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Fig. 1. Effects of EGCG on the serum levels of AST and ALT in the experimental rats. At sacrifice, blood samples were collected and the serum levels of AST (A) and ALT (B)
were then assayed. Values are the means = SE (n=35). *p<0.01, compared with control group (Group 1, olive oil-injected group); **p<0.01, compared with CCls-injected
group (Group 3).

Fig. 2. Photomicrographs of liver sections from the rats in control group (Group 1, A and E), olive oil-injected and EGCG drinking group (Group 2, B and F), CCls-injected
group (Group 3, C and G) and CCl4-injected and EGCG drinking group (Group 4, D and H). Paraffin-embedded sections were stained with Azan stain to show fibrosis. Original
magnification; x40 (A-D) and x100 (E-H).
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Fig. 3. Effects of EGCG on hepatic fibrosis area and hydroxyproline content in the experimental rats, (A) The fibrosis area was evaluated by Azan stain (Fig. 2) using an image
analyzer. (B) The hepatic hydroxyproline contents were quantified colorimetrically, as described in Section 2. Values are the means + SE (n=5). *p<0.01, compared with
control group {Group 1); **p <0.01, compared with CCi4-injected group (Group 3).
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Fig. 4. Effects of EGCG on the expression levels of PDGFR and IGF-1R mRNAs in the ekperimental rats. ¢cDNA was synthesized from the livers of experimental rats and
real-time PCR was performed using PDGFRP (A) and IGF-1R (B) specific primers. The expression levels of these genes were normalized to the level of GAPDH gene. Values are
the means £ SE {n=5). *p <0.01, compared with control group (Group 1); **p <0.05, compared with CCl4-injected group (Group 3); ***p <0.01, compared with CCls-injected

group (Group 3).

in the olive oil-injected group either with (Fig. 2B and F) or with-
out EGCG (Fig. 2A and E). A densitometric analysis showed the
fibrosis areas to be markedly suppressed in the EGCG-treated rats
(Fig. 3A, p<0.01). Similar findings were also observed in measure-
ments of the liver hydroxyproline contents; in the CCly-injected
rats, drinking water with 0.1% EGCG caused a significant decrease
in the amounts of hydroxyproline observed in the liver (Fig. 3B).

3.3. Effects of EGCG on the expression of PDGFRB and IGF-1R
MRNASs in the liver of the CCly-injected rats

To elucidate the possible mechanisms in regard to how EGCG
attenuates liver fibrosis (Figs. 2 and 3), the effects of this agent on
the expression levels of PDGFR and IGF-1R mRNAs in the experi-
mental liver were then examined because these RTKs play a critical
role in the development of liver fibrosis [1,5,13]. The expression
level of PDGFRB mRNA was elevated in the liver of CCls-injected
rats and drinking EGCG significantly lowered the level of this mRNA
raised by CCly (Fig. 4A). No significant increase was observed in the
level of IGF-1R mRNA by CCl4 injection, whereas treatment with
EGCG remarkably decreased the expression of this mRNA (Fig. 4B).

3.4. Effects of EGCG on the expression of PDGFRS and a-SMA
proteins in the liver of the CCly-injected rats

Next, the effects of EGCG on the expression levels of PDGFR
and «-SMA, an indicator of HSC activation, in the rat liver were
examined using a Western blot analysis. As shown in Fig. 5A,
the intraperitoneal injection of CCl4y markedly increased the lev-
els of both PDGFRP and «-SMA proteins in the experimental rat
liver, On the other hand, drinking EGCG significantly decreased the
expression of PDGFRB as well as a-SMA proteins raised by CCly
(Fig. 5A). Immunohistochemical analysis also indicated that the o~
SMA-immunoreactive areas remarkably increased in the liver of the
CCls-injected group when compared to the olive oil-injected group.
In addition, drinking EGCG significantly reduced the expression
area of this protein, thus indicating the inhibition of HSC activation
(Fig. 5B).

4. Discussion
The activation of HSCs, which is induced by PDGF/PDGFR inter-

action, plays a pivotal role in the development of liver fibrosis
[1,5]. Therefore, targeting the PDGF/PDGFR axis is considered to

be an effective strategy to inhibit the progress of hepatic fibro-
sis. Yoshiji et al. [ 14] reported that, imatinib mesylate, a clinically
used PDGFR tyrosine kinase inhibitor, markedly attenuated liver
fibrosis in rats by inhibiting the PDGF-induced proliferation and
migration of activated HSCs. The present study demonstrates that
drinking EGCG significantly suppressed the liver injury caused by
CCly (Fig. 1). Moreover, the results of the present study clearly
indicate that EGCG effectively prevented the development of liver
fibrosis (Figs. 2 and 3) and this finding was associated with the
inhibition of the expression of PDGFR( and o-SMA (Figs. 4A and 5).
These findings are consistent with those of a previous in vitro report
which showed EGCG to inhibit both HSC proliferation and PDGFRf
gene expression by blocking the activation of AP-1 and NF-«B [20].
This report seems to be interesting because these transcription fac-
tors are regarded as effective targets of EGCG to exert its anticancer
properties [9,21). .

Several studies have pointed the interactions between the IGF-
1R and PDGF/PDGFR axis in the development of liver fibrosis. For
instance, PDGF stimulated the IGF-1R mRNA expression through
the activation of the IGF-1R gene promoter [22]. Functional IGF-
1R was required for the mitogenic activity of the PDGFR in liver
myofibroblasts [13]. The cooperative activation of the intracellular
signaling pathways, including extracellular signal-regulated kinase
(ERK) and Akt, by PDGF and IGF-1 played an important role in
perpetuating the activated state of HSC during liver fibrogenesis
[23]. Recent studies have revealed that EGCG in drinking water
suppressed obesity-related colonic carcinogenesis by inhibiting
the activation of the IGF/IGF-1R axis in the colonic mucosa [10].
Treatment of HepG2 human HCC cells with EGCG also decreased
the production of IGF-1 from these cancer cells, thus inhibiting
the phosphorylation of IGF-1R and its downstream ERK and Akt
proteins [11]. These reports, together with our present finding
that drinking EGCG significantly reduced the expression of IGF-1R
mRNA in the fibrotic liver (Fig. 4B), may suggest that EGCG, which
targets both the PDGF/PDGFR and IGF/IGE-1R axes, might also be
useful for inhibiting liver fibrosis.

Moreover, in addition to the effects of EGCG on specific RTKs,
recent studies have indicated that green tea polyphenols may also
possess other anti-fibrotic properties, such as antioxidant proper-
ties. EGCG has also been shown to arrest the progression of hepatic
fibrosis in the rat model by inhibiting oxidative damage [24]. Sup-
plementation with green tea extract inhibited a progression of
cirrhosis in a rat model of steatohepatitis and this was associated
with its antioxidant and radical scavenging activities [25]. These
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Fig. 5. Effects of EGCG on the expression levels of PDGFRB and «-SMA in the experimental rats, (A) Total protein was extracted from the liver of experimental rats and
equivalent amounts of protein were examined by a Western blot analysis using the respective antibodies, An antibody to GAPDH served as a loading control. Repeat Western
blots gave similar results. The results obtained from Western blot analysis were quantitated by densitometry and are displayed in the right panels. Values are the means = SE
(n=35). °*p<0.01, compared with control group (Group 1); **p<0.01, compared with CCly-injected group (Group 3). (B) immunohistochemical expression of a-SMA in the
liver of control group (Group 1), olive oil-injected and EGCG drinking group (Group 2), CCle-injected group (Group 3) and CCls-injected and EGCG drinking group (Group 4).

