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Figure 3: Kinetics of total bilirubin
in recipients of liver grafts with
40-70% Hb residue lintermedista
Hb residue group, n = 18] and
recipiants of liver grafts with Hb
residue of less than 40% (low Hb
residue group, n = 18] (Al. The pa-
tients in the intarmediate Hb residue
proup were further divided into two
groups according to the change in
oxidized Cytsas content in tha an-
terior segment liver tissues bafore
harvesting and after implantation. In
the patients showing reduced tissue
content of oxidized Cyt.2az (n = 6),
sarum levels of total bilirubin were
significantly higher than thosa in pa-
tients in the intermediate Hb residue
group who showed well-maintained
tissue content of oxidized Cyt.eaa in

Days after LDLT

relationship between results of NIRS measurernents and
donar age. In addition, there was no relationship between
donor age and serum levels of total bilirubin, transami-
nase levels or graft survivals after LDLT, Between patients
showing reduced tissue content of oxidized Cyt.8a3 and pa-
tients showing well-maintained levels, there was na differ-
ence in any of pre-operstive laboratory data, MELD score,
graft volume and GRWR ratio (Table 3). Thus, in patients
showing impaimment of mitochondrial redox sssociated
with congestion caused by deprivation of the MHV trib-
uteries, reconstruction of the MHV tributaries might have
a beneficial effect for praventing hyperbilirubinemia after
LDLT.

the anterior segment {n = 10} (B}
Average +/- SD for the individual
groups are shown, "p < 0.05 be-
tween groups.

Discussion

Although poor venous outflow can result in engorgement
and graft failure sfter LDLT (10,11), many authors have re-
ported that right liver grafts showed good function without
reconstruction of the MHV tributaries (2,3,8,21,22). One
possible explanation for such good results Is thet drainage
fiow from the anterior segment to the posterior segment of
& right lobe graft is established by means of intre-hepatic
PV and then into the RHV (23). Another possible expla-
nation is that intra-hepatic communication between the
MHV tributaries and the BHV contributes to the prevention
of congestion of the anterior segment (24), If such vein
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Figure 4: The survival curves of liver grafts with 40-70% Hb
residue {intermediate Hb residue group, n = 16) and recipi-
ents of liver grafts with Hb residue of less than 40% [low Hb
residue group, n = 18, indicated by solid line). The patients in
the intermadiate Hb residue group were further divided into two
groups ding to the change in oxidized CytLas; content in the
anterior segment liver tissues befare harvesting and after implan-
tation. In the patients showing reduced tissue content of oxidized
Cytaas (n = 6, indicated by broken line), the graft survival was
significantly worse than that in patisnts in the intarmediate Hb
residue group who showed well-maintainad tissue content of oxi-
dized Cyt.sag in the anteriar segment (n = 10, indicated by dotted
line). *p < 0.08, log-rank test.

communications are significant in a right lobe graft, re-
construction of the MHV tributaries might not be required
for adequate hepatic venous drainage. The necessity for
reconstruction of MHV tributaries or the inferior RHV Is
currently judged by the caliber of such vessels (2,10). In-
formation on the presence or absence of hepatic seg-

:r-hln 3- _r_:lmpm parameters in the intermediate Hb residue group

diate Hb rosidue group n = 161

Iy

NIRS in Living-Donor Liver Transplantation

mental congestion sfter temporarily clamping the corre-
sponding vein during donor surgery is also usaful (8). Pre-
vious studies have demonstrated that concomitant tem-
porary clamping of the HA is also useful for diagnosis of
venous congestion of the liver, because the hepatofugs!
area is discolored under these conditions (3,25). Using this
method, hepatic venous congestion in the anterior seg-
ment of right lobe was routinely investigated Intraopers-
tively after parenchyma transection in the present series.
When the graft suffered from severe outflow disturbance
caused by simultaneous clamping of MHV tributaries and
the right HA, liver surface discoloration was visible to the
naked eye. Intra-operative Doppler US was also performed
after declamping of only the HA. If the portal flow of the an-
terior segment was hepatofugal, the area was confirmed to
be congestive. However, we could not detect differences
in the degrees of congestion by the naked eve.

As a more objective method for predicting hepatic vein
drainage problems, we have used NIRS, which snables
nondestructive and continuous evaluation of Hb and
Cyt.aas contents in living organ tissues (18), NIRS mea-
surement enabled accurate prediction of hepatic hemosts-
sis caused by deprivetion of the MHV tributaries, indicat-
ing that this method is useful for determining whether
MHV tributaries should be reconstructed. Recipients of
liver grafts with high Hb residue (over 70%) even after
ax vivo flushing who showed impairment of mitochon-
drial respiration were considered to be appropriate candi-
dates for raconstruction of MHV tributaries, since those pa-
tients inavitably suffered from significant increase in serum
transaminase levels after LDLT if reconstruction of MHV
tributaries was not done. Based on the results of our pre-
vious study, the MHV tributaries in the two patients in the
high Hb residue group in the present series were recon-
structed by use of the recipient’s external iliac vein as an
interposition or by directly anastomosing to the recipient’s
MHV trunk.

Weil-maintained Reduced

Cytaa, oxidized Cyt.aay
St R Al 3 RS L VO . ...
Recipient age lyesr) 53.1 % 10.8 (Z7-68) 40.4 = 16.6 (20-58) 017
Recipient gender (M/F) &5 -l
MELD 17.84 9.8 (3-386) 17.1 £ 102 (6-29] 0.83
Pre-operative T-Bil 7.5 £8.7 0.6-23.1) 113+ 12.7 (0.8-27.6) 064
Pre-operative AST £80.3 £ 1237.1 204642823 0564
Fre-operative ALT 461.6 & 1000.1 3258+ 41.7 o068
Donar age (year) 33.94 14,0 (18-60) 40.2 & 11.6 (27-67) 0.55
Donor gender (M/F) B2 an
Graft weight (gl 672.2 + 138.1 |626-806) 582.0 £ 72.1 |484-686) 054
GRAWR 1.02 + 0.25 (0.668-1.671 0.80 £ 0.10 {0.76-1.08l D18
Total ischemic time (min) 1048 + 427 (48-183) 68.0 &+ 20.0 {47-83) o1

Average values £ SD lrange) for the individual groups are shown

M = maie; F = female; MELD = mode! for snd-stage liver dissase; AST = aspartate aminotransterase; ALT = alanine

aminotransferase, GAWR = graft to recipient body weight ratio.
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The possible influence of systemic hemodynamics on
in vivo NIRS measurements might be taken into account.
Congestion of a liver graft does not only result from venous
outflow insufficiency but might also be exacerbated by por-
tal hypertension. Particularly in cases with marginal com-
municating veins, portal pressure after gratting might be an
important factor for deciding whether to reconstruct MHV
tributaries in a right liver graft. Since the present series, in
which portal pressure after the LDLT (st the end of recip-
ient surgery) was between 15 and 20 mmHg in all cases
(data not shown), did not allow us 10 analyze this issue,
further studies are needed. In addition to portal pressure,
central venous pressure slso might influence the results
of in vivo NIRS measurements. However, central venous
pressure was less than 10 mmHg during recipient surgery
in almost all cases (data not shown), and it is therefore un-
likely that central venous pressure influenced the results
in the present series. Nevertheless, it seems difficult to
evaluate only venous outflow problems in vivo, because
hepatic hemodynamics is complexly influenced by inflow
[portal/HA blood supply), sinusoidal microcirculetion and
hepatic vein outfiow. NIRS measurement of remaining tis-
sue Hb during ex vivo flushing probably has the advantage
of minimizing effects of factors other than vanous outfiow.

