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Background: Type 1 interferon alpha rece;itor 2 (IFNAR2) in the liver has been reported to be
a predictive factor for the response to intra-arterial 5-fluorouracil (5-FU) + systemic interferon
(IFN)-alpha combination therapy in patients with advanced hepatocellular carcinoma. We tested
whether IFNAR2 expression in peripheral blood mononuclear cells could predict the response
to 5-FU + IFN.

Methaods: Predictive factors for survival and response to therapy were determined in 30 patients
with advanced hepatocellular carcinoma who underwent treatment with 5-FU + IFN, [FNAR2
expression in peripheral blood mononuclear cells was measured in 11 of the 30 patients.
Results: With a mean number of 4.2 courses of combination therapy, one patient (3%) showed
a complete response, eight (27%) showed partial responses, 13 (43%) had stable disease, and
eight (27%) showed progressive disease. The median survival time of responders (complete
response/partial response) was 12.7 months and that of nonresponders (stable disease/progressive
disease) was 7.5 months. The one-year and two-year cumulative survival rates of responders
and nonresponders were 87/69% and 40/11%, respectively (P= 0.019). Multivariate analysis
identified response to therapy (P = 0.037) as the sole independent determinant of survival. The
expression level of IFNAR2 in peripheral blood mononuclear cells was significantly (P=0.012)
higher in responders (6.5 + 2.4) than in nonresponders (2.4 £ 0.6), even though no clinical factors
were identified as being associated with the response to the combination therapy.
Conclusion: IFNAR2 expression in peripheral blood mononuclear cells may predict the
response to 5-FU + IFN therapy in patients with advanced hepatocellular carcinoma, although
these data are preliminary.

Keywords: interferon, 5-fluorouracil, hepatocellular carcinoma, receptor

Introduction

Hepatocellular carcinoma is the third leading cause of cancer-related death globally,
behind lung and stomach cancers.! Its incidence has been increasing in Japan in the last
30 years? and also in the US more recently.’ Intensive management of patients at high
risk for hepatocellular carcinoma and advances in diagnostic techniques have facilitated
the detection of hepatocellular carcinoma in the early stage.*” Simultaneously, several
therapeutic modalities, including hepatic resection, liver transplantation, radiofrequency
ablation, percutaneous ethanol injection, and transcatheter arterial chemoembolization
have substantially improved the prognosis of patients with hepatocellular carcinoma.t-!

Email khino@med kawasaki-m.ac.jp Nevertheless, we still sometimes see patients with advanced hepatocellular carcinoma
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at their first visit or after repeated treatment due to the fre-
quent recurrence of the disease.

The prognosis of patients with advanced hepatocellu-
lar carcinoma, especially if complicated by portal venous
invasion, is extremely poor.'*!* Recently, sorafenib, an oral
multikinase inhibitor of the vascular endothelial growth fac-
tor receptor, the platelet-derived growth factor receptor, and
Raf, has been shown to prolong median survival time and
the time to progression by nearly three months in patients
with advanced hepatocellular carcinoma as compared with
those given placebo. However, no complete responses and
only a few partial responses (2%) were found in the same
study. Although sorafenib can be used for the treatment of
patients with advanced hepatocellular carcinoma, its clinical
effectiveness is still controversial in Japan. According to
the consensus-based clinical manual proposed by the Japan
Society of Hepatology,' arterial infusion chemotherapy
using an implantable drug delivery system is recommended as
one of the treatments for advanced hepatocellular carcinoma
with portal venous invasion, based on the favorable results
of combination therapy with intra-arterial 5-fluorouracil
(5-FU) + systemic interferon (IFN)'¢** or another combi-
nation of low-dose cisplatin + 5-FU.2*?! To improve the
effects of these combination therapies and to increase the

" response rates, it is important to find a practical and useful
predictor of the response to therapy. Hepatic expression of
type | interferon alpha receptor 2 (IFNAR2) has been shown
to correlate with the response to 5-FU + IFN in patienis
with advanced hepatocellular carcinoma and portal venous
invasion.!” However, liver biopsy is sometimes difficult
to perform before combination therapy in patients with
advanced hepatocellular carcinoma because of a bleeding
tendency with a low count platelet and/or decreased activ-
ity of prothrombin. In this pilot study, we tested whether
IFNAR2 expression in peripheral blood mononuclear cells
could predict the response to 5-FU + IFN in patients with
advanced hepatocellular carcinoma.

