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documented in and around the area of hepatocyte damage
[13, 14].

Tropomyosin is one of the actin-associated proteins,
present in virtually all eukaryotic cells, and modulates the
interaction between actin and myosin to stabilize the actin-
filament structure. Tropomyosin assembles into an o«-heli-
cal coiled heterodimer composed of an «-chain and a
B-chain, with each molecule interacting with six or seven
monomers of actin [15, 16]. Tropomyosin regulates the
contractility of striated muscle by blocking myosin-binding
sites on actin in the relaxed state. On activation, tropo-
myosin moves away from these sites [17]. X-ray studies
have suggested that the initiation of smooth muscle con-
traction leads to the movement of tropomyosin in a manner
similar to that in striated muscle [18]. Although one recent
study has shown the expression and organization of actin
filaments and tropomyosin in the cloned hepatic GRX cell
line [19], tropomyosin expression patterns in primary cul-
tured HSCs and the fibrotic liver remain to be studied.

This study aimed to demonstrate the presence of
tropomyosin in HSCs and clarify the dynamics of its
expression pattern during HSC activation. Herein, we
report in detail the expression pattern of tropomyosin in
cultured rat HSCs and fibrotic liver tissue induced in rats
by thioacetamide (TAA) administration, and further dem-
onstrate the network of «-SMA filaments and tropomyosin
in primary HSC cultures.

Materials and methods
Materials

Collagenase was purchased from Wako Pure Chemical Co.
(Osaka, Japan). Pronase E was obtained from Merck
(Damstadt, Germany). Mouse monoclonal IgG2a antibody
against «-SMA, mouse monoclonal IgG1 antibody against
tropomyosin, Dulbecco’s modified Eagle’s medium
(DMEM), TAA, and fetal bovine serum (FBS) were pur-
chased from Sigma Chemical Co. (Saint Louis, MO, USA).
Rabbit polyclonal IgG antibodies against human platelet-
derived growth factor receptor-f (PDGFR-f) that reacts
with rat PDGFR-f were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Horseradish
peroxidase-conjugated secondary antibodies against mouse
and rabbit immunoglobulins were obtained from Dako.
Alexa Fluor 488 goat antimouse IgG2a antibodies and
Alexa Fluor 594 goat antimouse IgG1 antibodies were from
Molecular Probes (Eugene, OR, USA). ECL immunoblot-
ting detection reagent was purchased from Amersham
Pharmacia Biotech (Buckinghamshire, England). Immobi-
lon P membranes were from Millipore Corp. (Bedford,
MA, USA). Cell culture inserts were from Falcon (Beckton

Dickinson, Franklin Lakes, NJ, USA). All the other
reagents were purchased from Sigma Chemical Co. or
Wako Pure Chemical Co.

Animals

Pathogen-free male Wistar rats (12-week-old, body weight
200-220 g) were obtained from SLC (Shizuoka, Japan).
Animals were housed at a constant temperature and sup-
plied with laboratory chow and water ad libitum. The
protocol of the experiments was approved by the Animal
Research Committee of Osaka City University (Guide for
Animal Experiments, Osaka City University).

Induction of liver fibrosis

Liver fibrosis was induced in rats (n = 3) by the intra-
peritoneal injection of TAA (40 mg/body weight)
dissolved in 2 ml of saline twice a week for up to
10 weeks. Control rats (n = 3) were given 2 ml of saline
during the same period.

Preparation of HSCs

HSCs were isolated from male Wistar rats, as previously
described in detail [20]. Isolated HSCs were suspended in
DMEM supplemented with 10% FBS at a cell density of
5 x 10° cells/ml, and 1.5 ml of the cell suspension was
introduced into a 35-mm cell tissue culture plate (Falon,
3003). After the culture had continued for the indicated
number of days, the cells were fixed in 4% paraformalde-
hyde solution for immunocytochemistry or lysed for
immunoblotting.

Immunoblotting

Protein samples (10 pg) were subjected to SDS-PAGE and
then transferred onto Immobilon P membranes. After
blocking, the membranes were treated with primary anti-
bodies and then with peroxidase-conjugated secondary
antibodies. Immunoreactive bands were visualized using
the ECL system (Amersham Pharmacia Biotech) and
documented by LAS 1000 (Fuji Photo Film, Kanagawa,
Japan). The density of bands was analyzed using a BIO-
RAD GS-700 densitometer. Experiments were repeated
thrice using samples obtained from HSCs isolated from
different rats.

Immunohistochemistry and collagen staining
Immunohistochemistry was performed using the methods

described in detail elsewhere [21]. After the development
of fibrosis, rats were anesthetized and laparotomized. The
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liver was perfused with phosphate-buffered saline (PBS)
and then perfusion-fixed with 4% formaldehyde, dehy-
drated, and embedded in Polybed. Sections were cut at a
thickness of 5 pm and stained for 1 h in 0.1% (w/v) Sirius
red (Direct Red 80, Aldrich, Milwaukee, WI, USA) [22].
Double immunostaining analysis was carried out using
methods described previously [22]. After blocking with 5%
bovine serum albumin/PBS, they were incubated overnight
with primary antibodies in the medium. They were then
incubated with both 20 pg/ml Alexa Fluor 488 goat anti-
mouse [gG2a antibody and 20 pg/ml Alexa Fluor 594 goat
anti-mouse IgG1 antibody for 2 h. Specimens were coun-
terstained for nuclei with DAPIL. The sections were
observed under an LSM510 confocal laser scanning
microscope (Carl Zeiss, Germany).

Cultured HSCs on glass microscope slides were fixed
with 3.7% formaldehyde for 30 min at room temperature.
After washing thrice with PBS containing 0.1% Triton
X-100, the fixed cells were incubated with anti-a-SMA
antibody and anti-tropomyosin antibody for 1 h at room
temperature and successively with FITC-labeled goat
antimouse IgG1 (Alexa Fluor 488) and rhodamine-labeled
goat antimouse [gG2a (Alexa Fluor 594) for 1 h at room
temperature. After washing, the specimens were observed
under an LSM510 confocal laser scanning microscope
(Carl Zeiss, Germany). Experiments were repeated thrice
using samples obtained from HSCs isolated from different
rats.

Immunohistochemical analysis of human liver samples

One specimen obtained by resection during surgery from
subjects with normal liver function was used as a control.
Informed written consent was obtained from all patients at
the time of their liver biopsy, and the study was conducted
in conformance with the Helsinki Declaration. The diag-
nosis of liver cirrhosis was established on the basis of the
clinical and histopathological features. Immunohisto-
chemistry was performed according to the methods
described above.

Results

Tropomyosin expression in primary cultured HSCs

We investigated the expression of tropomyosin in primary-
cultured HSCs as a model because HSC culture precisely
resembles the in vivo cellular phenotypic change of HSCs
from a vitamin A-storing quiescent phenotype to an acti-
vated and myofibroblastic phenotype in response to
inflammatory stimuli [23]. Freshly isolated and plated
HSCs resembled lipocytes, extended branching cytoplasmic

@ Springer

processes, and enclosed multiple droplets that contained
retinol (Fig. 1Aa). After culturing for 3 days, the cells
expanded their cell body with enlarged processes and
nuclei, and the size of fat droplets decreased (Fig. 1Ab). By
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Fig. 1 Tropomyosin expression in primary cultured HSCs. A The
cell morphology of isolated and cultured HSCs was observed under
phase-contrast microscopy everyday, monitored, and digitally
recorded. a Day 1. HSCs attached to the plate enclose droplets that
contain vitamin A. b Day 3. HSCs start extending their processes. ¢
Day 7. HSCs showed enlarged cell body and lose their droplets
(magnification, x200). B The expression of tropomyosin in cultured
HSCs was determined by immunoblot and immunocytochemistry.
Whole-cell homogenates were subjected to SDS-PAGE, transferred
onto the membrane, and successively immunoreacted with PDGFR-8,
«-SMA, or tropomyosin. Note that tropomyosin is induced in HSCs
time dependently after starting the culture in a manner similar to the
expression of PDGFR-B and a-SMA. Representative data from three
independent preparations are presented here. C Immunocytochemis-
try of tropomyosin and a-SMA. Cultured HSCs on days 1, 5, and 10
were fixed in 4% paraformaldehyde and subjected to immunocyto-
chemistry, as described in section “Materials and methods”. Note that
tropomyosin appears on day 5 and becomes prominent on day 10.
Tropomyosin colocalizes and generates stress fibers with «-SMA
(magnification x200)
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day 7, most of the cells had lost their fat droplets,
spread more prominently, and appeared “myofibroblastic”
(Fig. 1Ac). These observations are in good agreement with
previous reports [1, 6, 21].