In our previous study, recipients of liver grafts with high
Hb residue in whom reconstruction of the MHV was not
performed showed significant impairment of mitochondrial
respiration as indicated by decreased oxidized Cyt.aa; con-
tent in the anterior segment after implantation (18). Such
impairment of mitochondrial redox in the liver graft should
be associated with disadvantages in post-operative liver
volume regeneretion. In the present study, we demon-
strated that impairment of mitochondrial redox associatad
with congestion in the anterior segment of & liver graft
leads to hyperbilirubinemia after LDLT. This finding is in-
telligible, since the energy required for bile formation is
provided by mitochondrial respiration in hepatocytes. Ak
teration of Cyt.aa; redox in the anterior segment of 3 liver
graft obtained through NIRS measurement would also ba a
ussful parameter to dstermine indication for reconstruction
of the MHV tributaries. The degree of hyperbilrubinemia
might be related 1o the amount of graft with well-preserved
perfusion relative to the body weight of the recipient. How-
ever, a method 1o quantify the amount of graft with good
perfusion has not been established so far. Instead of eval-
uating graft volume with good perfusion, we comprehen-
sively evaluated graft volume with poor perfusion and ex-
tent of outfiow disturbance by NIRS in the present series
of adult-to-adult LDLT showing relatively narrow variation in
GRWR. Since small-for-size grafts are likely to be suscep-
tible to graft dysfunction caused by outflow disturbance,
further efforts 1o address the reciprocal relevance among
graft volume, congestion.of the anterior segment and post-
operstive hyperbilrubinemia might be nesded.

Whan NIRS is applied to living tissues, the ‘field of view'
of scanning should be 1aken into account. It has been es-
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tablished that the ‘mean light pathlength,’ lsbeled 'field of
view,” in in vivo NIRS is 4- to 6-fold greater than the dis-
tance between the trensmitting end receiving optical bun-
dies when those are vertically applied to the scanned tis-
sues and the intensity of the light source is sdequate (26).
In our NIRS system, the distance between the transmitting
and receiving optical bundles was 1 cm; thus, the NIRS
provides changes in tissue content of Hb per unit area in a
hemisphere around a receiving optical probe with a radius
of 4-8 cm (mean light pathlength) (i.e. the spectrophoto-
metric view = 25-55 cm?). This suggests that several-point
scanning might be sufficient to quantitatively represent the
state of venous congestion in a subsegment of the liver
graft. However, this method did not enable accurate de-
termination of the venocongestive areas in the liver grafts.
To compensate for this defect, visualizstion of the veno-
congestive area by temporary clamping of the correspond-
ing vein and the HA during donor surgery (25) would be
helpful,

In conclusion, intra-operative NIRS enabled quentification
of the extent of congestion and the influence of the oxy-
genation state of right lobe liver grafts by determining
changes in tissue contents of oxy-Hb, deoxy-Hb, oxidized
and reduced Cyt.aa.
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Combination of 5-FU and IFNe enhances IFN signaling
pathway and caspase-8 activity, resulting in
marked apoptosis in hepatoma cell lines
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Abstract. Interferon (IFN) combined with 5-Fluorouracil
(5-FU) treatment has recently been reported to show beneficial
effects in patients with advanced hepatocellular carcinoma:
IFNa is usvally provided for this combination therapy. In this
study, we investigated the molecular mechanisms of apop-
tosis induction in hepatoma cell lines with IFNa and 5-FU
combination therapy from the view point of 5-FU's additive
effect on interferon-related signaling pathways. Five hepatoma
cell lines (Hep3B, Huh7, HLE, PLC/PRF/5, and HepG2) were
tested for apoptosis inducibility by IFNa in the absence or
presence of 5-FU. Hep3B was the most apoptosis sensitive to
IFN plus 5-FU treatment. The JAK/STAT pathway tran-
scriptional factor ISRE was activated more synergistically
when 5-FU was added to IFNa treatments. Caspase-3, -9, and
especially caspase-8 activity was higher with IFN « plus 5-FU
than IFN or 5-FU alone. Inhibition of caspase-8, -9, c-Jun
N-terminal kinase (JNK), phosphatidylinositide 3-kinase
(PI3K), and p38 mitogen-activated protein kinase (p38 MAPK)
revealed that caspase-8 inhibition was the most effective at
decreasing the apopiotic effects of IFN and/or 5-FU. In JAK1
and ISGF3y-silenced Hep3B cells, the apaptosis induction and
caspase-8 activation levels by IFN, even in combination with
5-FU, were abrogated. In conclusion, caspase-8 is the most
important factor that controls IFN and 5-FU-induced apoptosis
in hepatoma cell lines.

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent
and fatal malignancies in the world, especially in Eastern Asia
where hepatitis viruses are endemic (1,2). Chronic infection by
the hepatitis C and hepatitis B virus is the main cause of chronic

Correspondence to: Dr Akinobu Takaki, Department of
Gastroenterology and Hepatology, Okayama University Graduate
School of Medicine and Dentistry, 2-5-1 Shikata-cho, Okayama
700-8558, Japan
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Key words: interferon, S-Flourouracil, hepatoma

hepatitis, liver cirrhosis, and HCC. However, its prognosis is
still poor (3 .4), and the tumor recurrence rate is high (>50%
at 3 years, even after tumor ablation or surgery) (5). Therapeutic
strategies for advanced HCC are limited to transcatheter arterial
chemoembolization (TACE) and chemotherapy using 5-FU,
cisplatin (CDDP), methotrexate (MTX), mitomycin C (MMC),
leucovorin (LV), and interferon (IFN) (6-12).

IFNa is a cytokine that exhibits important biological
activities in vitro and in vivo, including immunomodulatory,
antiviral, antiproliferative and apoptosis-inducible effects
(13,14). This cytokine is used as an anti-cancer drug for renal
cell carcinoma, chronic myelogenous leukemia, and malignant
melanoma. There are a number of studies that clarify the
molecular mechanisms underlying the anti-cancer effect of
IFN, such as cell cycle arrest, apoptosis induction, the immune
modulatory effect, and anti-angiogenesis.

IFNa exerts its biological actions by binding to high-
affinity cell-surface receptors that stimulate phosphorylation
of tyrosine residues on type I receptor components and on the
receptor-associated tyrosine kinases, Tyk2 and JAKI1. These
phosphorylated residues serve as recruitment sites for STAT
proteins, which bind the activated receptor and are in turn
phosphorylated by the JAKs. The phosphorylated STAT
proteins then form homodimers or heterodimers with other
STAT proteins and translocate to the nucleus, where they bind
specific DNA sequences within the promoter regions of IFN-
stimulated genes (ISGs). In the case of signaling via IFNa,
phosphorylated STAT1 and STAT2 bind to each other as well
as a third component, IFN regulatory factor 9 (ISGF3y/p48),
to form the transcription factor ISGF3, which binds a promoter
region called IFN-stimulated response element (ISRE).

