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Hepatic apoptotic markers are not predictors for the
virological response to interferon-based therapy in
chronic hepatitis C patients
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Introduction Chronic hepatitis C virus (HCV) infection is a major health problem worldwide. The majority of cases involving HCV
infection develop into chronic hepatitis because of a failure to develop an effective immune response. Apoptosis of the
hepatocytes plays a significant role in the pathogenesis of HCV infection: the interaction between the Fas antigen on hepatocytes
and the Fas ligand on T cells corresponds to the main mechanism for hepatocyte damage. Interferon (IFN)-a has antiviral,
immunoregulatory, and antiproliferative properties, and apoptosis seems to be a critical event in the action mechanisms of both
IFNs. In this study, we aimed to detect any relationship between apoptotic markers in the liver and the response to the treatment.
Materials and methods The study included 180 chronic HCV patients treated with IFN and ribavirin in four centers. Apoptotic
markers (Fas, Fas ligand, Fas-associated death domain, caspases 3, 8, and 9, and in-situ apoptosis) were studied in the liver.
The age, sex of the patients, response to therapy, ALT level, viral load, and genotype were recorded.

Results The results of the study showed that the histological activity index and fibrosis correlated with CD95 staining density,
caspase-8 intensiveness, and portal and parenchymal Fas ligand scores. The apoptotic parameters of the responsive cases were
not significantly different from those of the unresponsive cases.

Conclusion The apoptotic parameters studied in liver tissue are associated with inflammation and fibrosis; however, these

parameters may not predict response to treatment. Eur J Gastroenterol Hepatol 27:1057-1062
Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Chronic hepatitis C virus (HCV) infection is a major
health problem worldwide, with an estimated prevalence
of 2-3% [1]. The majority of cases involving HCV infec-
tion develop into chronic hepatitis, with failure to develop
an effective immune response appearing to be a key factor
in developing the chronic condition [2]. It is clear that
apoptosis of the hepatocytes plays a significant role in the
pathogenesis of HCV infection [3].

Insufficient apoptotic course causes virus persistence and
hepatocellular carcinoma, whereas excess apoptotic course
causes liver damage [4,5]. Apoptosis primarily develops
from interaction between the Fas antigen on hepatocytes and
the Fas ligand (FasL) on T cells, corresponding to the main
mechanism for hepatocyte damage [6]. Normal hepatocytes

European Journal of Gastroenterology & Hepatology 2015, 27:1057-1062
Keywords: apoptosis, chronic hepatitis C, inflammation, interferon
Departments of @nfection, "Gastroenterology, °Pathology, “Microbiology,
Cerrahpasa Medical School, Istanbul University, ®Okmeydani Research and
Education Hospital, Pathology Department, 9Gastroenterology Department,
Marmara University Medical School, "Pathology Department and Infection
Department, Istanbul Research and Education Hospital, Istanbul, Turkey
Correspondence to Resat Ozaras, MD, Department of Infection, Cerrahpasa
Medical School, Istanbul University, TR-34098 Istanbul, Turkey

Tel/fax: +90 212 4143095; e-mail: rozaras@yahoo.com
Received 31 December 2014 Accepted 20 April 2015

Supplemental digital content is available for this article. Direct URL citations appear
in the printed text and are provided in the HTML and PDF versions of this article on
the journal's website (www.eurojgh.com).

0954-691X Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

do not express the Fas antigen, whereas hepatocytes infected
by HCV express it at varying levels [7]. The Fas/Apo 1
molecule is also known as CD95, which is a member of the
TNF receptor family and stimulates the death signal after
binding to its ligand. It has been established that the level of
Fas antigen in the peripheral blood of patients with HCV is
increased [8]. Interaction between Fas and FasL also acti-
vates apoptosis by activating caspases. The binding of T
lymphocytes to T-cell receptors results in the secretion of
granzymes and perforin stored in granules [9]. The perforins
form pores in the plasma membrane and granzymes cause
caspase activation by penetrating into cells through
these pores.