Materials and methods

Patients

A single-arm, open-label study of intra-arterial combination
therapy was conducted in patients with advanced hepatocellu-
lar carcinoma. Eligibility criteria were as follows: hepatocel-

lular carcinoma with tumor thrombi invading at least one of

the major branches of the portal vein (Vp3-or Vp4, according
to the criteria of the Liver Cancer Study Group of Japan
[LCSGJ]) or multiple intrahepatic metastases in more than
three segments, irrespective of the degree of portal venous

invasion (Vpl, Vp2, Vp3, or Vp4); tumor staging Iil or [VA
based on the TNM (tumor node metastasis) staging system of
the LCSGJ; absence of extrahepatic metastases; Child-Pugh
A or B liver function; an Eastern Cooperative Oncology
Group (ECOG) performance status of 0-1;2 leukocyte
count >2000/pL; platelet count >50,000/L; unresectable
disease or not suitable for local ablation therapy; and unlikeli-
'hood of effectiveness with transcatheter arterial chemoembo-
lization. All patients provided written informed consent for
this study, which was approved by the institutional review
board of Kawasaki Medical University.

Implantation of intra-arterial catheter

An indwelling intra-arterial catheter (Piolax W spiral

catheter, Piolax Medical Devices Inc, Kanagawa, Japan)

was inserted through the femoral artery by the Seldinger

method, and its tip was put in the proper hepatic artery or

common hepatic artery, embolizing the right gastric and
gastroduodenal arteries to.avoid efflux of chemotherapeutic

agents into the stomach and duodenum. The othér end of
the catheter was connected to the injection port (Vital-Port,

Cook Japan, Tokyo, Japan) subcutaneously implanted in the

lower abdomen.

Evaluation of response to therapy

The response to therapy was assessed with contrast-enhanced
computed tomography after each therapeutic cycle. The
response was defined according to the Response Evaluation
Criteria in Solid Tumors (RECIST)? as: complete response
(complete disappearance of all target lesions); partial
response (at least a 30% decreasé in the sum of the longest
diameter of the target lesions), taking as reference the base-
line sum of the longest diameter; progressive disease (at least
a 20% increase in the sum of the longest diameter of target
lesions or the appearance of one or more new lesions); or
stable disease (neither partial response nor progressive
disease criteria). The best response to therapy was defined
as the response to therapy when a different response, such
as partial response or stable disease, was found in the same
patient during multiple treatment cycles. Adverse reactions
were assessed using the National Cancer Institute Common
Toxicity Criteria (NCI-CTC, version 3.0, [http://ctep.cancer.
gov/reporting/ctc.html]).

Treatment protocol ‘

One cycle of treatment consisted of four weeks in which
5 x 10¢ U (5 MU) of IFN-alpha (OIF; Otsuka Pharma-
ceutical, Tokyo, Japan) was administered intramuscularly
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on days 1, 3, and 5 of each week, resulting in a total dose
of 60 MU per cycle. 5-FU (Kyowa Hakko, Tokyo Japan)
500 mg/day was administered into the hepatic artery over
five hours using a portable infusion pump on days 1-5 of
the first and second weeks (5 g per cycle). The combina-
tion therapy was discontinued in patients who did not meet
the eligibility criteria and also in those with progressive
disease or NCI-CTC Grade 3 adverse reactions, otherwise
the treatment was repeated after a 2—4-week rest period
without treatment.

