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Abstract
Objective: We examined the growth-inhibitory effect and
the mechanism of action of type | interferon (IFN) in human
liver cancer celllines in vitro and in vivo. Methods: We exam-
ined the growth-inhibitory effect of 5 types of type I IFN
preparations (e.g., pegylated, nonpegylated IFN-a, and IFN-
B) used for the treatment of chronic hepatitis C in 13 liver
cancer cell lines in vitro. After liver cancer cells were trans-
planted into nude mice, various doses of IFN preparations
were subcutaneously administered, and the antitumor ef-
fect was examined. Results: The growth-inhibitory effect of
each preparation was different, but IFN-B expressed the
strongest effects in vitro. Induction of an inhibition of cell
cycle progression at the Gy, S or G3/M phase with or without
apoptosis was the mechanism of action of IFN. IFN prepara-
tions induced a dose-dependent decrease in tumor volume
and weight by inducing tumor cell apoptosis in vivo, and tu-
mor growth was effectively suppressed even at the clinical
dose for chronic hepatitis C treatment. The antitumor effect
of pegylated IFN was significantly stronger than that of non-
pegylated IFN. Conclusion: The data suggest potential clini-
cal application of pegylated IFN for the prevention and treat-
ment of hepatocellular carcinoma.

Copyright © 2008 S. Karger AG, Basel

Introduction

Interferons (IFNs) are a family of cytokines that pos-
sess various biologic activities such as antiviral, antipro-
liferative, antiangiogenetic, immunomodulatory, and an-
titelomerase activities. IFNs are classified into two major
groups, i.e., type I IFN, which includes IFN-«, IFN-3 and
IFN-w, and type II IFN such as IFN-y [1]. Human [FN-«
comprises a family of structurally and functionally re-
lated genes of at least 14 subtypes [2]. Several types of
IFN-« preparations are used in clinical practice, and
each preparation consists of a different subtype. Both
type I and type IT IFNs bind to distinct cellular receptors,
type I IFN receptor (IFNAR) and type II IFN receptor
(IFNGR), respectively, and activate distinct and overlap-
ping pathways [3]. Type I IFNs have been used in the
treatment of virus-related chronic hepatitis and malig-
nant diseases, such as melanoma, renal cell carcinoma
and chronic myelogenous leukemia [4].

Hepatocellular carcinoma (HCC) is one of the most
frequently found primary cancers, and many HCC pa-
tients have chronic hepatitis or cirrhosis caused by chron-
ic infection of hepatitis C virus as their background dis-
ease [5]. Recently, type I IFNs have been shown to have
highly suppressive effects on hepatocellular carcinogen-
esis [6-8] and on the recurrence of HCC after curative
treatment in patients with virus-related chronic hepatitis
[9, 10]. The precise mechanisms of these suppressive ac-
tions have not yet been clarified, but direct antiprolifera-
tive effects of type I IFN may be involved. In clinical prac-
tice, IFN-o alone or in combination with other antican-
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cer drugs such as 5-fluorouracil (5-FU) has been used in
the treatment of malignant diseases including renal can-
cer [4] and advanced HCC [11, 12].

To clarify the growth-inhibitory effect of type I IFN
on liver cancer cells, we conducted research on (1) type I
IFN receptor expression [13], (2) in vitro and in vivo an-
titumor effects and the mechanism of action of 5 types of
type I IFN preparations [14-19], and (3) in vitro growth-
inhibitory effect and mechanism of action of combined
IFN-a and 5-FU treatment in human liver cancer cells
[20-22], i.e., 11 HCC cell lines and 2 combined hepatocel-
lular and cholangiocarcinoma (CHC) cell lines. We would
like to introduce some of our accumulated data in this
review article.

Expression of IFNAR-2 Subunit of Type | IFN
Receptor in Human HCC Cells

The effects of type I IFN are mediated by type I IFN
receptor, which consists of two subunits, i.e., [IFNAR-1
and IFNAR-2, and IFNAR-2 subunit occurs in a soluble,
short or long form (IFNAR-2a, IFNAR-2b, or IFNAR-2c,
respectively). IFNAR-2c is necessary for normal IFN
binding and activation of the signal transduction path-
way, while IFNAR-1 is a necessary subunit to form high
affinity receptors [1, 23, 24]. We examined the mRNA
expression of [IFNAR-1 and IFNAR-2¢ in 11 human HCC
cell lines and 2 CHC cell lines, which were originally es-
tablished and characterized in our laboratory, by using
reverse-transcription polymerase chain reaction and
found that all 13 cell lines expressed both subunits. We
also examined cell surface IFNAR-2 protein expression
in the 13 cell lines, and the expression was identified in
12 cell lines at various levels [16]. Furthermore, we exam-
ined IFNAR-2 expression in HCC tissues and their cor-
responding non-HCC tissues. Immunohistochemically,
IFNAR-2 expression was positive in 61 (88%) of 69 non-
HCC tissues. There was no significant difference in the
expression between chronic hepatitis and liver cirrhosis
[13]. In 12 normal liver tissues, IFNAR-2 expression was
not observed. This suggests a close relationship between
chronic inflammation induced by viral infection and
IFNAR-2 expression in the liver. IFNAR-2 expression was
positive in 53 (77%) of 69 HCC tissues [13]. Kondo et al.
[25] reported that IFNAR-2 expression was positive in 59
(61%) of 91 HCC tissues and that the expression level was
related with the differentiation level of HCC. In contrast,
there was no apparent relationship between IFNAR-2 ex-
pression and the histopathological characteristics of
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Fig. 1. Antiproliferative effects of natural human IFN-a (BALL-1
IFN-«, OIF®), Thirteen liver cancer cell lines were cultured with
or without culture medium containing 1-1,024 IU/ml of BALL-1
IFN-« for 96 h, and the relative viable cell numbers were calcu-
lated and plotted on the graph.