Interferon (IFN)-o has antiviral, immunoregulatory, and
antiproliferative properties [10]. It stimulates transcriptional
activation of several genes with antiviral properties.
Pegylated IFN combined with ribavirin provides a sustained
virological response (SVR) of ~50% in patients infected
with genotype 1. In addition to the other mechanisms
implicated, clearance of apoptosis seems to be a critical event
in the mechanism of action of both IFN and ribavirin [11,
12]. There may be a link between the pattern of response
and apoptosis: a recent study reported that patients who
achieved SVR had lower levels of post-treatment soluble Fas
(sFas) concentrations compared with nonresponders and
those who developed relapse [13].

Apoptosis is suggested to be associated with liver his-
tology. In patients with chronic HCV infection, the sFas
level has been correlated with liver fibrosis [14] and
necroinflammatory activity [15,16]. Also, higher levels of
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FasL were detected in HCV patients with more severe
necroinflammatory activity [16].

In this study, we aimed to detect any relationship
between apoptotic markers [Fas, FasL, Fas-associated
death domain (FADD), caspases 3, 8, and 9, and in-situ
apoptosis] in liver tissue, biochemical, and virological
parameters, as well as their response to treatment in
patients with HCV infection.

Materials and methods

Two university hospitals and two training hospitals par-
ticipated in this study. The study period was January
2007-December 2012. The study involved chronic HCV
infection patients with biochemical [alanine amino-
transferase (ALT) level normal to < 10-fold of upper limit
of normal], serological (anti-HCV and HCV-RNA posi-
tive), and histopathological findings compatible with
chronic hepatitis C. Patients coinfected with HIV, hepatitis
B and D, patients with alcoholic hepatitis, hemodialysis
patients, and intravenous drug users were excluded.

Patients treated with the pegylated IFN (a2a or 2b) and
ribavirin combination were included. Patients who did not
complete the planned treatment schedule, those with
interrupted therapy, and those with insufficient data were
not included. Patients who had been treated previously
were also excluded.

Chronic HCV patients who have been treated for up to
1 year and have been observed for at least 6 months were
divided into two groups: responders and nonresponders.

Responders

Virologic response is considered ‘rapid’ when HCV RNA
is undetectable 4 weeks after starting the therapy.

It is considered ‘early’” when the HCV RNA level
decreases by at least two logs (or becomes undetectable)
12 weeks after starting.

Undetectable virus at the end of therapy is referred to as
an end-of-treatment response.

A SVR is defined as undetectable HCV RNA in the
serum by a sensitive test at the end of treatment and
6 months later.

Nonresponders

Patients in whom HCV RNA levels fail to decrease by at
least two logs in 24 weeks are considered nonresponders.

Patients in whom HCV RNA levels decrease, but never
become undetectable are referred to as partial responders.

Relapse is defined as detectable HCV RNA in indivi-
duals who achieved an end-of-treatment response.

Demographic (age, sex) and clinical (ALT level, HCV-
RNA level, genotype, treatment dose, treatment duration,
presence or absence of virological response, end of treat-
ment, viral and biochemical response) data were obtained
from patient files.

Liver biopsy

Those who had undergone a liver biopsy within the 3 years
before the start of treatment were included. Paraffin blocks
and/or slides were obtained. Two pathologists who were
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not aware of the patients’ data carried out all of the tissue
studies.

Studies of liver tissue
Liver histology

Although every patient had histology before treatment,
inflammation (histologic activity index) and fibrosis were
restudied in a blinded manner.

Histology was evaluated according to the Knodell score
in each case [17]. The sections were stained with hema-
toxylin and eosin.

Apoptotic markers in the liver tissue

Serial 7 sections in 5 pm were obtained from each block.
Then, the deparaffinization and rehydration processes
were applied. The sections were prepared in a 750 W
microwave oven, at pH 6.0, in a buffered citrate solution
(10 mmol/l) for 15 min without interruption. Bearing in
mind the manufacturer’s recommendations of time
periods, the biotin-streptavidin—alkaline phosphatase
method of improved primary antibodies was applied using
enhanced antibodies for CD95, caspase-3, caspase-8,
caspase-9, Fas, and FasL. Fast red substrate levamisole was
used as the chromogen. Contrast dye was performed using
Mayer’s hematoxylin. The same processes were performed
without using the primary antibodies as a negative control.
Immunoreactivity was scored semiquantitatively in four
different areas that were the most intensely stained.

