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Abstract: Understanding the mechanism of Hepatitis C Virus (HCV) pathogenesis is an important part
of HCV research. In this study, the presence of apoptosis in HCV-infected liver and Peripheral Blood
Mononuclear Cells (PBMC) from patients positive for anti-HCV antibodies and negative for serum
HCV-RNA was investigated. The samples obtained from 21 patients were studied by in situ
Hybridization (ISH), Immunofluorescence, TUNEL reaction and caspase 3 activation assays. The
findings show that both DNA fragmentation by TUNEL assay and activation of caspase 3 were
detected in hepatocytes from patients histologically confirmed as bearing chronic hepatitis or with
abnormal ALAT or GGTP as well as in patients with no histological evidences of chronic hepatitis and
normalization of transaminases. Apoptotic cells were also detected in PBMC samples by the TUNEL
assay. ISH analysis of liver biopsies and PBMC samples showed both positive and negative strands of
the HCV genome localized in some cells showing nuclear characteristics of apoptosis such as
chromatin margination, condensation and fragmentation. These typical morphological changes of
apoptotic cell death were also observed in some hepatocytes showing reaction products suggestive of
HCcAg. Data suggest that under certain conditions HCV induces apoptosis in the absence of liver
injury. Induction of apoptosis in HCV-infected cells may interfere with viral replication, which may
lead to undetectable levels of HCV-RNA in serum.
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INTRODUCTION Multiple factors may influence the

host-virus

Hepatitis C virus (HCV) is the major cause of non-
A, non-B hepatitis that infects 170 million people
worldwide!". Persistent infection occurs in more than
70% of people infected with HCV, 20% of which
progress to liver cirrhosis™”. HCV is an enveloped,
positive-strand RNA virus that belongs to the
Flaviviridae family. The viral genome (9.6 kb) is
translated into a single polyprotein of 3,000 amino
acids (aa). The viral products (core, E1, E2, NS2, NS3,
NS4A, NS4B, NS5A and NS5B) are processed from
this polyprotein by a combination of host and viral
proteases. The amino-terminal part is cleaved by host
cell proteases and its products, core (HCcAg) and
envelope (E1 and E2) proteins, are believed to be the
major constituents of HCV virions'™.

At present, there is no vaccine available to prevent
HCYV infection and current therapies are not optimal.

interaction in patients infected with HCV and these may
result in diverse disease presentations. Since
mechanisms of HCV infection remain unclear,
characterization of these mechanisms is now a major
issue for the development of new strategies for anti-
HCV treatment and prevention™!.

Several assays such as in situ hybridization (ISH),
immunohistochemistry (IHC) and immunofluorescence
(IF) have been used for the localization of HCV
genome and gene products inside HCV-infected cells"’.
Detection of HCV components in either the human liver
or nonhepatic compartments such as PBMC is a useful
tool in the determination of the pathogenesis of HCV-
associated diseases. It has been suggested that apoptosis
of liver cells may play a significant role in the
pathogenesis of hepatitis C. However, the role of virus-
related apoptosis in hepatic injury in patients positive
for anti-HCV antibodies and negative for HCV-RNA in
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serum is unclear. It is unknown whether HCV induces
apoptosis  directly or  whether apoptosis  is
immunologically mediated.

Previously, it has been demonstrated that HCV-
RNA might be present in the liver and PBMC, in the
absence of viral RNA and anti-HCV antibodies in
serum'®®. In addition, it has been shown that HCV-
RNA can persist at very low levels in the serum, PBMC
and liver for many years after apparently complete
spontaneous or antiviral therapy-induced resolution of
chronic hepatitis C'*'”). Recently, it has been shown the
presence of HCV-RNA of both positive and negative
polarity in hepatocytes and PBMC from patients
positive for anti-HCV antibodies and negative for
serum HCV-RNA!""! In the present work, the presence
of apoptosis in HCV-infected liver and PBMC from 21
of these patients was investigated..