HCC, such as histological grade, fibrous capsule forma-
tion, capsular invasion, portal vein invasion, and intra-
hepatic metastasis in our study [13]. Ota et al. [26] report-
ed that IFNAR-2 expression rates of esophagus, stomach,
colorectal, bile duct, and pancreas cancer tissues are be-
tween 20 and 45%, and this suggests that the IFNAR-2
expression rate of HCC tissues is much higher as com-
pared with carcinomas arising in other organs.

Growth-Inhibitory Effects of Natural Human IFN-«
on Liver Cancer Cell Lines in vitro

In 8 of the 13 cell lines, a time-dependent antiprolif-
erative effect was observed at various degrees in the 96-
hour cultures with 1,024 IU/ml of human lymphoblastoid
IFN-a derived from Sendai virus-induced BALL-1 cells
(BALL-1 IFN-a, OIF®). The relative viable cell number
at 96 h after adding IFN-«a (1-1,024 IU/ml) decreased in
all cell lines in a dose-dependent manner (fig. 1). Sensi-
tivity to the growth suppression effect of IFN-a was not
related to the histological grade of the original tumors of
each cell line. The suppressive effect was very low in cell
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Table 1. Five types of type I IFN drugs used in the experiments

Type Source/component Specific activity
[U/mg protein

IFN-a

OIF® Natural Derived from lymphoblastoid cells (BALL-1 IFN-a): 20.0 x 107

IFN-a2 (75%) + IFN-a8 (25%)

Advaferon®  Recombinant Synthesized from consensus sequence (consensus IFN)  100.0 X 107

PegIntron® Recombinant PEG-IFN-a2b 6.4 % 107

Intron®A Recombinant IFN-a2b 26.0 X 107
IFN-B

FERON® Natural Derived from human fibroblasts 20.0 X 107

lines with little or no IFNAR-2 expression, but in the oth-
er cell lines, the expression level of IFNAR-2 on the cell
surface was not clearly related to the growth suppression
effect of IFN-« [16]. In clinical practice, Ota et al. [27]
reported that in advanced HCC (Vp3 or 4) patients who
received IFN-aand 5-FU combination therapy, there was
a significant difference in the time-to-progression sur-
vival and the overall survival between IFNAR-2-positive
and IFNAR-2-negative cases.

Growth-Inhibitory Effects of IFN-« Subtypes on
Liver Cancer Cells in vitro

Human IFN-a comprises a large family of structur-
ally related genes expressing at least 14 subtypes. The
coding regions of the IFN-« genes are quite similar, and
the least related are about 77% homologous. Natural IFN-
« preparations, such as human lymphoblastoid IFN-«,
consist of a mixture of a number of distinct IFN-« sub-
types, and BALL-1 IFN-a used in the above-described
experiment consists of the a2 subtype (approximately
75%) and the a8 (25%) subtype. Several studies suggest
that IFN-a subtypes display significant differences in
specific activities such as antiviral activity and antipro-
liferative activity, as well as in binding affinities to type I
IFN receptor (28, 29]. The activity levels also varied great-
ly depending on the target cells. We examined the anti-
proliferative effects of five representative IFN-« subtypes
(al, a2, a5, «8 and a10) in vitro against 13 human liver
cancer cell lines. We found that the antiproliferative ef-
fect of each IFN-a subtype varies according to the cell
line, but that the cells are relatively or absolutely respon-
sible for a5 and a8 subtypes [18]. On average, the anti-
proliferative effects were strong in descending order from
a5, a8, @10, &2 and al. The relative viable cell number

24 Oncology 2008;75(suppl 1):22-29

started to decrease from the early culture period after the
addition of IFN-a5. These results suggest that the admin-
istration of IFN-« preparations containing high propor-
tions of IFN-a5 or IFN-a8 would be more efficient in
terms of the prevention and treatment of HCC.