Original magnification: x40,

reports also support the possibility that the administration of EGCG
is useful for preventing the progression of hepatic fibrosis. In con-
clusion, the ability of EGCG to target PDGFR and IGF-1R, both of
which play critical roles in the progression of liver fibrosis, is con-
sidered to provide evidence that this naturally occurring agent may
be effective in both the prevention and therapy of liver fibrosis.
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Engelbreth-Holm~Swarm (EHS) gel has been reported to maintain the mature hepatocyte phenotypes in
primary cultured hepatocytes. We investigated the effect of EHS gel on the differentiation of fetal liver
cells, which contain stem/progenitor cells. The isolated fetal liver cells cultured on EHS gel formed a

spherical shape and increased liver-specific gene expressions compared with cells cultured on collagen.
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The hepatic progenitor cells that were transplanted subcutaneously to BALB/c nude mice could survive
and express hepatocyte marker alpha-fetoprotein when the cells were suspended with EHS gel. These
findings demonstrate that EHS gel supports cytodifferentiation from immature progenitor cells to hepa-
tocytes and maintain its differentiated phenotypes in vitro and in vivo.

© 2009 Elsevier Inc. All rights reserved.

Extracellular matrix (ECM) plays an important role in cell sur-
vival, proliferation, and differentiation [1]. Adhesive interactions
between hepatocyte and ECM retain its differentiated phenotypes
and maintain liver-specific functions, accompanied with up-
regulation of the liver-enriched transcription factors including
hepatocyte nuclear factor (HNF)s [2,3]. Lamining-rich ECM, Engel-
breth-Holm-Swarm sarcoma (EHS) gel has been reported to keep a
high expression of liver-specific products such as albumin, and
normal cell polarity and structure for prolonged periods in primary
cultured hepatocytes [4]. On the other hand, culture on dried type
1 collagen leads the cells to dedifferentiated phenotypes such as
flattened monolayer and low expression of liver-specific proteins
[2.5].

Liver transplantation is the primary treatment for severe liver
diseases. However, the therapy is limited because of insufficient
organ availability, and cell transplantation is believed to become
alternative therapy. Various types of cells are reported as candi-
dates for cell transplantation for liver diseases. THLE-5b cells, an
immortalized non-tumorigenic human cell line, were well local-
ized in the peritoneal cavity of BALB/c nude mice for 3 weeks after
cell transplantation [6]. Immortalized human hepatocytes provide
life saving metabolic supports in rats when they are transplanted
into spleen {7}].

Abbreviations: EHS gel, Engelbreth-Holm-Swarm gel; AFP, alpha-fetoprotein;
ECM, extracellular matrix; HNF, hepatocyte nuclear factor; GFP, green fluorescent
protein; CK-19, cytokeratin-19; GAPDH, glyceraldehyde 3-phosphate dehydroge-
nase; C/EBP, CCAAT/enhancer binding protein,
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0006-291X/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
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Recently, stem cells have been thought to be suitable source of
cell transplantation for liver diseases. Bone marrow derived mes-
enchymal stem cells rescued experimental mouse liver failure
when they were engrafted to the liver [8]. Human embryonic stem
cells [9], oval cells [10], and cord blood cells {11] are also reported
to have the potential to develop into viable hepatocytes. However,
these cells might be too immature to be directed to mature differ-
entiated hepatocytes. Fetal liver cells contain stem/progenitor
cells, which are able to differentiate bipotentially into hepatocytes
and cholangiocytes, and represent differentiated property of hepa-
tocyte by transduction of HNF-4 gene [12] or culture on ECM [13].
However, it is still not known if the cells cultured on EHS gel sur-
vive and function as the mature hepatocytes. In this study, we
investigated if the hepatic stem/progenitor cells obtain and retain
the differentiated hepatocyte phenotypes under such condition
in vitro and in vivo.

Materials and methods

Fetal liver cell isolation and culture. The beta-actin promoter-
driven GFP-transgenic mice (GFP mice) were bred for studies.
Pregnant female C57BL/6] mice were purchased from Nippon
SLC(Sizuoka, Japan). Fetal mouse liver parenchymal cells were har-
vested as previously reported [12]. Briefly, the cells were isolated
from the embryonic day 14.5 livers by mechanical pipetting.
Hematopoietic cells were removed by magnetically activated cell
sorter using a Lineage cell depletion kit (Miltenyi Biotec, Bergisch
Gladbach, Germany). Then the separated fetal liver cells were
plated on either normal plastic, EHS gel coated (BD Bioscience,
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Bedford, MA, USA), or type 1 collagen coated dishes (Jwaki, Tokyo,
Japan) (5 x 10° cells{100 mm dish) in DMEM/F12 medium {Gibco
BRL, Gaithersburg, MD, USA) supplemented with 107% M insulin
{Wako, Osaka, Japan), 1077 M dexamethasone (Wako), 10% fetal
bovine serum (ThermoTrace, Melbourne, Australia), 10 mM
nicotinamide (Wako), 50 uM B-mercaptoethanol (Sigma Chemical
Co., St. Louis, MO, USA), 5mM HEPES (Wako), and 100 U/ml
penicillin and 100 yg/m! streptomycin (Gibco). The medium was
replaced every other day. Animal use and experimentation was
performed under the strict guidelines of the Institutional Animal
Use and Care Committee at the Gifu University Graduate School
of Medicine,

Immunchistochemistry. The cells were fixed by methanol at
~20°C for 10 min, and washed in PBS including 0.05% polyoxyeth-
ylene sorbitan monolaurate {Tween 20) (Wako). Nonspecific bind-
ing was blocked with 10% nonimmune rabbit serum. Fixed cells
were incubated with the rabbit primary antibodies, fluorescein iso-
thiocyanate-conjugated anti-mouse albumin (BETHYL, Montgom-
ery, TX, USA) and anti-mouse cytokeratin 19 (CK19, gift from
Dr. N. Tanimizu, Kanagawa Academy of Science and Technology,
Japan), in a moist chamber at 4 °C for 16 h. After washing in PBS-
Tween 20, cells were incubated with Texas Red-conjugated goat
anti-rabbit IgG (Invitrogen, CA, USA) at 4°C for 3h to detect
CK19. Nuclear counterstain was performed with 4',6-diamidino-
2-phenylindole. The signal was detected using a fluorescence
microscope {Olympus, Tokyo, Japan).

Quantitative real-time RT-PCR, Fetal liver cells were cultured for
4 days and detached by cell scraper. Total RNA was isolated from
the cells using 1ISOGEN {Wako). For each sample, 2.0 pg of total
RNA was reverse-transcribed using a high-capacity complemen-
tary DNA reverse transcription kit as described by the manufac-
turer (Applied Biosystems, Foster City, CA, USA), The mRNA
quantification was performed using a 2-step real-time RT-PCR
(Light Cycler, Roche Diagnostics, IN, USA) with Light cycler TagMan
Master and Universal ProbeLibrary Probes (Roche). The PCR
primers and probes were as follows; albumin (sense, 5'-CCAAAGT
CAACAAGGAGTGCT-3";, antisense 5'-TCGCCTGGTTTTCACACAT-3;
probe #62), HNF-4 (sense, 5-CCGAGGGACGATGTAGTCAT-3'; anti-
sense 5-CAAGAGGTCCATGGTGTTCA-3'; probe #68), CK19 (sense,
5-CCTCAGGGCAGTAATTTCCTC-3'; antisense 5'-TGACCTGGAGATG
CAGATTG-3’; probe #17). Target complementary DNAs were
normalized to the endogenous mRNA levels of 18S ribosomal
RNA (sense, 5-GCTCTTAGAATTACCACAGTTATCC-3; antisense,
5'-AATCAGTTATGGTTCCTTTGTCG-3; probe #55).

Phase
contrast

EHS

Collagen ~

Plastic

Albumin

Western blot analysis, For the preparation of total cell proteins,
the cells cultured for 4 days on the dishes were homogenized in
the radioimmunoprecipitation lysis buffer {Santa Cruz, CA, USA).
The protein concentration was measured using a DC-protein assay
(Bio-Rad). The extracted proteins (10 pg) were separated by SDS-
PAGE and then transferred onto a nitrocellulose membrane (Bio-
Rad). The membranes were first incubated with the primary anti-
bodies against albumin (Santa Cruz, sc-46293), HNF-4 (Santa Cruz,
5¢-6556), HNF-1 (Santa Cruz, sc-8986), CK19 (Santa Cruz, sc-
33119), alpha-fetoprotein {AFP) {Santa Cruz, sc-8108) and glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) (Cell Signaling,
#2118) and then incubated with the HRP-coupled secondary anti-
bodies (Santa Cruz). Detection was performed using ECL system
{Amersham Biosciences, Nj, USA).

