS for 1 hour to block non-specific binding, and
probed with a corresponding antibody against a specific protein (C8A256M for NS5A was obtained
from BIODESIGN International; B-10 for Fas, C-178 for Fas-L, H-181 for FADD, C-2 for Bcl-2,
N-20 for Bax, N-19 for Bid, h71 for cleaved Bid, F-2 for PARP-1, H-104 for cytochrome ¢, H-38
for caspase 9, H-134 for caspase 8, and L-18 for caspase 3 were purchased from Santa Cruz,
Cdlifornia, USA) for 2 hours, and then with an appropriate peroxidase-conjugated secondary
antibody for 1 hour. All incubations were carried out at 37°C and intensive PBS washing was
performed between incubations. After the final PBS washing, signal was developed by ECL
detection system and relative photographic density was quantitated by scanning the photographic



negatives on a gel documentation and analysis system (Alpha Imager 2000, Alpha Innotech
Corporation).

Results
NSB5A expression induces cell death and DNA fragmentation of Huh-7 cells

To see the if NS5A could affect the growth of Huh-7 cells, a NS5A-expressing plasmid,
PEGFP-NS5A, was constructed by inserting a DNA fragment containing the entire NS5A gene into
pPEGFP-N1, a plasmid containing EGFP gene, and then transiently transfected into cells. Cdll
survival assay revealed that cell number was significantly reduced by NS5A expression and such
reduction was time-dependent with cell viability being reduced to less than 10% at 48 hours post
transfection, as compared with that of mock transfection (Figure 1A).

To determine if such reduction of cell number by NS5A was related to apoptosis, cells
transfected with pEGFP-NS5A or control vector pEGFP-N1 were subjected to DNA fragmentation
assay. As shown in Figure 1B, the formation of DNA ladder in NS5A expressing cells was evident
while cells untransfected or transfected with pEGFP-N1 showed no sign of DNA fragmentation.
Therefore, the reduction of cell number caused by NS5A expression could be through the induction
of apoptosis.

NSBHA affects the expressing levels of apoptosis-related caspases

To explore the molecular mechanism responsible for NS5A-induced apoptosis, expression
levels of several apoptosis-related genes, including Fas, Fas ligand, FADD, Pro-caspases and
caspases 3, 8 & 9 were analyzed by western blots. The unaltered expressions of Fas, Fas ligand or
FADD before and after NS5A-transfection indicated that these molecules were not involved (data
not shown). Since it has been well established that caspases are involved in and indispensable for
the final stage of apoptosis and pro-caspases would be cleaved divided into active formsto carry out
their functions upon responding to various stimuli, the involvement of caspases in the apoptotic
response induced by NS5A was studied. As shown in Figure 2, the presence of active forms of
caspases 8 & 9 indicated that pro-caspases 8 & 9 were cleaved and activated in NS5A expressing
cells. Furthermore, caspase 3, a downstream protease of caspases 8 & 9, was also cleaved and
activated. These results suggested that NS5A-induced apoptosis is caspase-dependent.
NS5A-induced apoptosis involves cytochrome c rel ease and caspase-dependent Bcl-2 cleavage

The release of cytochrome ¢ from mitochondria to cytosol is a hallmark of apoptosis and such
release leads to a caspase-9-dependent activation of caspase-3, as well as the presence of a cleaved
form of PARP (with a molecular weight of 89 kDa). As shown in Figure 3, the cytosolic level of
cytochrome c increased in a time-dependent manner in NS5A-transfected cells while the cleaved
form of PARP clearly appeared with a concomitant decrease of pro-PARP. Since mitochondrial
cytochrome c release could be induced through a serious of actions involving members of Bcl-2
family, such as Bax, Bcl-2 and Bid, we thus examined the impact of NS5A expression on these
proteins. As shown in Figure 4, after NS5A transfection, the protein level of Bcl-2 was reduced,
while a gradua increase of Bax protein expression was detected. Furthermore, the continuing
reduction of Bid protein and the gradua increase of tBid protein indicated that Bid protein was



truncated to be tBid. These results indicated that NS5A may induce apoptosis via Bid- and
Bcl-2-involved mitochondrial pathway.