In addition to the JAK/STAT signaling pathway, the
mitogen-activated protein kinase (MAPK) pathway is also
mmvolved in IFN-induced biological effects. Cross-talk
between the JAK/STAT and MEK/ERK pathway has been
well documented (15-19).

Several reports have revealed that IFN is effective for
patients with HCC when used as a biochemical modulator of
anti-cancer drugs (20,21). A combination therapy of IFNa
with 5-FU has been reported to be effective for patients with
advanced HCC (22-25). This combination therapy was
conducted for advanced gastrointestinal cancers and led to
a favorable outcome (26,27). The mechanisms behind the
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additive effect of 5-FU and IFN combination therapy, which
have been examined using colorectal carcinoma cell lines
and renal cell carcinoma cell lines, are considered as follows:
a) IFN suppresses the salvage pathway for deoxythymidine
monophosphate induction (28), b) IFN induces DNA damage
(29), ¢) IFN increases the level of thymidine phosphorylase
that enhances the conversion of 5-FU to its active metabolite
5-fluorodeoxyuridine monophosphate (FAUMP) (30-32), and
d) IFN leads to abrogation of a 5-FU-associated increase in
the enzyme thymidylate synthase (TS) (33). Using hepatoma
cell lines, IFN has been reported to enhance the cyclin de-
pendent kinase inhibitor (CDKI) that modulates the cell cycle
(34). Most studies concentrated on IFN's additive effect for
5-FU's effect, but since IFN itself has several anticancer effects,
we examined the effect of 5-FU on IFN signaling related
pathways.

In this study, we used HCC cell lines to examine the
molecular mechanisms for IFNe combined with 5-FU from
the standpoint of the intracellular signaling pathway.

Materials and methods

Cell lines and reagents. The hepatoma cell lines Hep3B, PLC/
PRF/5, Huh7, HLE, and HepG2 were maintained in Dulbecco's
modified Eagle's medium (D-MEM) (Invitrogen Co., Carlsbad,
CA). All media were supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (Vitromex, Vilshofen, Germany),
1% non-essential amino acid (Sigma chemical, MO), 1%
sodium pyruvate (Sigma-Aldrich Co., St. Louis, MO), and
1% penicillin/streptomycin solution (Sigma-Aldrich Co.).
The cells were cultured at 37°C in a humidified atmosphere
of 5% CO,.

Human IFNa2 was kindly provided by Hayashibara
Biochemical Laboratories, Inc. (Okayama, Japan), and 5-FU
was provided by Kyowa Hakko Kogyo Co. Ltd. (Tokyo,
Japan). Z-LEHD-FMK, a caspase-9 inhibitor, and Z-IETD-
FMK, a caspase-8 inhibitor, were purchased from BD
Biosciences (San Diego, CA). The p38 MAPK inhibitor
(§B202190), p38 MAPK inhibitor negative control
(SB202474), selective PI3K inhibitor (wortmannin), PI3K
inhibitor negative control (LY303611), INK inhibitor, and
JNK inhibitor negative control were obtained from Calbiochem
(La Jolla, CA).

Assessment of apoptosis by propidium iodide (PI) staining.
Cells were loaded into 6-well plates (2x10° per well) containing
D-MEM with 10% FCS and treated with IFNa (1000 IU/ml)
and/or 5-FU (10 ug/ml). After 72 h, the cultured cells were
collected and washed with phosphate-buffered saline (PBS).
RNaseA (1 mg/ml) (Sigma-Aldrich Co.) was added for 30 min
at 37'C following propidium iodide (PI) (1 mg/ml) (Sigma-
Aldrich Co.) staining. Samples were acquired with FACScan
(Becton Dickinson Immunocytometry Systems, CA) and
were analyzed using Cell Quest software (Becton Dickinson
Immunocytometry Systems).

Western blot analysis of JAK/STAT and p38 MAPK pathways.
The IFN-induced apoptosis-sensitive Hep3B cells were cultured
in 6-well plates (3x10° per well) for 48 h and then treated with
IFNa (1000 TU/ml) and/or 5-FU (10 pg/ml). Cultured cells
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were washed twice with ice-cold PBS and lysed with lysis
buffer (0.1 M Tris-HCI, 4% SDS, 10% Glycerol, 0.004%
bromophenol blue, 10% 2-mercaptoethanol). The lysates were
collected and boiled for 5 min. Samples were electrophoresed
in a 7.5% or 10% sodium dodecyl sulfate-polyacrylamide gel,
and transferred to a transfer membrane (Millipore Co. Bedford,
MA). Membranes were blocked in 5% BSA in 20 mmol/l
Tris-HCI (pH 7.6), 137 mmol/l NaCl, and 0.1% Tween-20
(TBS-T) for 1 h at 37°C, and then probed at 4°C ovemnight
with antibodies in TBS-T containing 1% BSA. After washing,
the membranes were incubated with a peroxidase-conjugated
secondary antibody (Amersham Biosciences Co., Piscataway,
NIJ) at room temperature for 1 h, and visualized with an
enhanced chemiluminescence detection system (Amersham
Biosciences Co.).

The antibodies used for Western blotting were rabbit anti-
phospho-STAT1 antibody (Ab), anti-phospho-JAK1 Ab, rabbit
anti-phospho-Tyk2 Ab, rabbit anti-p38 MAPK Ab, rabbit
anti-p42/44 MAPK Ab, mouse anti-phospho-p38 MAFPK Ab,
mouse anti-phospho-p42/44 MAPK Ab (Cell Signaling
Technology, Beverly, MA); and mouse anti-STAT1 Ab, mouse
anti-JAK1 Ab, mouse anti-Tyk2 Ab, and mouse anti-ISGF3y
Ab (Becton Dickinson).

Luciferase reporter assays of Elk-1 and Interferon-stimulated
response element (ISRE). To measure Elk-1 activity levels, we
used a reporter system (Pathdetect, Stratagene, La Jolla, CA)
with fusion proteins comprised of a GAL4 DNA binding
domain fused to the activation domain of Elk-1. Hep3B was
cultured in 10-cm dishes, harvested, and resuspended in 1 ml
of cold PBS. Thirty pg of fusion trans-activator plasmid
(pFA2-Elk1), 30 ug of reporter plasmid (pFR-Luc), and 10 ug
of control plasmid-encoding renilla luciferase (pRL-TK) were
added to the cells, The mixture was transferred into a 4 mm
electroporation cuvette (Bio-Rad, Hercules, CA). Electro-
poration was carried out with an Electroporator (Gene pulser,
Bio-Rad) using a single electric pulse (voltage, 300 V;
capacitance, 950 microfarad; cuvette gap, 4 mm). Immediately
after transfection, the cells were transferred to a 6-well plate.
After 36 h, the cells were cultured with IFNa (1000 IU/ml) in
the presence or absence of 5-FU (10 pg/ml) for 12 h. The
cells were lysed using the passive lysis buffer (Promega,
Madison, WI), and the activity of firefly and Renilla luciferases
was measured with a luminometer (Berthold Technologies,
Bad Wildbad, Germany).

