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HCV E2 may induce apoptosis of Huh-7 cells
via a mitochondrial-related caspase pathway

Hui-Ling Chiou a,d,*, Yih-Shou Hsieh b, Ming-Ru Hsieh b, Tzy-Yen Chen c,e

a School of Medical Laboratory and Biotechnology, Chung Shan Medical University, Taichung, Taiwan, ROC
b Institute of Biochemistry and Biotechnology, Chung Shan Medical University, Taichung, Taiwan, ROC

c Institute of Medicine, Chung Shan Medical University, Taichung, Taiwan, ROC
d Department of Clinical Laboratory, Chung Shan Medical University Hospital, Taichung, Taiwan, ROC

e Department of Internal Medicine, Chung Shan Medical University Hospital, Taichung, Taiwan, ROC

Received 19 April 2006
Available online 2 May 2006
Abstract

Introduction: One unusual characteristic of HCV is to establish chronic infection and the precise mechanisms remain unclear.
Materials and methods: Huh-7 cells were transiently transfected with E2 and subjected to MTT assay, DNA fragmentation assay, and

Western blotting to see the impact of E2 protein on apoptosis.
Results and discussion: E2 may inhibit cell proliferation by inducing apoptosis and pro-caspases 3, 8, and 9 were cleaved and activated

to result in the presence of active forms in a time-dependent fashion, which suggest that E2-induced apoptosis is caspase-dependent. Fur-
thermore, the cytosolic level of cytochrome c 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 E2 may induce apoptosis through a mito-
chondrial damage-mediated caspase pathway.
� 2006 Elsevier Inc. All rights reserved.
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Since being identified as the major etiological agent of
most transfusion-associated non-A, non-B hepatitis in
1989, hepatitis C virus (HCV) infection has been one of
major causes of chronic hepatitis and liver failure world-
wide. One unusual characteristic of hepatitis C is its capa-
bility to establish chronic infection in most infected
individuals. Such persistent infection may be mild, or
sometimes even asymptomatic, in early phases of the dis-
ease, however, after a decade or two, may cause liver cir-
rhosis and eventually hepatocellular carcinoma [1], which
then have a great social and economical impact.

Generally, cellular antiviral responses are effective to
clear most viral infections, but various viruses possess
mechanisms that counteract these antiviral activities to
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establish a persistent infection and lead to viral pathogen-
esis. A variety of mechanisms to maintain viral persistence
have been proven or proposed, including immune escape
derived from quasispecies diversity or high mutation rates,
impaired immune functions resulted from the interference
of viral proteins, failure to develop an effective immune
response, and viruses escaping from the apoptotic mecha-
nism. As for HCV, the precise related mechanisms of car-
cinogenesis and mechanisms involved in evading host
immune surveillance remain to be elucidated, however,
analysis of peripheral blood mononuclear cells and liver
biopsies from chronic patients suggested that HCV infec-
tion could induce apoptosis, which may help the virus
escape the immune surveillance and cause liver injuries
[2–7]. In vitro studies with either HCV full-length RNA
or cDNA [8] have demonstrated that apoptosis could be
induced by viral proteins. Several independent studies
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suggested that in addition to mediating pathological effects
of HCV through several of its multifunctional activities
[9,10], core protein of HCV could modulate cellular apop-
tosis [11–14] and is involved in cell growth promotion and
immortalization [14–17]. However, others using similar sys-
tems obtained inconsistent results [13,15,16]. Furthermore,
the involvement of other HCV proteins in the induction of
apoptosis has not been clearly identified.

Known as the viral attachment protein responsible for
the viral entry, HCV envelope protein 2 (E2), a structural
protein, has been interested for its potential to induce
apoptosis since this protein shares a similar genetic charac-
teristic as the envelope proteins of certain Flaviviruses,
which have been reported to be able to induce apoptosis
in cultured mammalian cells to maintain persistent infec-
tion [18–22]. Although a study has indicated that expres-
sion of HCV E2 protein could induce apoptosis in
cultured mammalian cells to contribute the liver injury
[23], another study showed that E2 inhibits apoptosis by
inhibiting TRAIL-induced cytochrome c release from the
mitochondria, which may subsequently augment persistent
HCV infection [24]. Therefore, further study is required to
clarify the impact of HCV E2 protein on apoptosis. In this
study, we examined the expression levels of apoptosis-relat-
ed molecules in an HCV E2-expressing Huh-7 cell line to
elucidate the role of HCV E2 protein in establishing chron-
ic infection and liver injury.
Materials and methods

Cell culture. Huh-7, a human hepatocellular carcinoma cell line, was
grown in Dulbecco’s modified Eagle’s medium (Life Technologies, Grand
Island, NY) supplemented with 10% fetal calf serum, 2 mM glutamine,
100 U/mL penicillin, 100 lg/mL streptomycin sulfate, 0.1 mM nonessen-
tial amino acid, and 1 mM sodium pyruvate and maintained at 37 �C in a
humidified atmosphere of 5% CO2.

