dysplastic nodules and well-differentiated HCC is
variable, the signal intensity of these nodules
may also vary after administration of SPI0.57:64 |t
has been suggested that the extent of SPIO
uptake may reflect the degree of Kupffer cell func-
tion (Fig. 20).%5 Signal intensity characteristics of
dysplastic nodules after administration of SPIO
also overlap with those of regenerative nodules
and well-differentiated HCC, and uptake of SPIO
into these nodules may cause a decrease in
detection.

Regenerative nodules generally have normal
hepatocellular function and therefore demonstrate
uptake of hepatocellular contrast agents such as
Gd-EOB-DTPA. As dedifferentiation proceeds,
the number of expressed organic anion trans-
porters decreases, with a resulting progressive
decrease in the uptake of hepatocellular agents.5®
It is considered that the appearance of HCC at
hepatocyte-selective phases with hepatocellular
agents is dependent on the degree of tumor
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differentiation. However, hepatocytes in well-
differentiated HCG may retain enough hepatocel-
lular function to take up hepatocellular agents,
and hence may be overlooked at this phase of
imaging, or appear similar to a regenerative or
dysplastic nodule (see Table 4).

In the authors’ experience, most well-
differentiated HCCs diagnosed by needle biopsy
are clearly observed as hypointense to liver at
hepatocyte-selective phases on Gd-EOB-DTPA—
enhanced MR imaging (Fig. 21). Nevertheless,
some well-differentiated HCGCs are observed
as isointense or hyperintense. Conclusive differ-
entiation of dysplastic nodules from well-
differentiated HCCs appears difficult (Fig. 22).
Moreover, the diagnostic differentiation of dysplastic
nodules from other cirrhosis-associated hepato-
cellular nodules may be difficult even on histo-
pathologic analysis, and the use of molecular
genetics-based techniques may be necessary in
future 61

Fig. 22. Dynamic enhancement patterns of alow-grade dysplasticnodule (4), high-grade dysplastic nodule (8), and
well-differentiated HCCs (C) in axial T1-weighted fat-saturated 3D GRE images (TR/TE = 3.6/1.7 ms, flip angle = 15°),
presenting before and in the arterial phase, portal phase, equilibrium phase, and hepatocyte-selective phase after
intravenous injection of Gd-EOB-DTPA. In the hepatocyte-selective phase, each nodule is observed as isointense or
hyperintense owing to the uptake of hepatocellular agents (arrows). In series (C), both nodules were well-
differentiated HCCs. In the hepatocyte-selective phase, both HCCs are observed as isointense and hyperintense,
respectively. All these HCCs were diagnosed by needle biopsy.
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Pigment Epithelium-Derived Factor Inhibits
Lysosomal Degradation of Bcl-xL and Apoptosis

in HepG2 cells
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Pigment epithelium-derived factor (PEDF) has several
biological actions on tumor cells, but its effects are
cell-type dependent. The aim of this study was to
examine the pathophysiological role of PEDF in hep-
atocellular carcinoma (HCC). PEDF expression was
examined in various hepatoma cell lines and human
HCC tissues, and was seen in various hepatoma cell
lines including HepG2 cells. In human HCC tissues,
PEDF expression was higher than in adjacent non-
HCC tissues. In addition, serum PEDF levels were
higher in HCC patients than in non-HCC patients, and
curative treatment of HCC caused significant reduc-
tions in serum PEDF levels compared with pretreatment
levels. In vitro experiments, camptothecin (CPT) was
used to induce apoptosis and the effect of PEDF was
investigated by knockdown of the PEDF gene in CPT-
treated HepG2 cells. Knockdown of the PEDF gene en-
hanced CPT-induced apoptosis, simultaneously down-
regulating Bcl-xL expression in HepG2 cells. Expression
of apoptosis-related molecules and effects of bafilomy-
cin A1 on CPT-induced apoptosis were also examined in
PEDF gene knockdown HepG2 cells. Treatment with
bafilomycin A1l suppressed CPT-induced decreases
in Bcl-xL expression and increases in apoptosis in

168

PEDF gene knockdown HepG2 cells. PEDF may,
therefore, exert anti-apoptotic effects through inhi-
bition of lysosomal degradation of Bcl-xL in CPT-
treated HepG2 cells. (4m J Patbol 2010, 176:168-176;
DOI: 10.2353/ajpath.2010.090242)

Hepatocellular carcinoma (HCC) is a common cancer
that causes nearly 1 million deaths a year worldwide.’
The incidence of HCC is predicted to continue to in-
crease over the next 30 years.? To develop new thera-
peutic strategies, it is important to elucidate molecular
mechanisms underlying hepatocarcinogenesis.

Pigment epithelium-derived factor (PEDF) is a 50-kDa
glycoprotein initially isolated from fetal human retinal pig-
ment epithelial cells.® PEDF exerts a range of biological
effects depending on the type of the target cell. PEDF
induces apoptosis of endothelial cells and results in in-
hibition of neovascularization.® Overexpression of PEDF
causes a reduction in tumor microvessel density and
subsequent anti-tumor effects in pancreatic adenocarci-
noma and melanoma cells.®® In contrast to its effects in
endothelial cells, PEDF causes the opposite effect in
other types of cells. PEDF protects granule cells against
both natural and potassium-induced apoptosis through
activation of prosurvival genes.” In cultured retinal peri-
cytes, PEDF inhibits oxidative stress-induced apoptosis
through an increased ratio of B-cell leukemia/lymphoma
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2 (Bcl-2)-associated X protein (bax) to bcl-2 mRNA levels
with subsequent activation of caspase-3.2° PEDF also
inhibits light-induced apoptotic processes in photorecep-
tor cells in vivo.’®""

HCC is a hypervascular solid tumor, in which neovas-
cularization plays an important role in disease progres-
sion and prognosis. However, changes in PEDF expres-
sion in human HCC have never been investigated and
therefore, it is unclear whether PEDF is a useful target for
therapeutic strategies in patients with HCC. Dysregula-
tion of apoptosis is also deeply involved in hepatocarci-
nogenesis. Although HCC is known to be resistant to
apoptosis,*? it remains unknown whether PEDF has anti-
apoptotic effects in HCC.

Thus, PEDF is a multifunctional protein with opposing
activities, apoptotic and anti-apoptotic activities. These
disparate effects depend on cell type. The aims of the
present study were to investigate changes in PEDF ex-
pression and the role of PEDF in HCC.

Materials and Methods

Materials

All reagents were purchased from Wako Pure Chemical
Industries (Osaka, Japan) unless otherwise indicated.

Cell Lines

Human hepatoma cell lines, HepG2, Hep3B, Huh-7, PLC/
PRF/5, HLF and SK-Hep1, and the human hepatocyte cell
line, OUMS-29,%'* were maintained in Dulbecco’s mod-
ified Eagle’s medium supplemented with 10% fetal bo-
vine serum, penicillin (100 U/ml), and streptomycin (100
U/ml) at 37°C in a humidified atmosphere containing 5%
CO, as previously described.’® Because PEDF is present
in fetal bovine serum, each cell line was incubated for 48
hours with Dulbecco’s modified Eagle's medium without
fetal bovine serum to examine PEDF expression in culture
medium.

Human Samples

We obtained six pairs of HCCs and adjacent non-HCC
liver tissues at the time of surgical resection for HCC. All
tissues were stored at —80°C until used. Serum samples
were obtained from cirrhotic patients with non-HCC (n =
25) or HCC (n = 110). Paired serum samples were also
obtained from patients with HCC before and after com-
plete treatment with surgical resection or percutaneous
radiofrequency ablation (n = 15). All serum samples
were stored at —80°C until used. Informed consent in
writing was obtained from each patient and the study
protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a prior approval by
the institutional review committee.