As shown in Fig. 1B, immunoblot analysis showed that
bands for tropomyosin at molecular weights of 36-39 kDa
[24] were invisible in freshly isolated HSCs, started to
appear in them after being cultured for 3 days, and there-
after increased in a time-dependent manner. The relative
level of tropomyosin evaluated by densitometric normali-
zation against GAPDH gradually increased with culture
prolongation (data not shown). The multiple bands detected
are considered to be related to post-transcriptional modi-
fication, particularly N-terminal acetylation, of the protein,
as described elsewhere [25]. Tropomyosin induction took
place in a similar manner to that of «-SMA and PDGFR-f
(Fig. 1B). These observations were further confirmed by
immunocytochemistry. a-SMA became readily detectable
on day 1 and was uniformly distributed in the cytoplasm.
HSCs cultured for more than 5 days exhibited a flattened
and stretched morphology with developed stress fibers,
which consisted of «-SMA (Fig. 1C). Tropomyosin was
negligible on day 1, but was visible and co-localized with
o-SMA at day 5, and then exhibited prominent stress fibers
crossing the cytoplasm together with a-SMA bundles
(Fig. 1C).

Expression of tropomyosin in fibrotic livers

Tropomyosin induction in culture-activated HSCs promp-
ted us to investigate its expression in liver tissue. As shown
in Fig. 2A, total protein extracted from rat livers treated
with TAA for 6 or 10 weeks cross-hybridized to a-SMA
and tropomyosin antibodies, whereas virtually no hybridi-
zation was observed in the total extraction from an intact
rat liver. This result indicates that tropomyosin is not
ubiquitously expressed in liver-constituent cells such as
hepatocytes, Kupffer cells, and endothelial cells. The level
of tropomyosin in the liver homogenate increased in a
time-dependent manner after TAA administration, similar
to the induction of PDGFR-f and «-SMA. Collagen
deposition was prominent in the liver after a 10-week TAA
administration, as shown on Sirius red staining. Tropo-
myosin was found to be present along the fibrotic septum,
although it was rarely seen in the intact liver (Fig. 2B).
Double immunostaining of a-SMA and tropomyosin con-
firmed that these two proteins co-existed in and around the
fibrotic septum and were hardly present in “pseudolobular”
parenchyma where no fibrosis was obvious (Fig. 2C).
However, activated HSCs that were present close to the
septum and positive for a-SMA also expressed tropomyo-
sin (Fig. 2C, high), indicating both activated HSCs and
septum-forming myofibroblasts ubiquitously expressed
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Fig. 2 Expression of tropomyosin in fibrotic livers. The expression
of tropomyosin in the fibrotic liver was determined by immunoblot
and immunohistochemistry. A Whole-liver homogenates were sub-
jected to SDS-PAGE, transferred onto the membrane, and
successively immunoreacted with PDGFR-f, a-SMA, or tropomyo-
sin. Note that tropomyosin is induced in the liver of rats treated with
TAA time dependently after starting injection in a similar manner to
the expression of PDGFR-f and -SMA. B Histology. Prominent liver
fibrosis is observed in the liver of rats treated with TAA for 10 weeks
by Sirius red staining. Tropomyosin expression is clear along the
septa. C Fluorescent immunohistochemistry of tropomyosin and o-
SMA. Double immunostaining was performed in the liver of rats
treated with TAA for 6 and 10 weeks. Note that both proteins always
colocalize and are expressed strongly at the site between noninjurious
parenchyma and septa (magnification x100). Activated HSCs
(arrows) that were present close to the septum and positive for «-
SMA also expressed tropomyosin (magnification x400)

tropomyosin. A strong linear-pattern expression of these
proteins at the site between the septum and the parenchyma
was notable. Tropomyosin expression was rarely observed
in intact human liver, while it was localized along the
fibrotic septum in human cirrhosis (Fig. 3).

Discussion

Activated HSCs express «-SMA as contractile machinery.
Although accumulated studies have evaluated the impor-
tance of a-SMA and other cytoskeletons filaments on HSC
contraction, there has been no report on the expression of
tropomyosin, which is one of the components of actin
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Fig. 3 Expression of
tropomyosin in human livers.
The expression of tropomyosin
in the human liver was
determined by
immunohistochemistry. A Intact
human liver. B Cirrhosis caused
by hepatitis C infection. C
Negative control stained
without antitropomyosin
antibody (magnification x200)

filaments and calcium-binding proteins and plays a major
role in the contraction process of smooth muscle, in HSCs
and fibrotic liver tissue. The key molecular function of
tropomyosin is to shield and unshield the binding site of
myosin to actin [15, 16]. Thus, tropomyosin is speculated
to play a pivotal role also in the contraction of HSCs. In the
present study, we report for the first time that the expres-
sion of tropomyosin is found predominantly in activated
HSCs and to be as high as «-SMA. These observations
suggest that tropomyosin is a regulatory protein which
counteracts or triggers the contraction of HSCs due to its
calcium-binding status. In fact, HSC contraction is
reportedly induced by endothelin-1, angiotensin II, and
thrombin, which are all intracellular calcium inducers [23].

HSCs are considered to be more contractile at pre-
sinusoidal terminal portal venules in the injured liver, as
indicated by the high-level expression of endothelin-1
receptors [26]. HSCs localized at this site also generate
endothelin-1 and angiotensin-II, that are responsible mol-
ecules for portal hypertension, a pathological process
induced by constriction of the hepatic vasculature [27, 28].
As a consequence, tropomyosin expressed at the site
between the septum and the parenchyma is speculated to
play a positive regulatory role in actin-myosin association
and contribute to presinusoidal portal rigidity.

In conclusion, the present findings indicate that tropo-
myosin could be a novel marker for activated HSCs in vivo
as well as in culture and be utilizable for a clinical diag-
nosis of liver fibrosis.
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Abstract Inhibition of the proliferation of hepatic stellate
cells (HSC) is clinically important for the control of liver
fibrosis and cirrhosis. Interferons are now frequently used
for chronic viral hepatitis because of their anti-viral
activity. However, patients treated with interferons exhibit
a regression of liver fibrosis even if viral eradication is not
achieved, indicating that interferon itself has anti-fibrotic
activity. Herein, we show the anti-proliferation and pro-
apoptotic activity of natural interferon o against HSC. We
found that interferon o« inhibited serum-stimulated
[*H]thymidine incorporation of HSC in a dose-dependent
manner, with a significant reduction at more than 100 U/
ml. Interferon « also attenuated PDGF-BB-stimulated
DNA synthesis of HSC. Although the molecular mecha-
nism behind these phenomena has not been defined, we
found that interferon o triggers the apoptosis of HSC
treated with low-dose tumor necrosis factor o, as deter-
mined by the Alamar blue assay, morphology, and DNA
ladder formation. Furthermore, interferon o decreased
inhibitor of caspase-activated DNase (ICAD) levels, which
may augment tumor necrosis factor o-induced cell death
signals. Thus, interferon o regulates the number of myo-
fibroblastic hepatic stellate cells and may clinically con-
tribute to the regression of human liver fibrosis.
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Introduction

Hepatic stellate cells (HSC), which reside in Disse’s space
outside sinusoids, maintain a quiescent phenotype, and
store vitamin A under physiologic conditions. They
undergo activation in response to inflammatory stimuli and
become myofibroblastic cells [1, 2]. The latter phenotype
secretes profibrogenic mediators, generates extracellular
matrix materials, and thus plays a pivotal role in the
fibrogenesis of the liver [3-5]. One of the features of
activated HSC is their proliferation. An increase in the
number of activated myofibroblasts together with the
deposited extracellular matrix materials contributes to the
formation of fibrotic septa forming C-C and P-C bridges.
The suppression of HSC activation and cell number is thus
a possible mechanism which can be exploited to establish
therapeutic strategies against human liver fibrosis [6, 7].
Our previous studies have shown that antioxidative
compounds, such as resveratrol and N-acetyl-L-cysteine
exert anti-fibrotic activity in the liver and have an anti-
proliferative effect on cultured HSC. [8-10]. Resveratrol
functions as an inhibitor of tyrosine kinase and inhibits the
phosphorylation of platelet-derived growth factor-receptor
B (PDGFRp) under PDGF-BB stimulation, leading to
attenuation of the activation of mitogen-activated protein
kinase (MAPK). N-acetyl-L-cysteine also inhibited DNA
synthesis of cultured rat HSC stimulated by PDGF-BB
through the cathepsin B-dependent proteolytic degenera-
tion of PDGFRB.
 Recently, several clinical reports have revealed that
interferon o (IFNw), especially when used in combination
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with ribavirin, provides an effective therapy for chronic
hepatitis C. Although the primary action of IFN« is to
eradicate viruses, it has also been suggested to suppress and
even cause the regression of liver fibrosis, as revealed by
repeated liver biopsies performed in IFNa-treated patients
with chronic hepatitis C [11, 12]. These reports strongly
indicate that IFNa may induce the deactivation of human
HSC, thereby reducing the septum-forming fibroblastic cell
lineage. Herein, we show evidence for the anti-proliferative
and pro-apoptotic actions of IFNa against human HSC
[13].