MATERIALS AND METHODS

Patients and samples: The total number of 21 patients
used in this study have been recently described"". They
were serologically positive to third-generation HCV
enzyme immunoassays (Tecnosuma International,
Havana, Cuba). Besides, they were investigated after
informed consent in writing was obtained. Liver needle
biopsy samples were taken at the time of routine
diagnostic biopsy from all patients. These 21 patients
were selected based upon they showed negative
detection of serum HCV-RNA by RT-PCR (Amplicor
HCV Amplification Kit 2.0, Roche Diagnostic
Systems,Inc) on the same day of the liver biopsy. In
addition, all patients showed positive detection of
intrahepatic HCV-RNA of both positive and negative
polarity'!. None was seropositive for markers of
hepatitis B virus (HBV), hepatitis A virus and human
immunodeficiency virus by enzyme immunoassay
(Tecnosuma International, Havana, Cuba).

In addition, PBMC samples from 14 of these 21
selected patients taken on the same day of the liver
biopsy were analyzed. They showed positive detection
of HCV-RNA of positive and negative polarity!''. A
total 11 out of 21 patients showed no histological
evidences of chronic hepatitis and had normal serum
alanine aminotransferase (ALAT) or gamma-glutamyl
transpeptidase (GGTP) levels for at least six month
before the biopsy was performed.

Liver needle biopsy samples were taken from two
HCV-uninfected  healthy donor  livers for
transplantation purpose as negative controls. Moreover,
PBMC samples from five healthy volunteers were used
as negative controls.

PBMC were prepared by Ficoll-Hypaque
(Lymphoprep) (Pharmacia, Uppsala, Sweden) gradient
centrifugation, washed five times with 20 mL of
phosphate-buffered saline (PBS) and then counted
using a hemocytometer.
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Antibodies and primers: The anti-HCcAg mouse
monoclonal antibody (mAb) SS-HepC.1 recognizing aa
5 to 35 of HCcAg was used for immunodetection
studies''?.

The following synthetic probes corresponding to
the highly conserved 5’ noncoding region of HCV were
used in this work:

* To detect the HCV-RNA of positive strand the
biotin-labeled antisense probe (HCV-1) (5’- biotin-
GTTTATCCAAGAAAGGACCC-3’, position 188-
207) was used.

To detect the HCV-RNA of negative strand the
biotin-labeled sense probe (HCV-2) (5’-biotin-
TTCACGCAGAAAGCGTCTAG-3’, position 63-
82) was used.

For controls, an antisense biotin-labeled probe for
rat prolactin mRNA (5’-biotin-
ACATATCTGTATACAGGGTAG-3’, position 63-82)
was used.

These probes were synthesized and purified using

conditions previously described!"”.

In situ hybridization (ISH) assay: Samples were
immediately fixed with 4% paraformaldehyde in PBS at
4°C and then mounted on gelatine-coated glass slides
and stored for 2 days at -200°C. The ISH assay was
performed as previously reported'”. Stained samples
were coverslipped in Vectashield mountaing medium
(Vector Laboratories, Inc. Burlingame, CA., USA),
sealed with nail polish and viewed on a confocal laser
scanning microscope.

The specificity of the ISH reaction was confirmed
using experiments that involved: A-) hybridization of a
section from the same liver biopsy or PBMC sample
with a biotin-labeled probe having a sequence unrelated
to HCV-RNA; B-) hybridization with the probes
specific for HCV-RNA to either liver biopsy sections or

PBMC samples obtained from HCV-uninfected
individuals.
Immunofluorescence  staining: Samples  were

immediately fixed with 4% paraformaldehyde in PBS at
4°C and then mounted on gelatine-coated glass slides
and stored for 2 days at -200°C. Later on, mounted
samples were hydrated for 10 min in PBS and
incubated with 0.2% Triton X in PBS during 10 min.
To block non-specific antibody reaction, best results
were obtained by incubating the sections with 0.2%
bovine serum albumin (BSA) (free of IgG) (Sigma
Chemical Co. St. Louis, Mo.USA), for 10 min at RT.
After two washes in PBS-T, samples were incubated
overnight at 4°C with the anti-HCcAg mAb (dilution
1:20 in PBS-T). Incubations were followed by washes
with PBS-T. The second incubations were
accomplished with FITC-conjugated



Am. J. Infectious Diseases 1 (1):43-49, 2005

anti-mouse IgG (dilutions 1:60 in PBS-T, Vector
laboratories, Inc., Burlingame, CA., USA) for 1 hour at
RT. After three washes with PBS-T the sections from
all samples were counterstained with propidium iodide
(dilution 1:1000, Vector laboratories, Inc. Burlingame
CA., USA), followed by extensive washing in PBS-T.
Immunostained samples were coverslipped in
Vectashield mountaing medium (Vector Laboratories,
Inc. Burlingame, CA., USA), sealed with nail polish
and viewed on a confocal laser scanning microscope.
Negative controls were performed by substituting the
primary antibodies with normal mouse serum.