RT-PCR

From each cell line or each tissue, total RNA was isolated
with TRIzol reagent (Invitrogen, Carlsbad, CA). Two hun-
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dred fifty nanograms of RNA was used as a template for
RT-PCR as previously described.’® Expression of mRNA
was evaluated by using a pair of unique primers for human
PEDF (sense 5'-CCGGGCTCTCTACTATGACTTGAT-3" and
antisense 5'-ACGGTCCTCTCTTGATCCAAGTAG-3'), B-actin
primer pair (Promega, Madison, WI), or cyclophilin (sense
5'-CCCACCGTGTTCTTCGAC-3' and antisense 5'-ATCT-
TCTGCTGGTCTTGCC-3"). The cycle numbers (24 cycles
for PEDF; 20 cycles for B-actin; 22 cycles for cyclophilin) for
amplification were chosen in the linear range. The above
conditions were determined by plotting signal intensities as
functions of the template amounts and cycle numbers, and
reactions proceeded linearly.

Immunohistochemistry

Cell lines were fixed with 100% acetone at —20°C for 20
minutes. Nonfixed human tissues were sectioned at a
thickness of 6 um and fixed with 100% acetone at —20°C
for 20 minutes. Cells or sections were washed three times
for 5 minutes each in PBS (pH 7.4, 130 mmol/L NaCl, 2
mmol/L NaH,PO,, and 7 mmol/L Na,HPO,) and then
blocked with 10% skim milk in PBS for 30 minutes. Cells
or sections were incubated overnight at 4°C with the
monoclonal antibody to human PEDF (Chemicon Interna-
tional, Temecula, CA or TransGenic, Kumamoto, Japan)
diluted 1:100 in PBS. After several washes with PBS, cells
or sections were incubated for 1 hour with the secondary
antibody, horseradish peroxidase-labeled anti-mouse
IgG (Amersham Biosciences, Piscataway, NJ), or a fluo-
rescein isothiocyanate (FITC)-conjugated goat anti-
mouse IgM (Cappel, Aurora, OH) diluted 1:100 in PBS at
room temperature. Subsequently, cells or sections were
washed with PBS. Immunostaining for PEDF was devel-
oped with 3,3’-diaminobenzidine or a confocal laser
scanning microscope (FluoView FV 300; Olympus,
Tokyo, Japan). In addition, propidium iodide was used
concomitantly for nuclear staining. The stored images
were overlaid to create a single integrated image re-
ferred to as a “volume projection” by using the manu-
facturer’s proprietary software (Olympus) as previously
described.’”

Immunoblotting and Quantitation

Conditioned media were quantitated by using DC protein
assay kit (Bio-Rad Laboratories, Hercules, CA) according
to the manufacturer's instruction. Proteins were resolved
by using 10% SDS-polyacrylamide gel electrophoresis
gel. Following electrophoresis, proteins were transblotted
onto polyvinylidene difluoride membranes (PolyScreen,
PerkinElmer Life Sciences, Waltham, MA). The mem-
branes were blocked with 5% fat-free skim milk powder in
Tris-buffered saline containing 0.02% (v/v) Tween 20. The
primary antibodies were monoclonal antibodies to human
PEDF (Chemicon or TransGenic), p53 (Cell Signaling
Technology, Danvers, MA), phospho-p53 (Ser46) (Cell
Signaling Technology), Akt (Cell Signaling Technology).
phospho-Akt (Cell Signaling Technology), cyclin D1 (Cell
Signaling Technology), Bax (Cell Signaling Technology),
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survivin (Cell Signaling Technelogy), or Bel-xL (Cell Sig-
naling Technology). The bound antibodies were detected
with horseradish peroxidase-labeled anti-mouse or anti-
rat IgG (Amersham Biosciences) by using an enhanced
chemiluminescence detection system (ECL advanced
kit, Amersham Biosciences) as previously described.'® A
positive signal from the target proteins was visualized by
using an image analyzer LAS-1000 plus (Fujifilm, Tokyo,
Japan). Band intensities were determined by using the
Scion Image (Scion Corporation, Frederick, MD). Values
were based on four different experiments.

Assay for Serum or Medium PEDF

Serum or medium PEDF measurements were performed
with a modified competitive enzyme-linked immunosor-
bent assay (ELISA) as previously described.® To disso-
ciate PEDF from binding-proteins, 50 ul of serum or me-
dium was pretreated with 200 ul of 8 M urea for 1 hour.
Then, 100-ul aliquots of standard recombinant human
PEDF proteins (Chemicon International) or 50-fold diluted
serum were added to wells that had been precoated with
an anti-PEDF monoclonal antibody (TransGenic). Then,
50 pl of biotinylated anti-human PEDF polyclonal anti-
body (R and D Systems, Minneapolis, MN) was added to
each well, and the plate was read at 450 nm by using a
microplate reader.

Small Interfering RNA-Mediated Gene
Knockdown and Evaluation of Apoptosis

PEDF gene was knocked down by using small interfering
RNA (siRNA) in HepG2 cells. HepG2 cells were plated
together with siRNA (individual siRNA serpinF1 or negative
control number 2; Ambion, Austin, TX)-siPORT NeoFX com-
plexes. Twenty-four hours later, siRNA-siPORT NeoFX com-
plexes were removed by replacing them with basal medium
containing 1% serum and an apoptosis inducer, camptoth-
ecin (CPT; 2 umol/L) and then cells were incubated for 24
hours. In some experiments, 10 umol/L of carbobenzoxy-L-
leucyl-L-leucyl-L-leucinal (MG132; Peptide Institute, Osaka,
Japan), a proteasomal proteolysis inhibitor or 100 nmol/L of
bafilomycin A1, a lysosomal proteolysis inhibitor was mixed
with CPT. Apoptosis was evaluated by visualization of
caspase activity by using a FITC-labeled carbobenzoxy-
valyl-alanyl-aspartyl-fluoromethylketone (CaspACE FITC-
VAD-fmk in situ marker; Promega) according to the manu-
facturer’s instructions and quantified by terminal
deoxynucleotidyl transferase-mediated dUTP nick-end la-
beling assay by using the Cell Death Detection ELISA kit
(Roche Applied Science, Mannheim, Germany) according
to the manufacturer’s instructions. Knockdown of the PEDF
gene was verified by semiquantitative RT-PCR and by mea-
suring medium PEDF levels.

Statistical Analysis

All data are expressed as mean = SD. Comparisons
between any two groups were performed by using the

Mann-Whitney U test. Comparisons among multiple
groups were analyzed by using the Kruskal-Wallis anal-
ysis of variance. A P value <0.05 was considered statis-
tically significant.

Results

PEDF mRNA and PEDF Expression in Human
Hepatoma Cell Lines

No expression and weak expression of PEDF mRNA were
seen in HLF and SK-Hep1 cells, respectively. However,
expression of PEDF mRNA was seen in OUMS-29,
HepG2, Hep3B, Huh-7, and PLC/PRF/5 cells (Figure 1A).
Intracellular expression of PEDF was seen in OUMS-29,
HepG2, Hep3B, Huh-7, and PLC/PRF/5 cells, but not in
HLF and SK-Hep1 cells (Figure 1B). Secreted PEDF in
the culture medium was evaluated by using two different
primary antibodies. Expression of PEDF was seen in the
culture medium of HepG2, Hep3B, Huh-7, and PLC/
PRF/5 cells, but not in that of HLF, OUMS-29, and SK-
Hep1 cells (Figure 1C, upper column). Similar results
were obtained when a different primary antibody was
used (Figure 1C, lower column).

PEDF (Chemicon Inc.)

PEDF (TransGenic Inc.)