Materials and methods
Materials

Recombinant PDGF-BB and tumor necrosis factor o
(TNFo) were obtained from R&D Systems (Minneapolis,
MO, USA). Polyclonal antibodies against extracellu-
lar signal-regulated kinases 1 and 2 (ERK1/2), phospho-
ERK1/2 (Thr 202/Tyr 204), mitogen-activated kinase/ERK
kinase (MEK), phospho-MEK, Akt, phospho-Akt (Ser
473), cytochrome c, caspase-3, and cleaved caspase-3 were
purchased from Cell Signaling Technology, Inc. (Beverly,
MA, USA) and those against cyclin D1, cdk2, cdk4, cdk6,
p2l, p27, p53, caspase-activated DNase (CAD), and
inhibitor of CAD (ICAD) were acquired from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Dulbecco’s modi-
fied Eagle’s medium (DMEM) and fetal bovine serum were
purchased from Sigma Chemical Co. (Saint Louis, MO,
USA). [3H]Thymidine and enhanced chemiluminescence
(ECL) detection reagent were purchased from Amersham
Pharmacia Biotech (Buckinghamshire, England). Immobi-
lon P membranes were purchased from Millipore Corp.
(Bedford, MA, USA). Kodak XARS film was purchased
from Eastman Kodak Co. (Rochester, NY, USA). Human
natural IFNo was donated by Otsuka Pharmaceutical Co.
(Tokushima, Japan). All other reagents were obtained from
Sigma Chemical Co. or Wako Pure Chemical Co.

Preparation of human hepatic stellate cell line, LX-2

Human HSC-line, (LX-2, donated by Dr. Scott Friedman),
a cell line spontaneously immortalized by growth in low
serum, were established as previously reported. Charac-
terizations of the cells were described in detail elsewhere
[13]. Human HSC were maintained on plastic culture plates
in DMEM supplemented with 10% fetal bovine serum.
After the culture had continued for the indicated number of
days, the medium was replaced by serum-free DMEM with
test agents and the culture was continued for 48 h.
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Immunoblot

Proteins were subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and then
transferred to Immobilon P membranes. After blocking, the
membranes were treated with primary antibodies followed
by peroxidase-conjugated secondary antibodies. Immuno-
reactive bands were visualized using the enhanced chemi-
luminescence system (Amersham Pharmacia Biotech) and
Kodak XARS film.

Cell growth assay

Subconfluent Human HSC-line was cultured on plastic
dishes for 3 days in 10% FBS/DMEM, and then main-
tained for 24 h in serum-free DMEM. These cells were
successively stimulated with test agents for 24 h, and then
were pulse-labeled with 1.0 pCi/ml of [3H]thymidine dur-
ing the last 24 h. The incorporated radioactivity was
counted by liquid scintillation, as previously described [9].

Cell survival assay

Cell survival was measured using the Alamar blue assay
(BIOSOURCE) according to the manufacturer’s instruc-
tions. In brief, 20 pl of Alamar blue was added to 6-well
plates containing DMEM. Absorbance at 530 nm was
measured using a micro-plate reader (Wallac 1420 AR-
VOsx, P-E Applied Biosystems).

DNA fragmentation assay

Cell samples were homogenized and centrifuged. The
pellet was resuspended in 1 ml of lysis buffer consisting of
10 mmol/l Tris-HCl, pH 7.4, 10 mmol/l NaCl, 10 mmol/l
ethylenediaminetetraacetic acid (EDTA), 100 g/l protein-
ase K, and 0.5% SDS and incubated for 2 h at 50°C before
being treated with ribonuclease overnight at 37°C. After
extraction with phenol—chloroform twice and precipitation
with ethanol, the DNA was dissolved in TE buffer
(10 mmol/l Tris-HCI, pH 7.5, 1 mmol/l EDTA). The DNA
was loaded onto 1.5% agarose gel containing ethidium
bromide, electrophoresed in Tris acetate/EDTA buffer for
2h at 50V, and photographed under ultraviolet
illumination.

Flow cytometric quantification of apoptotic
and necrotic cells

For quantification of apoptotic cells, we used flow cytom-
etry (FACS Calibur HG; BD, Franklin Lakes, NJ) after
trypsination of human HSC treated with IFN« or TNFu,
IFNo/TNFa under serum-reduced conditions (0.1% FBS)
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for 48 h [14]. To detect early apoptotic changes, staining
with Annexin V-FITC, which is known to have high
affinity to phosphatidylserine, and propidiumiodide were
used according to the manufacturer’s instructions (Roche
Diagnostics, Rotkreuz, Switzerland).

Mitochondria/cytosol fractionation

Human HSC were treated with mediums supplemented
with TNF« and/or IFNa for 24 h. Then, the cells were
collected using a cell scraper, and the collected cells were
pelleted by centrifugation at 600x g for 5 min at 4°C. After
washing with ice-cold PBS, fractions with enriched mito-
chondria and cytosol were obtained using a Mitochondria/
Cytosol fractionation kit (Bio Vision Research Products,
Mountain View, CA, USA) according to the manufac-
turer’s instructions. Individual fractions were stored at
—80°C until use.

Statistical analysis

Data presented as bar graphs are the means & S.D. of at
least three independent experiments. Statistical analysis
was performed using Student’s r-test (P < 0.01 was con-
sidered significant).

Results
Effect of IFN« on DNA synthesis of human HSC-line

As shown in Fig. 1, human HSC incorporated 11 £ 2
(DPM x 10% of [3H]thymidine in the presence of serum.
DNA synthesis dose dependently decreased in the presence
of TFNg; it decreased significantly to 71 and 48% of the
control in the presence of 10? and 10° IU/ml, respectively,
of IFNa. PDGF-BB (10 ng/ml) augmented DNA synthesis
of HSC at about 1.2 times. Even in this condition, IFN« at
a concentration of more than 10° IU/ml significantly sup-
pressed DNA synthesis of HSC (Fig. 2).

Effect of IFNa on cell cycle-related protein expression
and PDGF-BB-stimulated signal transduction in HSC

Because IFNo suppressed DNA synthesis of human HSC,
we hypothesized that IFNa regulates cell cycle-related
protein expression, thereby hampering cell cycle transition
from the G1 to S phase. Thus, the expression of several cell
cycle-related proteins was determined by immunoblot. As
shown in Fig. 3a, the amount of major cell cycle-related
proteins such as cyclin D1, cdk2, cdk4, cdk6, p21, and p27
was not affected by IFNw. Although a previous report using
hepatoma cell lines indicated that p53 is involved in growth

10

TdR Uptake (DPM x 10%)
w

0 1 10 102 10 104
IFNo. (1U/ml)

Fig. 1 Effect of IFNx on [*H]thymidine incorporation in HSC. Sub-
confluent HSC were cultured on plastic dishes for 3 days in 10% FBS/
DMEM, and then maintained for 24 h in serum-free DMEM. These
cells were successively stimulated with IFNa for 24 h, and then pulse-
labeled with 1.0 pCi/ml of [3H]thymidine during the last 24 h. The
incorporated radioactivity was counted by liquid scintillation.
*P < 0.01

12

TdR Uptake (DPM x 104)
[o2]

o 1 10 102 103 10
IFNo: (1U/ml)