A terminal transferase reaction, which is an in-situ
labeling method determining nucleosomal DNA fragmen-
tation, was used in the detection of apoptosis. As recom-
mended by the manufacturer, a commercial kit (ApopTag;
Oncor Inc., Gaithersburg, Maryland, USA) was applied
to the sections. Briefly, after deparaffinization and rehy-
dration, the sections were incubated in the proteinase K
(20 pg/ml) for 10min at room temperature. After the
blockage of endogenous peroxidase activity, the sections
were washed twice, for 5 min each time, with a PBS. Then,
two drops of balancing buffer were applied for 10-15s on
the sections at room temperature. It was incubated for 1h
in a moist chamber at 37°C and was buffered with TdT
enzyme with a 2/1 ratio. The sections were held in the wash
buffer solution (1 ml wash buffer + 34 ml distilled water) at
room temperature for 10 min and then washed three times,
again for 5 min each time, with PBS. After dripping two
drips of antidigoxigenin peroxidase onto each section, they
were washed with PBS for 30 min in a moist chamber at
room temperature. The reaction was visualized by
diaminobenzidine/hydrogen peroxide. The negative control
was obtained by applying a similar method to remove the
TdT enzyme from one of the serial sections. Expression of
ApopTag at x400 magnification in light microscopy was
evaluated in four separate areas with higher immune
expression, preferably counting a total of 1000 cells (>500
cells).

The apoptotic index was calculated by dividing the
number of cells showing nuclear staining by the total
number of cells.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Immunohistochemical studies

Immunohistochemical studies were evaluated semi-
quantitatively on the basis of the previously described
methods [18-20].

CD95

Membranous staining and/or cytoplasmic staining were
searched in the hepatocytes. For membranous staining,
both staining density and the extent of staining were
evaluated semiquantitatively. For staining density, an
absence of density of staining was scored as 0; if staining
was visible at X200 magnification, it was scored as 1; if
staining was visible at x 100 magnification, it was scored
as 2; and if staining was visible at X 40 magnification, it
was scored as 3.

For staining extensity, no extensity was scored as 0;
focal staining in small numbers of hepatocytes was scored
as 1; if hepatocytes were stained in wide foci, it was scored
as 2; and if there was widespread membranous staining, it
was scored as 3.

Fas-associated death domain

For the cytoplasmic staining of hepatocytes, both staining
density and extent of staining were evaluated semi-
quantitatively. To evaluate the staining density, an absence
of density of staining was scored as 0; if staining was
visible at X200 magnification, it was scored as 1; if
staining was visible at x 100 magnification, it was scored
as 2; and if staining was visible at X 40 magnification, it
was scored as 3.

For staining extensity, no identifiable extensity was
scored as 0; focal staining in small numbers of hepatocytes
at the periportal and/or pericentral area was scored as 1; if
hepatocytes were stained in wide foci, it was scored as 2;
and if there was widespread staining, it was scored as 3.

Caspase-3

Diffuse, fine granular, and/or rough granular staining was
screened in hepatocyte cytoplasm. The staining density and
extent of staining were evaluated semiquantitatively with
the same scoring as described for FADD.

Caspase-8

Diffuse and rough granular staining was searched in the
cytoplasm of hepatocytes. Immunohistochemistry expres-
sion was scored semiquantitatively between 0 and 3: if no
staining was observed, it was scored as 0; if three or less
hepatocyte lines at periportal and/or pericentral area were
stained, it was scored as 1; if more than 3 hepatocyte lines
at periportal and/or pericentral area were stained and/or
staining in zone 2 were detected, it was scored as 2; and
widespread staining in the liver parenchyma was
scored as 3.