Figure 1. Expression of PEDF mRNA and actin mRNA as a control in various
human hepatoma cell lines (A), intracellular expression of PEDF (B), and
secreted PEDF into the culture medium (C) were evaluated by RT-PCR,
immunohistochemistry, and immunoblotting, respectively. In HLF and SK-
Hepl cells, PEDF expression was negative and cell morphology was dem-
onstrated by phase contrast (B).
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Figure 2. In human HCC tissues and adjacent non-HCC liver tissues, expression of PEDF mRNA (i = 6) (A) and PEDF (n = 6) (B) were evaluated by RT-PCR
and immunoblotting, respectively. The distribution of PEDF was examined by immunostaining. Immunostaining for PEDF was developed with 3,3'-diamino-
benzidine (C) and lipid accumulation was evaluated by Sudan 1V staining (C). The distribution of PEDF was examined by a confocal laser scanning microscopy.
Green color indicates expression of PEDF and red color indicates propidium iodide, a marker for the nucleus. Yellow color indicates co-localization of PEDF and
propidium iodide (D). Serum PEDF levels were measured in non-HCC patients (# = 25) or HCC patients (7 = 110) with a competitive ELISA (E). Changes in serum
PEDF levels after HCC treatment were examined in HCC patients treated with surgical resection or percutaneous radiofrequency ablation (22 = 15) (F). *£ < 0.01.

PEDF mRNA and PEDF Expression in Human
Liver Tissues and Serum Samples

Expression of PEDF mRNA was higher in HCC tissue than
in non-HCC tissue in all cases (Figure 2A). Similar to
expression of PEDF mRNA, expression of PEDF was
higher in HCC tissue than in non-HCC tissue in all cases
(Figure 2B). When PEDF was visualized by 3,3'-diamino-
benzidine, expression of PEDF was seen in nuclei of
hepatocytes and mainly in the cytoplasm of HCC where
no lipid accumulation was seen by Sudan IV staining
(Figure 2C). Similar results were obtained by confocal
laser scanning microscopy. In hepatocytes, PEDF (green
color) was colocalized with propidium iodide (red color),
showing a yellow color in the overlay image (Figure 2D,
upper column). However, in HCC, PEDF (green color)
was dissociated with propidium iodide (red color; Figure
2D, lower column). Serum PEDF levels were significantly
higher in patients with HCC than in patients with non-HCC
(Figure 2E). After complete treatment of HCC such as
surgical resection or percutaneous radiofrequency abla-
tion, serum PEDF levels were significantly lower than
before treatment (Figure 2F).

Effects of PEDF Gene Knockdown on
CPT-Induced Apoptosis in HepG2 Cells

Knockdown of the PEDF gene was verified by semiguan-
titative RT-PCR (Figure 3A) and PEDF levels in the culture
medium (Figure 3B).

Apoptosis was visualized by FITC-conjugated VAD-FMK,
which binds with activated caspase. Laser scanning micro-
scopic images showed a slight increase of apoptosis in
PEDF gene knockdown HepG2 cells compared with CON
and N.CON (Figure 3C, upper column). By treatment with
CPT, an apoptotic inducer, marked increase of apoptosis
was seen in PEDF gene knockdown HepG2 cells compared
with CON and N.CON (Figure 3C, lower column).

In addition, apoptosis was quantified by terminal deoxy-
nucleotidyl transferase-mediated dUTP nick-end labeling-
based ELISA. PEDF gene knockdown increased apoptotic
cell numbers in HepG2 cells compared with CON and
N.CON (Figure 3D, white bars). By treatment with CPT, a
significant increase in apoptotic cell number was seen in
knockdown compared with CON and N.CON (Figure 3D,
black bars). Similar findings were found in Hep3B and Huh7
cells (Supplemental Figure 1, see http://ajp.amjpathol.org).
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Figure 3. In PEDF gene knockdown HepG2 cells, expression of PEDF mRNA (A) and medium PEDF levels (B) were evaluated by semiquantitative RT-PCR and
a competitive ELISA (72 = 4), respectively. Effects of PEDF gene knockdown on CPT-induced apoptosis was examined in HepGz2 cells. Apoptosis was visualized
by FITC-conjugated VAD-FMK, which binds with activated caspase and green color indicated apoptotic cells (C). Apoptosis was quantified by using Cell Death
Detection ELISA kits (Roche Applied Science) and increases in absorbance (Asos nm-Ao0 o) indicate increased number of apoptotic cells (# = 4, D). Effects of
TPEDF on CPT-induced apoptosis was examined in PEDF gene knockdown HepG2 cells. Apoptosis was quantified by using Cell Death Detection ELISA kits
(Roche Applied Science) (n = 4, E). Effects of PEDF gene knockdown on cell cycle-related molecules (p33, Akt, and cyclin D1) and apoptosis-related molecules
(Bax, survivin, and Bel-xL) were evaluated by immunoblotting in HepG2 cells (F). *P < 0.01, **P < 0.,05.

Effects of Recombinant PEDF on CPT-Induced
Apoptosis in PEDF Gene Knockdown HepG2
Cells

After addition of recombinant PEDF (rPEDF) (100 nmol/L)
into the culture medium, no significant changes were
seen in CPT-induced apoptotic cell numbers in PEDF
gene knockdown HepG2 cells (Figure 3E).

Effects of PEDF Gene Knockdown on Expression
of Cell Cycle- and Apoptosis-Related Molecules in
CPT-Treated HepG2 Cells

Although there was no significant decrease of p53 ex-
pression on CPT-treated knockdown cells compared with
that in CPT-treated CON and CPT-treated N.CON cells,
significant decrease was seen in phospho-p53, Ak,
phospho-Akt, and cyclin D1 in CPT-treated knockdown
cells compared with those in CPT-treated CON and
CPT-treated N.CON cells (Figure 3F and Table 1).
Treatment with CPT decreased expression of Bax and
survivin in all groups (Figure 3F and Table 1). However,
expression of Bel-xL was markedly decreased in CPT-
treated knockdown cells compared with that in CPT-
treated CON and CPT-treated N.CON cells (Figure 3F).
Decreased expression of Bcl-xL was also found in

Hep3B and Huh7 cells (Supplemental Figure 2, see
http://ajp.amjpathol.org).

Effects of PEDF Gene Knockdown on Bel-xL
mRNA in HepG2 Cells

Expression of Bcl-xL mRNA was higher in CPT-treated
knockdown cells compared with that in CPT-treated CON
and CPT-treated N.CON cells at 6 hours and 12 hours
after PEDF gene knockdown (Figure 4A).

Effects of MG132 or Bafilomycin A1 on
Decreases in Expression of Bel-xL. and
Increases in Apoptosis in CPT-Treated PEDF
Gene Knockdown HepG2 Cells

After treatment with 10 umol/L of MG132, a proteasomal
proteolysis inhibitor, no marked change in expression of
Bcel-xL was seen in CPT-treated knockdown cells (Figure
4B). Treatment with 100 nmol/L of bafilomycin A1, a ly-
soscmal proteolysis inhibitor, inhibited decreases in ex-
pression of Bel-xL in CPT-treated knockdown cells (Fig-
ure 4B). Treatment with bafilomycin A1, but not MG132,
also inhibited an increase of apoptosis in CPT-treated
PEDF gene knockdown HepG2 cells (Figure 4C).
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Table 1. Densitometric Analysis of Expression of Cell Cycle- and Apoptosis-Related Molecules in CPT-Treated HepG2 Cells

Molecule CON (n = 4) N.CON (n = 4) kd (n = 4)

CPT — + — + - +
P53 223 + 24 235+ 19 221 = 21 232 = 20 229 + 21 238 + 21
p-p53 136 = 15 193 = 22 106 = 17 195 + 18 101 = 156 124 + 26*1
Akt 173 = 16 169 + 19 186 = 16 157 =17 182 + 18 120 + 25*1
p-Akt 194 = 18 197 + 21 242 + 23 236 + 22 244 + 21 160 = 28*"
cyclin D 215 + 29 194 + 31 209 = 41 164 + 43 193 + 37 118 = 39*1
Bax 132 £ 15 75+ 11 156 = 18 85 + 11 149 = 12 81+ 10
Survivin 194 = 18 56 +7 226 *+ 21 61 = 10 210 = 18 54 +9
Bel-xL 111+ 13 130 = 11 215+ 19 159 + 15 205 + 21 87 + o8

Data presented as mean = SD.

*P < 0.05 compared with CON with CPT.
TP < 0.05 compared with N.CON with CPT.
*P < 0.01 compared with CON with CPT.
8P < 0.01 compared with N.CON with CPT.