Measurement of IFNAR2 expression

in peripheral blood mononuclear cells
Peripheral blood mononuclear cells were separated from
10 mL of heparinized blood by density gradient centrifuga-
tion using Ficoll-Hypaque (Amersham Pharmacia Biotech,
Uppsala, Sweden), washed three times with RPMI 1640
culture medium, and stored at —80°C until use. RNA
was extracted from the homogenized peripheral blood
mononuclear cells using a High Pure RNA kit (Roche
Diagnostics Ltd, Germany), and its integrity was confirmed
by spectrophotometry. The IFNAR2 mRNA expression
level was quantified using an ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Foster City, CA)
and real-time reverse transcription polymerase chain
reaction (RT-PCR), as described previously.?* Briefly, a
RT-PCR assay was performed on a 25 gL reaction mixture
containing 20 ng of sample cDNA, 100 nM sense primer,
100 nM antisense primer, and 12.5 4L of SYBR Green PCR
Master Mix (Applied Biosystems). The following specific
primers were designed to amplify their respective genes;
IFNAR2, sense; 5'-GAAGGTGGTTAAGAACTGTGC-3,
antisense; 5-CCCGCTGAATCCTTCTAGGACGG-3';
B2-microglobulin, sense; 5-ACCCCCACTGAAAAAGAT
GA-3’, antisense; 5-ATCTTCAAACCTCCATGATG-3".
The PCR was carried out for 45 cycles at 95°C for 15 sec-
onds and 60°C for one minute. A standard curve for each
mRNA expression was generated using five-fold dilutions
of a control RNA sample (25X, 5X, 1x, 0.2%, and 0.04x).
The mRNA expression levels of the target genes (IFNAR2)
were presented as a ratio to that of B2-microglobulin, and
the relative expression levels were calculated.

Statistical analysis

Quantitative values were expressed as the mean + standard
deviation. Cumulative survival was calculated using the
Kaplan—Meier method, and the differences between the
groups were analyzed using the log-rank test. Univariate and

multivariate analyses of predictors of survival were assessed
by the Cox proportional hazards model. Univariate and
multivariate analyses of predictors for the response to therapy
were assessed by the logistic regression test. Differences
between the two groups were examined for statistical sig-
nificance using the Mann~Whitney U test. A P value < 0.05
was considered to be statistically significant. All analyses
described above were performed using SPSS software (ver-
sion 11, SPSS Inc, Chicago, IL).

Results

Patient profile

Forty-five patients with advanced hepatocellular carcinoma
fulfilled the eligibility criteria for 5-FU +IFN therapy. Among
them, 30 patients (24 men and six women) with an aver-
age age of 64.7 + 1.8 (range 48-84) years provided written
informed consent to receive the combination therapy. Patient
characteristics at baseline are shown in Table 1. Eight patients
were positive for both hepatitis B (HBV) surface antigen and
HBV DNA, and 18 for both anti-hepatitis C virus (HCV)
and HCV RNA. The remaining four patients were negative
for both hepatitis B surface antigen and anti-HCV. Liver dis-
ease stage was Child-Pugh A and tumor stage was IV in 23
patients (76.7%). The integrated staging scores for the Japan
Integrated Staging® and Cancer of the Liver Italian Program
(CLIP)" were =3 in 23 (76.7%) and 17 patients (56.7%),
respectively. Twelve patients (40%) had portal venous inva-
sion at a major branch (Vp3) or in the main trunk (Vp4).

Table I Patient characteristics

Number of patients 30
Age, years, mean + SD (range) 64.7 £ 1.77 (48-84)

Gender, male/female 24/6

Etiology (HBV/HCV/NBNC) 8/18/4

Total bilirubin (mean + SD, mg/dL) Lixol
Albumin (mean * SD, g/dL) 35+008
Prothrombin time (mean * SD, %) 772%22
Platelet count (mean + SD, x{0YuL) 147+ 14

AFP (mean * SD, ng/mL) 33,715+ 13,255
AFP-L3 (mean  SD, %) 23.1 £ 46

DCP (mean + SD, mAU/mL) 37,905 + 17,417
Child~Pugh status (A/B/C) 23(710

TNM staging by LCSGJ (HIl/IVA) 7123

JIS score (1, 2/3, 4, 5) 7123

CLIP score (1, 2/3,4, 5) 1317

Portal vein invasion (Vp! or Vp2/Vp3 or Vp4) 18/12

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBY
non-HCV: AFP, o-fetoprotein; DCP, des-y-carboxy prothrombin; TNM, tumor
node metastasis; LCSG), Liver Cancer Study Group of Japan:; JIS, Japan integrated
staging; CLIP, Cancer of the Liver ltalian Program; SD, standard deviation.
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Response to combination therapy