Cell transplantation to nude mice. To determine the effect of EHS
gel on cell survival and cytodifferentiation in vivoe, the feral liver
cells {1 x 10° cells) isolated from GFP mice were suspended in
EHS gel, collagen gel (0.3% Cellmatrix type 1-A, Nitta-Gelatin), or
DMEM/F12 medium, and then injected subcutaneously to
6-week-old male BALB/c nude mice (Nippon SLC). The grafts were
removed with skin tissue at 3 weeks after transplantation, and
observed with fluorescent microscope to detect GFP, The sections
were stained with hematoxylin and eosin (HE). Immunchisto-
chemical staining for AFP were performed with anti-AFP antibody
(Santa Cruz, s5c-8108) using avidin-biotin-peroxidase complex
technique (Vector, Burlingame, CA, USA),

Results

Morphology and heparic gene expression of fetal liver cells on different
culture substrate

We have previously shown that the fetal liver contains hepatic
stem/progenitor cells {12]. When the fetal liver cells were cultured
on EHS gel coated dishes, cells formed clusters like a spherical
shape 4 days after inoculation. In contrast, the cells showed a flat-
tened and extended shape on type 1 collagen coated or normal
plastic dish (Fig. 1). The spherical cells on EHS gel and flattened,
extended cells on collagen or plastic dishes expressed albumin, a
hepatocyte marker, and CK19, a cholangiocyte marker. In cells on
collagen and plastic, cells located in the center of colonies were
stained by albumin antibody, whereas the peripheral cells were
mainly stained by CK19 antibody. These results indicate that fetal
liver cells have bipotent differentiation ability.

CK19 Merge

Fig. 1. Morphological changes of the fetal liver cells cultured on ECMs, The isolated fetal liver cells were cultured on each indicared ECMs for 4 days. Expression of albumin
{green) and CK19 (red) were examined by double immunofluorescent staining with anti-albumin and CK 18 antibodies. The fluorescence was visualized with fluorescent

conforcal microscope. {Original magnification =<200.)
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Effects of ECMs on the liver-specific genes and proteins

As observed in immunohistochemistry, Western blot analysis
also showed that the protein level of albumin was higher in the
cells cultured on EHS gel than in the cells on type 1 collagen or
plastic dish 4 days after culture, Reversely, CK19 was higher in
the cells on type 1 collagen or plastic dish (Fig. 2A). Another hepa-
tocyte maker AFP was also higher in the cells on EHS gel (A). More-
over, HNF-4 and -1 proteins were aiso higher in the cells on EHS
gel. In parallel with the protein expressions, mRNA of albumin
was higher in the cells cultured on EHS gel and CK19 mRNA was

A B
Albumin *
*
AFP |

Albumin/18s mMRNA

= o ©
& c,o\\"&e o

higher in the cells on type 1 collagen (Fig. 2B). These results dem-
onstrate that EHS gel supports cytodifferentiation of hepatic stem/
progenitor cells to hepatocytes,

Cell transplantation to nude mice

On the basis of these findings, we performed a further experi-
ment to examine the cytodifferentiation ability of EHS gel in vivo.
The fetal liver cells were isolated from GFP mice, were suspended
with EHS gel, collagen gel, or DMEM medium, and were trans-
planted into subcutaneous tissues of BALBjc nude mice. The

*
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Fig. 2. Liver-specific protein and gene expressions of the fetal liver cells cultured on ECMs, The isolated fetal liver cells were cultured on each indicated ECMs for 4 days. (A)
Extracted proteins were subjected to SDS-PAGE, and immunoblotting was performed with anti-albumin, AFP, HNF-4, HNF-1, CK19, and GAPDH antibodies. (B) mRNA levels of
albumin, CK19, and HNF-4 in the cultured cells were determined by quantitative real-time RT-PCR. Data are means + SD from at least three independent experiments, =,

P <0.05 using Student’s t-test,

A .
light

EHS

Collagen

Fluorescence

B
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-9
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AFP

Fig, 3. Transplantation of the fetal liver cells with ECMs into BALB/c nude mice. (A) The fetal liver cells were isolated from GEP mice. The cells were suspended with EHS gel,
collagen gel, or DMEM medium, and then transplanted subcutaneously into BALB/c nude mice. The animals were killed at 3 weeks after transplantation, and subcutaneous
tissue was excised and photographed with light (left panels) or fluorescence (right panels). {B) The mass size (long axis} of the GFP positive area was measured, Data are
means & SD from at least three independent experiments. (C) The grafts of fetal liver cells with EHS gel were excised and stained with HE (left panel), GFP fluorescence was
detected with fluorescence confocal microscope {middle panel), Expression of AEP was examined 12 days after transplantation by immunohistochemistry with anti-AFp

antibody (right panel). (Original magnification =x200.)
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grafted fetal liver cells with EHS gel remained even 3 weeks after
transplantation, whereas cells with collagen gel or DMEM medium
showed faint GFP signals (Fig. 3A and B). Moreover, the trans-
planted cells with EHS gel expressed AFP (Fig. 3C). These results
suggest that EHS gel is able to maintain the cell survival and sup-
ports cytodifferentiation to hepatocyte in vivo.

Discussion

Cell transplantation has been investigated for an alternative
therapy of liver organ transplantation. Differentiated hepatoma
cell lines or primary cultured hepatocytes from adult liver have
been thought as potential candidates [9]. However, hepatoma cells
provide low levels of liver functions, and primary cultured hepato-
cytes rapidly lose their differentiated phenotypes and show a
reduction of liver-specific gene expression once they are plated
on plastic dishes [14]. Several ECMs are reported to maintain dif-
ferentiated hepatocyte phenotypes. EHS gel modulates the shapes
of cultured rat hepatocytes [14] and rat small hepatocytes [15].
EHS gel keeps hepatocyte-phenotypic gene expression through
high expression of liver-enriched transcription factors, such as
HNF-4 [16], and enhances many liver-specific functions [17]. EHS
gel or sandwich culture with collagen gel maintains features of ma-
ture hepatocytes such as albumin expression, and they are at-
tempted to use for development of bioartificial liver system [3].
However, insufficient availability of donor organ is still a problem
because primary cultured hepatocytes have less regenerative abil-
ity. Thus, it would be greatly beneficial for cell transplantation if
functional hepatocytes could be generated from other sources. Re-
cently, stem cells, which have abilities of self-renewal and multi-
lineage differentiation, are highlighted as candidates for cell
transplantation, Liver stem cells can be isolated from the fetal liver,
and these cells have extensive replication ability and maintain the
expression of liver-specific genes, such as albumin and CK19, for
prolonged cultured period {12].