Discussion

In this study, we demonstrated that PEDF was overex-
pressed not only in human hepatoma cell lines, but also
in human HCC tissues. Knockdown of the PEDF gene
enhanced CPT-induced apoptosis with down-regulation

A CON  N.CON KD
CPT — + — + — +
=
=
o~N
B e . + o+
BokxlL
C Absorbance
(A405nrn'A490nm)
0 0.6 12
CON
N.CON
With KD S N.S.
CPT :IN.SA
KD + MG132 v
KD +
Bafilomycin A1

Figure 4. Effects of PEDF gene knockdown on Bcl-xL mRNA and cyclophilin
mRNA as a control were evaluated by semiquantitative RT-PCR 6 and 12
hours after PEDF gene knockdown in CPT-treated HepG2 cells (A). In
CPT-treated PEDF gene knockdown HepG2 cells, effects of 10 umol/L of
MG132 or 100 nmol/L of bafilomycin A1 on expression of Bcl-xL (B) and on
CPT-induced apoptosis were evaluated by immunoblotting and Cell Death
Detection ELISA kits (Roche Applied Science), respectively. Increases in
absorbance (A s pu-Aaoo n) indicate increases in number of apoptotic cells
(nn=15,0C). *P<0.05

of Bel-xL expression. Treatment with bafilomycin A1, a
lysosomal proteolysis inhibitor, inhibited the CPT-induced
decreases in expression of Bel-xL and increases in ap-
optotic cell number in PEDF gene knockdown HepG2
cells. Thus, PEDF may exert anti-apoptotic effects by
inhibiting lysosomal-mediated degradation of Bcl-xL in
HepG2 cells.

Decreased expression of PEDF was reported in vari-
ous cancers such as prostate ?° pancreas,®’ breast,??
and ovarian cancers.?® PEDF has anti-angiogenic®* and
tumorcidal effects through induction of both apoptosis
and differentiation.?® In fact, treatment with exogenous
PEDF has been shown to inhibit neovascularization and
proliferation of malignant melanoma in vivo.® Generally,
substitution of PEDF is considered as a novel therapeutic
strategy against several cancers. However, there is some
controversy about the pathophysiological role of PEDF in
cancers because PEDF levels have been increased in
some types of cancers.?®?” Indeed, in this study, we
found that PEDF was overexpressed in most of the hu-
man hepatoma cell lines and HCC tissues. Although
PEDF mRNA was not seen only in HLF cell line, HLF cell
line resembles fibroblast in morphology and does not
produce alpha-fetoprotein.?® Thus, HLF cell line shows
different characteristics from other hepatoma cell lines
and this may be a reason why PEDF mRNA was not seen
only in HLF cell line.

More than 99% of PEDF cDNA from HepG2 cells was
identical to human PEDF cDNA (data not shown) and
therefore, PEDF in HepG2 cells seems to have biological
activity. Although treatment with exogenous PEDF is re-
ported as a potential therapeutic strategy for HCC,%°
endogenous expression of PEDF in human HCC has
never been investigated and the validity of treatment
strategies targeting PEDF has not been confirmed. Ex-
pression of PEDF was increased in all six HCC tissues
that we examined, although all six HCCs were typical
hypervascular tumors. PEDF is known to localize regions
of steatosis.®?3" However, no lipid accumulation was
seen in the cytoplasm of HCC and therefore, high expres-
sion of PEDF seems to be a character of HCC. Moreover,
serum PEDF levels were significantly higher in HCC pa-
tients than in non-HCC patients or in HCC patients who
had complete treatment. Recently, we, along with others,
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have found that adipocytes secrete PEDF and serum PEDF
level is associated with metabolic syndrome.'®32-34 How-
ever, in this study, enrolled patients were not obese and
there was no significant difference in body mass index
between HCC and non-HCC patients (22.5 + 2.1 vs.
22.3 £ 1.9; not significant). Taken together, PEDF ex-
pression levels were increased in HCC as a countersys-
tem against neovascularization. Further, our present re-
sults suggest that elevation of PEDF may have other
biological effects on HCC, ie, promotion of HCC growth
and expansion by suppressing apoptosis.

Because PEDF was expressed in human hepatoma
cell lines, knockdown of the PEDF gene seemed to be a
better strategy for examining the role of PEDF in HCC
than overexpression of PEDF or treatment with recombi-
nant PEDF. Knockdown of the PEDF gene itself induced
apoptosis and the apoptotic effect was enhanced by the
co-treatment with CPT, an inducer of apoptosis, in vari-
ous hepatoma cell lines. These findings indicate that
PEDF has a protective role against CPT-induced apopto-
sis in HepG2 cells. Cao et al®*® reported that PEDF pro-
tects cultured retinal neurons against hydrogen peroxide-
induced apoptosis. In good accordance with our results,
a similar protective role of PEDF against apoptosis has
been found in cerebellar granule cells,” ¢~ retinal peri-
cytes,®9 photoreceptor cells, """ and retinal ganglion
cells.® Addition of rPEDF into the culture medium did not
protect CPT-induced apoptosis in PEDF gene knockdown
HepG2 cells. Although PEDF is a secretory protein,®!#?
these data indicate that PEDF exerted its anti-apoptotic
activity through intracellular interaction between PEDF and
anti-apoptotic molecules, and not through autocrine or
paracrine pathways in HepG2 cells. Precise mechanisms
for PEDF-induced protection against apoptosis are un-
known. However, several pathways have been suggested.
PEDF is known to activate cAMP-responsive element bind-
ing protein, nuclear factor B, extracellular signal-regulated
kinases 1/2, and glutathione peroxidase, resulting in pro-
tection against apoptosis.®*8=%° |n this study, we found that
cell cylcle-related molecules such as phospho-p53, Akt
phospho-Akt, and cyclin D1 were down-regulated by
knockdown of the PEDF gene in CPT-treated HepG2 cells.
These changes were in good accordance with previous
reports®>=4” and suggest that cell cycle arrest may en-
hance CPT-induced apoptosis. In addition to these path-
ways, we first found that knockdown of the PEDF gene
down-regulated Bcl-xL, an anti-apoptotic molecule, in CPT-
treated HepG2 cells. Thus, PEDF may exert anti-apoptotic
effects in HCC through up-regulation of Bel-xL.

Then, we investigated mechanisms for down-regula-
tion of Bel-xL by PEDF gene knockdown. Expression of
Bel-xL mRNA was decreased in CPT-untreated CON
cells at 12 hours after PEDF gene knockdown compared
with that at 6 hours. Although the reason for down-regu-
lation of Bel-xL mRNA expression at 12 hours is unclear,
the following is a possible reason: HepG2 cells were
plated together with siRNA for PEDF. Twenty-four hours
later, siRNA for PEDF were removed by replacing them
with basal medium containing 1% fetal bovine serum.
Fetal bovine serum contains various apoptosis-inducing
cytokines including TNF-a. Those apoptosis-inducing cy-

tokines might temporary up-regulate Bcl-xL mRNA ex-
pression at 6 hours after PEDF gene knockdown and
apoptotic stimuli might not last until 12 hours.