Fig. 2 Effect of IFNa on PDGF-BB-stimulated [*H]thymidine
incorporation in HSC. Sub-confluent HSC were cultured on plastic
dishes for 3 days in 10% FBS/DMEM, and then maintained for 24 h
in serum-free DMEM. These cells were successively stimulated with
PDGF-BB (10 ng/ml) in the presence or absence of [FNa for 24 h,
and then were pulse-labeled with 1.0 pCi/ml of [3H]thymidinc during
the last 24 h. The incorporated radioactivity was counted by liquid
scintillation. *P < 0.01

suppression by IFNg [15], we failed to observe the sup-
pression of p53 in HSC treated with IFN«. The PDGF-BB-
activated MEK-MAPK cascade and Akt were also unaf-
fected (Fig. 3b).
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p21 Total-MAPK
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C 11010210%10* C 0 1010210%10*
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+
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Fig. 3 Effects of IFN« on cell cycle-related protein expression and
the activation of MEK, MAPK, and Akt stimulated with PDGF-BB in
HSC. (a) Expression of cyclin D1, cdk2, cdk4, cdk6, p27, p21, and
p53 was determined by immunoblot. (b) Expression of PDGFRS,
phospho-MEK, total MEK, phospho-MAPK, total MAPK, phospho-
Akt, and total Akt in HSC under PDGF-BB (10 ng/ml) stimulation
was analyzed by immunoblot

Induction of apoptosis of HSC by IFN«

Although the mechanism of [FNo-dependent DNA syn-
thesis inhibition was not clear, we found that IFN« trig-
gered the apoptosis of human HSC-line in the presence of a
low dose of TNFx«. As shown in Fig. 4, IFNo or TNF«
alone failed to affect the number of HSC, as determined by
the Alamar blue assay. However, the simultaneous addition
of IFN« and TNFu significantly decreased the cell number
to 54% of the control. In fact, when observed under a
phase-contrast microscope, the cell density of human HSC
became sparse when cells were treated with IFNa and
TNFo for 48 h (Fig. 5). This finding indicates that cell
death is actively stimulated by the combination of IFNu
and TNFw. This observation was further supported by the
fact that cell treatment with IFNa plus TNFa-induced DNA
ladder formation (Fig. 6) and analysis using flow cyto-
metric quantification of apoptosis of human HSC line

(Fig. 7).
Role of IFN« on caspase cascade

Finally, we tested whether IFN« regulates the caspase
cascade in human HSC-line. As shown in Fig. 8a, cyto-
chrome c release from mitochondria into the cytosol was
augmented by TNFu alone and TNFa/IFNu treatment. In
accordance with this result, cleaved caspase 3 was enriched
in cells treated with TNFo alone and TNFa/IFN« (Fig. 8b).
Because TNFa alone thus triggered cytochrome ¢ release
and the activation of caspase 3 and failed to induce the
active apoptosis of HSC, we hypothesized that IFNa may
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Fig. 4 Effect of IFNa and TNF« on number of HSC. HSC were
maintained on plastic culture plates in DMEM supplemented with
10% fetal bovine serum. Then, the medium was replaced by serum-
free DMEM with IFN« and/or TNF and the culture was continued
for another 48 h. Numbers of HSC were determined by the Alamar
blue assay (BIODSOURCE) according to the manufacturer’s instruc-
tions. *P < 0.01

play a critical role in finalizing DNA fragmentation. After
searching for the mechanism, we found that IFN« signifi-
cantly reduced the level of ICAD without affecting the
amount of CAD (Fig. 8c).

Discussion

IFNo is now a first-choice therapy for chronic hepatitis C
(CH-C). In combination with rivabirin, IFN therapy leads
to about a 30% and 80% eradication of HCV genotypes 1
and 2, respectively. Recently, pegylated IFNa has
improved the efficacy of antiviral therapy [16, 17]. IFN« as
well as TFNB binds to cell surface receptors composed of
IFNAR! and IFNAR2 subunits. IFNa binding leads to
ligand-induced receptor dimerization and then to the auto-
and trans-phosphorylation of Janus protein tyrosine kina-
ses, which successively induces the phosphorylation of
STATI1/STAT?2. Phosphorylated STAT1/STAT2 binds to
IFN regulatory factor 9 (IRF-9) to form IFN-stimulated
gene factor 3 (ISGF3), which translocates into the nucleus
and binds to the IFN-stimulated response element (ISRE),
initiating the transcription of IFN-dependent genes such as
2'-5'-oligoadenylate synthetase. These IFN-induced intra-
cellular signalings suppress viral replication to complete
viral eradication [18, 19].
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Fig. 5 Effect of [FN« and TNF« on the cell number of HSC. HSC
were maintained on plastic culture plates in DMEM supplemented
with 10% fetal bovine serum. Then, the medium was replaced by
serum-free DMEM with IFNo and/or TNFo and the culture was
continued for another 48 h. Cell appearance of HSC were determined

©
=
=
<}
O

IFNo/TNFo

Fig. 6 DNA fragmentation of HSC treated with IFN« and TNFa.
Isolated DNA was loaded onto a 1.5% agarose gel containing
ethidium bromide, electrophoresed in Tris acetate/EDTA buffer for
2 h at 50 V, and photographed under ultraviolet illumination. Note
that treatment of HSC with IFNo plus TNFa induced DNA

flagmentation. IFNe: 100 TU/ml. TNFa: 10 ng/ml. M. W.: molecular
weight

under a microscope at a magnification of x200. 1: Control; 2: IFNa;
3: TNFa; 4: IFNo/TNFa. Note that the cell number was markedly

decreased by incubating them with IFNa plus TNFea. IFNa: 100 IU/
ml. TNFe: 10 ng/ml

60
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TNFo/ IFNo

Fig. 7 Flow cytometric quantification of apoptosis in LX-2 treated
with IFNa or TNFa, IFNo/TNFa. LX-2 cells were maintained on
plastic culture plates in DMEM supplemented with 10% FBS. Then,
the medium was replaced by serum-free DMEM with IFNe. and/or
TNFx and the culture was continued for another 48 h. The data show
the percentile portion of apoptotic cells per total LX-2 population
using flow cytometry. *P < 0.05; **P < 0.01
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Fig. 8 Apoptosis-related protein expressions in HSC. (a) The
cytochrome c content in the cytosol and mitochondria was determined
by Western blot. (b) The activation of caspase-3 was studied by
detecting the amount of cleaved caspase-3. (c) Expression of CAD
and ICAD in HSC treated with IFN« and/or TNFe. IFNa: 100 IU/ml.
TNFa: 10 ng/ml

In addition to the antiviral effect, IFN« is also known as
a negative growth factor and shows anti-oncogenic activity
[14]. Several lines of evidence have revealed that IFN
therapy for CH-C lowers the occurrence of hepatocellular
carcinoma (HCC), although the precise molecular mecha-
nism has not yet been elucidated [20-22]. In addition,
treatment using IFN in combination with 5'-fluorouracil
(5-FU) was reported to be effective for advanced HCC with
portal vein thrombosis [23, 24]. It has recently been
reported that IFNo/f induces p53 gene transcription and
increases the p53 protein level in HepG2 and HLE cells,
two human hepatic cancer cell lines, thereby contributing
to tumor suppression. However, the effect of IFN on the
proliferation and cell survival of hepatic non-parenchymal
collagen-producing HSCs has yet to be fully elucidated.

Several lines of evidence show that IFN« treatment for
chronic hepatitis C leads to the regression of liver fibrosis
even if HCV is not successfully eradicated [11, 12]. This
fact indicates that IFN« has a direct anti-fibrotic action,
most likely through its action against HSC. Initially, IFNy
was reported to successfully inhibit HSC activation, as
revealed by its inhibitory effect on collagen synthesis and
smooth muscle o-actin expression [25, 26]. Its in vivo
anti-fibrotic action has also been elucidated [27, 28].
Successively, IFNa was proven to inhibit DNA synthesis
of human HSC although a relatively weak inhibitory
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effect was seen at a concentration above 10* U/ml [29].
In the present study, we observed an almost 100-times
stronger anti-proliferative effect using OIF, a natural
IFNo. This discrepancy may be derived from the differ-
ence in IFN used and from the condition and culture
system of HSC. Furthermore, in that report, Mallat et al.
showed that IFNu« suppressed [*H]thymidine incorporation
of human HSC stimulated with 5% fetal calf serum,
PDGF-BB (20 ng/ml), PDGF-AA (20 ng/ml), or TGFp1
(0.5 ng/ml), and that IFN« reduced the number of HSC
stimulated with 5% fetal calf serum. However, the
authors did not refer to the mechanism, especially to the
induction of apoptosis of human HSC exposed to IFN.
Although we failed to clarify the mechanism of IFNa-
dependent inhibition of cell cycle progression in human
HSC-line, we found that natural IFNa contributes to the
induction of apoptosis of human HSC by activating the
caspase cascade, which provides a novel insight into the
fibrosis regression in patients treated with IFNg
derivatives.