Growth-Inhibitory Effects and the Mechanism of
Action of Type | IFN Preparations on Liver Cancer
Cell Lines in vitro

We compared the growth-inhibitory effects in vitro on
13 human liver cancer cell lines among 5 types of type I
IFN preparations, including BALL-1 IFN-a shown in ta-
ble 1. The 5 types of type I IFN preparations can be clas-
sified into [FN-« and IFN-, natural and recombinant, or
pegylated and nonpegylated. Natural IFNs include BALL-
1 IFN-a (OIF®) and fibroblast-derived IFN-B (FERON®),
and the recombinant IFNs include IFN-w2, and consen-
sus IFN (rIFN-aConl, Advaferon®) synthesized through
the scanning of several IFN-« nonallelic subtypes and as-
signing the most frequently observed amino acid in each
position [30]. Pegylated IFN-a2b (PEG-IFN-a2b, Pegln-
tron®) is a covalent conjugate of recombinant IFN-a2b
(Intron®A) with a monomethoxy-polyethylene glycol
(PEQG) in a 1:1 molar ratio. Thirteen liver cancer cell lines
were cultured with culture medium alone or medium
containing 10-1,024 IU/ml of 1 of the 5 type I IFN prepa-
rations, and the average of relative viable cell numbers was
calculated from the 13 cell lines for each type I prepara-
tion and plotted (fig. 2). The antiproliferative effect of
each type I IFN preparation was different and was stron-
gestin IFN-f3, followed by consensus IFN, BALL-1 IFN-a,
and IFN-a2b or PEG-IFN-a2b. A time-dependent growth
inhibition was observed in most of the cell lines in the 96-
hour culture with IFN-B, and at 96 h after adding IFN-j3,
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growth suppression occurred even at alow dose in 6 of the
13 cell lines [14]. It has been reported that the stronger
growth-inhibitory effects of IFN- may be mediated by
the formation of a uniquely stable type I IFN receptor
complex, greater affinity for the type I receptor complex,
involvement of other receptor components, and the acti-
vation of additional signaling pathways [24, 31, 32]. In
contrast, IFN-a2b with or without pegylation showed the
lowest growth-inhibitory activity. This is consistent with
the above-described finding, i.e., that the antiproliferative
activity of the IFN-a:2 subtype in vitro is relatively weak
compared with other IFN-«a subtypes [18].

Forty-eight to 72 h after adding each type I IFN prep-
aration, at least 10 cell lines presented characteristics of
various degrees of apoptosis, e.g., cytoplasmic shrinkage,
chromatin condensation, and nuclear fragmentation
(fig. 3). Sensitivity to IFN-mediated apoptosis appears to
be dependent on the type and concentration of IFN, and
the cell line [14-17]. We examined the mechanism of
IFN-mediated apoptosis in liver cancer cells and found a
release of cytochrome ¢ and Smac/DIABLO from mito-
chondria to cytosole and an activation of various caspas-
es, such as caspase-9, caspase-8, and caspase-3, in the
IFN-a-mediated apoptosis-sensitive cells, suggesting the
involvement of the mitochondrial apoptotic pathway in
the IFN-a-mediated apoptosis [19]. Besides the mito-
chondrial apoptotic pathway, the involvement of the
death receptor/ligand (e.g., TRAIL-R1, TRAIL-R2 and
TRAIL) in the death receptor apoptotic pathway has been
reported [33], and this point needs to be further studied.
In addition to the induction of apoptosis, we identified
the inhibition of cell cycle progression in all cell lines, i.e.,
blockage of the cell cycle at the S phase (11 cell lines), G,/
M phase (1 cell line), and G, phase (1 cell line) [16, 17].

Growth-Inhibitory Effects and the Mechanism of
Action of Type | IFN Preparations on Liver Cancer
Cell Lines in vivo

Cultured HAK-1B [34] (107 cells/mouse) was subcuta-
neously (s.c.) injected into the backs of 5-week-old female
BALB/c athymic nude mice (Clea Japan, Osaka, Japan).
Five to 7 days later when the largest diameter of the tumor
reached approximately 5-10 mm, each mouse received
s.c. injection of medium containing BALL-1 IFN-a (0,
4,000, 40,000 or 400,000 IU) or consensus IFN (0, 0.01,
0.1 or 1 pg), or intraperitoneal injection of medium con-
taining [FN-£ (0, 1,000, 10,000 or 100,000 IU) once a day
for 2 consecutive weeks and the growth-inhibitory effects
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Fig. 2. Antiproliferative effects of type I IFN preparations, includ-
ing BALL-1 IFN-a, consensus IFN, recombinant IFN-a2b, PEG-
IEN-a2b, and natural IFN-B. Thirteen liver cancer cell lines were
cultured with or without culture medium containing 10-1,024
IU/ml of one of the 5 type I IFN preparations for 96 h, and the
relative viable cell numbers were calculated. The average of the
relative viable cell numbers was assessed for each type I prepara-
tion and plotted. The antiproliferative effect was strongest in IFN-
B3, followed by consensus IFN, BALL-1 IFN-a, and IFN-a2b or
PEG-IFN-a2b. * p < 0.05 vs. the other type I IFNs.

Fig. 3. KIM-1 cells cultured for 72 h on a Lab-Tek Chamber slide.
a Without PEG-IFN-a2b in culture medium. b With 4,096 IU/ml
of PEG-IFN-a2b in culture medium. Apoptotic cells (arrows)
characterized by cytoplasmic shrinkage, chromatic condensation
and nuclear fragmentation were noted. HE staining. X200.