and survival

Thirty patients with advanced hepatocellular carcinoma
completed 5-FU + IFN therapy, with a mean treatment
cycle number of 4.2 (range 2—12). The median survival time
was 7.5 months, and the one-year and two-year cumulative
survival rates were 53% and 33%, respectively. Of these 30
patients, one (3%) had a complete response, eight (27%)
had a partial response, 13 (43%) had stable disease, and 8
(27%) had progressive disease, ie, nine (30%) had objec-
tive responses (complete response or partial response). The
median survival time of responders (complete response/
partial response) was 12.7 months and that of nonresponders
(stable disease/progressive disease) was 7.5 months. The
one-year and two-year cumulative survival rates for respond-
ers and nonresponders were 87%/69% and 40%/11%,
respectively. Thus, there was a significant difference in the
overall survival rate between responders and nonresponders
(P =0.019, Figure 1).

Factors associated with survival

We investigated the predictors of survival in patients who
underwent 5-FU + IFN therapy. Univariate analysis identi-
fied total bilirubin concentration (P = 0.005), CLIP score
(P =0.019), and response to therapy (P = 0.033) as factors
associated with survival (Table 2). Among these factors,
multivariate analysis identified the response to therapy
(P =0.037) as a significant and independent determinant of
survival (Table 3).

s==s=w=m Responders (CR/PR) (n = 9)

Survival rate

=
0.4 4 = ay

8 = == aa Nonresponders (SD/PD) (n = 21)

%

021 %
]
foao}-

0.0 T T T y ]
0 20 40 60 80 100

Time (months)

Figure | Comparison of overall survival rates of responders (complete response
or partial response) and nonresponders (stable disease or progressive disease) to
5-FU + IFN therapy. The survival rate was significantly higher in responders than in
nonresponders (log-rank test, P=0.019).

Abbreviations: 5-FU, S-fluorouracil; IFN, interferon.

Table 2 Univariate analysis of predictors for survival

Variable Hazards 95% Cl P value
ratio
Age 0.956 0.907-1.007 0.091
Male 2,675 0.694-10.311 0.153
HBsAg positive 0.460 0.169-1.249 0.128
Anti-HCV positive 1.503 0.604-3.735 0.381
Total bilirubin (mg/dL) 3222 1.420-7313 0.005
Albumin (g/dL) 0413 0.143-1.193 0.102
Prothrombin time (%) 0.964 0917-1.014 0.160
Platelet count (x10%uL) 0976 0.918-1.036 0.976
AFP (<100 ng/mb) 1372 0.55(-3416 0.497
AFP-L3 (<20%) 1.509 0.610-3.731 0.373
DCP (<100 mAU/mL) 0.445 0.101-1.954 0.283
Child~Pugh status A 2.549 0.950-6.843 0.063
Tumor stage Ml 2995 0.858-10.460 0.086
JIS score (<3) 2995 0.858-10.460 0.086
CLIP score (<3) 3421 1.222-9.576 0.019
Portal vein invasion 2288 0.871-6.010 0.093
(<Vp3)
Response to therapy 4.960 1.136-21.668 0.033
(CR or PR)

Abbreviations: Cl, confidence interval; HBsAg, hepatitis B surface antigen; HCV,
hepatitis C virus; NBNC, non-HBV non-HCV: AFP, a-fetoprotein; DCP, des-y-
carboxy prothrombin; TNM, tumor node metastasis; LCSG), Liver Cancer Study
Group of Japan; JIS, Japan Integrated Staging: CLIP, Cancer of the Liver ltalian
Program; CR, complete response; PR, partial response.

Factors associated with response

to combination therapy

We examined factors associated with the response to
5-FU +IFN therapy, because response to therapy was found
to be the only independent factor associated with survival
in patients who underwent treatment with this combination.
However, univariate and multivariate analyses did not iden-.
tify any significant factors associated with response to the
combination therapy (Table 4).