In this study, we demonstrated that EHS gel promoted cytodif-
ferentiation of hepatic progenitor cells to hepatocytes and main-
tained their efficiency as hepatocytes consistent with primary
cultured adult hepatocytes. Interaction with ECM influenced the
cell morphology and maturation of fetal liver cells. In matured
hepatocytes, cells in spheroids retain the in vivo levels of albumin
and glucokinase, whereas cells in monolayer lose the differenti-
ated phenotypes [18]. Organization of the cytoskeleton by cell-
cell and cell-ECM interaction associates with liver-specific gene
expression [19]. Indeed, actin depolymerization in hepatocytes
by EHS gel increases HNF-4 and albumin expression [20]. In small
hepatocytes, morphological changes of the cells induce specific
liver-enriched transcription factors such as HNF-4a, HNF-6, C/
EBPa, and C/EBPB [21]. HNF-4 is a key molecule for fetal liver
development [22]. Overexpression of HNF-4 in hepatic progenitor
cells increases liver-specific gene expression such as albumin and
ApoA1l [12]. Reversely, blockage of HNF-4 expression by siRNA
inhibits the up-regulation of the liver-specific gene expression
in primary cultured hepatocytes cultured on EHS gel [20]. These
findings and our results indicate that EHS gel induces the mor-
phological change of hepatic progenitor cells to a spherical shape,
and that HNF-4 expression via the organization of the cytoskele-
ton might be required for the cytodifferentiation of hepatic
progenitor cells,

The differentiation potential of fetal liver cells to hepatocytes
was also supported by EHS gel in vivo. The fetal liver cells sus-
pended with EHS gels kept their viability and AFP expression, sug-
gesting that cell-ECM interaction is also required for cell survival
and cytodifferentiation to the hepatocyte in vivo, Hepatocyte trans-
plantation into liver has been performed via portal vain for various
liver diseases [23,24]. The transplanted cells might interact with

ECM of the liver. Consistent with our results, it has been reported
that ECM components are the predominant factor to maintain
hepatocytes at heterotopic sites [25]. Ectopic subcutaneous hepa-
tocyte transplantation may have advantages as follows; (i) surgical
operation is not required, (ii) risk of embolisms is low, and (iii) the
transplanted cells are removable or replaceable, Of note, the ecto-
pic cells require additional ECMs such as EHS gel to maintain hepa-
tocyte functions.

In conclusions, our results indicate that EHS gel promotes the
differentiation of hepatic progenitor cells to functional hepato-
cytes. We also demonstrated that EHS gel supports cytodifferenti-
ation and maintains the cell survival and functions in vivo, Our
findings may therefore have relevance to the clinical application
of ectopic liver stem/progenitor cell transplantation as an-option
to treat liver diseases.
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Pancreatic cancer is a serious healthcare problem worldwide because of its high mortal-
ity. Gemcitabine, a DNA synthesis inhibitor, is the standard first-line treatment for
advanced pancreatic cancer and is also expected as a key drug for the combination ther-
apy of this malignancy. Retinoids, which are derivatives of vitamin A, exert anti-tumor
effects in various types of human malignancies, including pancreatic cancer. This study
examined whether combination therapy with gemcitabine and acyclic retinoid (ACR), a
new synthetic retinoid, had enhanced anti-tumor efficacy in pancreatic cancer. ACR, 9-
cis-retinoic acid and gemcitabine preferentially inhibited the growth of human pancre-
atic cancer cells (Panc-1 and KP-2) in comparison to PE normal human pancreatic epi-
thelial cells. The combination of ACR plus gemcitabine synergistically inhibited the
growth of Panc-1 cells. The combined treatment with these two agents also acted syn-
ergistically to induce apoptosis and to inhibit Ras activation in these cancer cells. In
vivo, the combination therapy augmented tumor growth inhibition through the induc-
tion of apoptosis and inhibition of cell proliferation in tumor tissue. These results sug-
gest that the combination of ACR plus gemcitabine may therefore be an effective
regimen for the chemotherapy of pancreatic cancer.

© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction or metastatic stage and the lack of effective treatments

and resistance to conventional chemotherapy contribute

Pancreatic cancer is a significant healthcare problem
worldwide because of its high mortality. The diagnosis of

this malignancy is usually established at a local spreading
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ACR, acyclic retinoid: RXR, retinoid X receptor; RAR, retinoic acid
receptor; RTK, receptor tyrosine kinase; EGFR, epidermal growth factor
receptor; HER2, human epidermal growth factor receptor-2; FGFR,
fibroblast growth factor receptor; MAPK, mitogen-activated protein
kinase; ERK, extracellular signal-regulated kinase; PI3K, phosphatidylin-
ositol 3-kinase; Cl, combination index; PCNA, proliferating cell nuclear
antigen; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling,
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to an extremely poor prognosis [ 1,2]. The deoxycitidine ana-
logue gemcitabine is the standard first-line treatment for
advanced pancreatic cancer since it has been shown to im-
prove the clinical benefit regarding the response and sur-
vival in comparison to 5-fluorouracil, but the efficacy of
gemcitabine as a single-agent remains low, with a median
survival of 5.65 months and a 1-year survival of 18% [3].
Therefore, the combination of gemcitabine with other che-
motherapeutic agents has recently received increasing
attention, For instance, in arecent randomized phase Il trial,
the combination of gemcitabine plus the EGFR-targeted
agent elrotinib modestly improved survival in advanced
pancreatic cancer patients [4]. However, most clinical trials
that tested gemcitabine-based chemotherapy have failed to
demonstrate the superiority of the combination over single-
agent gemcitabine, in terms of the survival [1,2].
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Retinoids, a group of structural and functional ana-
logues of vitamin A, exert fundamental effects on the reg-
ulation of epithelial cell growth, differentiation and
development [5]. Retinoids also have proven anti-tumor
activity and can cause growth inhibition, accompanied by
induction of differentiation and/or apoptosis in various
types of cancer cells, including pancreatic cancer cells [6-
9]. In addition, Pettersson et al, [10] reported that the con-
ventional retinoids, such as all-trans-retinoic acid (ATRA)
and 9-cis-retinoic acid (9cRA), increased the cytotoxic ef-
fects of gemcitabine and cisplatin in pancreatic cancer
cells. On the other hand, a pilot phase II trial showed that
the activity of the combination of gemcitabine plus 13-
cis-retinoic acid in patients with advanced pancreatic can-
cer is limited. Thus, the rates of response, as well as the
median survival, were equivalent to the single-agent gem-
citabine treatment [11]. Therefore, further studies with the
combination of gemcitabine plus other retinoids seems to
be of interest and might be beneficial to the patients with
advanced pancreatic cancer.

We previously reported that the administration of
acyclic retinoid (ACR), a novel synthetic retinoid, reduces
the incidence of a post-therapeutic recurrence of liver
cancer and improved the survival rate of patients, with-
out causing significant adverse effects {12,13]. ACR inhib-
its cell growth and induces apoptosis in various types of
malignant cells, including human liver cancer, colon can-
cer and squamous cell carcinoma cell lines [14-16]. In
addition, ACR acts synergistically with various anti-tumor
agents, such as interferon, OSI-461, vitamin K; and trast-
uzumab in suppressing growth and inducing apoptosis in
human liver cancer cells [17-20]. These findings suggest
that ACR may be a valuable agent in the chemotherapy
of certain types of human malignancies and the efficacy
may be enhanced by its combination with agents that
target other signaling pathway in cancer cells. The aim
of this study is to investigate whether the combination
of ACR plus gemcitabine exerts synergistic growth inhib-
itory effects on human pancreatic cancer cells and to
examine possible mechanisms for such synergy, espe-
cially focusing on the induction of apoptosis by the com-
bination of these agents.

2. Materials and methods
2.1. Materials

ACR (NIK-333) was supplied by Kowa Pharmaceutical
Co., Ltd. (Tokyo, Japan). 9-cis-RA was purchased from SIG-
MA (St. Louis, MO). Gemcitabine was from Eli Lilly Japan
(Kobe, Japan). RPMI-1640 and fetal calf serum (FCS) were
from Invitrogen (Carlsbad, CA, USA). CS-C complete med-
ium was from Cell Systems Biotechnologie Vertrieb GmbH
(St. Katharinen, Germany).

2.2. Cell lines and cell culture

The human pancreatic cancer cell lines Panc-1 and KP-2
were obtained from Cell Resource Center for Biomedical
Research, Tohoku University (Sendai, Japan) and were
maintained in RPMI-1640 medium supplemented with

10% FCS. PE human normal pancreatic epithelial cell line
was purchased from ACBRI (Kirkland, WA, USA) and was
maintained in CS-C complete medium. The cells were cul-
tured in an incubator with humidified air with 5% CO, at
37°C.