Caspase-9

Diffuse, fine granular, and/or rough granular staining was
observed in hepatocyte cytoplasm. The density and extent
of staining were evaluated semiquantitatively with the
same scores described for FADD and for caspase-8,
respectively.
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Fas ligand

Evaluation was performed considering the number of T
lymphocytes showing immunoexpression at the portal
areas and parenchyma. At least four portal and lobular
areas were evaluated. At the portal area, if the T lym-
phocytes showing immunoexpression were less than 3, it
was scored as 0; if it was between 5 and 10, it was scored
as 2, if it was between 11 and 15, it was scored as 2; and if
it was more than 16, it was scored as 3. At the par-
enchyma, if the number of lymphocytes showing immu-
noexpression per lobule was less than 5, it was scored as 1;
if it was higher than 2, it was scored as 2.

Apoptotic index

Expression of ApopTag at x400 magnification in light
microscopy was evaluated in four separate areas with
higher immune expression, preferably counting a total of
1000 cells (>500 cells). The apoptotic index was calcu-
lated by dividing the number of cells showing nuclear
staining by the total number of cells.

Ethics

For the study, a retrospective consent from the patients
was not obtained. The study was approved by The
Committee of Ethics of Cerrahpasa Medical School.

Statistical evaluation

Evaluation was carried out using the statistical package for
social sciences software (SPSS Inc. Version 17.0. Chicago,
Illinois, USA). Primary assessment was performed using
Pearson’s correlation analysis. On the basis of these
results, the factors affecting the response to treatment were
determined by regression analysis. Comparison of con-
tinuous variables between the groups was performed using
Student’s z-test. The y*-test was used to compare catego-
rical variables. P less than 0.05 was considered significant.

Results

There were 180 patients with complete clinical and
laboratory data and liver biopsy samples. Demographic
characteristics, genotypes, ALT and HCV-RNA levels, and
histology of 86 (48%) responder patients and 94 (52%)
nonresponder patients are presented in Table 1.

Apoptotic studies yielded results, except density of caspase-
8; most of the samples were stained in high density [Figs 1a,b,c,
2a and b, 3a and b, Supporting Fig. 1A (Supplemental digital
content 1, hitp:/links.hww.com/EJGH/A30), 1B (Supplemental
digital content 2, hbttp:/llinks.lww.com/EJGH/A31), 2A
(Supplemental digital content 3, http:/links.hww.com/EJGH/
A32), 2B (Supplemental digital content 4, http://links.lurw.com/
EJGH/A33), 3 (Supplemental digital content 5, hetp://links.
hww.com/EJGH/A34), 4 (Supplemental digital content 6,
http:/links.how.com/EJGH/A35)]. Apoptotic parameters stu-
died in the liver tissue were comparable in responders and
nonresponders (Table 2).

The histology correlated with some apoptotic parameters

The histologic activity index correlated positively with the
density of CD95 (P=0.02, r=0.24), extensity of caspase-8

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Table 1. Demographic and clinical characteristics of responder and nonresponder patients

Responder patients (n=86) Nonresponder patients (n=94) P
Age (mean+ SD) (years) 47.7+10 51.9+8 <0.05
Sex (male/female) 35/51 37/57 >0.05
BMI (kg/m2) 26.1 27.8 <0.05 (0.048)
ALT (mean) (1U/1) 96.1 93.2 <0.05
HCV-RNA (mean) (IU/I) 1 959 982 2 677 326 <0.05
Genotype (1b/1a/others) 78/4/4 82/8/4 >0.05
Histologic activity index (mean) 7.27 712 <0.05
Fibrosis score (mean) 1.78 1.66 <0.05

ALT, alanine aminotransferase; HCV, hepatitis C virus.

(c) _

Fig. 1. (a) CD95, x 400, widespread membranous staining. (b) CD95, x 400, granular cytoplasmic staining. (c) CD95, x 400, membranous and granular
cytoplasmic staining.

(b)

Fig. 2. (a) Caspase-3, x 400, rough granular staining in the cytoplasm of hepatocytes. (b) Caspase-3, x 200, in most hepatocytes, fine granular diffusely
staining and a few examples of rough granular staining.