Mallat et al. [29] additionally showed that IFN« as well
as IFNy reduced the secretion of prolines and the mRNA
expressions of collagens «1(I) and «1(II). With respect to
this mechanism, Inagaki et al. [30] recently reported that
IFNo blocked promoter activation and prevented the pro-
gression of liver fibrosis induced by CCly injection when
administered to transgenic mice harboring the o2(I) colla-
gen gene (COL1A2) promoter sequence, and that, in
transient transfection assays, IFNa decreased the steady-
state levels of COL1A2 mRNA and inhibited TGFp/
Smad3-stimulated COL1A2 transcription.

In addition to these previous observations, we herein
found that IFN« in combination with a small amount of
TNFa shows a pro-apoptotic effect in HSC. This effect is
considered to be related to cytochrome c release into the
cytosol from mitochondria and caspase-3 activation and be
regulated by ICAD (Fig. 7). Although human HSC have
been proven to be resistant to apoptosis [31], the data
shown here clearly indicate that they undergo apoptosis at
inflammatory liver sites in the presence of IFNa, which
may at least partially account for the regression of liver
fibrosis during IFN therapy due to chronic hepatitis C.

In conclusion, the present study demonstrates the anti-
proliferative and pro-apoptotic actions of natural human
IFNo against human HSC-line, and provides useful infor-
mation regarding the mechanism of IFN-dependent
regression of human liver fibrosis caused by viral infection.
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Hepatocellular carcinoma (HCC) develops sev-
eral years after the eradication of hepatitis C virus
(HCV) by interferon therapy. Risk factors for the
development of HCC are only partly understood.
To elucidate the role of occult hepatitis B virus
(HBV) infection in hepatocarcinogenesis in
patients with sustained virologic response, the
prevalences of HBV-related makers were exam-
ined. Study group comprised 16 patients with
sustained virologic response (group A) and 50
with HCV (group B). Anti-HBc and anti-HBs in
serum were examined by enzyme-linked immu-
noassay. HBV DNA in liver was examined by
nested polymerase chain reaction, using primers
specific for genes encoding for HBx, HBsAg,
HBcAg, and HBV cccDNA. Sequence of the
amplified HBV DNA for ‘a’ determinant of HBsAg
was determined in HCC. Anti-HBc was positive in
10 of 16 in group A and 25 of 50 in group B. HBV
DNA in liver was detected in 12 of 16 in group A
and 21 of 50 in group B {(P=10.044). In group A,
HBV DNA in liver was detected frequently in
patients without cirrhosis and in those with a
longer period from the time of HCV eradication to
the development of HCC. Mutation in ‘a’ deter-
minant of HBsAg was found inthree HCC of group
A. Occult HBV infection may be one of the
most important risk factors in hepatocarcino-
genesis of Japanese patients with sustained
virologic response. J. Med. Virol. 81:1009-
1014, 2009. © 2009 Wiley-Liss, Inc.

KEY WORDS: anti-HBc; anti-HBs; interferon;

occult HBV infection

INTRODUCTION

In Japan, a country endemic for hepatitis B virus
(HBV) and hepatitis C virus (HCV), more than 75% of

© 2009 WILEY-LISS, INC.

cases of hepatocellular carcinoma (HCC) are attribut-
able to HCV-related chronic liver disease, and nearly
15% are attributable to HBV-related liver disease [Ikai
et al., 2007]. Several reports have focused on the clinical
role of past HBV infection as indicated by the presence of
anti-HBc and the absence of HBsAg in patients with
HCV. Marusawa et al. [1999] reported that the preva-
lence of anti-HBc¢ was high in patients with chronic liver
disease, especially in HCC associated with HCV. A
retrospective study of 412 patients with HCV showed
that the risk of hepatocarcinogenesis increased twofold
in patients with anti-HBe [Chiba et al., 1996]. Prospec-
tive studies have alsoc demonstrated that the presence of
anti-HBc is an important risk factor for HCC in patients
with HCV [Tanaka et al., 2006; Ikeda et al., 2007].
Conversely, some studies failed to support a role of
previous HBV infection in hepatocarcinogenesis [Hir-
aoka et al., 2003; Stroffolini et al., 2008].

Another important clinical feature is occult HBV
infection, defined as the presence of detectable levels of
HBV DNA in liver despite the absence of serum hepatitis
B surface antigen (HBsAg). The HBV genome is
detectable frequently in liver tumors from HBsAg-
negative patients with HCV-related liver disease,
suggesting that occult HBV infection may contribute
to the progression of liver damage and the development
of HCC in HCV-positive patients [Cacciola et al., 1999;
Tamori et al.,, 1999, 2003; Squadrito et al.,, 2006;
Pollicino et al., 2004].

Interferon (IFN) has potent antiviral activity against
HCV. Complete eradication of HCV by antiviral therapy
is associated with a considerable reduction in the
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incidence of HCC [Yoshida et al., 1999; Tanaka et al.,
2000]. Nevertheless, recent studies have shown that
HCC develops in 2.5-4.2% of patients who have a
sustained virologic response [Toyoda et al., 2000; Ikeda
et al., 2005; Kobayashi et al., 2007]. These patients may
have had advanced liver fibrosis at the time of HCV
eradication, and subclinical tumors might already be
presentin the liver at the end of IFN therapy [Makiyama
et al., 2004]. In some patients with sustained virologic
response, however, HCC develops from liver without
fibrosis several years after the eradication of HCV by
IFN. The etiology of such cases of HCC remains obscure.
Delineation of important features of HCC that develop
after the elimination of HCV as compared with those
established during sustained HCV infection may con-
tribute to a better understanding of the mechanisms
involved.

In the present study, resected liver specimens were
examined to evaluate the role of previous and occult
HBV infection in the development of cancer after the
clearance of HCV by IFN treatment. The present results
might contribute to a clearer definition of patients at
high risk for HCC after the eradication of HCV.

MATERIALS AND METHODS
Patients

Sixteen consecutive patients who underwent surgical
resection of HCC in Osaka City University Hospital
after eradication of HCV by interferon monotherapy
from June 1998 through July 2007 (group A) were
studied (Table I). All patients with sustained virologic
response were male in the present study. As a sex-
matched control, 50 consecutive HCV-RNA-positive
men with HCC during the same period were studied
(group B). Serological markers showed that anti-HCV
was positive and HBsAg was negative in all patients.
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One portion of each tissue sample from the 66 patients
with HCC was frozen in liquid nitrogen immediately
after resection and stored at —80°C until analysis. Total
DNA was extracted from these portions by conventional
methods as described previously [Tamori et al., 2003].
None of the patients had a history of exposure to
aflatoxin B1, insulin administration, hereditary hemo-
chromatosis, autoimmune hepatitis, or primary biliary
cirrhosis. The activity of hepatitis and the stage of
fibrosis were determined according to a modified version
of Desmet's classification in liver tissue specimens
obtained before IFN therapy and in noncancerous liver
tissue obtained intraoperatively.

Anti-HBc and Anti-HBs in Serum

Antibodies to HBsAg (anti-HBs) and antij-HBc in
patient sera were tested by enzyme immunoassay and/
or radicimmunoassay, using commercially available
kits (Dainabott, Tokyo, Japan).