Construction of a plasmid containing E2 gene and transfection. A DNA
fragment containing full-length E2 coding region (aa 498–777 of the HCV
polyprotein) was obtained from a PCR amplification with primers
50-GCGAATTCACCCACACGACGGGGAGGGT-30 (EcoRI site under-
lined) and 50-GCGGATCCGGCTGAGTTCTGACCTATCC-30 (BamHI
site underlined) [25] and then cloned into a expression vector pEGFP-N1
(Beckton–Dickinson) to yield an E2 expression vector, pEGFP-E2.

At the day prior to transfection, cells were plated on 6-cm tissue
culture dishes at a density of 4 · 105 cells/dish and cultured for 18 h. A
lipofectamine reagent (Invitrogen, Life Technologies) was used to carry
out transfection according to the manufacturer’s instructions. Each plate
received a mixture of 6 lg of pEGFP-N1 or pEGFP-E2 and 6 lL
Lipofectamine reagent in 2.0 mL DMEM (without serum). After the cells
were exposed to the DNAs for 6 h, an additional 4.0 mL of fresh
DMEM was added to each plate. A mock transfection with pEGFP-N1
only will be simultaneously performed to act as a mock control and
transfection efficiency was monitored by pEGFP-N1 which encodes an
enhanced green fluorescent protein. At 24 and 48 h post-transfection,
cells were harvested and analyzed for cell proliferation, apoptosis, and
Western blot.

Cell viability (MTT assay). Cells were seeded in 24-well plates at a
density of 3.0 · 104 cells/well and then transfected with pEGFP-E2 or
pEGFP-N1. At 24 or 48 h after transfection, 0.5 mg/mL 3-[4,5]-2,5-diphe-
nyltetrazolium bromide (MTT) in fresh medium was added and incubated
for additional 4 h. Afterwards, the blue formazan crystals were dissolved in
1 mL isopropanol and measured spectrophotometrically at 563 nm.
DNA fragmentation. Cells were harvested and incubated in lysis
buffer (10 mM/L Tris, 1 mM/L EDTA, 100 mM/L NaCl, 5 g/L SDS,
and 1 lg/lL RNase A, pH 8.0) at 37 �C for 30 min. At the end of
incubation, proteinase K was added to a final concentration of
0.1 mg/mL and the incubation was continued at 55 �C for 4 h. DNA
was extracted with phenol/chloroform and precipitated with ethanol.
DNA pellets were dissolved in TE buffer and analyzed on a 1%
agarose gel.

Western blot analysis. Cell lysates were separated in a 12.5%
polyacrylamide gel and transferred onto a nitrocellulose membrane
as previously described [26]. The blot was subsequently incubated
with 5% non-fat milk in PBS for 1 h to block non-specific binding,
and probed with a corresponding antibody against a specific protein
(H1920-19 for E2 was obtained from United States Biological; 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, H-104 for cytochrome c, H-38 for caspase
9, and L-18 for caspase 3 were purchased from Santa Cruz, Cali-
fornia, USA) for 2 h, and then with an appropriate peroxidase-
conjugated secondary antibody for 1 h. 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 quan-
titated by scanning the photographic negatives on a gel documen-
tation and analysis system (Alpha Imager 2000, Alpha Innotech
Corporation).

Statistical analysis. Statistical significances of difference throughout
this study were calculated by Student’s t-test (SigmaStat 2.0, Jandel Sci-
entific) with P < 0.05 being regarded as statistically significant.
Results

E2 inhibits the proliferation of Huh-7 cells by inducing

apoptosis

To test the impact of E2 protein on the proliferation
of Huh-7 cells, an E2 gene fragment was cloned into
pEGFP-N1, a plasmid containing EGFP gene, to con-
struct an E2-expressing plasmid, pEGFP-E2, and then
transiently transfected into cells. The successful transfec-
tion was confirmed by microscopic observation and Wes-
tern blot. After transfection, pEGFP-E2-transfected cells
showed significant cell death by microscope observation
(data not shown) revealing reduced cell density and cell
shrinkage situation. The effect of E2 protein on cell pro-
liferation was further analyzed by MTT analysis. As
shown in Fig. 1A, E2 expression inhibited Huh-7 cell
proliferation in a time-dependent fashion with cell viabil-
ity being reduced to 70% at 48 h post-transfection, as
compared with that of mock transfection.