For the ISRE activity reporter assays, we used a luciferase
reporter plasmid vector, 30 ug of ISRE-luc (CLONTECH
Laboratories, Palo Alto, CA), and 10 kg of control plasmid-
encoding renilla luciferase (pRL-TK). After 12 h, the cells were
cultured with IFNa (1000 IU/ml) and/or 5-FU (10 pg/ml) for
24 h.

Measurement of caspase activity. To measure caspase-3, -8, and
-9 activity, a caspase colorimetric protease assay kit (Biovision,
Palo Alto, CA) was used according to the manufacturer's
protocol. In brief, the cells (3x10° per well) were seeded on
6-well dishes, and treated with IFNa (1000 IU/ml) and/or
5-FU (10 ug/ml) for 48 h. After washing twice with ice-cold
PBS, the cells were lysed with cell lysis buffer and incubated
on ice for 10 min. Cells were harvested by scraping and then
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Figure 1. Apoptosis of human hepatoma cells by IFNa and/or 5-FU treatment. (A) Flow cytometric analysis of Hep3B cells. Hep3B was treated with 1000 [U/ml
of IFNa and/or 10 ug/ml of 5-FU for 72 h. Cells were then stained with propidium iodide and subjected to DNA content analysis by flow cytometry. NT, no
treatment. (B) Summary of [FNa- and/or 5-FU-induced apoptosis of human hepatoma cells. Hep3B, PLC/PRF/S, HLE, HepG2, Huh7 cells were treated with
1000 TU/ml of [FNa and/or 10 ug/ml of 5-FU for 72 b. The percentage of GO-G1 phase cells was estimated by point enalysis. Bars represent means = SD;
“p<0.01 vs. cells treated with 5-FU only; *p<0.01 vs. cells trested with IFNa only.

centrifuged at 13200 rpm for 1 min. The supernatants were
transferred to fresh tubes. After adding reaction buffer
(containing DTT) and DEVD-pNA substrate to a 96 U assay
plate, samples were incubated at 37°C for 3 h, and read at
405 nm in a microplate reader (Bio-Rad).

Effect of caspase inhibitor on IFN-related apoptosis. To inhibit
caspase activity, a specific caspase-9 inhibitor, Z-LEHD-FMK
(BD Biosciences), or a specific caspase-8 inhibitor, Z-IETD-
FMK (BD Biosciences), was added to cell cultures at a final
concentration of 10 M 1 h prior to the addition of 5-FU and/
or IFNa.

Effect of MAPK, JNK, and PI3K inhibitors. Hep3B cells were
pretreated with 10 M of p38 MAPK inhibitor, 10 uM of a

MAPK inhibitor negative control, and 10 ¥M of JNK inhibitor,
and 10 M of a JNK inhibitor negative control for 1 h, and
then cultured with IFN and/or 5-FU for 72 h. A PI3K inhibitor
(wortmannin) was added to cell cultures at a final concentration
of 1 uM 1 h prior to the addition of IFNa and/or 5-FU. After
72 h of culture, the cells were collected and stained with
propidium iodide (PI) (1 mg/ml). Samples were analyzed by
flow cytometry.,

Effect of JAKI and ISGF3y gene silencing with small-
interfering RNA (siRNA). siRNA duplexes targeting JAK1
and ISGF3y sequences and stealth negative control were
obtained from Invitrogen Co. (Carlsbad, CA).

Hep3B cells were seeded on a 6-well plate (1.0x10° per
well). After overnight incubation, 4 1 of Lipofectamine™



1256
5FU
NT IFNe &5FU +
IFNa
JAK1
pJAK1
Tyk2
p-Tyk2
8TAT1
p-STAT1

Figure 2. Western blot analysis of JAK/STAT signal transduction pathways
in Hep3B cells. Hep3B cells were stimulated with IFNa (1000 IU/ml) snd/or
5-FU (10 pg/ml) for 30 min, then harvested for Western blot analysis
with the antibodies indicated on the left side of each panel: anti-TAK 1, anti-
phospho-JAK1, anti-Tyk2, anti-phospho-Tyk2, anti-STAT], and anti-
phospho-STATI,

2000 (Invitrogen) was added to 200 ul of Opti-MEM (Gibco,
Invitrogen Corp., Carlsbad, CA) media and incubated at room
temperature for 5 min. An aliquot (4 ul) of 20 uM siRNA
solution was then added to 200 1 of Opti-MEM, and incubated
for an additional 20 min at room temperature, mixing
occasionally. Then, an additional solution was added to the
cells, and the cells were left for 24 h and then treated with IFN«
and/or 5-FU as described previously. Cells were harvested
and utilized for the following analysis.

Total RNA was purified from siRNA-transfected cells with
Trizol reagent (Invitrogen) according to the manufacturer's
protocol. The lamin A/C mRNA expression level was deter-
mined by real-time PCR using the QuantiTect gene expression
assay system (Qiagen, Valencia, CA) and Light-Cycler (Roche
Diagnostics, Basel, Switzerland) in order to verify that non-
specific suppression did not occur during siRNA transfection.

The interference of JAK 1 protein expression was confirmed
by Western blot analysis using an anti-JAK1 antibody and
anti-phospho-JAK1 antibody. A luciferase gene reporter assay
for ISRE activation was then performed as described above.
The interference of ISGF3y protein expression was confirmed
by Western blot analysis using an anti-ISGF3y antibody.

Statistics. Data were analyzed using the Student's r-test. Each
set of data represenis the mean and SD from at least three
independent experiments. A p-value of <0.05 was considered
statistically significant.

Results

Apoptosis induction on hepatoma cell lines with IFN and/or
5-FU. In order to investigate the apoptosis sensitivity against
IFN alone among the hepatoma cell lines, we tested apoptosis
levels of Hep3B, PLC/PRF/5, HLE, HepG2, and Huh7 cells
treated with [FNa and/or 5-FU by flow cytometry (Fig. 1). In
Hep3B cells, the percentage of sub-G0/G1 apoptotic cells
increased with IFNa and/or 5-FU treatment, IFN a or 5-FU
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Figure 3. ISRE luciferase assay by IFN and/or 5-FU. Hep3B cells were
transfected with the reporter plasmid pISRE-luc, divided into aliquots, and

bated for 24 h. Transf i cells were treated with [FNa (1000 IU/ml)
and/or 5-FU (10 ug/ml). Luciferase activity was assayed 24 h after treatment.
The data are shown as fold-increase in luciferase activity in response to
IFNg and/or 5-FU treatment. The fold-increase in each experiment was
calculated by dividing the relative luciferase units in treated samples with
the relative luciferase units in untreated samples. The data represent mean +
SD of iplicate measurements. “*p<0.01 vs. non-treated (NT) cells. ®p<0.01
vs. cells treated with S-FU only. *p<0.01 vs. cells treated with IFN only.