Detection of HBV DNA in Serum and Liver

DNA was extracted from 100 pl of serum or 10 mg of
liver tissue by phenol/chloroform extraction, as
described previously [Tamori et al., 2003]. HBV DNA
in serum or in liver was amplified with specific primers
for genes encoding for HBx, HBsAg, and HBcAg
{sequences of the primers shown in Table II). Amplifi-
cation was done in a thermal cycler for 35 cycles: 95°C for
30 sec, 55°C for 60 sec, and 72°C for 60 sec in 40 pl of a
reaction buffer containing 30 pmol of the two appro-
priate primers, four deoxynucleotides each at a concen-
tration of 100 pM, polymerase chain reaction (PCR)
buffer, and 2.5 units of Gold Taq polymerase (Perkin-
Elmer Cetus, Norwalk, CT). The first PCR product (2 ul)
was used in a second PCR. To examine HBV covalently
closed circular DNA (cccDNA) in liver, extracted DNA

TABLE I. Clinical Characteristics of HCC-Patients With Sustained Virological Response and With HCV

Group A: sustained

virologic response Group B: HCV P-value

Patients, n 16 50
Age 66.1 (55-79) 65.7 (65—176) 0.465
HBsAg (+/-) 0/16 0/50
Anti-HBs (+/-) 6/10 9/41 0.201
Anti-HBe (+/-) 10/6 25/25 0.559
Anti-HCV (+/-) 16/0 50/0
HCV RNA (+/-) 0/16 50/0
Alcohol

>30 g/day 0 6

<80 g/day 6 20

None 10 24 0.47
Diabetes melitus (+/-) 2/14 17/33 0.182
Hypertention (+/-) 7/9 18/32 0.795
BMI 24.1 (17.4—28.1) 23.0 (17.9-29.8) 0.188
Hepatic cirrhosis (+/-) 4/12 24/26 0.184
Tumor grades

Well-d 0 5

Moderately d 6 25

Poorly d 10 20 0.199

BMI, body mass index, Well-d, well-differentiated HCC, Moderately d: moderately differentiated HCC, Poorly d: poorly differentiated HCC.
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TABLE II. Primers Used for Amplification of HBV DNA

Forward primers

Reverse primers

HBzx-1: 12201239
HBx-3: 264-1293

5'-CTCTCTCGGAAATACACCTC
5-TGCCAACTGGATCCTGCGCGG-
GACGTCCIT
5'-AAGACCTGCACGATTCCT
5-TTCGCAAGATTCCTATGGG
5'-AACTTTTTCACCTCTGCCT
5-ACTGTTCAAGCCTCCAAGC
5'-CTGAATCCCGCGGACGACCC
§-GTCTGTGCCTTCTCATCTGCC

5'-CTAGGACCCCTGCTCGTGTT
5'-GTTACAGGCGGGGTTITTCTT

HBs-1: 391-408
HBs-3: 499-517
HBe-1: 1690-1708
HBe-3: 1731-1749
P23: 1443-1462
P25: 1553-1573

HBs‘a’-1: 52—-71
HBs'a’-3: 69-89

HBx-2: 1818-1799
HBx-4: 1742--1723

5-GTAACTCCACAGAAGCTCCA
5-GGCTTGAACAGTAGGACATG

§-TAGAGGTAAAAAGGGACTC
5-GCCCCCAATACCACATCA
5-GCTTGCCTGAGTGCTGT
5'-AAGGAAAGAAGTCAGAAGGC
5'-ACCCAAGGCACAGCTTGGAGG
5-AGATGATTAGGCAGAGGT-
GAAAAA
5'-AGCCAGGAGAAACGGACTGA

HBs-2: 672-654
HBs-4: 634-617
HBc-2: 1945-1929
HBc-4: 1848-1829
P24: 1891-1871
P26: 18461823

HBs'a’-2: 545-526

was amplified with primers P23, 24, 25, and p26
(Table II). The amplification procedure and primers
have been described previously [Tamori et al., 2005].
The nested PCR analysis was sufficiently sensitive to
detect more than 10 copies of HBV DNA [Yotsuyanagi
et al. 2000]. Occult HBV infection was diagnosed when
two or more regions of HBV DNA were amplified, as
reported previously [Pollicino et al., 2004].

Sequence of ‘a’ Determinant of HBsAg and
HBYV Genotyping

HBV DNA in liver was amplified with specific primers
for HBS ‘a’ determinant (sequences of the primers
shown in Table II). PCR (an initial incubation at 94°C
for 5 min, followed by 35 cycles of 94°C for 30 see, 55°C for
30 sec, and 72°C for 1 min) was performed in a final
volume of 50 pl with a GeneAmp PCR system 9600
(Perkin-Elmer Life Sciences Japan, Tokyo, Japan).
Aberrant PCR products were purified with a QIAquick
PCR purification kit (Qiagen, Tokyo, Japan) and
sequenced with an Applied Biosystems DNA sequencer
(Perkin-Elmer) and a Dye Terminator Cycle Sequencing
FS Ready Reaction kit (Applied Biosystems, Tokyo,
Japan). HBV genotyping in liver was performed by PCR
using type-specific primers [Naito et al., 2001].

Statistical Analysis

Statistical analysis was performed with the Statview
SE+Graphics program, version 5.0 (SAS Institute,
Cary, NC). The Mann—Whitney U-test was used to
compare two continuous variables, and the y? test was
used to compare two categorical variables. All tests was
two-sided and P value <0.05 was considered to be
statistically significant.

Ethical Considerations

This study protocol complied with the ethical guide-
lines of the Declaration of Helsinki (1975) and was
approved by the Ethics Committee of Osaka City
University Graduate School of Medicine.

RESULTS
Histological Findings in Patients With HCC

In group A, 4 patients (25%) had hepatic cirrhosis. In
group B, 24 patients (48%) had hepatic cirrhosis. This
difference was not significant. Table I shows the
histological tumor grade in each group. There was no
significant difference between the two groups.

In patients with sustained virologic response, the
period from the end of IFN treatment to the diagnosis for
HCC ranged from 13 to 177 months. Histological
examinations before and after IFN treatment, per-
formed in 11 of the 16 patients in group A, showed that
the staging of hepatic fibrosis improved in 5 patients and
the grade of hepatic activity improved in 10 patients
(Table III). In noncancerous liver, there was no fat
accumulation.

Anti-HBe, Anti-HBs, and HBV DNA in Serum

Anti-HBc was positive in 10 (62.5%) of 16 patients in
group A and 25 (50%) of 50 patients in group B (P = 0.56).
Anti-HBs was detected in 6 (87.5%) of 16 patients in
group A and 9 (18%) of 50 patients in group B (P=0.2).
HBV DNA was not detected in serum from either
patients in group A or those in group B.

HBV DNA in the Resected Liver

HBV DNA in the resected liver was found in 12 (75%)
of 16 patients in group A and 21 (42%) of 50 in group B.
The rate of HBV DNA detection was significantly higher
in patients with sustained virologic response than in
patients with HCV (P =0.044).

In group A, HBV DNA was detected in 7 resected
livers from 10 patients with anti-HBc and in 5 resected
livers from 8 patients without anti-HBec.

Amongpatientsin group A, HBV DNA was detected in
11(92%) of 12 patients without cirrhosis and 1 (25%) of 4
patients with cirrhosis (P=0.046). Among patients in
group B, HBV DNA was detected in 11 (42%) of 26
patients without cirrhosis and in 10 (42%) of 24 patients
with cirrhosis (Table IV).
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TABLE III. Clinicopathological Data in HCC-Patients With Sustained Virologic Response

Pre-IFN therapy Period from HCV At operation
eradication to
Case Genotype Viral load F factor A factor diagnosis of HCC F factor A factor
56 1b 1 Meq 2 2 45 months 2 1
101 2a Unknown 3 2 19 months 4 2
149 2a 1.1 Meq 4 3 20 months 4 2
196 2b Unknown 2 2 41 months 1 2
198 2a 0.4 Meq 2 2 103 months 1 1
200 2a 1.1 Meq 2 2 13 months 2 1
221 2a 0.9 Meq 2 3 80 months 2 2
268 Unknown Unknown Unknown  Unknown 144 months 1 1
269 2a 0.4 Meq 2 3 156 months 0 0
271 1b Unknown 4 1 156 months 3 1
325 1b 300 KIU 3 2 15 months 2 1
327 2b 160 KIU 3 3 36 months 4 2
328 1b Unknown Unknown  Unknown 14 months 4 2
336 1b 100 KIU 2 2 152 months 2 0
340 1b 0.9 Meq 2 3 177 months 2 1
347 Unknown Unknown Unknown  Unknown 60 months 3 1

F factor is hepatic fibrosis score in the liver. A factor is hepatitis activity in the liver.

HBYV cccDNA was detected in 5 (31%) of 16 patients in
group A and in 7 (14%) of 50 patients in group B
(P=0.24).