Among several possible mechanisms involved in
reduced cell proliferation, to determine if apoptosis is
the underlying mechanism for the reduced cell prolifera-
tion of E2 expressing cells, cells transfected with pEGFP-
E2 or control vector pEGFP-N1 were subjected to DNA
fragmentation assay. As shown in Fig. 1B, the formation
of DNA ladder in pEGFP-E2 transfected cells was
observed in a time-dependent manner while cells trans-
fected with pEGFP-N1 showed no evident DNA frag-
mentation. Therefore, we conclude that E2 protein
inhibits the proliferation of Huh-7 cells through the
induction of apoptosis.



Fig. 1. HCV E2 inhibits the proliferation of Huh-7 cells by inducing
apoptosis. (A) At 24 or 48 h after E2 transfection, 0.5 mg/mL MTT in
fresh medium was added and incubated for additional 4 h. The survival of
cells was detected by measuring the absorbance at a wavelength of 563 nm
and expressed as the ratio of control. Data represent means ± SD of three
independent experiments. * indicates that this difference reached a
statistical significance with a P < 0.01. (B) At the indicated time after
transfection, cells were harvested and subjected to DNA extraction. The
DNA fragments were separated on 1% agarose gel electrophoresis, stained
with ethidium bromide, and then visualized under ultraviolet light.

Fig. 2. Activation of caspases in E2-transfected Huh-7 cells. At 24 or 48 h
after E2 transfection, cells were harvested and the whole cell lysate was
prepared for Western blotting with an antibody against caspase 3, 8 or 9 as
described in Materials and methods.

Fig. 3. Involvement of cytochrome c release and caspase-dependent Bcl-2
cleavage in E2-transfected Huh-7 cells. At 24 or 48 h after E2 transfection,
cells were harvested and the whole cell lysate was prepared for Western
blotting with an appropriate antibody against cytochrome c or PARP (A),
or Bid, tBid, Bcl-2, or Bax (B) as described in Materials and methods.
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Activation of caspases in E2-transfected Huh-7 cells

To explore the molecular mechanism responsible for
E2-induced apoptosis, expression levels of several apop-
tosis-related genes, including Fas, Fas ligand, FADD,
Pro-caspases, and caspases 3, 8, and 9 were analyzed
by Western blots. The unchanged expressions of Fas,
Fas ligand or FADD before and after the E2-transfec-
tion indicated that these molecules were not involved in
the E2 protein-induced apoptosis (data not shown). It
has been well established that caspases are involved in
and indispensable for the final stage of apoptosis. Upon
responding to various stimuli, pro-caspases would be
classically divided into active forms to carry out their
functions. As shown in Fig. 2, pro-caspases 8 and 9 were
cleaved and activated in pEGFP-E2 transfected cells to
result in the presence of active forms of caspases 8 and
9. Furthermore, caspase 3, a downstream protease of
caspases 8 and 9, was also cleaved and activated in cells
after being transfected with pEGFP-E2. These cleavage
and activation of caspases appeared to be time-depen-
dent and these results suggested that E2-induced apopto-
sis is caspase-dependent.
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Involvement of cytochrome c release and caspase-dependent

Bcl-2 cleavage in E2-transfected Huh-7 cells

The release of cytochrome c from mitochondria to cyto-
sol is an important step in the apoptotic pathway. Such
release leads to a caspase-9-dependent activation of cas-
pase-3, as well as a cleaved form of PARP (with a molecu-
lar weight of 89 kDa). As shown in Fig. 3A, the cytosolic
level of cytochrome c increased in a time-dependent man-
ner in E2-transfected cells while the cleaved form of PARP
clearly appeared at 48 h post-transfection. Since mitochon-
drial cytochrome c release could be induced through a ser-
ies of actions involving members of Bcl-2 family, such as
Bax, Bcl-2, and Bid, we thus examined the impacts of E2
expression on these proteins. As shown in Fig. 3B, the pro-
tein level of Bcl-2 was down-regulated in a time-dependent
fashion, accompanied with a gradual increase of Bax pro-
tein expression. Furthermore, 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, a truncation form of Bid protein.

Discussion

One of the most irritated and unresolved problems
caused by HCV is the establishment of chronic infection
in most infected people despite of effective immune
response and such chronic HCV infection may lead to cir-
rhosis and hepatocellular carcinoma. In addition to that
the high mutation rate of viral envelope proteins [11,12]
and the suppression of host immune system [13–15] are
generally believed to be the main causes, apoptosis has
been proposed to be one contributor to viral chronic infec-
tion. Although such programmed death of cells infected by
viruses may appear suicidal, this has been suggested to be a
response to virus infection as a mean of facilitating virus
dissemination.