NT IFNa 5FU 5-FU + [FNa

alone showed only a slight increase in apoptosis levels
compared with no treatment, whereas the combination of
[FNa with 5-FU resulted in strong apoptotic effects (Fig. 1A).
On the other hand, IFN treatment alone did not induce
apoptosis on PLC/PRF/5, HLE, HepG2, and Huh7 cells. Of
these 4 cell lines, only PLC/PRF/5 was apoplosis sensitive
to IFNa and 5-FU treatment (Fig. 1B).

For the following experiments, we used Hep3B cells, which
were the most sensitive to IFNa and 5-FU-induced apoptosis.

Activation of JAK/STAT pathway during IFNa andlor 5-FU
treatment in Hep3B. To determine JAK/STAT signaling
activation, we assessed the phosphorylation of JAK/STAT
signaling pathway proteins, i.e. JAK1, Tyk2, and STATI, by
Western blotting (Fig. 2). Tyk2 and STATI proteins were
phosphorylated by IFNa treatment. The addition of 5-FU had
no effect on phosphorylation status.

Activation of ISRE with IFNa and/or 5-FU., To clarify the
functional role of the IFN-inducible genes in [FNa and 5-FU
induced apoptosis, we measured ISRE activity using luciferase
reporter assays. The cells were treated with [FNa and/or 5-FU
for 24 h. [FNe treatment induced high levels of ISRE luciferase
activity in Hep3B cells. The combination with 5-FU induced
approximately 1.5-fold higher luciferase activity of ISRE than
[FNa single treatment (Fig. 3).

Activation of caspase-3, -8, and -9 with IFNa and/or 5-FU.
The activation level of caspases in [FNa- and/or 5-FU-treated
cells was shown by the fold increase in caspase activity
compared to no-treatment cells (Fig. 4). Caspase-8 activity
increased by 1.2-fold with IFNa, 1.9-fold with 5-FU, and
3.5-fold with 5-FU plus IFNa versus the no-treatment cells.
Similar results were obtained from caspase-9 and -3, i.e.
IFNa and 5-FU combination resulted in significantly higher
activation of caspases, especially caspase-8.

Activation of p38 MAPK and ERK1/2 (p42/44) MAPK with
IFNa and/or 5-FU. To determine the activation status of the
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Figure 4. Caspase activity with [FN and/or 5-FU treatment. Hep3B cells were stimulated with IFNa (1000 IU/ml) and/or 5-FU (10 ug/ml) for 48 h. Caspase
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Figure 5. MAPK pathway activation with IFN and/or 5-FU. Western blot
analysis of MAPK pathway in Hep3B cells: Hep3B cells were stimulated
with [FNa (1000 IU/ml) and/or 5-FU (10 pg/ml) for | or 3 h and then
harvested for Western blot analysis. The antibodies used are indicated on the
left side of each panel: anti-p38 MAPK, anti-phospho-p38 MAPK, anti-
MAPK (42/44), and anti-phospho-MAFPK (42/44).

p38 MAPK pathway, which is known to correlate with the
JAK/ STAT signaling pathway, Western blotting was carried
out for total and phosphorylated p38. The phosphorylation
level of p38 at 1 h and 3 h of IFNa only treatment, 5-FU only
treatment, and combination treatment was similar. The same
experiment using ERK1/2 (p42/44) antibody was also peri-
ormed. The phosphorylation level of the ERK1/2 (p42/44)
was similar for all freatment groups (Fig. 5).

Elk-1 activation status with IFNa and/or 5-FU. Elk-1 is a
downstream transcription factor of ERK1/2 (p42/44). We
performed luciferase reporter assays for Elk-1 activation.
IFNa did not show any effects on Elk-1 activity. Even with the
combination of 5-FU, Elk-1 activity did not change (Fig. 6).

Gene silencing using JAK1 and ISGF3y siRNA. To determine
the importance of the JAK/STAT pathway on IFN and 5-FU-

Relative Elk-1 sctivity
(fold of eontrol)
o

1

5FU+IFNa

12
0.6
0.4
0.z
0 N s
NT IFNa 5-FU

Figure 6. MAPK-related transcriptional factor Elk-1 activity. Hep3B cells
were transfected with Elk-1 reporter plasmid and then treated with [FNa
(1000 IU/ml) and/or 5-FU (10 ug/ml). Luciferase activity was assayed 24 h
after treatment. The data are shown as fold-increase in luciferase activity in
response to IFNa and/or 5-FU The fold-i in each experiment
was calculated by dividing the relative luciferase units in treated samples by
the relative luciferase units in untreated samples (NT). The data represent
mean + 8D of triplicate measurements.

induced apoptosis, siRNA of the IFNa receptor binding
kinases, JAK1, and a positive regulator of transcription,
ISGF3y, were used. Western blot analysis showed that JAK1
siRNA inhibited JAK1 protein expression by 60% and ISGF3y
siRNA inhibited ISGF3y protein expression by 57% in Hep3B
cells. Lamin A/C mRNA remained constant in Hep3B cells
(88x1%, 125+14% as ratio of not siRNA-transfected cells to
JAKI siRNA-transfected cells and ISGF3y siRNA-transfected
cells, respectively).

In the JAK I-silenced Hep3B cells, the JAK] phosphoryl-
ation was not induced by IFN.

JAKI1 siRNA inhibited IFN-induced ISRE luciferase
activity by 69+10% in Hep3B cells. Similarly, the induction
of luciferase activity via the ISRE element was significantly
reduced to 69+16% in ISGF3y silencing compared to negative
control cells (Fig. 7A).

In the JAK1-silenced Hep3B cells, the apoptotic effect
of IFN in combination with 5-FU was abrogated. In the
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Figure 7. Effects of JAK1 and ISGF3y silencing on IFN and/or 5-FU treatment.
Negative control (nonsilencing) siRNA (40 nM) (white bar), JAK1 siRNA
(40 nM) (black bar), and ISGF3y siRNA (40 nM) (gray bar) were transfected
into Hep3B cells and incubated for 24 h. (A) Hep3B cells were transfected
with the reporter plasmid pISRE-luc, divided into aliquots, and incubated for
24 h, Then, negative control (nonsilencing) siRNA (40 nM), JAK1 siRNA
(40 nM), and ISGF3y siRNA (40 nM) were transfected, respectively, After
24 b, cells were treated with IFNa (1000 [U/ml), Luciferase activity was
assayed 24 h after treatment. The dats are shown as fold-increase in luciferase
activity in response to [FNa. The fold-incresse in each experiment was
calculated by dividing the relative luciferase units in siRNA-transfected
samples with the relative luciferase units in non-transfected samples. (B)
The effect of JAK1 and ISGF3y gene silencing on IFN- and 5-FU-induced
apoptosis: Hep3B cells were treated with IFNa (1000 [U/ml) and/or 5-FU
(10 ug/ml) for 72 h. Apoptosis was determined by the flow cytometric analysis
of propidium iodide-stained DNA content. (C) Caspase-8 activity in JAK1
gene silencing: Hep3B cells were stimulated with IFNa (1000 TU/ml) and/or
5-FU (10 pg/ml) for 48 h. Caspase-8 activily was measured as written in the
methods section. The results are expressed in fold-activity compared with
untreated (NT) cells, The data represent mean + SD of triplicats measurements.
‘p<0.05 vs. negative control siRNA-transfected cells, “p<0.01 vs. negative
control siRNA-transfectad cells.