Expression of Bcl-xL mRNA was higher in CPT-treated
knockdown cells compared with that in CPT-treated CON
and CPT-treated N.CON cells at 6 hours and 12 hours
after PEDF gene knockdown. However, the protein ex-
pression of Bel-xL was lower in CPT-treated knockdown
cells. Therefore, we assumed that high expression of
Bel-xL mRNA is a cellular adaptive response against
decreased protein expression of Bcl-xL. The ubiquitin-
proteasome pathway is a major mechanism for protein
degradation. However, treatment with MG132, a protea-
somal proteolysis inhibitor, showed no marked changes
in expression of Bcl-xL in our study. In concordance with
our results, Bel-xL is not degraded by the ubiquitin-pro-
teasome pathway in ischemic retinal injury.*® Autophagy
is another major mechanism for protein degradation
through lysosomal proteolysis.*® We found that treatment
with bafilomycin A1, a lysosomal proteolysis inhibitor,
prevented the CPT-induced decrease in expression of
Bel-xL. Treatment with bafilomycin A1 also prevented
CPT-induced apoptosis in PEDF gene knockdown
HepG2 cells. These findings led us to hypothesize that
knockdown of the PEDF gene causes lysosomal proteol-
ysis-mediated down-regulation of Bcl-xL and subsequent
enhancement of CPT-induced apoptosis in HepG2 cells.
In other words, PEDF may up-regulate Bcl-xL through
inhibition of lysosomal proteolysis in HCC. Supporting our
hypothesis, expression of Bcl-xL is known to be in-
creased in human HCC.®° There are significant correla-
tions between expression of Bel-xL and disease-free sur-
vival, and Bcl-xL is an independent prognostic factor for
disease-free survival in patients with HCC.5"

In the present study, we also examined the expression
of PEDF in normal hepatocytes and found that high ex-
pression of PEDF was found in cytosol of normal hepa-
tocyte cell line, OUMS-29, but not in non-HCC tissue.
Although the reason for this discrepancy is unclear, the
following is a possible explanation. PEDF is a secretory
protein,*'*2 and cell-matrix interaction is one of the reg-
ulatory mechanisms for secretion of PEDF.®2 There is no
cell-matrix interaction in culture dish and PEDF was not
secreted in the culture medium of OUMS-29. Thus, ac-
cumulation of unsecreted PEDF may be a reason for high
expression of PEDF in OUMS-29 cells.

A limitation of this study is that a hepatoma xenograft
study using nude mice was not conducted to prove the
anti-apoptitic property of PEDF. However, continuous
and specific down-regulation of PEDF gene of hepatoma
cell in nude mice is impossible at this point because of
following reasons: (1) because effects of knockdown only
last 3 days in HepG2 cells (data not shown) and none of
PEDF knockout hepatoma cells survived for more than 7
days; and (2) PEDF occurs in various organs®® and there-
fore, continuous knockdown by injection of siRNA for
PEDF affects not only hepatoma cell line, but also various
organ functions.

In conclusion, we found increased expression of PEDF
in both human hepatoma cell lines and human HCC
tissues. Knockdown of the PEDF gene enhanced CPT-
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induced apoptosis with down-regulation of Bcl-xL ex-
pression. Treatment with bafilomycin A1 prevented CPT-
induced decreases in expression of Bcl-xL and increases

in

apoptosis in PEDF gene knockdown HepG2 cells.

Thus, increased expression of PEDF may exert anti-ap-
optotic effects in HCC through inhibition of lysosomal
degradation of Bel-xL.
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ABSTRACT

purpose: To clarify the pre-treatment hemodynamic features involved in the long-term survival of cir-
rhotic patients with gastric fundal varices (FV)after balloon-occluded retrograde transvenous obliteration
(B-RTO).

Materials and methods: Eighty-one cirrhotic patients with medium- or large-grade FV treated by B-RTO
were enrolled in this retrospective study. Pre-treatment flow volume ratio between gastric vein and
portal trunk (GP-R) was obtained by Doppler ultrasound.

Results: The cumulative survival rate was 90% at 1 year, 74.8% at 3 years, 57.2% at 5 years, and 45.8% at
7 years without recurrence in a median period of 1148.5 days The survival was poorer in patients with
HCC (47% at 3 years, 9.4% at 5 years, p<0.0001) than without (89.2% at 3 years, 81.9% at 5 years, 67.5% at
7 years), in patients with Child B/C (57.7% at 3 years, 42.1% at 5 years, 28.1% at 7 years, p=0.0016) than
with Child A (91.8% at 3 years, 71.5% at 5 years, 62.1% at 7 years), and in patients with GP-R = 1.0 (58.9% at
3 years, p=0.0485) than with GP-R< 1.0 (76.3% at 3 years, 62% at 5 years, 49.6% at 7 years). Multivariate
analysis identified the presence of HCC (hazard ratio, 12.486; 95% Cl, 4.08-38.216; p<0.0001), Child B/C
(hazard ratio, 3.41; 95% Cl, 1.594-7.15; p=0.0051) and GP-R = 1.0 (hazard ratio, 2.701; 95% Cl, 1.07-6.15;
p=0.0221) as independent factors for poor prognosis.

Conclusion: GP-R > 1.0 on Doppler ultrasound before B-RTO may be a predictive indicator for poor prog-
nosis in cirrhotic patients with FV after B-RTO, in addition to the presence of HCCand severe liver damage.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Portal hypertension causes gastroesophageal varices, which
present a certain bleeding risk [1]. Although lower bleeding rates
of gastric varices compared to esophageal varices (EV) have been
reported, gastric variceal bleeding sometimes results in serious
consequences during the clinical course [2,3]. As variceal bleeding
is still one of the major causes of mortality in cirrhotic patients, cer-
tain treatment methods using endoscopy, surgery or interventional
techniques have been introduced and applied for gastric varices
[4.5].

Balloon-occluded retrograde transvenous obliteration (B-RTO)
provides an efficient therapeutic effect for gastric fundal varices
(FV) with less recurrence [6-8]. Previous reports have shown sat-
isfactory prognosis after B-RTO, with 3- and 5-year survival rates
over 70% and 50%, respectively, and hepatocellular carcinoma (HCC)

* Corresponding author. Tel.: +81 43 2262083 fax: +81 43 2262088.
E-mail addresses: maru-cib@umin.ac.jp (H. Maruyama), hideun@yahoo.co.jp
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(H. Yoshizumi), yokosukao@faculty.chiba-u.jp (O. Yokosuka).

0720-048X/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ejrad.2009.11.007

and/or liver function were reported to be prognostic factors asso-
ciated with survival after the treatment [9-11].

As B-RTO embolizes large collateral vessels, portal hemody-
namic changes may occur in the manner of an opposite effect to a
decompressive treatment like transjugular intrahepatic portosys-
temic shunt. In fact, Akahane et al. reported a significant increase in
portal venous pressure (PVP) as a logical consequence after B-RTO,
with anincrease in portal blood flow [12]. Although portal hemody-
namics before B-RTO might predict the clinical course after B-RTO,
the relationship between pre-treatment hemodynamics and post-
treatment prognosis has not been fully investigated. The aim of this
study was to clarify the pre-treatment clinical parameters includ-
ing hemodynamic conditions involved in the long-term survival of
cirrhotic patients with FV after B-RTO.

2. Patients and methods
2.1. Patients
Between March 1998 and August 2007, 98 cirrhotic patients

underwent B-RTO for medium- or large-grade FV in Chiba Univer-
sity Hospital. The application criteria for B-RTO in our department
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were as follows: (i) patients with medium- or large-grade FV on
endoscopy, (ii) patients with a bleeding history from FV (secondary
prophylaxis), (iii) Child’s A or B grade patients with hopeful pro-
phylaxis treatment for FV (primary prophylaxis), (iv) patients with
gastrorenal shunt and/or inferior phrenic vein for the drainage
route of FV on ultrasound (US), computed tomography (CT) or
percutaneous transhepatic portography images. Among the 98
patients, eligible subjects for this study were selected according to
the following criteria: (i) patients with FV completely embolized on
contrast-enhanced CT after B-RTO, (ii) patients followed up on an
outpatient basis for 1 year or more, (iii) patients received a medical
check-up with blood tests at least twice a year, and had US exami-
nation and endoscopy at least once a year. Complete embolization
of FV was obtained in 94 of the 98 patients, and the clinical course of
13 patients became unknown within 1 year because they stopped
visiting to the hospital. Therefore, data on 81 cirrhotic patients
(age: 63.5+9.4, 42-80 years; male 47, fernale 34) with medium-
or large-grade FV treated by B-RTO were analyzed in this retro-
spective study. The cause of cirrhosis was viral in 57 patients (HCV
49, HBV 8), alcohol abuse in 12, primary biliary cirrhosis in two,
autoimmune hepatitis in one, and cryptogenic in nine. The severity
of liver function (Child-Pugh score) was A in 39, B in 39, and C in
three, and laboratory findings just before B-RTO were as follows:
total bilirubin 1.5+ 1.7 (0.2-15.4mg/dl), serum albumin 3.2 +0.5
(2-4.5 g/dl), prothrombin time 67.6 + 14.7 (18-107%).