Discussion

One of the most irritated and unresolved problem caused by HCV is the establishment of
chronic infection. In addition to that the high mutation rate of viral envelope proteins (Ray et al.,
1996; Ray et a., 1998) and the suppression of host immune system (Honda et a., 2000; Marusawa
et d., 1999; Ray et a., 1997) are generadly believed to be the main causes, apoptosis has been
proposed to be one contributor to viral chronic infection. Although such programmed death may
appear suicidal, apoptosis of infected cells may lead to a minimum host immune response while
apoptotic cells are usually fragmentized and then endocytosed by phagocytic cells, therefore
progeny vira particles may escape from neutralizing antibodies. Therefore, apoptosis has been
suggested to be an effective mean of facilitating virus dissemination and responsible for hepatic
injury.

Apoptosis is a tightly regulated progress under the control of several signaling pathways, such
as caspase and mitochondrial pathways (Bassett et a., 1999; Calabrese et a., 2000; Hiramatsu et d.,
1994) and it has been reported that apoptosisis involved in the pathogenesis of hepatitis C. Iken et
a recently reported that HCV structural proteins may enhance apoptosis of activated T cells by
upregulating FasL, which could amplify the ability of the liver to down-modulate T cell responses,
leading to attenuation of anti-viral responses and facilitating vira persistence (lken et al., 2006).
Analysis of peripheral blood mononuclear cells and liver biopsies from chronic patients also
suggested that HCV infection could induce apoptosis, which may cause liver injuries (Calabrese et
a., 2000; Emi et a., 1999; Hiramatsu et al., 1994; Pianko et al., 2001; Taya, et a., 2000; Toubi et
al., 2001). In vitro studies with either HCV full length RNA or cDNA (Kalkeri et a., 2001) have
demonstrated that apoptosis could be induced by vira proteins. Severa independent studies
suggested that HCV core protein could modulate cellular apoptosis (Honda et a., 2000; Marusawa
et a., 1999; Ray et a., 1996; Ray et a., 1998) and is involved in cell growth promotion and
immortalization (Honda et a., 2000; Ray et al., 1997; Ray et a., 2000; Zhu et al., 1998). A study
has indicated that expression of HCV E2 protein could induce apoptosis in cultured mammalian
cells to contribute the liver injury (Zhu et al., 2004) and our previous reveded that HCV E2 may
induce apoptosis of Huh-7 cells via a mitochondrial-related caspase pathway (Chiou et al., 2006).
Therefore in this study, we examined the expression levels of apoptosis-related moleculesin aHCV
NS5A-expressing Huh-7 cell line to elucidate the role of HCV NS5A protein in the formation of
acute hepatitis and liver injury.

With a molecular weight of 56- to 58-kDa, HCV NSHA gene product is a phosphorylated
protein that participates in various events related to enhancement of viral pathogenesis. Containing
a putative interferon (IFN) sensitivity-determining region, NS5A has been shown to directly interact
with the IFN-induced double-stranded RNA-dependent protein kinase (PKR) to inhibit IFN-related
immunity against viruses. Interactions of NS5A with molecules involved in cellular signaling,
transcription activation and cell cycle regulation have also been described, such as growth factor



receptor-bound protein 2, p53, p2l/waf and cyclins. Furthermore, NS5A expression could alter
intracellular calcium and reactive oxygen species levels to lead to the activation of STAT-3 and
NF-xB (Ray et al., 1996; Ray et a., 1998) and inhibit the activity of the mitogenic and stress
activated transcription factor activating protein-1 (AP1) by interfering with Ras-ERK pathway
(Marusawa et al., 1999). Furthermore, NS5A could protect cells against TNF-o. and p53-mediated
apoptosis (Avirutnan et a., 1998; Duarte dos Santos et al., 2000; Hijikata et a., 1991; Prikhod’ko et
a., 2002; Wang et al., 2002; Zhu et a., 1998) and many of these interactions may contribute to an
inhibition of apoptotic cellular response to persistent HCV infection.