2.3. Cell proliferation assays

Five thousand Panc-1, KP-2 and PE cells were seeded
into 96-well plates. The following day, the indicated con-
centrations of gemcitabine, ACR or 9cRA were added to
each well and the cells were incubated for additional
48 h. The number of viable cells in replica plates were then
counted using Trypan Blue dye exclusion method, as previ-
ously described [17,20]. To determine whether the com-
bined effects of ACR plus gemcitabine were synergistic,

_ Panc-1 cells were treated with the combination of the indi-

cated concentrations of ACR and gemcitabine for 48 h and
the combination index (CI)-isobologram was calculated as
described previously [18,20].

2.4. TUNEL assays

Ten thousand Panc-1 cells were treated with 10 uM ACR
alone, 1.0 pg/ml gemcitabine alone, or the combination of
these agents for 48 h on cover slips. The cells were then
fixed with 3.7% formaldehyde at room temperature for
10 min, permeabilized with 0.3% Triton X-100 in TBS (pH
7.4), and stained with a terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick-end labeling (TUNEL) method
using an In Situ Cell Death Detection Kit, Fluorescein
(Roche Diagnostics, Mannheim, Germany), as described
previously [17,20].

2.5. Ras activation assays

The Ras activities were determined using a Ras activa-
tion assay kit (Upstate Biotechnology, Lake Placid, NY)
according to the manufacture’s instructions. Ras was pre-
cipitated in equivalent amounts of Panc-1 cell extract
(30 pg) using Raf-1/Ras-binding domain-immobilized aga-
rose and was then subjected to Western blot analysis using
an anti-Ras antibody, as described previously [19].

2.6. Animal protocol

Twenty-four male BALB/c nude (5 weeks of age) mice
were obtained from Japan SLC, Inc., (Shizuoka, Japan). All
mice were maintained at Gifu University Life Science Re-
search Center, according to the Institutional Animal Care
Guidelines, and were housed in plastic cages with free ac-
cess to drinking tap water and a basal diet, CRF-1 (Oriental
Yeast Co., Ltd., Tokyo, Japan). Xenograft tumors were made
by subcutaneous injection of Panc-1 cells, at a concentra-
tion of 1 x 10° cells per 200 pl, into the flanks of these
mice. Starting 2 weeks after the tumor cell injection, the
mice were randomly divided into 4 groups (6 mice per
each group). The mice in Group 2 (gemcitabine alone
group) received an intraperitoneal injection of gemcitabine
(100 mg/kg body weight) twice a week for 6 weeks, Group
3 (ACR alone group) were given the basal diet containing
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0.03% ACR, with free access to feeding for 6 weeks. Group 4
(combination group) was treated with both ACR and gem-
citabine, as described above. Group 1 served as an un-
treated control. The tumor size and body weight were
measured once a week and the tumor volume was calcu-
lated using the formula: largest diameter x (smallest
diameter)® x 0.5.

2.7. Immunohistochemistry

At the termination of the in vivo experiment, the mice
were sacrificed by CO, asphyxiation and the tumors were
then excised. Immunohistochemical analysis for PCNA, a
G1-to-S phase marker, was performed as described previ-
ously [21], employing a polyclonal antibody to PCNA (sc-
7907; Santa Cruz Biotechnology, Santa Cruz, CA; 1:40 final
dilution). PCNA-positive cells in xenograft tumor were
counted and expressed as a percentage of the total number
of tumor cells, The PCNA-labeling index was determined
by counting at least 500 cancer cells in each tumor (total
of 2,000 cancer cells per group). Detection of apoptosis
was performed using the ApopTag Peroxidase In Situ Apop-
tosis Detection Kit (§7100; Chemicon, Billerica, MA), which
is based on the TUNEL assay, according to the manufac-
turer’s instructions. The apoptotic index was defined as

T. Nakagawa et al. / Cancer Letters 273 (2009) 250-256

number of apoptotic nuclei per 10 random microscopic
fields at 200x magnification, as described previously [10].

2.8. Statistical analysis

The data are expressed as the means + SD. The statisti-
cal significance of the difference in mean values was tested
using a one-way analysis of variance (ANOVA) and un-
paired t-test. Significance was defined as a P value less than
0.05. All analyses were performed using the StatView ver.
5.0 software program (SAS Institute, Cary, NC).

3. Results

3.1. Retinoids and gemcitabine cause preferential inhibition of growth in
human pancreatic cancer cells in comparison to PE normal human pancreatic
epithelial cells

The growth inhibitory effect of gemcitabine, ACR and 9cRA were ini-
tially examined on Panc-1 and KP-2 human pancreatic cancer cell lines
and PE normal human pancreatic epithelial cells. As shown in Fig. 1,
ACR and 9cRA similarly inhibited the growth of Panc-1 cells with an
ICsp value of about 31.9 and 31.4 pM, respectively. Likewise, ACR and
9cRA also caused a growth inhibition in KP-2 cells, but the ICs, values
(52.4 and 51.9 uM, respectively) were slightly higher when compared
to those of Panc-1 cells. Gemcitabine inhibited the growth of these pan-
creatic cancer cells with an ICgp value of about 10 and 1.6 pug/ml, respec-
tively. In contrast, PE cells were more resistant to these agents since the
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Fig. 1. Inhibition of cell growth by gemcitabine, ACR, or 9cRA in Panc-1 and KP-2 human pancreatic cancer cell lines and in PE human normal pancreatic
epithelial cells. The results are expressed as the percentage of growth with 100% representing control celis treated with 0.05% ethanol. Bars, SD of triplicate

assays.
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Fig. 2. Inhibition of celi growth by ACR alone, gemcitabine alone and various combinations of these agents in Panc-1 cells. (A and B) Panc-1 cells were treated
with the indicated concentrations of ACR alone, gemcitabine alone and various combination of these agents for 48 h. The numbers of viable cells in replica
plates were then counted using the Trypan Blue dye exclusion method and expressed as the percentage of the control value. (A) Gemcitabine alone (¢, solid
line); gemcitabine + 1 uM ACR (M, long dashed line}); gemcitabine + 10 pM ACR (4, short dashed line); gemcitabine + 30 utM ACR (®, dotted line). (B) ACR
alone (4, solid line}; ACR + 0.1 pg/ml gemcitabine (M, long dashed line); ACR + 1.0 pg/ml gemcitabine (A, short dashed line); ACR + 10 png/ml gemcitabine (@,
dotted line). Bars, SD of triplicate assays. (C) The data obtained in A and B was used to calculate the combination index, as described in Section 2.

Table 1
Combined effects of gemcitabine and ACR on Panc-1 cells

ACR concentration (pM) Gemcitabine concentration (jg/ml)

0.1 ug/ml 1.0 pg/ml 10 pg/mi
1uM i ++ +H+
10 uM ++ ot ++b+
30 uM i bt 44

Abbreviations: Cl, combination index; “£", C10.9-1.1 additive effect; “+", Cl
0.8-0.9 slight synergism; “++", Cl 0.6-0.8 moderate synergism; *+++", Cl
0.4-0.6 synergism; "++++", Cl < 0.4 strong synergism,

1Csp values with ACR, 9cRA and gemcitabine were about 94.8, 180, and
48.6 pg/ml, respectively. These findings suggést that retinoids and gem-
citabine preferentially inhibit the growth of pancreatic cancer cells. In
addition, ACR can exert anti-proliferative effect in pancreatic cancer cells
to almost the same extent as 9cRA (Fig. 1).

3.2. ACR plus gemcitabine cause synergistic inhibition of growth in Panc-1 cells

Next, the effects of combined treatment were examined with a range
of concentrations of ACR plus gemcitabine to synergistically inhibit the
growth of Panc-1 cells. We found that the combination of as little as
10 puM ACR (about ICyg value) and 1.0 pug/mi gemcitabine (about IC3q va-
lue) exerted synergistic growth inhibition (Figs. 2A and B). Thus, when
analyzed by the isobologram method [18,20}, the Cl index for this combi-

nation was 3+ and thus indicating “synergism” (Fig. 2C and Table 1).
These findings suggest that ACR plus gemcitabine might be an effective
combination for the inhibition of pancreatic cancer cell growth due to
their synergistic efficacy.