IFNAR?2 in peripheral blood mononuclear
cells and response to 5-FU + IFN

To explore factors associated with the response to the combi-
nation treatment, we next measured IFNAR2 mRNA expres-
sion in peripheral blood mononuclear cells in 11 patients
from whom peripheral blood mononuclear cells were

Table 3 Multivariate analysis of predictors for survival

Variable Hazards 95% Cli P value
ratio

Total bilirubin (mg/dL) 1.076 0.484-3.711 0.574

CLIP score (<3) 3.434 0.907-13.000 0.069

Response to therapy 5.478 1.108-27.093 0.037

(CR or PR)

Abbreviations: CLIP, Cancer of the Liver ltalian Program; CR, complete response;
PR, partial response; Cl, confidence interval.
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Table 4 Univariate and multivariate analyses of predictors for the response to 5-FU + IFN therapy

Variable Univariate analysis Multivariate analysis
Qdds ratio 95% Ci P value Odds ratio 95% Cl P value

Age 1.034 0.951-1.125 0431 - - -
Male 0.333 0.053-2.115 0.244 0.266 0.036-1.966 0.194
HBsAg positive 0.250 0.026-2.416 0.231 0.204 0.0{9-2216 0.191
Anti-HCV positive 1.818 0.357-9.272 0472 - - -
Total bilirubin (mg/dL) 0.607 0.132-2.796 0.552 - - -
Albumin (g/dL) 1.139 0.206-6.297 0.882 - - -
Prothrombin time (%) 0.976 0.912~1.045 0.486 - - -
Platelet count (x10%uL) 1.012 0.915-1.118 0.820 - - -
AFP (<100 ng/mL) 0.880 0.183-4.226 0.873 - - -
AFP-L3 (<20%) 0.727 0.151-3.493 0.691 - - -
DCP (<100 AU/mL) 0.750 0.067-8.363 0815 - - -
Child~Pugh status A 3.198 0.326-31.39 0318 - - -
Tumor stage lli 0914 0.142-5.902 0.925 - - -

JIS score (<3) 0.914 0.142-5.902 0.925 - - -
CLIP score (<3) 2.031 0.417-9.886 0.380 - - -
Portal vein invasion (<Vp3) 2031 0.417-9.886 0.380 - - -

Abbreviations: HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; NBNC, non-HBV non-HCV; AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin; TNM, tumor
node metastasis; LCSG, Liver Cancer Study Group of fapan; JIS, fapan integrated staging; CLIP, Cancer of the Liver ltalian Program.

available before therapy, because the effect of 5-FU + [FN
has been demonstrated to depend significantly on hepatic
IFNAR2 expression,'” and there is a significant correlation
between IFNAR?2 expression in the liver and peripheral
blood mononuclear cells.?¢ Seven of the 11 patients were
responders (complete response/partial response) and the
remaining four patients were nonresponders (stable disease/
progressive disease). The expression level of IFNAR2
in peripheral blood mononuclear cells was significantly
(P =0.012) higher in responders (6.5 + 2.4) than in nonre-
sponders (2.4 + 0.6, see Figure 2).

Adverse reactions and complications

Most patients complained of flu-like symptoms, including
fever, nausea, and loss of appetite, but the degree of these
adverse reactions was NCI-CTC Grade 1 or 2. Among
patients with NCI-CTC Grade 3 adverse reactions, stomatitis
was observed in two patients, diarrhea in one, leukopenia in
one, thrombocytopenia in one, and hemorrhagic gastric ulcer
in another. None of the patients required administration of
granulocyte colony-stimulating factor or blood transfusion.
There were five complications resulting from the arterial
catheter, ie, occlusion in two patients, infection associated
with the indwelling catheter in two patients, and dislocation
in a further patient.

Additional therapy
Three patients each were treated with transcatheter arte-
rial chemoembolization and intra-arterial 5-FU + cisplatin,

respectively, after identification of progressive disease.
Three patients assessed to exhibit a partial response had
additional therapy, one of whom underwent partial hepate-
ctomy because of downstaging of hepatocellular carcinoma,
and the other two were repeatedly treated with transcath-
eter arterial chemoembolization because of dislocation
of an indwelling intra-arterial catheter or downstaging of

12

—
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Nonresponders
(SD/PD) (n=4)

IFNAR2 expression level in PBMCs
(=]

Responders
(CRIPR) (n=7)

Figure 2 Expression levels of IFNAR2 in peripheral blood mononuclear cells in
responders (complete resp or partial response) and nonresponders (stable
disease or progressive disease) to 5-FU + IFN therapy. The relative quantities of
IFNAR2 mRNA in peripheral blood mononuclear cells were normalized to B-actin
mRNA. The results are shown as box plot profiles. The bottom and top edges of the
boxes are the 25th and 75th percentiles, respectively. Median values are shown by
the lines within the boxes. IFNAR2 expression was significantly higher in responders
than in nonresponders (Mann-Whitney U test, P =0.012).