Average of the period from the end of IFN treatment to
the diagnosis of HCC was 94 months in patients with
occult HBV infection and 22 months in those without
occult HBV infection. In group A, HBV DNA was
detected in all patients in whom HCC developed more
than 40 months after the disappearance of HCV
(Table IV).

Mutation of the ‘a’ Determinant of HBsAg and
HBYV Genotype in Patients With Sustained
Virologic Response

In 6 of 12 patients with occult HBV infection, the ‘@’
determinant area of HBsAg was amplified. Sequencing
of the PCR product showed that codon 126 ATT (Ile) had
mutated to GTT (Val) in two cases. One of them had two

mutations, which were TCG to TTG at codon 54 and GCT
to GGT atcodon 157. In the other case, TTC had mutated
to TCT at codon 93. No other mutations in the ‘a’
determinant area were found. HBV genotyping was
performed in 12 patients with occult HBV infection.
Eight patients were infected with HBV genotype C. In
the four other patients, the HBV genotype could not be
determined.

DISCUSSION

Previous studies have reported that 43-59% of
patients with HCC related to HCV are positive for
anti-HBc [Marusawa et al., 1999; Ikeda et al., 2007;
Stroffolini et al., 2008]. In the present study, anti-HBc
and anti-HBs were detected respectively in 50% and
18% of 50 patients with HCV-HCC. As compared with
patients who had HCV-HCC, anti-HB¢ and anti-HBs
were detected more frequently in HCC-patients with

TABLE IV. Clinical Characteristics of HCC-Patients With Sustained Virologic Response and With HCV; Stratified According
to Occult HBV Infection

Sustained virologie response

HCV

With occult HBV ~ Without occult HBV ~ With occult HBV ~ Without occult HBV

N 12

Age 66.1
Cirrhosis/mon-cirrhosis 1/11*
Period from HCV eradication to 94** (14-177)

4 21 29
66.3 63.8 65.3
3/1* 10/11 14/15

22** (13-36) — —

0 4 2
1 5 15
3 12 12
0/4 5/16 12/17
2/2 8/13 10/19
244 23.6 22.5

diagnosis of HCC (months)

Aleohol
>30 g/day 0
<30 g/day 5
None 7
Diabetes melitas (+/-) 2/10
Hypertension (+/-) 5/7
BMI 23.9

*P=0.046.

**P =0.036.

J. Med. Virol. DOI 10.1002/jmv



HCC With Sustained Virologic Response

sustained virologic response. Recent studies show a
higher prevalence of anti-HBc¢ in HCC-patients with
sustained virologic response [Tkeda et al., 2007; Stroffo-
lini et al., 2008]. The results in the present study were
consistent with these reports. The prevalence of anti-
HBcis higher among the elderly population in Japan. In
the present study, mean ages and age distributions did
not significantly differ between the patients with
sustained virologic response and the patients with
HCV. Taken together, anti-HBc might be one of the
specific characteristics of HCC-patients with sustained
virologic response.

Occult HBV infection was diagnosed when HBsAg in
serum was negative and HBV DNA in serum or liver was
positive, irrespective of test results for serum anti-HBc.
Previous studies showed a high prevalence of occult
HBYV infection in patients with HCV and progressive
liver disease, particularly HCC [Cacciola et al., 1999;
Tamori et al., 1999]. Another report suggested that
occult HBV infection is an independent risk factor for
carcinogenesis in patients with HCV [Pollicino et al.,
2004]. It is controversial whether very small amounts of
HBYV have carcinogenic potential in patients with HCV.
HBV DNA integration into the human genome, one of
the most important mechanisms of HBV-related hep-
atocarcinogenesis [Bréchot, 2004], was suggested to
accelerate tumor progression in HBsAg-negative
patients with HCV infection [Tamori et al., 2003].
However, a recent study showed that the incidence of
HCC in HBsAg-negative patients with HBV DNA
integration was not higher than that in patients without
such integration [Toyoda et al., 2008]. The role of HBV
DNA integration in patients with HCV infection
remains to be clarified. On the other hand, there are
few reports about occult HBV infection in patients with
HCC in whom HCV was eradicated by IFN treatment.
The present study clearly showed that the detection rate
for HBV DNA was significantly higher in HCC-patients
with sustained virologic response than in HCC-patients
with HCV. Stroffolini et al. [2008] speculated that the
disappearance of HCV might up-regulate HBV repli-
cation later on. In the present study, HBV cccDNA
essential for HBV replication was detected in the liver
from patients with occult HBV infection. HBV cccDNA
was detected in small amounts, but not significantly
more frequently in patients with sustained virologic
response than in patients with HCV. It was suggested
that HBV is re-amplified or accumulated in the liver of
HCC-patients with sustained virologic response.
Although HBV DNA integration in HCC of patients
with sustained virologic response has been confirmed
[Tamori et al., 2005], further studies are needed to
elucidate the precise role of occult HBV infection in
patients with sustained virologic response.

In the present study, eight patients with occult HBV
infection were infected with HBV genotype C. A
previous study reported that 610 (84.7%) of 720
Japanese patients with chronic HBV infection had
genotype C [Orito et al., 2001). In Japan, genotype C is
predominant in both patients with occult HBV infection
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and patients with HBsAg. It is speculated that occult
HBV infection occurred after the disappearance of
HBsAg in patients with HBV infection.

Mutation in ‘a’ determinant of HBsAg, which contrib-
utes to defective HBsAg expression [Chen and Ocn,
1999], was detected in only three of 12 HCC with occult
HBYV infection. HBV DNA was not detected in serum
from any patient in the present study. It appears that
the ‘a’ determinant mutation does not have a major role
in the pathogenesis of occult HBV infection in patients
with sustained virologic response. Molecular analysis of
the full-length HBV genome in patients with occult HBV
infection has shown that viral factors are not responsible
for the unique HBV status [Pollicino et al., 2007].
Available evidence suggests that small amounts of
HBYV, detected only in liver, exist without inducing
hepatic injury or that HBV DNA is integrated into
hepatocyte nuclei.

Previous studies in Japanese patients indicated that
male sex, higher age, and advanced liver fibrosis before
IFN therapy are risk factors for HCC in patients with
sustained virologic response [Toyoda et al., 2000;
Makiyama et al, 2004]. It has been suggested that
subclinical tumors are most likely present in liver with
severe fibrosis before HCV eradication. In the present
study, however, histological findings before IFN therapy
showed mild fibrosis (stage 2) in eight HCC-patients
with sustained virologic response. In five patients, HCC
was diagnosed more than 10 years after the eradication
of HCV by IFN. It is doubtful whether neoplastic cells
induced by HCV had existed in liver with milder fibrosis
and proliferated slowly over such a long period. On the
other hand, HBV DNA was detected frequently in HCC-
patients without cirrhosis. In addition, HBV DNA was
detected in HCC-patients with sustained virologic
response that developed more than 40 months after
HCYV eradication. These results suggest that occult HBV
infection is related to carcinogenesis in non-cirrhotic
patients with sustained virologic response.

Recently, nonalcoholic steatohepatitis (NASH) is one
of the causes of underlying non-viral hepatic cirrhosis
and cryptogenic HCC. At the onset of HCC in patients
with steatohepatitis, the noncancerous liver is often
cirrhotic. In the present study, the noncancerous liver
was not cirrhotic in 12 of 16 HCC-patients with
sustained virologic response. The frequency of obesity,
diabetes mellitus, and aleohol intake, factors related to
steatohepatitis, in HCC patients with sustained viro-
logic response were similar to those in HCC-patients
with HCV. These findings suggest that steatohepatitis
was not a major risk factor for HCC in patients with
sustained virologic response.

In the present retrospective study, HBV DNA in liver
was detected frequently in HCC of patients with
sustained virologic response compared to in HCV-
HCC. On the other hand, a follow up study for 15
patients with sustained virologic response showed that
HBV DNA in liver was not detected in two patients in
which HCC developed [Tsuda et al., 2004]. However, the
number of examined patients in this report was small. A
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large scale of prospective study is necessary to define the
role of occult HBV infection on hepatocarcinogenesis in
patients with sustained virologic response.

In conclusion, the above findings provide compelling
evidence that continuous existence of HBV DNA in liver
may be one of the risk factors for the development of
HCC in patients with sustained virologic response in
Japan.
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the ISCHS2008 programme. The sections of this review reflect the scientific pro-
gramme of the symposium (http://www.ub.uit.no/munin/bitstream/10037/1654/1/
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Symposium abstracts are refered to by a number preceded by the letter A.