Oncology 2008;75(suppl 1):22-29 25

— 465 —



100 ~

@
o
P
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weight of s.c. transplanted human HCC
tumors in nude mice at the end of the ex-
periments. The mice received s.c. injection
of 640, 6,400, 64,000 or 640,000 IU of
PEG-IFN-a2b, or 6,400 or 64,000 IU of
IFN-a2b, or medium alone (control) twice 1
a week for 2 consecutive weeks. b Numbers 0
of apoptotic tumor cells in subcutaneous
human HCC tumors in nude mice that re-
ceived 640, 6,400, or 64,000 [U of PEG-
IFN-a2b, or 6,400 IU or 64,000 I'U of IFN-
a2b, or medium alone (control). * p<0.05 a
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and histological features of the tumor were estimated
about 2 weeks after the initial injection. The lowest dose
of BALL-1 IFN-« (4,000 IU/mouse) is as much as the clin-
ical dose (2.0 X 10° IU/kg) for chronic hepatitis C treat-
ment, and the lowest doses of consensus IFN (0.01 wg/
mouse, 0.5 pg/kg) and IFN-B (1,000 IU/mouse, 5.0 X 10*
IU/kg) are 1.4 times and two fifths, respectively, the clin-
ical doses (0.36 g/kg and 1.2 X 10° [U/kg, respectively)
for chronic hepatitis C treatment. As a result, at the end
of the experiment, estimated tumor volumes of mice that
received the lowest doses of BALL-1 IFN-a, consensus
IFN and IFN- were about 70% (unpubl. data), 60% [15]
and 85% [14], respectively, of the control. These results
suggest that the clinical doses of IFNs are effective in in-
hibiting the proliferation of liver cancer cells in vivo. In
the mice that received the highest dose of consensus IFN,
the tumor completely disappeared at about 10 days after
the initial injection [15]. Histological examination on s.c.
tumor revealed that the numbers of apoptotic cells in the
mice that received consensus IFN were significantly
higher than those of the control and increased dose-de-
pendently. The number of blood vessels in and around
the tumor decreased in mice that received consensus IFN
as compared with the control [15].

PEG-IFN-a2b increases patient exposure to IFN-a2b
and requires less frequent administration because the ab-
sorption of the pegylated molecule is slower, its clearance
rate from the plasma is lower, and its serum half-life is lon-
ger than in unmodified molecules. The in vivo PEG-IFN-
a2b experiments were conducted in the same manner, but
each mouse received s.c. injection of medium containing

26 Oncology 2008;75(suppl 1):22-29

PEG-IFN-a2b (0, 640, 6,400, 64,000 or 640,000 IU) or
IFN-a2b (6,400 or 64,000 IU) twice a week for 2 consecu-
tive weeks. The lowest dose of PEG-IFN-a2b (640 1U/
mouse, 3.2 X 10% [U/kg) is one third of the clinical dose
(9.6 x 10* IU/kg) for chronic hepatitis C treatment. As a
result, at the end of the experiments, the estimated tumor
volume and tumor weight in the mice that received the
lowest dose (640 IU/mouse) was 42 and 54%, respectively,
of the control (fig. 4a). Induction of apoptosis was found to
be the main mechanism of growth inhibition of the tumor
by PEG-IFN-a2b (fig. 4b), but inhibition of angiogenesis
could not be identified. The antiproliferative effect of PEG-
IFN-a2b in vitro is lower than that of IFN-aConl. There-
fore, our in vivo findings would be understood as the se-
rum half-time of IFN-a2b gettinglonger due to pegylation.
Then PEG-IFN-a2b at high concentrations remained in
the serum for a long time to affect tumor cells, resulting in
much stronger antitumor effects. This consideration is
also supported by our results, i.e., PEG-IFN-a2b and IFN-
a2b in vitro presenting the same antiproliferative effects.
However, in vivo, IFN-a2b presented significantly weaker
antitumor effects and a smaller number of apoptotic tu-
mor cells than PEG-IFN-a2b (fig. 4b) [17].

Effects of PEG-IFN-a2b on the Proliferation and
Expression of IFNAR-2 Subunit

When IFN-a binds to its receptors, the IFN receptor
complexes are internalized and degradated intracellular-
ly [35], resulting in the downregulation of type I IFN re-
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ceptors. Nakajima et al. [36] reported that the number of
IFN receptors on peripheral blood mononuclear cells in
patients with chronic hepatitis B decreased to about 50%
of the baseline with a 5-fold increase in 2',5"-oligoadenyl-
ate synthetase activity when the patients were treated
with IFN for 2 or 4 weeks. These results suggest that the
downregulation of the IFN receptor is not always associ-
ated with a decrease in the action of IFN. We chronolog-
ically examined the relationship between the antiprolif-
erative effect and the expression of the IFNAR-2 subunit
in HAK-1B cells up to 240 h after the addition of PEG-
IFN-a2b. The expression of the IFNAR-2 subunit was
significantly downregulated at 3 h compared with the
control and then significantly upregulated at 48 h. Ex-
pression decreased in a time-dependent manner after
72 h, and the viable cell number continuously decreased
over time [17]. Similarly, IFNAR-2 expression in the tu-
mor was lower in mice that received PEG-IFN-a2b than
in mice that received IFN-a2b or in control mice as a re-
sult of the long-term continuous action of PEG-IFN-a:2b,
but, in fact, the tumor size was smaller in mice that re-
ceived PEG-IFN-a2b than in mice that received IFN-a2b
or in control mice. The results suggest that, at least for the
HCC cell line, HAK-1B, the IFNAR-2 subunit is down-
regulated, but an efficient antiproliferative effect is in-
duced with continuous contact with PEG-IFN-a2b in vi-
tro and in vivo.