Abbreviations: IFNAR2, Type | interferon alpha receptor 2; 5-FU, S-fluorouraci;
IFN, interferon.
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hepatocellular carcinoma. Twenty-one patients, including the
complete responder, did not have additional therapy.

Discussion

The response rate (30%), median survival (7.5 months),
and one-year and two-year cumulative survival rates (53%
and 33%) for patients in this study were comparable with
those reported for previous studies.!”!® Although the
median survival time of nonresponders was. identical to
that of all patients (7.5 months), the mean survival time of
nonresponders (343 + 272 days) was shorter than that for
all patients (505 + 574 days). This may be explained by
the fact that some responders with advanced hepatocellular
carcinoma showed considerably long survival, as shown in
the Kaplan—Meier survival curve. One complete responder
(2402 days) and one partial responder (1957 days) who under-
went partial hepatectomy as additional therapy remain alive
without recurrence of hepatocellular carcinoma. Two partial
responders treated with transcatheter arterial chemoemboliza-
tion as additional therapy showed long survival (1326 days
and 1280 days). Thus, adequate additional therapy preceded
by downstaging of hepatocellular carcinoma in response to
the 5-FU + IFN combination may be important for responders
to obtain long survival.

Several possible mechanisms for the anticancer effects
of 5-FU + IFN therapy have been proposed. Transcription
of the tumor suppressor p53 gene has been demonstrated to
be induced by IFN-o/B, accompanied by an increase in p53
protein levels, suggesting the integration of IFN-o/f8 signal-
ing into pS3 responses in tumor suppression.”’ Yamamoto
et al reported that the tumor necrosis factor-related apoptosis-
inducing ligand receptor-mediated cytotoxic pathway could
be involved in the antihepatocellular carcinoma effect of the
5-FU + IFN combination.?® It is also possible that IFN and
5-FU reinforce the antitumor action of each other or have
additive effects. The cytotoxic effect of 5-FU enhanced
by IFN in various cultured malignant cells and upregula-
tion of 5-FU activity when combined with IFN has been
demonstrated.?!

Response to therapy was the sole significant and indepen-
dent predictor for survival of patients with advanced hepato-
cellular carcinoma who received the 5-FU + IFN combination
in the present study. It should be noted that identification of
response to therapy (complete response or partial response)
as a predictor for survival was common to three Japanese
studies,!’"? in addition to our study, despite different patient
populations based on different grades of portal venous

invasion and/or different evaluations of responses to therapy
(RECIST or ECOG criteria). These results suggest that the
response to therapy (complete response or partial response)
is indeed critical for patients with advanced hepatocellular
carcinoma who receive the 5-FU + IFN combination to have
better survival.

Although previous studies have demonstrated several
predictors of survival other than response to therapy, such
as positivity for anti-HCV antibodies, performance status,
and/or total bilirubin level,'s'® this discrepancy may be
explained by the different patient populations in the relevant
studies as a result of the different eligibility criteria used. In
contrast, use of the same criteria for evaluation of response
to therapy (RECIST), in addition to similar patient popula-
tions, showed almost the same objective response rates
(complete response and partial response patients/all patients)
in our study (30%) and that of Uka et al (29%).!® Despite the
prominent improvement in survival of responders (complete
response or partial response), it must be acknowledged that
the response rates were not satisfactory, suggesting that
more than half of patients with advanced hepatocellular
carcinoma would remain unresponsive to the 5-FU + IFN
combination. We also have to consider that this combination
therapy has a considerable negative impact on quality of life
for patients with advanced hepatocellular carcinoma, even
though adverse reactions were rarely severe in the present
study. Therefore, it appears to be very important to predict
responders beforehand in the clinical setting.