(b)

Fig. 3. (a) Ligand of Fas, x 200, large number of positive-stained lymphocytes at the two portal area. (b) Ligand of Fas, x 400, positive-stained lymphocytes in
the portal area and surrounding sinusoids.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Table 2. Apoptotic studies in the liver tissue in responder and
nonresponder patients

Responder patients ~ Nonresponder patients

Score (n=86) (n=94) P

Density of CD95 1.80+0.8 1.89+0.8 >0.05
Extensity of CD95 1.76+0.9 1.80+0.8 >0.05
Density of caspase-3 1.63+0.9 1.60+£0.9 >0.05
Extensity caspase-3 1.561+0.9 1.47+0.9 >0.05
Density of caspase-8* 3.0+0 3.0+0 > 0.05
Extensity of caspase-8 1.65+0.8 1.62+0.9 >0.05
Density of caspase-9 2.05+£0.9 2.00£0.9 >0.05
Extensity of caspase-9 1.30+0.7 1.30+£0.7 >0.05
Density of FADD 0.61+0.8 1.69+0.8 >0.05
Extensity of FADD 0.58+0.8 0.64+0.8 >0.05
FasL, portal 1.44+0.9 1.54+0.9 >0.05
FasL, parenchymal 0.81+0.8 0.82+0.7 >0.05
Apoptotic index 3.38+2.9 3.67+£3.5 >0.05

“Most of the samples were stained with caspase-8 at high density.
FADD, Fas-associated death domain; FasL, Fas ligand.

(P=0.02, r=0.21), portal (P<0.0001, r=0.34), and
parenchymal (P=0.012, r=0.23) FasL scores.

Fibrosis also correlated positively with the density of
CD95 (P=0.02, r=0.24), extensity of caspase-8 (P =0.02,
r=0.21), portal (P<0.0001, r=0.34), and parenchymal
(P=0.012, r=0.23) FasL scores.

The histologic activity index correlated positively with
fibrosis (P <0.0001, r=0.59). The relationship between
HCV-RNA level and histologic and apoptotic parameters
is not determined.

Discussion

The apoptotic mechanism is an important process in the
elimination of infected cells. It is known that this process is
also involved in HCV infection [21], whereas clearance of
infected hepatocytes by apoptosis is suggested to be a
critical event in HCV treatment [11]. On the surface of
hepatocytes, Fas (CD935) is expressed and the binding of
FasL (an effector molecule of cytotoxic T cells) to Fas
triggers the extrinsic pathway of apoptosis. This binding
subsequently activates the caspases [22]. We assessed
several steps involved in the apoptotic process and inves-
tigated any relationship between these parameters and
treatment response as well as other known parameters
shown to predict the response.

Apoptosis of hepatocytes and HCV interaction has not
been clearly explored. Some studies have suggested that
HCV core protein suppresses apoptosis [23,24], whereas
others suggest that HCV core protein sensitizes Fas and is
a positive regulator of apoptosis [25].

Clinical studies have attempted to discover an indirect
explanation for HCV-apoptosis interaction.

In 72 patients treated with IFN (10 MU/day for the first
week three times per week for the next 22 weeks), the
response was identified. Fas antigens (immunohistochem-
istry, anti-Fas monoclonal antibody) were studied in
paraffin-embedded liver tissues [26-28]. Fas expression
was reported to predict the short-term and long-term
response to treatment. In another study of 67 HCV
patients, a worse response to treatment was reported in
patients with high levels of Fas antigen [29].
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sFas is produced either by the splicing of transcripts or
by the shedding of the extracellular portion of Fas [30].
sFas can reduce Fas/FasL-mediated apoptosis [31]. The
sFas level was reported to correlate with liver fibrosis and
inflammation in chronic HCV infection [14,15]. Higher
levels of sFas were reported in more severe inflammation in
HCV patients [16].

sFasL is produced by proteolytic cleavage of FasL and
shows proapoptotic properties [32]. Higher levels of sFasL
were reported in HCV patients with more severe inflam-
matory activities [16]. In a recent study, Schiavon et al.
[13] found higher baseline sFasL levels in nonresponders
compared with responders. In our study, we could not test
sFas or sFasL levels in the blood. We found no correlation
between histology and Fas or FasL in liver tissue. A
probable explanation for this may be the fact that HCV-
specific T cells migrate to the liver, become activated, and
then express FasL that tranduces the apoptotic cell death
signal to the infected hepatocytes. Therefore, Fas expres-
sion and the degree of liver inflammation may not corre-
late with intrahepatic viral load [22,33].