Growth-Inhibitory Effects and Mechanism of Action
of Combined IFN-« and 5-FU Treatment in Human
Liver Cancer Cells in vitro

Alterations in cell cycle progression via upregulation
of p27XiP! [37] or cyclin A [22], induction of apoptosis by
downregulation of Bcl-x1 [38], modulation of the immune
response via the TRAIL/TRAIL-R pathway [39] and Fas/
Fas ligand pathway [40], and alteration of 5-FU metabo-
lism (e.g., increase of 5-fluoro-2’-deoxyuridine-5'-mono-
phosphate and decrease of thymidylate synthase) have
been reported as the mechanism of synergistic antitumor
action of the combined IFN-a and 5-FU treatment in
HCC. We examined the growth-inhibitory effects of the
combined IFN-a and 5-FU treatment in 6 HCC cell lines
in vitro by using isobologram analysis and found that the
cell lines could be divided into two groups: the S group (3
cell lines) showing synergistic effects and the A group (3
cell lines) showing additive effects. In addition, mRNA
and protein expressions of type I IFN receptor subunits,
IFNAR-1 and IFNAR-2, were specifically upregulated by

Inhibitory Function of IFN on
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5-FU in all cell lines of the S group except IFNAR-2 in
one cell line, but not in those of the A group. IFN-a mod-
ulated the protein expression levels of six enzymes (thy-
midylate synthase, dihydropyrimidine dehydrogenase,
orotate phosphoribosyl transferase, thymidine phos-
phorylase, uridine phosphorylase, and thymidine kinase)
regulating sensitivity to 5-FU, but none of them were al-
tered in the same way in cells in the S or A group. We
concluded that the 5-FU-induced modulation of type I
IFN receptor expression, at least in part, contributes to
the induction of synergistic effects of combined IFN-a
and 5-FU therapy.

Conclusions

We show that (1) almost all liver cancer cell lines ex-
press type I IFN receptor, (2) each IFN-« preparation or
subtype presents very different antiproliferative activities
in different human liver cancer cell lines, (3) a common
mechanism of in vitro growth suppression by type I IFN
is cell cycle arrest with or without caspase-dependent
apoptosis induction, and (4) the mechanism of in vivo
growth inhibition by type I IFN is the induction of apop-
tosis with or without the inhibition of angiogenesis. These
lines of evidence suggest that the direct antiproliferative
action of type I IFN may be involved in the suppressive
mechanisms of type I IFN on hepatocellular carcinogen-
esis. In addition, we would expect pegylated IFN-a prep-
arations to produce more potent effects in the prevention
and treatment of HCC than do nonpegylated IFN prepa-
rations.
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Development and progression of hepatocellular carcinoma and chemoprevention of HCC by interferon

Hirohisa Yano

Abstract
Mﬂst early hepatocellular carcinomas (HCCs) are well differentiated, with an ill-defined nodular appearance. When a

~ well-differentiated HCC reaches a size of about 1.5 cm in diameter, less-differentiated cancerous tissues with greater

proliferative activity evolve within it. Clonally-related HCC cell lines (HAK-1A and HAK-1B) established from a single HCC

nodule with a variety in the histological grade suggest that less-differentiated cancerous tissues deveiop from clonal

dedifferentiation of well-differentiated HCC tissues. Subsequently, moderately to poorly differentiated HCC tissues gradua?fy .

replace the initial surrounding HCC. -

HCC frequently occurs mu!tlcentncaliy whether synchronously or metachronously, defying comptet
conventional therapies; therefore, chemoprevention of HCC is very important. Interferon (IFN)-a has been used
treatment of chronic viral liver diseases to eradicate virus. Recently, IFN-a has been shown to possess highfy st
effects on hepatocellular carcinogenesis. We found that type | IEN preparations inhibit the growth of 13 liver can
lines at various degrees in vitro and in vivo, and the clinical dose of IFN preparations was effective in vivo. The data suggest
that IFNs may inhibit the growth of clinically undetectable HCC cells and prevent or delay the development of HCC in
patients with chronic viral liver diseases. -
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# 5

AfaTid, HHlas () ORAELERICHET M
BRBEME, OB LRERCS vy —T
(IFN) ORFHaM 4 2 WA ENHEIE A C B4 2 55 2%
JFEREMIL % B 7250 F - EBURBEERFEIC OV TR A
OWRTHEMLTELT— Y O—HEHNT 5.