Ota et al demonstrated that, among several clinical
parameters, including o-fetoprotein, des-y-carboxy pro-
thrombin, Child—Pugh score, and CLIP score, the hepatic
expression of IFNAR2 was the only significant predictor of
clinical response to 5-FU + IFN therapy."” It is particularly
noteworthy that all patients without IFNAR2 expression in
hepatocellular carcinoma tissue are not responsive to 5-FU +
IFN therapy. The importance of IFNAR2 expression for the
anticancer effect of 5-FU + IFN has also been shown by in
vitro analysis.’?** IFNAR2 expression in hepatocellular car-
cinoma tissue was assessed immunohistochemically at the
protein level in the study by Ota et al. We have previously
shown a correlation between IFNAR2 protein expression and
IFNAR2 mRNA expression in liver specimens from patients
with chronic hepatitis C.3* We have also found a correlation
between IFNAR2 mRNA expression in peripheral blood
mononuclear cells and in the livers of patients with chronic
hepatitis C.? Therefore, IFNAR2 expression in hepatocel-
Tular carcinoma tissue is likely to be correlated with that in
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peripheral blood mononuclear cells, even though there have
been no reports explaining the possible mechanisms for this
correlation, as far as we know. Liver biopsy is sometimes dif-
ficult to perform before combination therapy in patients with
advanced hepatocellular carcinoma because of the bleeding
tendency arising from a low count platelet and/or decreased
activity of prothrombin. IFNAR2 mRNA expression in
peripheral blood mononuclear cells was significantly higher
in responders (complete response or partial response) than
in nonresponders (stable disease or progressive disease) in
the present study. Based on these results, we propose a test-
able hypothesis that IFNAR2 expression in peripheral blood
mononuclear cells may be a practical predictor of response
to the 5-FU + IFN combination.

Several limitations existed in this study. First, a signifi-
cant percentage of patients who fulfilled the eligibility criteria
could not be included due to lack of written informed consent.
Second, the number of patients in whom IFNAR2 expression
was examined for peripheral blood mononuclear cells was too
small to draw a definitive conclusion. We could not evalu-
ate if IFNAR2 expression in peripheral blood mononuclear
cells could be an independent predictor for response to the
5-FU + IFN combination in multivariate analysis. Further
studies need to be conducted in a larger number of patients
to clarify the clinical usefulness of measurement of IFNAR2
expression in peripheral blood mononuclear cells as a pre-
dictor of response to the 5-FU + IFN combination. Third,
the correlation between IFNAR2 protein expression and
IFNAR2 mRNA expression in peripheral blood mononuclear
cells was not examined, even though we have previously
confirmed this correlation in the liver.

In conclusion, we have shown preliminary evidence that
IFNAR2 expression in peripheral blood mononuclear cells
may predict the response to 5-FU + IFN therapy beforehand
in patients with advanced hepatocellular carcinoma, which
should enable us to treat those patients who are likely to
respond to this combination therapy in a selective manner.
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Focal Nodular Hyperplasia-Like Nodule with Reduced
Expression of Organic Anion Transporter 1B3
in Alcoholic Liver Cirrhosis

Nobuko Doi', Yasuyuki Tomiyama', Tomoya Kawase ', Sohji Nishina', Naoko Yoshioka',
Yuichi Hara', Koji Yoshida', Keiko Korenaga', Masaaki Korenaga', Takuya Moriya®,
Atsushi Urakami®, Osamu Nakashima*, Masamichi Kojiro* and Keisuke Hino'

Abstract

We report a patient with alcoholic liver cirrhosis who had a 15 mm focal nodular hyperplasia (FNH)-like
nodule in the liver. This FNH-like nodule was diagnosed as hepatocellular carcinoma (HCC) mainly based on
hypervascularity during the hepatic arterial phase, washout pattern during the equilibrium phase and low sig-
nal intensity during the hepatobiliary phase in gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced MRI; it was surgically resected. Its histology exhibited hepatocyte hyperplasia, fi-
brous septa containing unpaired small arteries accompanied by reactive bile ductules, remarkable iron depos-
its and sinusoidal capillarization, and was compatible with the diagnosis of an FNH-like nodule. When we
analyzed the images of the present nodule retrospectively, low signal intensity on in-phase and isosignal in-
tensity on opposed-phase T1-weighted MRI may have reflected iron deposits in the FNH-like nodule. In ad-
dition, a low signal intensity on T2-weighted MRI and no detection in diffusion-weighted MRI may help in
distinguishing FNH-like nodules from HCC, since these image findings are inconsistent with typical HCC.
Immunohistochemical analysis revealed a markedly reduced expression of organic anion transporter (OATP)
1B3 in this nodule, which implied decreased Gd-EOB-DTPA uptake by hepatocytes and accounted for the
low signal intensity during the hepatobiliary phase on Gd-EOB-DTPA-enhanced MRL To the best of our
knowledge this is the first report in which an FNH-like nodule was assessed for OATP1B3 expression.