Liver sinusoidal endothelial cells
Fenestrations

In his key note lecture (A1), Eddie Wisse underlined the fact
that electron microscopy is still the only method of observing
fenestrations in the liver sinusoidal endothelial cells (LSEC) and
that sinusoidal cells of different mammalian species are amaz-
ingly similar in fine structure. He further provided information
that pore size varies among species and strains and between
periportal and perivenous areas of the sinusoid. After isolation,
the porosity of LSECs decreases from approximately 10% at 6h
to 1% at 48h (1) (A9). Porosity is influenced by the isolation
techniques (2), the culture conditions and the presence of
vascular endothelial growth factors (VEGFs) (3). Potential
LSEC lines such as SKHep! (4) might overcome some of these
issues. Fenestrations are supported by actin cytoskeletal fila-
ments, and disruption of the cytoskeleton is associated with a
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dramatic increase in porosity. Cellular signals involved in the
regulation of actin, such as cortactin and transforming growth
factor (TGF)-B1 (A15), and the Rho-like GTPases (5) influence
porosity. VEGF produced by hepatocytes is probably the key
cytokine involved in the regulation of LSEC fenestration mediated
by actions on VEGF-R2 expressed on LSEC (6). The role of
fenestrations in the bi-directional transfer of substrates between
hepatocytes and sinusoidal blood is now well established (7) (A1,
13). Defenestration impairs the hepatic disposition of lipopro-
teins, albumin-bound drugs and other particulate substrates (7,
8) (All, A13) and potentially impacts on T-cell interactions with
hepatocytes (9). In studies using adenoviral delivery of transgene
DNA, uptake of the transgene in hepatocytes correlated strongly
with the LSEC pore size. The size of the adenovirus particle is
93nm, with protruding fibres of 30nm. Thus, the use of
adenoviral-mediated gene therapy in humans may be difficult
owing to the small LSEC pore size (103-107 nm) (10).
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Scavenger function

Endocytic rate and capacity of LSECs are probably the highest
known of any cell type in the human body. Peter McCourt
presented an update on endocytosis receptors in these cells
(A2). The cells carry three major types of endocytosis receptors
to keep the blood clean.

The liver sinusoidal endothelial cell mannose receptor

It is known that mannose receptor (MR) clearance of several
blood-borne soluble macromolecules carrying mannose in the
ultimate position is carried out mainly in the LSECs, but not in
the Kupffer cells (KCs) (11). Studies including MR-deficient
knockout (KO) mice showed that the clearance of denatured
collagen is MR mediated (12). Using the same KO mice showed
that LSEC MR mediates the import of blood-borne lysosomal
enzymes for re-use in the endo/lysosomal apparatus (13).

The liver sinusoidal endothelial cell scavenger receptor

Previous studies established that blood-borne negatively
charged soluble macromolecular scavenger receptor (SR) li-
gands are cleared mainly by endocytosis in LSECs (14, 15).
Hyaluronan and chondroitin sulphate, which are negatively
charged connective tissue polysaccharides believed to be cleared
by a highly specific hyaluronan receptor, are taken up by the
same SRs that take up aminoterminal propeptides of type I and
IIT procollagen (16). Studies employing KO mice lacking SR-A
showed that the LSEC SR is distinct from SR-A (17). Recent
evidence indicates that the major LSEC SR is represented by the
two closely related receptors, stabilin-1 and -2 (18).

The liver sinusoidal endothelial cell Fc-y receptor 1Ib2
(I1b2)

Of the known Fc-y receptors, only IIb2 is able to mediate
endocytosis of immune complexes (ICs) and only IIb2 is
expressed in LSECs. Clark Anderson noted that the presence of
this receptor in LSECs has, astonishingly, been ignored by
immunologists (A4). Trond Berg (A5) reported that ICs en-
docytosed via IIb2 are degraded at a lower rate than antigens
endocytosed via LSEC SR (19). Moreover, the ICs are associated
with lipid rafts after cross-linking before internalization via
clathrin-coated pits, and a large proportion of the internalized
ICs is recycled back to the plasma membrane. Both these events
delay receptor-ligand transport to later endocytic compart-
ments. Cross-linking of LSEC IIb2 does not lead to tyrosine
phosphorylation. It was suggested that the LSEC ITb2, similar to
its role in dendritic cells, is able to present antigens to B-cells
(A4). I1b2 in LSECs and placenta endothelium may share a
similar role in local vascular immunity (20).

Comparative aspects of scavenger function

Liver sinusoidal endothelial cells represent the mammalian
counterpart of vertebrate scavenger endothelial cells (SEC)
(21). Using highly efficient clathrin-mediated endocytosis,
these cells clear an array of colloids and soluble macromolecules
from the circulation, whereas macrophages use phagocytosis to
remove particles of size > 200nm. Martin—Armas (A7) pre-
sented a study on SR-mediated endocytosis of immune-stimu-
lating bacterial oligonucleotides, CpG (22) in Atlantic cod SEC.
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Preincubation of cultured cod SECs with CpG or poly I:C
selectively downregulated SR-mediated endocytosis, but only
marginally affected MR-mediated endocytosis. In his tutorial
presentation (A6), Clive Crossley gave an update of the
invertebrate scavenger cell system, the nephrocyte, which is
functionally strikingly similar to the vertebrate SEC system. He
focused on insect nephrocytes that display an extensively well-
developed clathrin-mediated endocytosis (23). These cells en-
docytose ligands that are also avidly endocytosed by the
mammalian LSEC SR. At present, no information is available
on the structure of these receptors. Nephrocytes produce large
amounts of lactate, just as the mammalian LSEC and fish SEC
do. It is assumed that this lactate is used as a high-energy fuel by
neighbouring energy-demanding cells.

Molecular biology

Sergij Goerdt, in his tutorial (A3), looked for LSEC-specific
features in his own work and in the literature, and found that
(a) stabilin-2 is lost from non-sinusoidal hepatic endothelium
late in hepatic vascular differentiation (24); (b) activation of the
G-protein-coupled bile acid receptor (Gpbarl/TGR5) by bile
salts leads to overexpression/activation of eNOS and enhanced
NO production mediating sinusoidal relaxation and hepatic
stellate cell (HSC) quiescence. In contrast, endothelin (ET)-1
induces LSEC constriction and defenestration (25-28); (c)
insulin is an important LSEC growth factor cross-activating
the VEGF pathway (29). Moreover, endocytosis/intracellular
trafficking was recently shown to be distinct in LSECs com-
pared with other cells (30). The LSEC-specific features are as
follows: (a) a remarkable net-like distribution of clathrin heavy
chain, fully associated with microtubules, but not with actin;
(b) clathrin-coated vesicles only partially colocalized with early
endosome antigen 1 and adaptor protein 2; (c) Wnt2, an
autocrine growth and differentiation factor specific for LSECs
that synergizes with the VEGF signalling pathway to exert its
effects (31). As a strategy to study the specialized differentiation
parameters of LSECs, highly purified LSECs and lung micro-
vascular endothelial cells (LMECs) were compared with respect
to gene expression. It was found that 319 genes are over-
expressed (> 4-fold) in LSECs. Interestingly, the expression of
stabilin-1 and -2 were about 25 and 1000 times higher in LSECs,
whereas the von Willebrand factor was 100 times higher in
LMECs.

Ageing

Old age is associated with substantial thickening and defenes-
tration of the LSEC, sporadic deposition of collagen and basal
lamina in the extracellular space of Disse and increased num-
bers of fat-engorged, non-activated HSCs (32, 33) (A10-13).
Defenestration is also apparent in isolated LSECs (A10). There
is perisinusoidal upregulation of the von Willebrand factor,
VEGFR-2, collagen 1 and IV and intercellular adhesion molecule
(ICAM)-1, and reduced expression of caveolin-1 and F-actin
(32). There is a 35% reduction in sinusoidal perfusion and five-
fold increase in leucocyte adhesion (33) (A12). Unlike most
liver diseases, there is no change in the expression of a-smooth
muscle actin (¢-SMA), desmin or VEGE, reduced expression of
caveolin-1 and HSCs are not activated (32) (A11). These age-
related changes have been termed pseudocapillarization. Pseu-
docapillarization is reversed by caloric restriction and resvera-
trol (A48). Defenestration leads to impaired transfer of
lipoproteins and provides a novel mechanism and therapentic
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