Confirming many other studies, being younger and
leaner, with higher ALT, lower HCV-RNA, and a higher
necroinflammatory score are found to be favorable factors
for predicting the HCV treatment response. However,
apoptotic parameters are found to be comparable in
responders and nonresponders. Although some apoptotic
parameters do correlate with inflammation and fibrosis,
they cannot predict the treatment responses.

The use of paraffin-embedded liver tissue samples for
studying apoptotic parameters seems to be a limitation of
this study. However, other studies encourage using
paraffin-embedded liver tissue samples for apoptotic stu-
dies: rat liver [34,35], rat and mouse liver [36], human and
rat liver [37], and human liver studies [26,28,37-41]
supported archived tissue studies. Fukuzawa er al. [26]
compared fresh-frozen samples and paraffin-embedded
tissue samples in their study of the apoptotic index and in-
situ hybridization in liver tissue. They showed that both
samples yielded valid and reproducible results, although
fixing through fresh freezing may interrupt the evaluation
of some intrahepatic structures.

Furthermore, Gown and Willingham [27] reported that
the archived paraffin-embedded tissue samples show the
activity of caspases with high sensitivity and specificity.
The apoptotic index was successfully studied in archived
paraffin-embedded samples of breast tissue from women
with breast cancer [42].

This study has shown that inflammation and fibrosis,
the basic histopathological features of the liver, are asso-
ciated with some apoptotic indicators. However, apoptotic
parameters may not be used in isolation to predict the
response to the treatment.

Acknowledgements

This study was supported by The Scientific and
Technological Research Council of Turkey (Project No:
1055426) and the Scientific Research Projects Coordination
Unit of Istanbul University (Project No: BYP2388).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



1062

European Journal of Gastroenterology & Hepatology

Conflicts of interest

There are no conflicts of interest.

References

1

2

20

21

Lavanchy D. The global burden of hepatitis C. Liver Int 2009; 29 (Suppl
1):74-81.

Bowen DG, Walker CM. Adaptive immune responses in acute and
chronic hepatitis C virus infection. Nature 2005; 436:946-952.
Calabrese F, Pontisso P, Pettenazzo E, Benvegnu L, Vario A,
Chemello L, et al. Liver cell apoptosis in chronic hepatitis C correlates
with histological but not biochemical activity or serum HCV-RNA levels.
Hepatology 2000; 31:1153-1159.

Roulston A, Marcellus RC, Branton PE. Viruses and apoptosis. Annu
Rev Microbiol 1999; 53:577-628.

Bantel H, Schulze-Osthoff K. Apoptosis in hepatitis C virus infection. Cell
Death Differ 2003; 10 Suppl 1:548-S58.

Hiramatsu N, Hayashi N, Katayama K, Mochizuki K, Kawanishi Y,
Kasahara A, et al. Iimmunohistochemical detection of Fas antigen in liver
tissue of patients with chronic hepatitis C. Hepatology 1994;
19:1354-1359.

Mita E, Hayashi N, lio S, Takehara T, Hijioka T, Kasahara A, et al. Role of
Fas ligand in apoptosis induced by hepatitis C virus infection. Biochem
Biophys Res Commun 1994; 204:468-474.

lio S, Hayashi N, Mita E, Ueda K, Mochizuki K, Hiramatsu N, et al.
Serum levels of soluble Fas antigen in chronic hepatitis C patients.
J Hepatol 1998; 29:517-523.

Trapani JA, Sutton VR, Smyth MJ. CTL granules: evolution of vesicles
essential for combating virus infections. Immunol Today 1999;
20:351-356.

Stark GR. How cells respond to interferons revisited: from early history
to current complexity. Cytokine Growth Factor Rev 2007; 18:419-423.
Castelli JC, Hassel BA, Wood KA, Li XL, Amemiya K, Dalakas MC, et al.
A study of the interferon antiviral mechanism: apoptosis activation by
the 2-5A system. J Exp Med 1997; 186:967-972.