I. FFHORE : FHIFH DR

D% ik, 74V ABYERE - FEEZERIC
A4, B2 emREith F TO/NS RIFEIZ, AHRM
ICHAAS A & SR AHHBANC KIS 2 Y. B
RUTHHBE 2 REHI 2B L, ZO860% BRI & o

LRI LR AR ORI 2 PR DO&E 2T 57

—7, BERAHRALL AR X ) SR @R EL NS
WL OHE (1 emfifk), FHEE BB THIBIERK
RO LT, REBBIEBLRST, B LEFHE
D A SHEE SN A Y, [HBEFFREIR S, 5
AR CI/MEEBER AR A TR & E
FLTWDY, ZOBRAHBRASE L, MRE - #
ERMOKBNZ Lz, BRWRE RiRE) v
bihvCuwv b BRI P IE BB (high grade dysplastic
nodule) & DEHIAHEE L 22 2 L 2D BD, ZDREIC
VA 5 R 0 P IR~ > HE A B o0 1 B IR D A7 B 3 el
L 22, BESHTEHMMEE, % RERE
MBI L ZHrsh5?.

I. HHDHER : SIS EIEO MBI L
s L2 R RIS D B 571

FEFEAT 1 el $ O B2 F A B KL -8 % 5 0L BL
HHROADP OB EINLDIIHL, EHE2~3m
DFEAEIA40% (2L BED 5 70 2 FEALR D IRAE L ALAR
SRUENBOOLND Y. ZO%E, SLEOE VK

PREBOANMIZ, BRI EL T 5.

B ROH AL L L ITHHMINIALE LT 5 & LR
BIZERELZRLE, 3cmZBAA5 L9k bERMED
LV ESMEAERR TER S NS, T L) RIBEHE

BoOERMNZ D DIE “nodule-in-nodule” & L THHRAY,

BERMICEO LN DY, Faid, POEBIMES LR
T, FBEPEHIEENED, H25vidEbiviEa LB

A5 7% 0 “nodule-in-nodule” % 23 5 k25
EAMER AR (HAK-1A) & KL RS A o bk
(HAK-1B) O BESICHEIIL7: (Fig. 1)*. HAK-1B
&, HAK-1AICHABEMIESMET, EWF0EERE
LEW., LAL, 2hd2o0MBkkICIX, po3#EET
DM2FEHDOaF VI BEBOERZRDLI LN, 2
DOMBKRAFE—RIFETHY, BEH L, KHLEEM
KoL B DO BBk 3 5 Z L AVRRE
B, ZOXHICHEE BRI E LTRET S
BB R OB I X b, & VRS TEMRE
DEVHIRYSEAET S LA ROERICES BRTS
WEEM AR S 5 (Fig. 2).

m. Fro%fotERE L
IFNIC X 2 R4 - BRI

§8 0 OMRTER SN UBRIFRORE T,
ERERICHRZRAE L 72HA, $135% D5 61T F kR
Sl ERESED SN, T/, 2cmU T ORFHE % R
LYIBRIAIE 2 2 7IERI T, Witk 5 4R F CICRIFMES R
DS & B TIERNEAR60% (2 BB 2 L ASHB L 723,
S ERE TR 1 2OBHTHHA, THDLH%
B, FRWEICCRBHHACHMEZETLIHD
REHEW., TDXI) LBECIFNZHETH I LIZLY,
AR RED U E R RMEOETHAHFE SN L 2 LS
ENTWBRYY, T/, FERRICHE ORI ROBIRD
I 2IFNESOFHE L BEShTwEY. L
LA, 20k 9 RIFNORBIH OB Vv 2+
SRS T, IFNICIZHI R EIsIE A5 B
BT s, IR L CEBNICERLC, R
PH PP ERZRLCW AL ZEZOND. 22
T, 43, FEIEME 2 A UIFNO MR
THEBENER OB Z217- 7=

IV. IFN- a 3%} CFIFN- g 84| D
FFRERIBE R 125 B in vitro®D
WA PIFIEI & B PIEIRT

BAERPENICB W TERKRMICHER 2 Tw 218IFN
BANCIE, RRANIE, ) Y /3EERH RO KARRIIFN- o
(F—=74 7% RRMEF M RO KRBIFN-5 (7
o s®) HHb. BIZFHIRZEOIFNE LT, IFN-
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Figure 1

Az upper left, low-power photomicrograph showing the distinct three-layered pattern of the tumor and suggesting the presence of
different histological features in each layer (Azan staining); upper right, cells in the outer layer show well-differentiated
hepatocellular carcinoma (HCC) (H&E stain, x100); lower left, cells in the inner layer show poorly differentiated HCC (H&E stain,
x100); lower right, cells in the intermediate layer show well-differentiated HCC with fatty change (H&E stain, x100).

B: op, HAK-1A cells showing cobble stone-like arrangement of monomorphic cells; bottom, HAK-1B cells showing relatively large
pleomorphic cells.