Determination of in situ cell death (TUNEL
reaction) and detection of caspase 3 activation:
Samples were immediately fixed with 4%
paraformaldehyde in PBS at 4°C and then mounted on
gelatine-coated glass slides and stored for 2 days at -
200°C. Both TUNEL reaction and detection of caspase
3 activation were performed as recently described'”’,
Stained samples were coverslipped in Vectashield
mountaing medium (Vector Laboratories, Inc.
Burlingame, CA., USA), sealed with nail polish and
viewed on either a confocal or immunofluorescence
microscope.

Laser confocal scanning imaging and serial section
collection: Samples were viewed with a 60x (NA 1.4)
objective on a Nikon microscope with attached laser
confocal scanning system MRC 600 (BioRad, Watfod).
Ten to twelve fields were imaged from each sample.
Four to fifteen serial optical z-sections (0.2-0.5 pm
thick) were collected from each observed field using the
dual channel imaging with filter (554 nm) for
propidium iodide excitation and the filter (494 nm) for
the fluorescein channel. Each series of confocal optical
sections was scanned through a total of 25 pm. The
resulting optical sections were fully projected onto two-
dimensional planes using the imaging processing
system of the microscope (Camos package).

RESULTS

The presence of apoptotic cells in both liver biopsy
and PBMC samples from patients positive for anti-
HCV antibodies and negative for serum HCV-RNA
was studied. A standard test for apoptosis is the
TUNEL (terminal deoxynucleotide transferase-
mediated dUTP nick end labelling) assay, which detects
fragmented DNA. Thus, the presence of apoptotic
hepatocytes in the liver biopsy specimens was analyzed
using the TUNEL assay. Figure 1B shows a
representative experimental demonstrating that some
hepatocytes from HCV-infected patients were
undergoing apoptosis as indicated by dUTP
incorporation. However, no sign of apoptosis was
detected in hepatocytes from healthy individuals
(Fig. 1A).

45

E

F

Fig. 1: Analysis of apoptotic hepatocytes and PBMC.
A-D) Laser scanning confocal microscopy of
either DNA fragmentation by TUNEL assay
(A,B) or caspase 3 activation (C,D) in either
liver biopsies from HCV-infected patients (B,D)
or from healthy individuals (A,C). Samples were
viewed on a confocal microscope. E,F)
Fluorescent staining of DNA fragmentation by
TUNEL assay of PBMC from HCV-infected
patients (F) and from healthy individuals (E).
Samples were viewed on an immunofluorescence
microscope (Bar=20 pm in A; 16 pm in C; 8§ pm
in B,D)

It is known that the caspase activation assay detects
apoptosis at an early stage before DNA fragmentation
occurs. Therefore, the activation of caspase 3 was
investigated to verify the detection of apoptotic
hepatocytes. Almost no immunoreativity was evident in
healthy liver tissue (Fig. 1C). In contrast, liver tissue
from HCV-infected patients clearly showed hepatocytes
that stained positively for active caspase 3 (Fig. 1D).

On the other hand, the presence of apoptotic cells
in PBMC samples was assessed by the TUNEL assay.
Figure 1F shows a representative experimental
demonstrating positive reaction in some PBMC from
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Fig. 2: Detection of HCV-RNA of either positive (A,B) or
negative (D,E) polarity in liver biopsy specimens
from patients positive for anti-HCV antibodies and
negative for serum HCV-RNA. (C,F) Absence of
hybridization signals in healthy donor liver biopsies
using either HCV-1 (C) or HCV-2 (F) probes
(Bar=4 um in A,B,D.E; 8 um in C,F)

A B

Fig. 3:Immunolabeling of HCcAg in liver biopsies
from HCV-infected patients. A) Immunostaining
with the anti-HCcAg mAb (SS-HepC.1) B) Liver
biopsies from  healthy subjects, no
immunostaining was observed using any of these
mAbs. (Bar=8 um)