ISGF3y-silenced Hep3B cells, the apoplotic effect was also
abrogated (Fig. 7B).

The caspase-8 activity was also abrogated in JAK 1 siRNA-
transfected cells (Fig. 7C). Similarly, caspase-8 activity was
reduced in ISGF3y silencing compared to negative control
cells (data not shown).

Effect of caspase-specific inhibitors. To clarify the importance
of caspase-8 and -9, we used inhibitors of caspase-8 and -9
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Figure 8, Effect of caspase inhibitor on TFN and/or 5-FU induced apoptosis.
(A) Hep3B cells were treated with IFN a (1000 IU/ml) and/or S-FU (10 ug/ml)
for 72 h in the absence (white bars) or presence (black bars) of Z-IETD-FMK
caspase-8 inhibitor (20 mM). Apoptosis was determined by the flow cyto-
metric analysis of propidium iodide-stained DNA content. (B) Hep3B cells
were treated with IFN a (1000 [U/ml) and/or 5-FU (10 xg/ml) for 72 h in
the absence (white bars) or presence (gray bars) of Z-IETD-FMK caspase-9
inhibitor (20 mM). NS, not statistical. “p<0.01 vs. treatment with caspase
inhibitor.

(Fig. 8A and B). The caspase-8 inhibitor Z-IETD-FMK and
caspase-9 inhibitor Z-LEHD-FMK significantly reduced
apoptosis induced by IFNa and 5-FU, while Z-IETD-FMK
had more effect on the reduction of apoptosis. These results
suggest that caspase-8 plays a more important role on apoptosis
induction by 5-FU plus IFNa compared to caspase-9.

Effects of p38 MAPK, JNK, and PI3K inhibitors on IFNa
and 5-FU administration. To determine whether the MAPK
family was involved in IFN-induced apoptosis, 10 uM of p38
MAPK inhibitor (SB203580), 10 uM of a MAPK inhibitor
negative control (SB202474), 10 uM of JNK inhibitor, and
10 uM of a JNK inhibitor negative control were administered.
The results showed that the apoptosis-inducible effect of [FNa
and/or 5-FU was not affected in the presence of the MAPK
inhibitor or JNK inhibitor (Fig. 9A and B). These observations
indicate that IFN-stimulated apoptosis did not require p38
MAPK and JNK activation.

PI3K is a direct effector of Ras. The PI3K inhibitor resulted
in no effects on apoptosis induced by IFN and/or 5-FU

(Fig. 8C).
Discussion

We demonstrated that the Hep3B cell line was the most
sensitive to IFN-induced apoptosis out of the five HCC cell
lines tested. This effect of IFN on Hep3B apoptosis was
enhanced by 5-FU administration, and this additive effect
depended strongly on the caspases, especially caspase-8,
Reports show that IFN enhances the effects of 5-FU
(28-34). To date, the mechanisms considered to potentially
play a role in IFN's additive effect on 5-FU are suppression
of the salvage pathway for deoxythymidine monophosphate
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Figure 9, Effect of MAPK inhibitor, INK inhibitor, and PI3K inhibitor on IFN-
and/or 5-FU-induced apoptosis. (A) Hep3B cells were treated with IFNu
(1000 IU/ml) and/or 5-FU (10 ug/ml) for 72 h in the presence of a MAPK
inhibitor negative control (10 xM) (white bars) or in the presence of 8 MAPK
inhibitor (10 xM) (black bars). (B) Hep3B cells were treated with [FNa
(1000 1U/ml) andfor 5-FU (10 ug/ml) for 72 b in the presence of a JNK
inhibitor negative control (10 uM) (white bars) or in the presence of a INK
inhibitor (10 xM) (black bars). (C) Hep3B cells were treated with IFNa
(1000 I'U/ml) and/or 5-FU (10 gg/ml) for 72 h in the absence (white bars) or
presence (gray bars) of a PI3K inhibitor, wortmannin (1 xM). Apoptosis was
determined by the flow cytometric analysis of propidium iodide-stained DNA
content.

induction (28), induction of DNA damage (29), rise in the
level of thymidine phosphorylase (30-32), abrogation of the
enzyme thymidylate synthase (TS), and enhancement of CDKI
(33,34). In this study, the IFN-induced luciferase activation
of ISRE was enhanced by the addition of 5-FU. This data
suggests that 5-FU also enhances the IFN signaling pathway.
The combination treatment of 5-FU and IFN« induced additive
effects on both signaling pathways.

We examined the phosphorylation status of the JAK/STAT
pathway by Western blotting, as the JAK/STAT pathway is
the main pathway for IFN signaling. Tyk2 and STAT]1 proteins
were phosphorylated by IFNa. Moreover, addition of 5-FU
did not change the phosphorylation status of JAK1, Tyk2,
and STATI as seen by Western blotting. However, the trans-
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activation of ISRE shown by the very sensitive luciferase
assay was more strongly induced by IFNa plus 5-FU than
[FNa alone. These effects were abrogated by treating the cells
with siRNA of JAK 1, the upper stream of the JAK/STAT/ISRE
signaling pathway, and with siRNA of ISGF3y the lower
stream of the pathway.

Although the JAK/STAT pathway is important to IFN-
mediated effects, a number of recent studies suggest that
additional signaling pathways are also important for an [FN-
dependent biological response. In hematopoietic cells,
engagement of the type I IFN receptor leads to activation
of JAK kinases, resulting in p38 MAPK activation via the
intermediate engagement of MAPKKK and MAPKK (19). The
MAPK family comprises ERK, p38, and JNK. In this study,
the activation of p38 MAPK and p42/44 MAPK with [FNa
reatment, 5-FU treatment, and 5-FU plus IFN treatment was
similar for each by Westem blotting, and the transactivation of
Elk-1 was not induced by any of these treatments. The specific
inhibitors of p38 MAPK, JNK, and PI3K showed no effect on
IFNe and/or 5-FU-induced apoptosis. Our results showed that
the MAPK pathway was not an important pathway in apoptosis
induction of the hepatoma cell line by IFNa and 5-FU.

The caspase pathway is involved in IFN-induced apoptosis,
and it was reported that the IFN signaling pathway and caspase
pathway correlate with each other. Activation of the STAT
signaling pathway can cause the activation of caspase and
sequential induction of apoptosis (35-37). IFN-mediated
apoptosis in liver cancer cells involves the mitochondnal apop-
totic pathway and is induced by activating various caspases
(38). IFN also upregulates the expression of DRS, the death
receptor of tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL), and downregulates the antiapoptotic
molecule survivin (39). Higher expression of DRS5 activates
caspase-8 and induces apoptosis in the cells, In the colorectal
carcinoma cell line and also in the pancreatic cancer cell line,
caspase-8 and caspase-3 are reported to play a crucial role in
5-FU and IFN combination-induced apoptosis (40,41). Our
results showed that the receptor-type caspase, caspase-8,
was more strongly activated by IFNa treatment than the
mitochondrial caspase, caspase-9.