De-differentiation :
of well- Clonaily-related H
; . : differentiated cell lines :
de novo carcinogenesis : HCC cells A

N

HAK-1A HAK-1B

Appearance of

less-
differentiated
HCC tissue
—> —> —
Adenomatous Development of Well-
hyperplasia HCC in differentiated ‘nodule-in-nodule’ Moderately to poorly
(dysplastic adenomatous HCC (early HCC) appearance differentiated HCC
nodule} hyperplasia (advanced HCC)
(dysplastic nodule)
Figure 2

Development and progression of hepatocellular carcinoma (HCC). HCC is well differentiated and vaguely nodular in the early stage, and develops by
dedifferentiation in a multistep fashion. Dedifferentiation of well-differentiated HCC cells produces less-differentiated and biologically aggressive
HCC cells.
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= . Natural IFN-a
t 1 ——:
3 804 (OIF%)
kS
B . Consensus IFN
ey ®— (advaferon®)
é ]
2 60 Recombinant
= E —&—: IFN-a2b
8 (Intron®A) Figure 3
=1 ] . . . : N
g ] . PEG-IFN-a2b An(l?ro!lferaflvti ef‘fects of tlype I interferon (IFN)
PR ¢ (Pegintron®) preparations, including natural IFN-a, consensus IFN,
% ] recombinant IFN-a2b, PEG-IFN-a2b, and natural IFN-§.
°© _ Natural IFN-8 Thirteen liver cancer cell lines were cultured with or
Lt (FERRON®) without culture medium containing 10-1,024 1U/mL of one
1 of the 5 type | IFN preparations, and relative viable cell
20 R A numbers (% of control) were examined. Average of relative
10 100 1,000

concentration of IFNs (IU/mL)

a2b (£ ¥ ray*A) R, FHEEbDOLELT, IFN-a®
BBfEEOH 77 4 THEFOFhZEho7 I 7 BRI
DOV, HAETRD MBEBESRVT I/ BEEIRT
HIEEh T I /MBS EREL, ATMICERLZ
a2 v+ v HAIFN (fIFN-q¢Conl, 7 F2X7xa »®) 28
H5H REMEESHAZIFNE LTiE, #SfzTHBZE
I[FN-glZA FF Y R)ZFL 7)) a— (PEG) &#
HEEH LIV AEYFRERBEERSE, Lhv
P G- T R R R AT BE 2 PEGIFN-a 2b (X7
A ¥ b+ ) RPEGIFN-a2a (RFTRY) 2dbb. =
NS DIFND 7% 5% HPEGIFN-a 2a% B 4 i D
IEN-q 8 &, 1 FEOIFN- § 8H % v CI3EEO M
HAAIRLAR X3 2 B R BRIV AL D v T HEBRGE 2 17 o

72, 1,024 TU/mL® & AEIFN RIS b TO6RE MBS £ 12,

IFNFERIRERE (2~ bu—) LH_AEMBROEE
A50% T EFCET LAMBKOKIE & FRAE
IFN-q¢ TIiZ 5%, a2+ ¥ AIFNTIE 7", IFN-
a2b & PEGIFN-a 2b Tz W9 h d 2 #"%, RKHAHE
IEN- 8 TIZ10¥TdH - 72", IFENBLH B o 54 5 #0i 1E F
ZISROFEME T T 5 &, RKRAIFN-8, a3t~
# ZIFN, KRBIFN-a, PEG-IFN-a2b « IFN-a 2b®DJE

WZBRWER 2297 (Fig. 3). 4§12, KABIFN- T,

viable cell numbers was assessed for each type |
preparation and plotted. Antiproliferative effect was
strongest in IFN-§, followed by consensus IFN, natural
IFN-a, and IFN-a2b or PEG-IFN-a2b.

RERR O (IR E AT L, BEooRE It T3, K
PEE T b B R AR R R R S,
ZHIFNZ M oR Icdm L, 48~720 &
LI RE 2 1525 % L MR E oM/ e O, O
Wi AL &, 78 b — 2 RIZEEA % g o MR AEE
Honz, TRV AFEBIE, EHLZIFNOEE
g, 2L CHIBARICE DV Z2ZD2000, RIETY
136k 10K TRO b 720 IFN-a FEET R =
Z T 1, caspase-9, -8, -7, -3 iE AL L & B I
cytochrome ¢%*Smac/DIABLO® I F 2> F 76l
g~ ARSN, I ba v FYUTROTRI—Y
AFEBRBOMG HRBE SN D HFY, TRAILR
TRAIL-R1, -R2% EDORBITED RO TEBY (REX
F—¥), FAVHF Y F-FALET Y =% LR ED
BMELEZON SHBELRIREILETHS. TH -
3 AFBPNORFEHF OB L LTI ToOMBKkT
MM E ) AT FE RO S, SHITOEILFEE
A1k, Go/MEITOEILFES 1 & GliCofEILE
EALHRTREDLN Y,
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V. IFN- a ##| % O°'IFN- g 885 o
HFHRERIAE R (23 B in vivoD
WREPIRICEH & SR P B e

Frfa e RHAK-1BY 2 X — K= ZAD T I2#
FEL, #18M#%5 ~10mmOEEROEEI K S h
TR O, BHEIFNEA 2855 Lin vivolZ BT 5 5l
PR OME 24T > 72, KIRBIFN- ¢ 13, CEUEMEHT
REFOHBRIMEH SN A BRGRICITIZHLT2E (B
i) (4,000 IU/mouse, 20x10° IU/kg), ZD10f5&