Apoptosis is a tightly regulated progress under the con-
trol of several signaling pathways, such as caspase and
mitochondrial pathways [1–3] and it has been reported that
apoptosis is involved in the pathogenesis of hepatitis C.
There is evidence that immune response (cytotoxic T lym-
phocyte) might be involved in the apoptosis of hepatocytes
in HCV infected patients [4]. Iken et al. recently reported
that HCV structural proteins core, envelope 1 (E1), and
envelope 2 (E2) may enhance apoptosis of activated T cells
by upregulating FasL [27]. Increased apoptosis of activated
T cells induced by HCV structural proteins could amplify
the ability of the liver to down-modulate T cell responses,
leading to attenuation of anti-viral responses and facilitat-
ing viral persistence. However, another study indicated that
HCV core-E1-E2 transgenic mice develop significantly
larger tumors than transgenic mice expressing core alone
or nontransgenic mice. The accelerated tumor phenotype
is attributable to suppression of apoptosis rather than
enhanced proliferation. These data implicate HCV E1
and/or E2 in conjunction with core as antiapoptotic, tumor
accelerator proteins [28]. Furthermore, a recent study sug-
gested that HCV core protein induces the expression of
FasL and the activity of FasL promoter in HepG2 cell
system to induce apoptosis while other studies have
obtained controversial results. Therefore, HCV core
protein may not the only viral protein involved in HCV-
induced apoptosis and the contribution of other HCV
proteins should be clarified.

Among other HCV proteins, E2 protein has been sus-
pected to possess a capability of inducing apoptosis due
to its genetic similarity as the envelope proteins of dengue
and Langat viruses, which could induce apoptosis during
infection. As for the impact of HCV E2 protein on apopto-
sis, inconsistent results have been obtained, while a study
has indicated that HCV E2 protein could induce apoptosis
to contribute the liver injury [23], another study showed
that E2 inhibits apoptosis by inhibiting TRAIL-induced
cytochrome c release from the mitochondria, which may
subsequently augment persistent HCV infection [24].
Therefore, to clarify the impact and underlying mechanism
of HCV E2 protein on apoptosis, as well as to elucidate the
role of HCV E2 protein in establishing chronic infection
and liver injury, HCV E2 was transiently expressed in
Huh-7 cells. Microscopic observation showed that E2-
transfected Huh-7 cells displayed a shrunk morphology
while cell proliferation of E2-transfected Huh-7 cells was
significantly reduced, compared to those vector-transfected
cells. Our further assay for DNA fragmentation demon-
strated that reduced proliferation of E2-transfected cells
was apoptosis-related. Results of subsequent Western blot-
ting indicated that E2 protein caused activations of
caspase-3, caspase-8, and caspase-9 to result in increased
expressions of activated caspases, which is consistent with
a study of Langat virus demonstrating that expression of
envelope (E) protein could induce apoptosis via the cas-
pase-3 pathway [7]. 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 E2-induced apoptosis
is caspase-dependent. Moreover, a time-dependent release
of cytochrome c was also observed after the E2 transfection
indicating a mitochondria-initiated apoptosis. Such apop-
tosis process is believed to be related to the expression of
proteins of Bcl-2 family, which has been reported to regu-
late the induction of apoptosis at least through the control
of mitochondrial function [8,9]. For examples, Bcl-2 could
influence the permeability of intracellular membranes and
cytochrome c release from mitochondria to control apop-
tosis [10]. Furthermore, during apoptotic process, Bid is
cleaved by caspase-8 and the resultant truncated Bid could
cause mitochondrial cytochrome c releasing into the cyto-
plasm. In the present study, the reduction of Bcl-2 protein
level was observed in E2-transfected Huh-7, accompanied
wit a reduced Bid protein level and an increased tBid level,
which are concordant and reflect the increased apoptosis.
According to current understanding, BH3-only proteins,
such as Bid, could activate multidomain members, Bax or
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Bak, which have the capability of altering the integrity of
outer mitochondrial membrane [13–16], by stimulating its
oligomerization in the outer membrane. Our result showing
an increased Bax level caused by E2 transfection was con-
sistent with such regulation.

An increased Fas-mediated apoptosis PBMC from
chronically infected patients has been reported [6] and core
protein has been shown to be able to increase the sensitivity
of a T cell line to Fas-mediated apoptosis. However in this
study, expression levels of Fas and FasL were not signifi-
cantly altered by the transfection of HCV E2 (data not
shown). Furthermore, other pathways regulating apopto-
sis, such as JNK and p38 pathways, were not examined
in this study yet and therefore the impact of E2 on these
pathways could not be ruled out and should be clarified.

Taken our data together, HCV E2 protein may first acti-
vate caspase-8 to lead to Bid truncation and Bcl-2 reduc-
tion, and then activates mitochondria-mediated apoptotic
pathway including cytochrome c release and subsequent
activation of caspase-9 and caspase-3. These results indi-
cated that HCV E2-induced apoptosis of Huh-7 cells may
involve a mitochondrial-related caspase pathway. In sum-
mary, our data have revealed that E2 protein may be
involved in HCV-induced pathogenesis by inducing apop-
tosis of Huh-7 cells.
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