3.3. ACR plus gemcitabine synergistically induce apoptosis in Panc-1 cells

We then examined whether the synergistic growth inhibition by ACR
plus gemcitabine (Fig. 2C and Table 1) was associated with induction of
apoptosis because both of these agents can induce apoptosis in cancer
cells {15,16,22,23], The treatment of Panc-1 cells with either 10 uM ACR
alone or 1.0 pg/ml gemcitabine alone induced TUNEL-positive cells in
approximately 15% of the total remaining cells (Fig. 3A, columns 2 and
3). Moreover, when the cells were treated with combination of these
agents, TUNEL-positive cells increased to 25% of the total remaining cells
(Fig. 3A, column 4). These results suggest the induction of apoptosis to be
enhanced by the combination of ACR plus gemcitabine and that might ex-
plain the strong growth inhibition caused by this combined treatment
(Fig. 2C and Table 1). .

3.4. ACR and gemcitabine inhibit activation of Ras in Panc-1 cells

We then examined whether the combined treatment of ACR plus
gemcitabine inhibits the activation of Ras because this oncogene is aber-
rantly activated in up to 90% of pancreatic cancers and thus play a role
in the development of this malignancy [27]. As shown in Fig. 3B, the Ras
activities were significantly inhibited when the Panc-1 cells were trea-
ted with 10 uM ACR alone and with the combination of ACR plus
1.0 pg/ml gemcitabine,
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Fig. 3. Effects of the combination of ACR plus gemcitabine on the induction of apoptosis and inhibition of the Ras activity in Panc-1 cells. The cells were
treated with vehicle (control, column 1), 1.0 pg/ml gemcitabine alone {GEM; column 2), 10 pM ACR alone {ACR: column 3), or the combination of 1.0 ug/ml
gemcitabine plus 10 uM ACR (GEM + ACR; column 4) for 48 h. (A) The apoptotic cells were detected using the TUNEL method. TUNEL-positive cells were
counted and expressed as the percentage of the total cell number {500 cells were counted in each flask). (B) The Ras activities were determined using a Ras
activation assay kit. Relative intensity of the bands was quantitated by densitometry and is displayed in the lower panel. Values are the means & SD.
"p <0.01: in comparison to vehicle-treated cells (column 1). Representative results from three independent experiments with similar resuits are shown.

3.5. ACR plus gemcitabine synergistically inhibit growth of pancreatic tumor
xenografts in nude mice

We next examined whether the synergistic growth inhibition and
apoptosis induction by the combined treatment with ACR plus gemcita-
bine in pancreatic cancer cells were also observed in vivo using a nude
mice xenograft model, Fig. 4A shows that both ACR and gemcitabine ex-
erted anti-tumor activity as single agent in this model, thus causing de-
creased growth rates until 5 weeks after the cancer cell injection,
However, at 6 weeks after the injection, the Panc-1 tumors which devei-
oped in either ACR alone- or gemcitabine alone-treated mice demon-
strated an augmenting tendency. On the other hand, the combined
treatment of ACR and gemcitabine strongly inhibited the growth of the
pancreatic cancer xenograft during this experiment (Fig. 4A). In addition,
the PCNA-labeling index in the tumors was significantly lower in both the
ACR alone- and gemcitabine alone-treated mice when compared to the
control mice, but the combined treatment of these agents caused a
marked decrease in this index (Fig. 4B). Furthermore, although apoptosis
occurred at a low level in the control and ACR-treated mice, there was a
significant increase in the induction of apoptosis by the treatment with
gemcitabine and, to a greater degree, by the combination of ACR plus
gemcitabine in these tumors (Fig. 4C). All of the treatments were well tol-
erated and the body weights remained stable in al\ groups during the
experiment {data not shown).

4. Discussion

Pancreatic cancer is still one of the most lethal cancers of
all human malignancies because monotherapy with gemcit-
abine, the standard first-line treatment for this cancer, re-
sults in only a marginal survival benefit [3]. Therefore,
improved therapeutic regimens are needed and gemgcita-
bine-based combination chemotherapy may be a promising
strategy for this purpose [4]. The present study demon-
strated that the combination of ACR plus gemcitabine syner-
gistically inhibited the growth of Panc-1 human pancreatic

cancer cells both in vitre (Fig. 2 and Table 1) and in vivo
(Fig. 4A) and that this was associated with the induction of
apoptosis (Figs. 3A and 4C) and inhibition of cell prolifera-
tion (Fig. 4B). ACR prevented the development of second pri-
mary liver cancer without causing significant adverse
effects. In this clinical trial, the plasma concentration of
ACR ranged from 1 to 5 uM [12,13]. Therefore, the dosage
of ACR that we used in the present combination studies
{10 uM) is near the practical level. These findings suggest
the possibility that the combination of these agents may
have benefits in the treatment of pancreatic cancer due to
their synergism. The findings are also consistent with the
previous report that ATRA or 9cRA enhanced the cytotoxic
effects of gemcitabine in pancreatic cancer celis [10}. How-
ever, in comparison to these conventional retinoids, ACR
might be a more preferable partner for gemcitabine because
its safety and cancer chemopreventive efficacy have been
proven in previous clinical trial [12,13},

How can ACR inhibit growth of pancreatic cancer celis?
This might be explained by the effect of ACR to inhibit the
activation of Ras (Fig. 3B) because constitutive activation
of this oncogene confers uncontrolled stimulatory signals
to downstream cascades, including Raf-MAPK and PI3K/
Akt, in pancreatic cancer cells [28,29]. ACR inhibits Raf-1-
bound Ras activity and its downstream signaling pathways,
thereby inhibiting the growth of liver cancer cells { 19,20,301.
Moreover, recent studies have indicated that the inhibition
of Ras activity enhances the chemotherapeutic effect of
gemcitabine and thereby reducing pancreatic tumor growth
131,32]. Therefore, inhibition of Ras activity by ACR (Fig. 3B)
may contribute to exert a synergistic growth inhibition
when combined with gemcitabine (Fig. 2, Table 1 and Fig. 4).
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Fig. 4. Effects of the combination of ACR plus gemcitabine on the growth of Panc-1 tumors in nude mice. Male BALB/c nude mice were injected
subcutaneously with 1 x 10% Panc-1 cells. Two week after the injection, the mice were divided into 4 groups and were treated with following conditions for
6 weeks. Group 1, control (untreated group). Group 2 received an intraperitoneal injection of gemcitabine (100 mg/kg body weight) twice a week (GEM,
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plus gemcitabine (GEM + ACR, combination group). (A) Growth curve of Panc-1 tumors in each group are represented. (B) PCNA-labeling index and (C)
Apoptotic index. The Panc-1 tumors were excised from each animal at the termination of the experiment, and the number of proliferative cells (B) and
apoptotic cells (C) were detected using PCNA immunohistochemistry and an ApopTag Peroxidase In Situ Apoptosis Detection Kit, respectively, as described
in the “Materials and Methods". Values are the means £ SD. 'p <0.05, "p <0.01: in comparison to the untreated group (column 1).