In this study, to clarify the impact and underlying mechanism of HCV NS5A protein on
apoptosis, as well as to elucidate the role of HCV NS5A protein in liver injury, HCV NS5A was
transiently expressed in Huh-7 cells. Microscopic observation reveded signs of death of
NS5A-transfected Huh-7 cells, viable cell number of NSS5A-transfected cells was significantly
reduced, compared to that of vector-transfected cells. Further analysis for DNA fragmentation
demonstrated that reduced viability of NSS5A-transfected cells was apoptosis-related. Results of
subsequent western blotting indicated that NS5A protein caused activations of caspase-3, caspase-8
and caspase-9, to result in increased expressions of activated caspases. Furthermore, the cleavage of
PARP into 116 kDa and 89 kDa also proved the occurrence of apoptosis and the activation of
caspase pathway. Taken together, we have proven that HCV NSBA-induced apoptosis is
caspase-dependent. Moreover, a time-dependent release of cytochrome ¢ was also observed after
the NSHA transfection indicating a mitochondria-initiated apoptosis. Such apoptosis process is
believed to be related to the expression of proteins of Bcl-2 family, which consists of anti-apoptotic
proteins and pro-apoptotic proteins, and have been reported to regulate the induction of apoptosis at
least through the control of mitochondria function (Maet a., 2002; Zhu et al., 2004). In the present
study, the reduction of Bcl-2 protein level was observed in NS5A -transfected Huh-7, accompanied
wit a reduced Bid protein level and an increased tBid level, which are concordant and reflect the
increased apoptosis. Since it has been shown that Bid could activate multidomain members, Bax or
Bak, by stimulating its oligomerization in the outer membrane, our result showing an increased Bax
level caused by NSHA transfection was consistent with such regulation. Furthermore,
protein-protein interactions among members of the Bcl-2 family may affect apoptosis, the
Bcl-2/Bax expression ratio could be a useful marker of the outcome of an apoptoic stimulus. A
decreased Bcl-2/Bax ratio was associated with increased apoptosis. Our quantitatively
determination of protein level at 48 hours post-transfection showed that Bcl-2/Bax ratio of NS5A
expressing cells was reduced to 2.2, compared to 6.76 of vector-transfected cells. Such ratio
reduction further indicated the occurrence of apoptosis from NS5A expression.

Recently, a BH3 motif was identified in the X protein of hepatitis B virus (HBx) and proven to
be responsible for the pro-apoptotic activity (Lu et a., 2005). Furthermore, the conserved BH3-like
regions of many pro-apoptotic Bcl-2 family of proteins are critical for their induction of cell death
and for their interactions with anti-apoptotic proteins, including the Bcl-2. It has been reported that
NS5A contains three BH domains (Bcl-2 homology domains), locating at aa 121-129, 152-168, and
261-275. Therefore, it is possible that NS5A may induce apoptosis of hepatocytes via these BH



domains, which warrants more detailed molecular study.

Taken our data together, HCV NS5A protein may first activate caspase-8 to lead to Bid
truncation and Bcl-2 reduction, and subsequently promote the release of cytochrome ¢ and
activation of caspase-9 and caspase-3 to induce cellular apoptosis via a mitochondria-mediated
pathway. However, other pathways related to apoptosis, such as INK and p38 pathways, were not
examined in this study yet and therefore the impact of NS5A on these pathways should be clarified.
These results indicated a direct involvement of HCV NSHA in cellular apoptosis, which may
contribute to liver pathogenesis.
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