Many anti-cancer drugs upregulate the expression of Fas
and increase the sensitivity of physiological apoptotic signals
(42,43). On the other hand, Hep3B is resistant to Fas-induced
apoptosis, but sensitive to IFNy-induced apoptosis (44). Bid
is a pro-apoptotic Bel-2 family protein that is activated by
caspase-8. Hep3B is a ‘Bid-abundant cell line’ that is more
sensitive to 5-FU-induced cytotoxicity than the Bid-insufficient
HCC cell line, PLC/PRF/S (45). These cell line characteristics
may explain why Hep3B was the most sensitive cell line to
IFNa treatment as well as 5-FU combination treatment in this
study.

We found that caspase-8 activity was augmented by the
combination of 5-FU and IFNa treatment. Gene silencing of
the JAK/STAT pathway revealed that with activation of the
receptor binding tyrosine kinases, JAK1 was not enough for
IFN's apoptosis induction and caspase-8 activation. Even the
silencing of ISGF3y, the lowest molecule of the JAK/STAT
signaling pathway, resulted in almost the same effects as JAK1
silencing. Formation of the transcriptional factor complex
STAT1/STAT2/ISGF3y may be necessary for the induction

—270—



1260

of caspase activation and the following induction of apoptosis
in the HCC cell line. In recent studies, expression of the
caspase-8 gene is shown to be regulated through ISRE by
IFNy (46,47). These data define a new pathway through
which IFNs might control sensitivity of the tumor cell to
death receptor-mediated apoptosis. Our data showed that
ISRE activation was essential for IFN's apoptosis-inducing
effect and caspase induction in HCC cell lines. The addition
of 5-FU induced much stronger apoptosis than the simple
sum of the two drugs, and this synergistic effect also required
ISRE activation.

In conclusion, we showed that IFN-induced apoptosis was
mainly caspase-8 dependent, and the effect was enhanced by
3-FU. JAK/STAT signaling pathway activation was essential
for this apoptosis induction, the effect of which was also
enhanced by 5-FU,
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A Decrease in AFP Level Related to
Administration of Interferon in Patients with
Chronic Hepatitis C and a High Level of AFP

SHIRO MURASHIMA, MD, PhD, MASATOSHI TANAKA, MD, PhD, MAKOTO HARAMAKI, MD, PhD,
SHIGERU YUTANI, MD, PhD, YUTAKA NAKASHIMA, MD, PhD, KAZUNORI HARADA, MD, PhD,
TATSUYA IDE, MD, PhD, RYUKICHI KUMASHIRO, MD, PhD, and MICHIO SATA, MD, PhD

It is known that there is a very high incidence of hepatocellular carcinoma (HCC) among patients
with type C chronic hepatitis and cirrhosis, and a-fetoprotein (AFP) has been widely used as a
diagnostic marker for HCC. However, there are some patients showing continuous high AFP values
but no evidence of HCC, and some studies have defined such patients as a high-risk group for HCC.
In vitro study has shown that interferon (IFN) inhibits cell proliferation and enhances apoptosis
as well as specific cytotoxic T lymphocytes against HCC, resulting in direct anticancer actions. In
this study, we investigated the effect of IFN on AFP changes in chronic hepatitis C patients. Of
+0 patients with chronic hepatitis C in whom diagnostic imaging confirmed the absence of HCC,
24 patients showed high pretreatment AFP values (high AFP group: AFP level > 10 ng/dl; mean £+
SD, 46.3 + 41.5 ng/dl) and 16 showed low pretreatment AFP values (low AFP group: pretreatment
AFP level < 10ng/dl; mean+ SD, 5.3 + 2.2 ng/dl). Pretreatment clinical parameters were statistically
evaluated in relation to the AFP value. In the high AFP group, the platelet count, albumin level, and
prothrombin (%) were significantly lower (P = 0.047, P = 0.0002, and P = 0.044, respectively),
suggesting that AFP value increases with advancing liver disease. Subsequently 27 patients were
administered IFN (IFN group), and the remaining 13 patients were administered Stronger Neo-
minophagen C (SNMC), a glycyrrhizin preparation (SNMC group), as a control group receiving
liver-protective therapy. Alanine aminotransferase was reduced in both the IFN and the SNMC group
(mean, 132.56 to 60.07 mg/ml [P < 0001] and 147 85 to 56.23 mg/ml [P = 0.0240], respectively).
AFP was significantly reduced in the IFN group (mean, 30.03 to 12.65 ng/ml; P = 0.0034), but there
was no significant change in AFP in the SNMC group (mean, 29.70 to 39.17 ng/ml). AFP is useful
for diagnosing HCC; however, some patients show a persistently high AFP level in the absence of
HCC, and these patients have been described as a high-risk group for HCC. In this study, we found
that IFN therapy but not SNMC universally reduced the AFP baseline. Since AFP is a significant
predictor for HCC, therapeutic strategies for hepatitis C, e.g., long-term low-dose IFN treatment,
may reduce hepatocarcinogenesis.

KEY WORDS: hepatitis C; interferons; hepatocellular carcinoma; a-fetoprotain.
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ursodeoxycholic acid or intravenous injection of Stronger
Neo-minophagen C (SNMC), is commonly performed
in Japan, and it is considered that these treatments may
delay the progression of liver disease (3, 4). SNMC
is a glycyrrhizin preparation that exhibits potent anti-
inflammatory actions and has been used to treat allergic
diseases and hepatitis in Japan for centuries. However, this
agent is not considered to have any antiviral or anticancer
ability (5), while IFN is considered to have antiviral, anti-
inflammatory, and anticancer effects, and is employed in
clinical practice to treat certain types of cancer, such as
germ cell tumor and RCC (6, 7).

a-Fetoprotein (AFP) has been widely used as a diag-
nostic marker for HCC. However, there are some patients
with a high AFP baseline but no evidence of HCC, al-
though some papers have reported that AFP is a significant
predictor of HCC in such patients (8, 9). This study inves-
tigated the clinical characteristics of such patients with a
high AFP baseline and assessed the effect of IFN admin-
istration 1n terms of AFP changes, since AFP is suggested
to be an important risk factor for HCC.

METHODS

Forty patients with type C chronic hepatitis and compen-
satory liver cirthosis patients who were being followed at
Kurume University Medical Center were retrospectively inves-
tigated. All patients were confirmed to be positive for serum
hepatitis C virus (HCV)-RNA by polymerase chain reaction
(PCR). HBs-Ag-positive, autoimmune, alcoholic, and drug-
induced hepatitis patients were excluded from the study. Further-
more, the absence of HCC was confirmed by abdominal ultra-
sonography (US) or dynamic computed tomography (CT) in all
subjects. )

According to the pretreatment AFP value, the 40 subjects
were divided into two groups: the high AFP group (AFP >
10 ng/dl; n = 24) and the low AFP group (AFP < 10 ng/dl;
n = 16). Then the pretreatment clinical background parameters
were statistically investigated using the Mann-Whitney U/ -test
and chi-square test to compare the high and low AFP groups.

These 40 subjects were divided into two groups, the IFN group
(n = 27) and the SNMC group (n = 13). Six millicn units of re-
combinant IFNa-2b was injected intramuscularly three times a
week or more in the IFN group. SNMC was administered intra-
venously three times a week at a dose of 40 to 100 ml in the
SNMC group. Both alanine aminotransferase (ALT) and AFP
values after 4 weeks of treatment were compared with the pre-
treatment values. Paired ¢-test was used, and P < 0.05 was re-
garded as significant.