In addition to the inhibition of Ras activity, ACR is con-
sidered to possess other beneficial effects to inhibit growth
of pancreatic cancer cells. For instance, ACR, the ligand for
RXR [24], suppresses pancreatic cancer cell proliferation
via binding to RXR because retinoids mediate their biolog-
ical effects, including anti-cancer effect, by binding to nu-
clear, ligand-activated receptors [5,6]. These receptors are
divided into RAR and RXR families, both composed of three
subtypes (a, 8, and y) and most pancreatic cancer cell lines,
including Panc-1, express both RXRo and RXRB [25,26].
This presumption may be supported by the previous find-
ings that high-affinity RXR-selective ligands can efficiently
suppress pancreatic cancer cell proliferation [9]. ACR may
also inhibit the pancreatic cancer cell growth by inhibiting
the activation of some members of receptor tyrosine ki-
nases (RTKs), such as EGFR, HER2, and FGFR, which are tar-
gets of ACR [16,20,33]. This hypothesis seems plausible
because these RTKs are frequently overexpressed in pan-
creatic cancers and are associated with the development
of this malignancy [34]. It also should be noted that the

overall survival in patients with advanced pancreatic can-
cer is significantly improved with the combination of erl-
otinib, an EGFR tyrosine kinase inhibitor, and
gemcitabine compared with placebo plus gemcitabine in
a recent phase III trial [4].

In the present study ACR enhanced the induction of
apoptosis caused by gemcitabine (Figs. 3A and 4C). This
finding is consistent with previous reports that ACR exerts
synergistic anti-cancer effects, including. induction of
apoptosis, in human liver cancer cells when it is combined
with other agents [17-20]. The inhibition of Akt activation
by ACR is one of the underlying mechanisms in this syner-
gism [20]. This is significant because the reduction of phos-
phorylated (i.e. activated) Akt is correlated with the
enhancement of gemcitabine-induced apoptosis and anti-
tumor activity in pancreatic cancer cells, thus suggesting
that the PI3K/Akt pathway plays a significant role in medi-
ating gemcitabine resistance in these cancer cells [35,36].
A previous study also reported that bexarotene, a selective
RXR agonist, enhances the growth inhibition of gemcita-
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bine in non-small cell lung cancer cells by preventing and
reversing gemcitabine resistance [37]. Therefore, ACR may
help to either prevent or overcome gemcitabine resistance,
presumably, by inhibiting the Akt activation. In conclusion,
the results of this experiment support the possibility that
the combined treatment of ACR plus gemcitabine may be
a potentially effective and critical strategy for pancreatic
cancer chemotherapy.
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SUMMARY

Background
The surveillance of hepatocellular carcinoma (HCC) has become preva-
lent, and the modalities for its treatment have improved.

Aim
To understand the changes that occur in the characteristics and prog-
nostic factors of HCC with time.

Methods
Newly diagnosed HCC patients were divided into two groups; patients
treated before 31 December 2000 (n = 504), and after 1 January 2001
(n = 746), and their clinical backgrounds and prognostic factors were
analysed.

Results

The number of patients negative for both Hepatitis B surface antigen
(HBsAg) and Hepatitis C virus antibody (HCVAD) increased with time
(NBNC-HCC). The size of HCC decreased in patients who were positive
for HBsAg (B-HCC) or HCVAbL (C-HCC), whereas no difference was
observed in NBNC-HCC. The patient survival of C-HCC improved; how-
ever, no difference was detected for NBNC-HCC. In multivariate analy-
sis, low albumin, high aspartate aminotransferase (AST), ascites, large
tumour size, multiple tumour number and high alpha-fetoprotein were
risk factors for survival before 2000, whereas the presence of HBsAg
was additionally selected as a good prognostic factor and AST was
excluded after 2001.

Conclusions

The prognostic factors as well as clinical background of HCC changed
with time, and the presence of HBsAg was found to be an additional
good prognostic factor after 2001.

Aliment Pharmacol Ther 31, 407-414
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INTRODUCTION

Hepatocellular carcinoma (HCC} is the fifth most com-
mon cancer and the third leading cause of cancer
death in the world.! Globally, more than 80% of HCC
cases develop in patients suffering from long-lasting
viral hepatitis. Among these patients, imaging studies
such as ultrasonography (US), computed tomography
(CT) and magnetic resonance imaging (MRI) are regu-
larly performed to detect HCC at an early stage.*™ As
a result, the proportion of HCC that can be treated by
local ablation therapies or surgical resection has
increased.

The effectiveness of the treatment has also
increased. The mortality rates resulting from surgery
have decreased,” and the outcomes of these patients
have improved during the last few decades. Percutane-
ous ethanol injection therapy (PEIT), microwave coag-
ulation therapy (MCT) and radiofrequency ablation
therapy (RFA) have also been used for the treatment
of small HCC, and have become more popular because
they are safe and the damage they cause to the liver is
minimal. Moreover, evidence-based treatment algo-
rithms are presented by several groups and so
the selection of treatment has been conducted more
appropriately.®™®

Interferon and nucleotide analogues are drugs used
to eradicate hepatitis virus infection. Recent studies
have demonstrated that interferon can reduce the inci-
dence of HCC in patients with hepatitis C virus infec-
tion and even improve the prognosis of HCC.>'°
Nucleotide analogues are now frequently used in
patients with hepatitis B virus infection. They decrease
the inflammation caused by hepatitis B virus, normal-
ize transaminase in about 90% of the patients treated
with the drugs and prolong the survival of these
patients.’! This effect was observed even in patients
with HCC.'» 12

Although the circumstances of patients with HCC
have dramatically changed as demonstrated above,
few studies have been conducted to analyse the
changes in the prognostic factors of HCC. In this
study, we analysed the trends in HCC patients and
tried to elucidate the changes that have occurred in
the prognostic factors with time.

PATIENTS AND METHODS

A total of 1267 consecutive, newly diagnosed HCC
patients who were admitted to Okayama University

Hospital for treatment between January 1991 and Feb-
ruary 2009 were followed up. Among these patients,
17 were excluded because they had received a liver
transplant during the follow-up, so the remaining
1250 patients were enrolled in this study. The patients
were divided into two groups; patients treated before
31 December 2000 (n = 504), and those treated after 1
January 2001 (n = 746), and analysed. Informed con-
sent was obtained from all patients for use of their
clinical data. The study protocol conformed to the eth-
ical guidelines of the World Medical Association Dec-
laration of Helsinki, and was approved by the Ethical
Committee of our institute.

Diagnosis

All patients were diagnosed as having HCC by using
imaging modalities such as angiography, computed
tomography and magnetic resonance imaging, or by
tumour biopsy. The diagnostic criteria for HCC via
imaging was based on previous reports of hyperatten-
uation at the arterial phase, hypoattenuation at the
portal phase in dynamic CT or MRI, and tumour stain-
ing on angiography.'*

Treatments and follow-up

The selection of the therapies was performed according
to the evidence-based clinical practice guidelines for
HCC in Japan.® The rate of observance of the guide-
lines was 74.3% and 78.0% before 2000 and after
2001 respectively. Biochemical liver function tests and
US, dynamic CT or MRI were performed at least every
3 months after the initial treatment. Diagnosis of
recurrence was made with the same diagnostic criteria
used for the initial diagnosis. Re-treatment was per-
formed depending on the condition of the recurrence
and background liver function.

Statistical analysis

The Wilcoxon test was used to compare continuous
data, and the chi-squared test was used to compare cat-
egorical data. Survival was compared using the Kap-
lan-Meier method, and the difference was evaluated
using the log-rank test. For the analysis of prognostic
factors, 15 parameters were collected: age, gender,
tumour size, tumour number, alpha-fetoprotein (AFP},
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), platelet count, prothrombin time (PT),

Aliment Pharmacol Ther 31, 407-414
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total bilirubin (T. Bil), serum albumin, hepatitis B virus
surface antigen (HBsAg), hepatitis C virus antibody
(HCVAD), the presence of ascites and alcohol consump-
tion. Continuous scales and ordinal scales were catego-
rized into two groups using the cut-off levels indicated
in Tables 2 and 3. In cases before 2000, the patients
who survived at the end of 2000 were no longer fol-
lowed for the study from 1 January 2001 (censored at
the end of 2000). The Cox proportional hazard model
was used to calculate risk ratios for survival. We did
not include treatment factors (e.g. nucleotide ana-
logues, interferon and treatment modalities of HCC)
because they are confounding factors in the analysis.
All statistical analyses were performed using JMP soft-
ware (Ver. 8.0 SAS institute, Cary, NC, USA).