At the time of B-RTO, 18 patients had concomitant HCC, of
which the number of nodules was one in seven patients, two in
four patients, three in three patients and more than three in four
patients. The diameter of the nodules ranged 10-45mm (mean
24.8 +12.3). One patient had portal vein tumor thrombosis in
the portal trunk, and none had distant metastasis. They received
treatments for HCC after B-RTO — surgical treatment in one, per-
cutaneous ethanol injection (PEI) in three, transcatheter arterial
chemoembolization (TACE) in eight, and TACE followed by PEI
in six. Meanwhile, nine patients had a treatment history of HCC,
which was controlled by non-surgical treatments in eight (PEI in
four, radiofrequency ablation in three, TACE in one) and surgical
treatment in one. Therefore, 54 of the 81 patients had neither con-
comitant HCC nor treatment history of HCC.

Informed written consent was obtained from all patients, and
the investigation was carried out in accordance with the Helsinki
Declaration. This retrospective study was judged as having an
appropriate design for publication by the ethics committee of our
hospital.

2.2. Endoscopy

Endoscopic findings of FV and EV were classified according to
the General Rules for Recording Endoscopic Findings set by the
Japan Research Society for Portal Hypertension [13]; F1 (straight),
F2 (winding), and F3 (nodule-beaded), corresponding to the grades
of small, medium and large, respectively. The grades of FV were
F2 in 42 and F3 in 39; 37 of the FV patients were accompanied
by EV, F1 in 22 and F2 in 15. According the FV classification by
Sarin et al, there were 44 patients with IGV1 and 37 patients with
GOV2 [1]. Forty-four of the 81 FV patients were bleeders, 32 con-
firmed by endoscopy and 12 by clinical symptoms of hematemesis
or melena; the other 37 were non-bleeders with no history of
hematemesis or melena. Twenty-four of the 44 bleeder patients
underwent emergent endoscopic treatment for hemostasis of FV
bleeding, sclerotherapy in 20, band ligation in two, and clipping
in two. Prophylactic treatment (band ligation followed by scle-
rotherapy with absolute ethanol) for EV was done in two patients
with medium-grade EV, one before B-RTO and one after B-RTO. All
endoscopic procedures were performed by H.M. and $.K. Follow-up
endoscopy was performed approximately every 6-12 months after

B-RTO, and aggravation of EV was defined when the grade of EV
worsened.

2.3. US examination

The US system used in the present study was SSA-270A, SSA-
390A and SSA-770A (Toshiba, Tokyo, Japan) with a 3.75-MHz
convex or sector probe. Mean flow volume (ml/min) of the por-
tal trunk and gastric vein before B-RTO was measured by pulsed
Doppler method in all patients under a fasting state of over 6h,
with the sampling width corresponding to the maximum diameter
of the vessel and at an angle less than 60° between the US beam
and the vessel. Demonstration of gastric vein was done as previ-
ously reported [14,15], using a middle longitudinal or oblique scan
for the left gastric vein (LGV), and a left intercostal scan for the
short gastric vein (SGV). In cases with multiple gastric veins, that
with the highest flow volume showing hepatofugal flow direction
was chosen for Doppler measurement result. All US examinations
were performed by H.M,, and 22 of the 81 patients also received
second Doppler measurements by H.O. or H.Y. The US operators
had more than 8 years of experience with US. Blood flow measure-
ment was performed two or more times in each patient, and the
average value was obtained for each vessel. With the use of these
data, the flow volume ratio of gastric vein to portal trunk (GP-R)
was calculated in each patient. When the blood flow in the portal
trunk had to and fro appearance, the data were not used for GP-R.
The results obtained by second US examination were used only for
the measurement of inter-observer variability.

2.4. B-RTO

The application of B-RTO represented secondary prophylaxis for
44 bleeders and primary prophylaxis for 37 non-bleeders. B-RTO
was conducted by H.M,, H.O,, S.K. and H.Y. by standard technique
using a balloon catheter (Selecon balloon catheter; 5-French, 9 mm,
13 mm; 6-French, 20 mm, Clinical Supply, Gifu, Japan) as previously
reported [6-8]. The outflow route of FV for balloon catheter inser-
tion was the gastrorenal shunt in 77 patients, inferior phrenic vein
in one, and both in three. The sclerosing agent which contained
equal amounts of 10% ethanolamine oleate (Oldamin, Mochida
Pharmaceutical, Tokyo, Japan) and iopamidole 300 (lopamiron 300;
Schering, Osaka, Japan) was administered via the catheter to fill
both the gastric varices and inflow vessels under balloon occlusion
from 1h to overnight. Haptoglobin (200 ml; Midori Jyuji, Osaka,
Japan) was administered continuously to prevent hemolysis. The
embolization effect in FV was evaluated on contrast-enhanced CT
within 1 week after B-RTO in all patients.

2.5. Statistical analysis

All results were expressed as mean =+ standard deviation (SD)
or percentage. The survival time of the patients was based on the
date of death, liver transplantation or final date confirmed to be
alive during the study period. The Kaplan-Meier method was used
to calculate survival probabilities for each clinical background, and
the difference was compared with log-rank test. The analysis for
survival was done by Cox's proportional hazards models with uni-
variate and multivariate using step-wise method. The results were
reported as hazard ratios with 95% confidence intervals (CI). Inter-
observer variability was calculated with coefficient of variation,
calculated by dividing the standard deviation by mean and mul-
tiplying by 100. p-Value less than 0.05 was considered statistically
significant in all analyses. Statistical analysis was performed using
the Dr. SPSS package (version 11.0] for Windows; SPSS Inc., Chicago,
IL, USA).
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3. Results
3.1. Clinical course, prognosis and causes of death after B-RTO

The median follow-up period after B-RTO was 1148.5 days, the
mean being 1292.6 +930.7, 60-3645 days. Although there were
only minor short-term complications, fever (over 37.5°C, 56%),
hemoglobinuria (74%) and pain (38%), all cases recovered within
3 days. Aggravation of EV was found in 57 patients (72.2%) and four
patients (5.1%) bled from EV after B-RTO among 79 patients who
did not receive prophylactic treatment for EV. Neither recurrence
nor rebleeding of FV was encountered in this study (Fig. 1). The
cumulative overall survival rate was 90% at 1 year, 74.8% at 3 years,
57.2% at 5 years, and 45.8% at 7 years. Thirty-one patients (38.3%)
died, with the causes of death being HCC in 13, hepatic failure in 13,

(b)

{d)

e
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other malignancies in three, and sudden death of unknown cause in
two. The 3 Child's C grade bleeders were anxious to receive B-RTO,
and their survival was 60, 214 and 455 days, respectively, with the
cause of death being hepatic failure, metastatic liver tumor from
breast cancer and HCC rupture.

3.2. Portal hemodynamics on Doppler US before B-RTO

Blood flow direction in the portal trunk was hepatopetal in
73 patients, to and fro in five patients, and the other three had
poor visualization. The main gastric vein was the short gastric
vein in 53 (65.4%) and the left gastric vein in 19 (23.5%), show-
ing hepatofugal flow direction on sonograms, and US could not
demonstrate gastric veins in nine patients (11.1%). The presence
of the gastric veins in 72 patients was confirmed on retrograde

Fig. 1. 61-year-old female, cirrhotic patient (HCV positive), non-bleeder (prophylactic treatment). (a) Endoscopic finding before B-RTO. Large-grade FV was demonstrated
at the fundus of the stomach. (b) Doppler US finding. The mean flow volume of the portal trunk was 940 ml/min before B-RTO. (c) Doppler US finding. Doppler US showed
development of the short gastric vein with a mean flow volume of 540 mi/min before B-RTO. GP-R of this patient was 0.57 (540/940). (d) Retrograde venography at the time
of B-RTO. FV (arrow) and short gastric vein (arrowhead) were demonstrated on this image. () Endoscopic finding after B-RTO. FV disappeared completely after B-RTO, and

this case was alive 690 days after B-RTO.
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Table 1
Univariate analysis of potential risk factors for survival in patients with gastric fundal
varices.