HEVIZIERAMOBEA~Y Y 2D R FICHEMEL,

TS DRERER 2R AR, 15H HICH X h 2@ o
MR T LBE L7z, 32 3 RAIFN-q i3, BKE

D1 AMER (001 £ g/mouse, 05ug/kg), FDI10RHE,

100658 2 FIRkICHR S L, KIRBIIFN- 813, BHREOH

Fa (1,000 IU/mouse, 5.0x10' IU/kg), # D104%5 &,

1005 & 2 BEHENICHS L RARICHET L2, o8, 14
HEHOEH AR ROBOIFN#SIZ X W IFNZ 5

A
1,000
a’aE‘ -0~ : Control
£ 80 *| e : 640 1IU PEG
ig 6001 -o- 1 6,400 IU PEG
5] -e- ! 6,400 IU non-PEG
§ 400 -+ : 64,000 IU PEG
§ 200 & 1 64,000 IU non-PEG
3 ,| 640,000 U PEG
o]

012 46 8101214
time after grouping (days)

Figure 4

FEORYE - EREM4—7 O (K388

Lol R (37 ba—)v) TN, KARRBIFN
T30%HI% CRFEEF—%), 2>+t 3 RIFN-a T40
%R, KIRBIFN-§ TI5%HIHEY WAL ok
I, BRBRAIHOIFNEA O 512, in vivollBWT
FrRaM R D R 5l & B0 L 72, IFNR 5 X hizv o 2D
NESEHHRE T I, [FNOBREKRGFSE TR 78 b —
TABDOEMEED, Tt B RAFN-q 235 X7
< AOMEETIE, BEHENLEORD S BD SN
PEG-IFN- a 2bid, ik Z & {PEGILIZ & b WL -
PE SR BEAME T L, % OIFNIZ A~ A28 2 0 s
BFLRT 24558, ERMIFN- a 2bo) MLHH EEASHEH:
NZEVIHEBHEARAT A BIKREOL/3E (640 IU/
mouse, 32x10' IU/kg), ZD10f5H, 100f%H&, 1,000
Rz L AMIC 21, A4 B FicHS UEE o
W2 HEE AR, 15H HICHiH S 72 i oo B B R gk
BELBEL:. 2o#% BREOL/ZRO%ETa v b
T — L2 8950 % Hil 2 O BB 55 O RRE K OV EE it D IR A At
Al b7z (Fig. 4A). BRHHIHIESRE & LT, 7R b—

C
50
NE : * 1 p<0.05, vs control
goy 1 i
o -4
23] * x
] ]
a 4
8 20
B ]
8 107
E .
3 ]
L rararerray
O §F 2§
SIS Qe S Q-‘:
gb‘? ¥ O X
TS
© &

A:Time-course change in estimated tumor volumes of subcutaneously transplanted human hepatocellular carcinoma (HCC) tumors in nude mice. The mice
received a subcutaneous injection of 640, 6,400, 64,000, or 640,000 IU of PEG-IFN-a2b, or 6400 or 64,000 1U of IFN-a2b, or medium alone (control). The
arrows show the days of injection. * : p<0.001, vs the other groups, # : p<0.0001, vs IFN-a2b (64,000 1U).

B: Photomicrograph of subcutaneous human HCC tumor in nude mice. Top, a control mouse that received culture medium alone; bottom, a mouse that received
a subcutaneous injection of 6,400 IU PEG-IFN-a2b, showing some apoptotic tumor cells (arrows).

C: The numbers of apoptotic tumor cells in subcutaneous human HCC tumors in nude mice that received 6,400 U or 64,000 IU of IFN-a2b, or 640, 6,400, or

64,000 IU of PEG-IFN-a2b, or medium alone (control).
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ADOFR RO, NEFEIHIRETE L,
7z (Fig. 4B). PEGIFN-a2bk [ UiftE (IU) ®IFN-
a2bZ RO FETHRSE L, HEEER%PEGIFN-
a2bZHE LB L BT S L, PEGIFN-a2b%#
B L72h BEOT7TEIN—VABFRIBETHY, £
BIC L iR HEEER % 29727 (Fig. 4C). In vitro
T3, PEG-IFN-a 2biZIFN- a 2b & 38 B (2 EDH1%D
BB LIEVIFN- ¢ BHTH - 7248 PEGILIC X Y BB
B HIFN- a 2bDBEAHERF S A2 EIC X Y, s
BRI ER L, JEPEGALIFN- q 2b%° fthDIFN- a B
HLDBCHBEIHERL REL L EBEIIS.

wa

FRORE - BRICHLT, FEBOEIE, YA4VR
WL - FEL2ERCHMEBFE L LTRET
A%, BEEOMAL LD ICHEEEOREV X ) ESME
LR TR MR OB MEIc L b 84 - WAL
ZOREE, ETHFEE - BHMABEROATHED
ShatHichs FEE BRPAZERLOEREEZRT
FELEVA, IFNERORS IS 2 HEICHHS
4. SREA LA IFNBF RIS LT H b=
AR LEFYELUEENCHBEEH A RETLILVIE

BRI, IFNSEAIC L 2REHHNETFO 1oL LT,
T E EAEE L REOEMRII YT 5 EEN
RS REARICESE LT AT 2
LTWw5,
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