RESULTS

Changes in patients’ background

The clinical backgrounds of the HCC patients changed
with time (Table 1). The median age at diagnosis after
2001 was greater than that before 2001 (63 vs.
67 years old, P < 0.01). From 2000 to 2001, the per-
centage of viral hepatitis decreased, and the ratio of

Table 2. The changes in patients’ profiles with time in
different hepatitis virus statuses

~Dec 2000 Jan 2001~ P-value

Total bilirubin (mg/dL)
B-HCC 0.80 (0.64-1.31) 0.87 (0.66-1.24) N.S.
C-HCC 0.99 (0.75-1.37) 0.84 (0.64-1.14) P < 0.01
NBNC-HCC 1.08 (0.65-1.46) 0.87 (0.61-1.23) N.S.
Albumin (g/dL}
B-HCC 3.69 (3.33-3.96) 3.87 (3.40-4.25) N.S.
C-HCC 3.55 (3.22-3.90) 3.60 (3.30-3.90) N.S.
NBNC-HCC 3.82 (3.31-4.20) 3.77 (3.42-4.10) N.S.
Tumour size (cm)

B-HCC 3.2 (2.1-4.9) 2.5 (1.7-3.8) P =0.04

C-HCC 2.7 (1.8-4.2) 2.1 (1.5-3.2) P < 0.01

NBNC-HCC 3.2 {2.2-5.5) 3.0 (1.7-5.5) N.S.
Tumour number (single, %]

B-HCC 42.7 51.0 N.S.

C-HCC 54.9 56.4 N.S.

NBNC-HCC 57.6 51.6 N.S.

All numbers are medians (inter-quartile range) unless other-
wise noted. B-HCC, hepatocellular carcinoma positive for hep-
atitis B virus surface antigen; C-HCC, hepatocellular carcinoma
positive for hepatitis C virus antibody; NBNC-HCC, hepatocel-
lular carcinoma negative for both hepatitis B virus surface
antigen and hepatitis C virus antibody; N.S., not significant.

Table 1. Clinical background
of 1250 patients
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~Dec 2000 Jan 2001~
Patient number 504 746 P-value
Age (years) 63 (58-68) 67 (60-73) <0.001
Gender (male) 366 (72.6%) 530 (71.1%) 0.544
HCVAD {positive) 391 (77.6%) 546 (73.2%) <0.001*
HBsAg (positive) 93(18.5%) 108(14.5%)
HCVAbD and HBsAg negative 37(7.3%) 106(14.2%)
Total bilirubin (mg/dL) 0.97 (0.73-1.38) 0.85 (0.64-1.17) <0.001
Albumin (g/dL) 3.6 (3.2-3.9) 3.7 (3.3-4.0) 0.100
AST (IU/1) 63 (46-89) 54 (39~77) <0.001
ALT (IU/1) 57(38-79) 46(31-69) <0.001
Platelet (x10*/mm?) 10.1(6.8-13.8) 11.7(7.8-16.4) <0.001
Prothrombin time (%) 82(66-97) 92(82-102) <0.001
Ascites (present) 75(14.9%) 123(16.5%) 0.444
Alcohol (>90 g/day) 62(12.49%) 80 (10.9%) 0.438
Tumour size (mm) 28 {19-45) 22 (15-35) <0.001
Tumour number (single) 258(53.4%) 393(55.1%) 0.561
AFP (ng/mlL) 38.2 (12.4-240.9) 18.9 (6.8-86.9) <0.001

All numbers are medians (inter-quartile range} unless otherwise noted. *P-value among

three viral statuses.

HCVAD, hepatitis C virus antibody; HBsAg, hepatitis B virus surface antigen; ALT, ala-

nine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein.
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~Dec 2000 (n = 504)

Jan 2001~ (1 = 746)

Table 3. Univariate analysis
for the prognostic factors of

RR 950%ClL P-value RR 950%CI P-value
Age (>65 years) 1.25 0.97-1.61 0.08 1.11  0.84-1.49 0.44
Gender (male) 1.08 0.81-1.44 0.59 1.18 0.86-1.65 0.28
HCVAD (positive} 1.28 0.93-1.18 0.12 0.91 0.66-1.26 0.56
HBsAg (positive) 0.95 0.66-1.32 0.77 0.86 0.56-1.27 0.47
Total bilirubin (>2 mg/dL) 1.92 1.19-2.94 <0.01 272  1.59-4.37 <0.01
Albumin (<3.5 g/dL) 2.01 1.56-2.60 <0.01 2.65 195-3.60 <0.01
AST (>40 TU/L) 2.29 1.57-3.48 <0.01 1.74 1.20-2.57 <0.01
ALT (>40 TU/1) 1.17 0.88-1.57 0.25 1.09 0.80-1.51 0.56
Platelet (<10 x 104/mm3] 1.29 1.00-1.66 0.04 1.12  0.82-1.52 0.44
Prothrombin time (<800%) 1.40 1.08-1.81 0.01 1.84 1.33-2.51 <0.01
Ascites (present) 1.93 1.38-2.64 <0.01 3.00 2.17-4.10 <0.01
Alcohol (>90 g/day) 0.95 0.64-1.37 0.81 0.92 0.56-1.41 0.72
Tumour size (>3 cm) 2.64 2.05-3.41 <0.01 4,00 2.99-537 <0.01
Tumour (multiple) 2.81 2.17-3.65 <0.01 2.03 1.52-2,72 <0.01
AFP (>200 ng/mL) 2.20 1.67-2.87 <0.01 2.51 1.77-3.49 <0.01

RR, risk ratio; 95% CI, 95% confidence interval. Other abbreviations are the same as

listed in Table 1.

hepatitis virus negative patients increased from 7.3%
to 14.2% (P < 0. 01). In addition, tumour size at diag-
nosis became smaller, and liver functions such as bili-

(a) Others (1.2%)

Local ablation (37.7%)

RFA 1.1%
MCT 10.5%
PEI 88.4%

TACE (33.5%)

Surgical resection (19.6%)

(b) Others (1.5%)

Local ablation (52.4%)

RFA 93.1%
MCT 2.3%
PEl 4.6%

TACE (18.8%)

Surgical resection (18.6%)

Figure 1. Changes in treatment modalities with time. The
percentage of local ablation was 37.7% before December
2000 {a) and increased to 52.4% after January 2001 (b).
PEI was popular before 2000; however, RFA was chosen
as the standard therapy after 2001. Abbreviations: RFA,
radiofrequency ablation; MCT, microwave coagulation
therapy; PEI, percutaneous ethanol injection; TACE,
transcatheter arterial chemoembolization.

rubin and prothrombin time were improved. Table 2
demonstrates the clinical backgrounds of the patients
with different viral infection statuses. Total bilirubin
of the patients who were positive for HCVAb {C-HCC)
declined; however, no difference in albumin was
observed in any group. The detected HCCs were smal-
ler after 2001 in patients who were positive for HBsAg
(B-HCC) or C-HCC, whereas no difference was
observed in the patients without these viral markers
{(NBNC-HCC). The percentages of tumours over 5 cm in
diameter were 23.6% and 17.8% in B-HCC {P = 0.52),
17.3% and 8.7% in C-HCC (P < 0.01) and 27.2% and
28.8% in NBNC-HCC (P = 0.86), before 2000 and after
2001 respectively.

Nucleotide analogues were used in 1.1% and 64.8%
of B-HCC before 2000 and after 2001 respectively.
Interferon treatment was performed in 15.5% and
19.8% of the patients who were treated before 2000
and after 2001 respectively. In all of the patients,
except 22 (7 peg-interferon, 15 peg-interferon + riba-
virin), treated after 2001, the treatment was carried
out using conventional interferon.

Changes in treatment modalities

The treatment methods changed with time (Figure 1).
The percentage of patients who received local ablation
therapy increased from 37.7% (n = 190) to 52.4%
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