Meier V, Blrger E, Mihm S, Saile B, Ramadori G. Ribavirin inhibits DNA,
RNA, and protein synthesis in PHA-stimulated human peripheral blood
mononuclear cells: possible explanation for therapeutic efficacy in
patients with chronic HCV infection. J Med Virol 2003; 69:50-58.
Schiavon LL, Narciso-Schiavon JL, Carvalho-Filho RJ, Sampaio JP, El
Batah PN, Silva GA, et al. Evidence of a significant role for Fas-mediated
apoptosis in HCV clearance during pegylated interferon plus ribavirin
combination therapy. Antivir Ther 2011; 16:291-298.

El Bassiouny AE, El-Bassiouni NE, Nosseir MM, Zoheiry MM, El-
Ahwany EG, Salah F, et al. Circulating and hepatic Fas expression in
HCV-induced chronic liver disease and hepatocellular carcinoma.
Medscape J Med 2008; 10:130.

Toyoda M, Kakizaki S, Horiguchi N, Sato K, Takayama H, Takagi H,
et al. Role of serum soluble Fas/soluble Fas ligand and TNF-alpha on
response to interferon-alpha therapy in chronic hepatitis C. Liver 2000;
20:305-311.

Neuman MG, Benhamou JP, Marcellin P, Valla D, Malkiewicz IM,
Katz GG, et al. Cytokine — chemokine and apoptotic signatures in
patients with hepatitis C. Trans/ Res 2007; 149:126-136.

Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz N, et al.
Formulation and application of a numerical scoring system for assessing
histological activity in asymptomatic chronic active hepatitis. Hepatology
1981; 1:431-435.

Valva P, De Matteo E, Galoppo M, Pedreira A, Giacove G, Lezama C,
et al. Apoptosis markers in liver biopsy of nonalcoholic steatohepatitis in
pediatric patients. Hum Pathol 2008; 39:1816-1822.

Ehrmann J Jr, Galuszkova D, Ehrmann J, Krc |, Jezdinska V, Vojtések B,
et al. Apoptosis-related proteins, BCL-2, BAX, FAS, FAS-L and PCNA in
liver biopsies of patients with chronic hepatitis B virus infection. Pathol
Oncol Res 2000; 6:130-135.

Feldstein AE, Canbay A, Angulo P, Taniai M, Burgart LJ, Lindor KD,
Gores GJ. Hepatocyte apoptosis and fas expression are prominent
features of human nonalcoholic steatohepatitis. Gastroenterology 2003;
125:437-443.

Abe S, Kotoh K, Arao S, Tabaru A, Otsuki M. Fas antigen expression on
hepatocytes predicts the short- and long-term response to interferon
therapy in patients with chronic hepatitis C. Scand J Gastroenterol
2001; 36:326-331.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

September 2015 e Volume 27 @ Number 9

Zekri AR, Bahnassy AA, Hafez MM, Hassan ZK, Kamel M, Loutfy SA,
et al. Characterization of chronic HCV infection-induced apoptosis.
Comp Hepatol 2011; 10:4.

Machida K, Tsukiyama-Kohara K, Seike E, Toné S, Shibasaki F,
Shimizu M, et al. Inhibition of cytochrome ¢ release in Fas-mediated
signaling pathway in transgenic mice induced to express hepatitis C viral
proteins. J Biol Chem 2001; 276:12140-12146.

Disson O, Haouzi D, Desagher S, Loesch K, Hahne M, Kremer EJ, et al.
Impaired clearance of virus-infected hepatocytes in transgenic mice
expressing the hepatitis C virus polyprotein. Gastroenterology 2004;
126:859-872.

Hahn CS, Cho YG, Kang BS, Lester IM, Hahn YS. The HCV core protein
acts as a positive regulator of Fas-mediated apoptosis in a human
lymphoblastoid T cell line. Virology 2000; 276:127-137.

Fukuzawa K, Takahashi K, Furuta K, Tagaya T, Ishikawa T, Wada K,
et al. Expression of Fas/Fas ligand (FaslL) and its involvement in infil-
trating lymphocytes in hepatocellular carcinoma (HCC). J Gastroenterol
2001; 36:681-688.