D C D
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Fig. 4:Detection of HCV-RNA of either positive (A,B)
or negative (D,E) polarity in PBMC from
patients positive for anti-HCV antibodies and
negative for serum HCV-RNA. (C,F) Absence of
hybridization signals in PBMC from healthy
donor liver biopsies using either HCV-1 (C) or
HCV-2 (F) probes (Bar=4 um in A,B,D,E; 8 um
in C,F)

HCV-infected patients as indicated by dUTP
incorporation. No sign of apoptosis was detected in
PBMC from uninfected patients (Fig. 1E).

ISH analysis of liver biopsies showed both positive
and negative strands of the HCV genome localized in
the cytoplasm of hepatocytes from HCV-infected
patients (Fig. 2A,B,D,E), while no hybridization signals
were observed in liver biopsy specimens from negative
control subjects (Fig. 2C,F). It is interesting to note that
some hepatocytes with positive ISH signals showed
nuclear characteristics of apoptosis such as chromatin
margination, condensation and fragmentation (Fig.
2A,B,D,E). These typical morphological changes of
apoptotic cell death were also observed in some
hepatocytes showing reaction products suggestive of
HCcAg (Fig. 3A). No hybridization signals were
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observed in the liver biopsy specimens from the control
subjects (Fig. 3B).

Remarkably, ISH analysis of PBMC detected the
HCV-RNA of both positive and negative polarity in
some cells showing a fragmented nucleic (Fig.
4A,B,D,E). No positive signals were observed in
PBMC from the control subjects (Fig. 4C,F).

DISCUSSION

There is evidence to suggest that apoptosis of liver
cells may play a significant role in the pathogenesis of
hepatitis C!'*. Apoptosis mediated by Fas or tumor
necrosis factor (TNF) is a major pathway associated
with liver injury and chronicity of HCV infection'>"'®’,
In addition, a recent study provides evidence for
apoptosis and caspase 3 activation in hepatocytes
during chronic HCV infection'"”. Previously, it has
been shown that caspases are activated in human liver
biopsies specimens from chronic hepatitis C patients'*.
Importantly, activation of caspase 3 and caspase 7
correlated significantly with inflammatory activity!'*.

Results obtained in this work suggest the presence
of hepatic and PBMC apoptosis in patients positive for
anti-HCV antibodies and negative for serum HCV-
RNA. Both DNA fragmentation by TUNEL assay and
activation of caspase 3 were detected in hepatocytes
from patients histologically confirmed as bearing
chronic hepatitis or with abnormal ALAT or GGTP as
well as in patients with no histological evidences of
chronic hepatitis and normalization of transaminases.
This partially agrees with a previous study showing that
hepatocyte loss by apoptosis can occur in HCV-infected
patients without overt biochemical changes"*'".
Interestingly, a proportion of HCV-infected hepatic and
PBMC showed apoptotic nuclear changes. Remarkably,
the intermediate replicative form of the HCV genome
was detected in some of these apoptotic cells. Apoptotic
nuclear changes included condensation, margination
and segmentation of the nuclei into several
fragments'”®!. These results suggest that apoptosis of
HCV-infected hepatocytes may occurs either in the
absence or in the presence of liver injury and
inflammation.

A variety of apoptotic mechanisms might play a
role in the elimination of infected cells. One
explanation for the results observed in this work could
be that the host immune response induces apoptosis of
HCV-infected hepatocytes without liver injury.
Previously, it has been shown that the prevalence of
CD95 in HCV antigen-positive hepatocytes was
significantly higher than in uninfected cells!®).
Moreover, it has been suggested that the degree of
CD95  expression correlates  with  hepatocyte
apoptosis''. The fact that neither CD95 expression nor
the degree of liver injury correlate with intrahepatic
viral load"”! has supported the hypothesis of indirect
immune-mediated mechanisms in hepatocyte apoptosis.
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Thus, it has been proposed that CD95L-positive T-
lymphocytes interact with CD95-bearing HCV-infected
hepatocytes which may result in liver cell apoptosis
leading to elimination of virus-infected cells.