RESULTS

Clinical Characteristics in Patients with High AFP
Baseline (High AFP) vs. Low AFP Group. There were
no significant differences in age, gender, ALT level, HCV
genotype, or HCV-RNA level between the high and the
low AFP groups; however, in the high AFP group, the
platelet count, albumin level, and prothrombin (PT) value
were significantly lower (P = 0.0014, P = 0.0026, and
P = 0.0041) (Table 1). These results suggest that the AFP
level increases with the progression of liver disease.

Pretreatment Backgrounds in IFN and SNMC
Treatment Groups. There were no significant differ-
ences in the pretreatment background parameters such as
AFP value, age, gender, ALT value, platelet count, al-
bumin level, PT (%), and HCV-RNA level between the
two groups (Table 2). Fourteen of the 27 IFN-treated
patients (52%) showed a high pretreatment AFP value
(>10ng/ml), and 9 of the 13 SNMC-treated patients (69%)
showed a high pretreatment AFP value (> 10 ng/ml).

ALT Changes in IFN and SNMC Treatment Groups.
With respect to changes in the ALT level, the AFP level
was significantly decreased in the TFN group (132.6 +
727 to 61.1 433 U/L; n =27; P < 0.0001). In the
SNMC group, ALT levels were also significantly de-
creased (1494 + 17210 83.0£57.7UL;n=12; P =
0.019) (Figure 1).

AFP Changes in IFN and SNMC Treatment Groups.
As for AFP changes, the AFP value was significantly

TABLE 1. PRETREATMENT CLINICAL CHARACTERISTICS ACCORDING TO AFP VALUE

High AFP (n=24)  LowAFP (n= 16)

(AFP > 10ng/ml)  (AFP < [Ong/ml) P value
AFP (ng/ml) 46264 + 41.534 5348 2229 ==
Age (yn) 55875 £ 9.252 5293812179  0.3914
Gender (M/F) 14/10 124 02790
ALT (UL) 144333 £ 88122 12581383818 05108
PLT (x10%/ul) 11.421 & 4,997 14550 £ 4030  0.0467*
Albumin (g/dl) 3.617 + 0.444 4138+£0238  0.0002*
PT (%) 72368+ 11923 8023741079  0.0439*
HCV-RNA (KIU/mL) 472.667+286.404 463067 +323334 09257

Nore. Mann-Whitney [/-test or chi-square test was used. P < 0.05 was considered

significant.
Values are expressed as mean i SD.
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TABLE 2. PRETREATMENT PATIENT PROFILES IN THE SNMC anD IFN Grours

SNMC (n=13) IFN(n=27) P value
AFP (ng/ml) 29970435229 30030 +£39.643 09798
Age (yr) 54308+ 10427 54889+ 10685 08719
Gender (M/F) /4 1710 0.6071
ALT (U/L) 147846+ 110816 132556 £272.702  0.6039
Platelets (x 104/41) 11015 + 6244 13441 £3870 01387
Albumin (g/dl) 3,738 4 0.568 3.867 = 0.408 04185
PT (%) 72615+ 13775 71615+ 10887 02607
HCV-RNA (KTU/mL) 502900 +299.403 455500 + 302124 06752

Note. Mann-Whitney U-test or chi-square test was used. P < 0,05 was considered

significant,
Values are expressed as mean + SD.

decreased in the IFN group (53.0+44.3 1o 203+
26.7 ng/ml; n = 14, P = 0.0023). Interestingly, all 27
IFN-treated patients showed a decrease in AFP value re-
gardless of response to treatment. However, there was
no significant change in the AFP value after SNMC ad-
ministration (31.1 +36.4 to 39.0 £ 465 ng/ml; n = 9;
P = 0.11) (Figure 2). Mean AFP value was slightly in-
creased in the SNMC group.

DISCUSSION

AFP is a fetal protein that is not normally present in the
serum of adults and is commonly used as a tumor marker
for HCC. However, serum AFP is also elevated during
pregnancy and in chronic hepatitis patients (10, 11). In
this study, a considerable number of type C chronic hepati-
tis and compensated cirrhosis patients demonstrated per-
sistently elevated AFP levels in the absence of HCC. In
addition, the AFP level decreased significantly after [FN

administration. Furthermore, the AFP decrement was uni-
versally observed regardless of treatment response to IFN
therapy. Transient AFP elevation has been observed af-
ter a rise in transaminase in acute hepatitis and fulminant
hepatitis (12-14). This type of AFP elevation is explained
as a result of hepatocyte regeneration accompanied by
necroinflammatory change. In this study, AFP was not
changed in the SNMC group despite significant improve-
ment in transaminase, suggesting that the AFP elevation
was not caused by hepatocyte regeneration in chronic hep-
atitis patients.

AFP production is supposed to regulate the transcrip-
tion level of hepatocytes (15). Among HCV-infected pa-
tients, the HCV-coding core protein is regarded to be
one of the proteins responsible for hepatocarcinogenesis,
up-regulating several molecules resulting in activation of
the cell cycle and cell proliferation at the transcriptional
level in hepatocytes (16). The HCV-coding core protein
may also upregulate AFP production at the transcriptional

IEN group SNMC group
p<0.0001* = 0.0240%
I i &
400 - [ | [ 1 &
330 -
300 ] 3
= 250 L
B I
5 200 I L
150 4 -
100 ~ r
4 I I L
) i
0 - — -
before after vefore after
Fig 1. Changes in alanine aminotransferase (ALT) after [FN and SNMC administration. Paired r-test was used. * P < 0.05 was regarded as
significant
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Fig 2. a-Fetoprotein (AFP) changes with [FN and SNMC administration Paired t-test was used. *P < 0.05 was regarded as significant.

NS, not significant.

level. In contrast, IFN is considered to down-regulate
cell cycle progression at the transcriptional level and in-
duce apoptosis via the IFN receptor-mediated JAK-STAT
signaling pathway (17). This competing action of IFN
against HCV-related protein may be a direct anticancer
mechanism that inhibits HCC. Actually, a clinical study
has demonstrated anticancer effects of IFN administra-
tion against intrahepatic recurrence after resection of HCC
(18), and IFN has also been used to treat HCC in combi-
nation with anticancer agents such as 5-fluorouracil (19).

Many reports have cited elevated AFP baselines as an
independent HCC risk factor (8, 9) along with age, gen-
der, liver histology stage, and ethnicity in HCV-infected
patients. In the present study, the AFP baseline was de-
creased in all IFN-treated patients, even IFN nonrespon-
ders. This indicates that IFN therapy, rather than liver-
protective therapy, universally reduces the risk factors of
HCC in HCC high-risk subjects with high AFP values
and advanced liver disease. Therefore, therapeutic strate-
gies, such as long-term administration of low-dose IFN,
may inhibit HCC in patients who have failed to respond
to routine [FN treatment. Further investigation is needed
to evaluate IFN effect in relation to AFP production and
hepatocarcinogenesis.
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