Gown AM, Wilingham MC. Improved detection of apoptotic cells in
archival paraffin sections: immunohistochemistry using antibodies to
cleaved caspase 3. J Histochem Cytochem 2002; 50:449-454.
Grassi A, Susca M, Ferri S, Gabusi E, D’'Errico A, Farina G, et al.
Detection of the M30 neoepitope as a new tool to quantify liver apop-
tosis: timing and patterns of positivity on frozen and paraffin-embedded
sections. Am J Clin Pathol 2004; 121:211-219.

Ohkawa K, Hiramatsu N, Mochizuki K, Mita E, lio S, Yoshihara H, et al.
Significance of serum soluble Fas antigen level in chronic hepatitis C
patients treated with interferon: relationship to the therapeutic response.
J Gastroenterol Hepatol 2001; 16:1009-1014.

Cascino |, Fiucci G, Papoff G, Ruberti G. Three functional soluble forms
of the human apoptosis-inducing Fas molecule are produced by alter-
native splicing. J Immunol 1995; 154:2706-2713.

Cheng J, Zhou T, Liu C, Shapiro JP, Brauer MJ, Kiefer MC, et al.
Protection from Fas-mediated apoptosis by a soluble form of the Fas
molecule. Science 1994; 263:1759-1762.

Gruss HJ. Molecular, structural, and biological characteristics of the
tumor necrosis factor ligand superfamily. Int J Clin Lab Res 1996;
26:143-159.

Muschen M, Warskulat U, Peters-Regehr T, Bode JG, Kubitz R,
Héussinger D. Involvement of CD95 (Apo-1/Fas) ligand expressed by rat
Kupffer cells in hepatic immunoregulation. Gastroenterology 1999;
116:666-677.

Karavias DD, Tsamandas AC, Tepetes K, Kritkos N, Kourelis T,
Ravazoula P, et al. BCL-2 and BAX expression and cell proliferation,
after partial hepatectomy with and without ischemia, on cholestatic liver
in rats: an experimental study. J Surg Res 2003; 110:399-408.

Short BG, Zimmerman DM, Schwartz LW. Automated double labeling
of proliferation and apoptosis in glutathione S-transferase-positive
hepatocytes in rats. J Histochem Cytochem 1997; 45:1299-1305.
Higami Y, Tsuchiya T, To K, Chiba T, Yamaza H, Shiokawa D, et al.
Expression of DNase gamma during Fas-independent apoptotic DNA
fragmentation in rodent hepatocytes. Cell Tissue Res 2004; 316:403-407.
Zhang J, You H, Wang T, Wang B, Jia J, Katayama H, et al. Triple
staining to identify apoptosis of hepatic cells in situ. J Nippon Med Sch
2000; 67:280-283.

Tsamandas AC, Thomopoulos K, Zolota V, Kourelis T, Karatzas T,
Ravazoula P, et al. Potential role of bcl-2 and bax mRNA and protein
expression in chronic hepatitis type B and C: a clinicopathologic study.
Mod Pathol 2003; 16:1273-1288.

Frommel TO, Yong S, Zarling EJ. Immunohistochemical evaluation of
Bcl-2 gene family expression in liver of hepatitis C and cirrhotic patients:
a novel mechanism to explain the high incidence of hepatocarcinoma in
cirrhotics. Am J Gastroenterol 1999; 94:178-182.

Polat A, Kayaselcuk F, Egilmez R, Tuncer I. Expression of Fas Antigen
and Bcl-2 Protein in liver tissues of patients with chronic hepatitis B.
Turk J Med Sci 2001; 31:517-521.

Ribeiro PS, Cortez-Pinto H, Sola S, Castro RE, Ramalho RM,
Baptista A, et al. Hepatocyte apoptosis, expression of death receptors,
and activation of NF-kappaB in the liver of nonalcoholic and alcoholic
steatohepatitis patients. Am J Gastroenterol 2004; 99:1708-1717.
Schondorf T, Gohring UJ, Becker M, Hoopmann M, Schmidt T,
Rutzel S, et al. High apoptotic index correlates to p21 and p7 expres-
sion indicating a favorable outcome of primary breast cancer patients,
but lacking prognostic significance in multivariate analysis. Pathobiology
2004; 71:217-222.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.