Another explanation would be that HCV directly
induces apoptosis of virus-infected cells in the absence
of liver injury or inflammation. Several HCV proteins
have been implicated in apoptosis regulation. HCcAg
can either promote or inhibit apoptosis depending on
experimental conditions and type of cell used, whereas
both the NS3 and the NS5 proteins have antiapoptotic
effects’®*'. Recently, Moorman et al reported that
HCcAg expression leads to activation of caspase 8 and
caspase 3 which was necessary and sufficient for
apoptotic cell death®. In addition, it has been reported
that HCcAg expressed in various cell lines localized in
the mitochondria and causes mitochondrial injury,
leading to oxidative stress’'. Mitochondria dysfunction
is an important factor in cytotoxicity, which may cause
the cell to undergo apoptosis. Recently, HCcAg was
shown to localize in the mitochondria of apoptotic
hepatocytes, suggesting a direct effect of HCcAg on
mitochondria'". Moreover, a recent study has shown
that HCV induces apoptosis in persistently HCV-
infected B-cell lines*. Thus, both immune-mediated
reactions and direct cytopathic effects of HCV may be
involved in the induction of apoptosis, which may
interfere with viral replication. Indeed, a recent study
has suggested that virus control is partially compatible
with increased cell death of HCV-infected
hepatocytes'®’.

On the other hand, regulation of cell cycle and
apoptosis is essential to maintain cellular physiological
conditions. Apoptosis appears to be more advantageous
than necrosis for removing injured hepatocytes. The
latter leads to liberation of the proteins and DNA and to
the formation of oxygen radicals, cytokines and other
inflammatory mediators, all of which may trigger
potential secondary lethal responses within the
organism. Extensive necrosis can damage the tissue
structure and result in fibrosis. It thus seems logical that
extensive necrosis and a lack of apoptosis can
contribute to a more persistent or chronic inflammatory
response.

However, several evidences support the hypothesis
that under conditions of chronic liver damage and
inflammation (in which immune-mediated mechanisms
play a critical role) apoptosis may contribute to liver
injury. Up-regulation of CD95 as well as induction of
CDO95L expression on T lymphocytes has been found to
correlate with more severe inflammation in HCV
infection®**”, In addition, it has been shown that virus-
specific immune response may not only target infected
cells, but also noninfected hepatocytes via therelease of
soluble proapoptotic mediators, such as CD95L and
TNF?¥, Moreover, Bantel et al have shown that
caspase activation is associated with inflammatory
reactions, supporting the hypothesis of an immune-
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mediated mechanism for apoptotic liver cell damage in
chronic HCV infection!".

On the other hand, induction of apoptosis in HCV-
infected PBMC may have several implications.
Although the anti-HCV immune response has not been
studied yet in these patients, apoptosis of HCV-infected
PBMC may impair the anti-HCV immune response and
contribute to viral persistence. It has been observed that
(in chronic HCV-infected patients) HCV infection
induces CD95 expression on PBMC and that soluble
CD95L leads to accelerated apoptosis of these CD95-
expressing cells’™. In addition, it has been proposed
that induction of T-cell apoptosis in patients with
chronic HCV infection contribute to sustained HCV
infection®”. Future studies of the relationship between
apoptosis of HCV-infected PBMC and the host anti-
HCV immune response will contribute to elucidate
some of the mechanisms of HCV persistence in infected
patients.

Based on data shown in this study it is possible to
suggest that under certain conditions HCV induces
apoptosis in the absence of liver injury. Induction of
apoptosis in HCV-infected cells may interfere with
viral replication and host immune response, which may
lead to undetectable levels of HCV-RNA in serum and
impaired anti-HCV immune response.

CONCLUSION

Results obtained in this work suggest the presence
of hepatic and PBMC apoptosis in patients positive for
anti-HCV antibodies and negative for serum HCV-
RNA. Both DNA fragmentation by TUNEL assay and
activation of caspase 3 were detected in hepatocytes
and PBMC from patients histologically confirmed as
bearing chronic hepatitis or with abnormal ALAT or
GGTP as well as in patients with no histological
evidences of chronic hepatitis and normalization of
transaminases. In addition, HCV components were
detected in hepatocytes and PBMC showing nuclear
characteristics of apoptosis. Data suggest that under
certain conditions HCV induces apoptosis in the
absence of liver injury.
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