Table 2
Multivariate analysis of potential risk factors for survival in patients with gastric
fundal varices.

HR? 95% CI® p-Value HR? 95% CI® p-Value
Gender (F) 0.828 0.389-1.760 0.623 HCC® 12,5 4.08-38.22 <0.0001
Age 1.007 0.964-1.052 0.7395 Child B,C 3.41 1.594-7.15 0.0051
HCC 8.907 3.606-22.002 <0.0001 GP-R? 2.701 1.07-6.15 0.02
Application? 0.698 0.332-1.468 0.3436 ¥ Hazardsatio
Grade of Fve 1.334 0.628-2.836 0.4533 b Confidente interval
B 0.713 D324 1004 D164 ¢ Concomitant or trea;rment history.
EV (before) 0.697 0.329-1.476 0.3461 a4 ) tio of S 1 K>1.0
EV (after) 0515 0.301-1.449 0.2952 ow volume ratio of gastric vein to portal trunk >1.0.
ChildB, C 3476 1.524-7.930 0.0031
Z\;;mc veint ?igg? g:ggg—}:goz [13;334 As for the longitudinal clinical course aspect, the survival rate
GP-RE 2.794 1.064-7.812 0.0487 after B-RTO of our study was almost the same as that of the previous

EV (before): presence of esophageal varices before B-RTO. EV (after): aggravated or
bleeding esophageal varices after B-RTO.

? Hazard ratio.

b Confidence interval.

¢ Concomitant or treatment history.

4 Secondary prophylaxis.

¢ Medium-grade FV.

f Mean flow volume.

& Flow volume ratio of gastric vein to portal trunk >1.0.

venograms, though 10 of the 53 gastric veins judged to be SGV
by US appeared as posterior gastric veins by retrograde venogra-
phy. The mean flow volume in the portal trunk with hepatopetal
flow was 669.8 + 344.2 ml/min (n=73) and that in the gastric vein
was 326.5+365.3 ml/min (n=72). Average GP-R was 0.48 +0.58
(n=70),and 11 patients (15.7%) had GP-R = 1.0. The inter-observer
variability was 10.7 & 5.4% for Doppler measurement results.

3.3. Survival rate and clinical background

Univariate analysis showed that concomitant/history of HCC
(hazard ratio, 8.907; 95% Cl, 3.606-22.002; p<0.0001), liver func-
tion of Child B/C (hazard ratio, 3.476; 95% Cl, 1.524-7.930;
p=0.0031) and GP-R > 1.0 (hazard ratio 2.794; 95% Cl, 1.064-7.812;
p=0.0487) were significant factors for poor prognosis (Table 1).
Concomitant HCC (hazard ratio, 11.822; 95% CI, 4.15-33.69;
p<0.0001) and history of HCC (hazard ratio, 6.951; 95% CI,
2.41-20.02; p=0.0003) were also significant factors for poor prog-
nosis, and the cumulative survival rate in Child A cases with neither
concomitant HCC nor history of HCC was 92.3% at 5 years and 83.9%
at 7 years. The cumulative survival rate was poorer in patients with
concomitant HCC or a history of HCC (47% at 3 years, 9.4% at 5
years, p<0.0001) than in patients without (89.2% at 3 years, 81.9%
at 5 years, 67.5% at 7 years), in patients with Child B or C (57.7% at
3 years, 42.1% at 5 years, 28.1% at 7 years, p=0.0016) than patients
with Child A (91.8% at 3 years, 71.5% at 5 years, 62.1% at 7 years),
and in patients with GP-R > 1.0 (58.9% at 3 years, p=0.0485) thanin
patients with GP-R< 1.0 (76.3% at 3 years, 62% at 5 years, 49.6% at 7
years; Fig. 2). Multivariate analysis identified the presence of HCC
(hazardratio, 12.486; 95% CI,4.08-38.216; p<0.0001, liver function
of Child B or C (hazard ratio, 3.41; 95% CI, 1.594-7.15; p=0.0051),
and GP-R > 1.0 (hazard ratio, 2.701; 95% CI, 1.07-6.15; p=0.0221)
as independent factors for poor prognosis (Table 2).

4. Discussion

The therapeutic effects of B-RTO for FV could be concisely sum-
marized as an efficient embolization effect and less recurrence [7,8].
All 81 patients treated by B-RTO in our study remained free of FV
recurrence during the clinical course of 1292.6 +930.7 (60-3645)
days, showing a satisfactory therapeutic effect similar to some pre-
vious reports [9-11].

reports — 76% at 3 years and 54% at 5 years by Ninoi et al. [9], 68% at
5 years by Hiraga et al. [10], and 76% at 3 years, 61% at 5 years and
47% at 8 years by Chikamori et al. [11], and the backgrounds of their
patients were also quite similar. These results may suggest that the
successful B-RTO procedure provides a stable long-term therapeu-
tic effect irrespective of the facility. Meanwhile, inevitable concern
may arise regarding the relationship between the load on portal
hemodynamics after B-RTO and survival, because B-RTO embolizes
large collateral vessels with a large amount of blood flow [16,17].
To assess the severity of the portal hemodynamics on FV, we pro-
posed here the ratio of mean blood flow volume between gastric
vein and portal trunk (GP-R) as an important predictive factor for
poor prognosis of cirrhotic patients with FV after B-RTO, though
approximately 10% inter-observer variability should be taken into
account. In this regard, however, it should be emphasized that this
result does not necessarily limit the application of B-RTO for FV,
because only 15% of the patients had GP-R equal to or more than
1.0, and patients with GP-R less than 1.0 showed acceptable long-
term survival: 76.3% at 3 years, 62% at 5 years, and 49.6% at 7 years.
In contrast, embolization of FV in patients with GP-R equal to or
more than 1.0 might result in excessive congestion in the portal
venous system. In fact, Chikamori et al. reported that application
of partial splenic embolization (PSE) was effective for preventing
the hemodynamic congestion after B-RTO [18]. However, as PSE
is invasive and requires additional radiation exposure, the use of
Doppler US before B-RTO might be effective for selecting appropri-
ate candidates that require PSE.

Doppler US could demonstrate neither portal trunk in three
patients (3.7%) nor gastric vein in nine patients (11.1%) in our
study. As it is reported that microbubble contrast agents have
improved the blood flow detection by US [19], application of
contrast-enhanced US might increase the detection rate of portal
vein and gastric veins. However, presence of microbubble in the
vessel influences the measurement results of flow velocity and/or
flow volume by pulsed Doppler method [20]. This dilemma remains
to be solved in the future.

Significant non-hemodynamic factors regarding prognosis after
B-RTO, HCC and liver function reserve were noted in our study,
while the cumulative survival rate in Child A cases with neither
concomitant HCC nor history of HCC was quite good; 92.3% at 5
years and 83.9% at 7 years. In particular, HCC was the most influ-
ential factor, similar to that of previous reports, which showed
survival rates at 1, 3 and 5 years after B-RTO to be 83%, 60%, and
18% by Ninoi et al. [9], and 100%, 64%, and 21% by Chikamori et
al. [11] in HCC patients. The results of those two reports were
somewhat better than ours, the reason possibly related to a dif-
ferent progression of HCC. Concerning this point, the definition of
the patients with HCC differed between their studies and ours,
as we adopted patients with concomitant HCC or a history of
HCC in this study. Based on this, however, we had the interesting
result that the treatment history of HCC as well as concomi-
tant HCC was a significant factor for poor prognosis after B-RTO.
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Fig. 2. Cumulative survival rate of cirrhotic patients with FV after B-RTO. (a) Cumulative survival rate was poorer in patients with concomitant HCC or history of HCC (47%
at 3 years, 9.4% at 5 years, p<0.0001) than in patients without (89.2% at 3 years, 81.9% at 5 years, 67.5% at 7 years). (b) Cumnulative survival rate was poorer in patients with
Child B or C(57.7% at 3 years, 42.1% at 5 years, 28.1% at 7 years, p=0.0016) than in patients with Child A (91.8% at 3 years, 71.5% at 5 years, 62.1% at 7 years). (c) Cumulative
survival rate was poorer in patients with GP-R > 1.0 (58.9% at 3 years, p=0.0485) than in patients with GP-R< 1.0 (76.3% at 3 years, 62% at 5 years, 49.6% at 7 years).

This needs to be considered in the management of patients after
B-RTO.

All B-RTO procedures were safely performed in our study, in
spite of some minor short-term complications. However, aggra-
vation of EV was found over 70% patients and 5.1% bled from EV
after B-RTO probably due to the increase of portal venous pressure
after B-RTO. Although aggravated or bleeding EV was not a signif-
icant factor for the prognosis in our study, this may be a careful
adverse event of this treatment. Application and optimal timing of
prophylactic treatment for EV need to be standardized in the B-RTO
cases.

Endoscopic injection therapy such as cyanoacrylate or alco-
hol injection is effective for attaining hemostasis in bleeding FV.
However, such treatment alone does not always provide sufficient
long-term protection against FV bleeding, and previous reports
have shown a cumulative rebleeding rate from 18% to 33% per
year after cyanoacrylate injection [21,22]. Although band ligation
is another method for treating bleeding FV and is easy to perform
[23,24], therebleeding rate was reportedly significantly higher with
ligation than with endoscopic obturation [25,26]. Thus, the appli-
cation of endoscopic treatment alone as a curative treatment for
FV is controversial, and subsequent additional treatment such as
B-RTO may be required to acquire the long-term effect.

A model to predict survival in patients with an end-stage liver
disease (MELD) scoring system is known as a predictive factor

for prognosis of end-stage patients with liver cirrhosis [27-31].
However, the parameter of portal hypertension is not included
in the calculation formula for this scoring. Ripoll et al. reported
that inclusion of hepatic vein pressure gradient (HVPG) in MELD
score variables for survival would help differentiate between the
different types of patients with the same MELD score, because a
more accurate prediction of survival was achieved when HVPG was
included, with the result of 3% increase in death risk caused by a
1-mm Hg increase in HVPG [32]. Our result may also support the
importance of portal hemodynamics to estimate the prognosis in
patients with portal hypertension. In respect to this point, a major
limitation of our study was the lack of information concerning PVP
or HVPG, which may be closely related to the pathophysiology of
the patient with portal hypertension. The relationship between
these pressure data and prognosis after B-RTO is expected to be
resolved in the near future. However, pressure measurement is
more or less an invasive procedure that also requires radiation
exposure. Although Doppler US could not demonstrate the pressure
itself, the pre-treatment measurement of blood flow may allow a
non-invasive assessment of the prognosis after B-RTO.

A second limitation may be that the blood flow measurement
was done after the endoscopic treatments prior to B-RTO in 24 of
the 44 bleeders, as they might have affected the portal hemody-
namics. However, such cases are inevitable in clinical practice, and
the relationship between portal hemodynamics just before B-RTO
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and survival may be assessed in spite of the presence or absence
of preceding treatments. The third was that approximately half of
the patients received prophylactic B-RTO because of the patients’
strong desire, though there was no randomized controlled trial
regarding the efficacy of B-RTO for primary prophylaxis of FV bleed-
ing. Our results would not justify the usage of B-RTO for primary
prophylaxis for FV, and the application criteria of this technique
needs tobe established in further studies. Furthermore, as our study
did not include control subject, that is untreated FV patients with
HCC, poor liver function and/or GP-R equal to or more than 1.0
which were poor prognostic factor after B-RTO, significance of the
application of B-RTO for the patients with these factors should also
be investigated as a next challenge.

5. Conclusions

B-RTO provided a long-term therapeutic effect without recur-
rence for FV in cirrhotic patients. Poor prognosis after B-RTO was
related to the development of HCC and severity of liver disease,
and measurement of GP-R by Doppler US may be of value to obtain
some indication regarding prognosis.
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SUMMARY. Hepatitis A virus (HAV) infection is still an
important issue worldwide. A distinct set of viruses encode
proteins that enhance viral cap-independent translation
initiation driven by an internal ribosome entry site (IRES)
and suppress cap-dependent host translation. Unlike
cytolytic picornaviruses, replication of HAV does not cause
host cell shut off, and it has been questioned whether
HAV proteins interfere with its own and/or host transla-
tion. HAV proteins were coexpressed in Huh-7 cells with
reporter genes whose translation was initiated by either
cap-dependent or cap-independent mechanisms. Among

the proteins tested, HAV proteinase 3C suppressed viral
IRES-dependent translation. Furthermore, 3C cleaved the
polypyrimidine tract-binding protein (PTB) whose interac-
tion with the HAV IRES had been demonstrated previ-
ously. The combined results suggest that 3C-mediated
cleavage of PTB might be involved in down-regulation of
viral translation to give way to subsequent viral genome
replication.

Keywords: 3C protease, hepatitis A virus, IRES, PTB. trans-
lation.

INTRODUCTION

The messenger-sense RNA genome of hepatitis A virus
(HAV) is about 7500 nucleotides in length and contains a
single large open-reading frame (ORF)
polyprotein with the capsid proteins representing the
amino-terminal third and the remainder comprising a

encoding a

series of nonstructural proteins required for viral RNA
replication: 2B, 2C, 3A, 3B, 3CM™ (cysteine proteinase
responsible for most post-translational cleavage events
within the polyprotein) and 3D*® (RNA-dependent RNA
polymerase, see Fig. la, top panel) [1]. In a regulated
cascade, the viral polyprotein is cleaved by 3C™™ into
intermediate and mature products that fulfill distinct
functions in the viral life cycle. At both ends of the

Abbreviations: GAPDH, glyceraldehyde-3-phosphate-dehydroge-
nase; HAV, Hepatitis A virus; IRES, internal ribosome entry site;
ITAF, IRES trans-acting factors; ORF, open-reading frame; PABP.
poly(A)-binding protein; PCBP. poly(C)-binding protein: PTB,
polypyrimidine tract-binding protein.

Correspondence: Dr Tatsuo Kanda, Department of Medicine and
Clinical Oncology, Graduate School of Medicine, Chiba University,
1-8-1 Inohana, Chuo-ku, Chiba 260-8677. Japan. E-mail: kandat-cib
@umin.ac.jp

picornaviral genome, the ORF is flanked by highly struc-
tured nontranslated regions (5’NTR and 3'NTR). The
down-stream part of the 5’NTR presents an internal
ribosome entry site (IRES) that allows translation by a
cap-independent mechanism [1-3]. Several IRES trans-
acting factors (ITAF) have been identified as mediating
IRES binding to the ribosome [4]. Whereas glyceralde-
hyde-3-phosphate-dehydrogenase (GAPDH) and La auto-
antigen suppress HAV IRES activity, the poly(C)-binding
protein (PCBP) and the polypyrimidine tract-binding pro-
tein (PTB) were found to enhance HAV translation [3,5-
9]. PTB, a 57-kDa protein, is a member of the
heterogeneous nuclear ribonucleoprotein family that
shuttles between the nucleus and cytoplasm [10]. While
experimental data have demonstrated PTB binding to
polypyrimidine tracts (UCUUU or UCUUC) in picornaviral
IRES, the exact cellular functions of PTB are as yet
incompletely defined [3,10,11].

Proteolytic cleavage of host proteins is a common
mechanism executed by picornaviruses to shut off host cell
protein synthesis and to regulate viral protein and RNA
synthesis. These two synthetic processes are central in the
viral life cycle and mutually exclusive on the same RNA
template. As HAV does not shut off host protein synthesis,
it seems that HAV cap-independent translation constantly
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