Key words: alcoholic liver cirrhosis, FNH-like nodule, hepatocellular carcinoma, organic anion transporter,
Gd-EOB-DTPA-enhanced MRI

(Intern Med 50: 1193-1199, 2011)
(DOI: 10.2169/internalmedicine.50.4637)

Introduction

Due to improvements in imaging techniques and patho-
logical evaluation, a new type of small focal lesion occur-
ring in the cirrhotic liver has been described (1-3). Focal
nodular hyperplasia (FNH)-like nodules (FNH-like nodules)
are focal lesions occurring in liver cirrhosis and are morpho-
logically very similar to classical FNH in the otherwise nor-

mal liver. In general, FNH-like nodules are assumed not to
have an increased risk of malignant transformation (1-3), but
this issue remains elusive (4). FNH-like nodules are occa-
sionally misdiagnosed on imaging as hepatocellular carci-
noma (HCC) due to hypervascularity during the arterial
phase of magnetic resonance imaging (MRI)computed to-
mography (CT).

On the other
diethylenetriamine

hand,  gadolinium-ethoxybenzyl-
pentaacetic acid (Gd-EOB-DTPA)-
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Figure 1.

enhanced MRI has enabled us to detect focal liver lesions
because of its hepatocyte-specific properties (5-7), and it
might be the most useful imaging modality for the diagnosis
of HCC at present (8, 9). However, the image findings of
FNH-like nodules in Gd-EOB-DTPA-enhanced MRI are not
well known, and it remains unclear if FNH-like nodules can
be distinguished from HCC in Gd-EOB-DTPA-enhanced
MRI. Here, we report a histologically proven FNH-like nod-
ule in a patient with alcoholic liver cirrhosis, and discuss the
diagnostic potential of Gd-EOB-DTPA-enhanced MRI for
FNH-like nodules.

Case Report

A 68-year-old Japanese man with a history of alcoholic
liver cirrhosis for approximately 10 years was found to have
a 9 mm hypervascular nodule in the liver through contrast-
enhanced CT and admitted to Kawasaki Medical University
Hospital in June 2008 for further examination of the hepatic
nodule.

His alcoholic consumption over the previous 40 years was
100 g or more per day. A physical examination on admis-
sion showed no remarkable abnormalities except for moder-
ate splenomegaly. Laboratory data on admission disclosed

Images of the FNH-like nodule in segment 3 in Gd-EOB-DTPA-enhanced MRI. Arrows
indicate a 9mm FNH-like nodule. (A) Low signal intensity before contrast injection, (B) High signal
intensity during the hepatic arterial phase, (C) Washout pattern during the equilibrium phase, (D)
Low signal intensity during the hepatobiliary phase.

the following abnormal values: platelet count 9.4x10%/uL
(normal range 15-35), aspartate aminotransferase 58 IU/L
(10-35), y-glutamyl transpeptidase 346 IU/L (5-60) and in-
docyanine green retention rate at 15 minutes 16.4% (<10).
The levels of hepatic tumor markers were as follows: o-
fetoprotein 9.0 ng/mL (<10) and des-y-carboxy prothrombin
25 mAU/mL (<40). The serum was negative for anti-
hepatitis C virus antibody and hepatitis B surface (HBs) an-
tigen but positive for anti-HBs and anti-hepatitis B core ari-
tibodies.

Neither B-mode sonographic scans nor Sonazoid contrast-
enhanced ultrasonography detected the hepatic nodule. Arte-
riography did not disclose any hypervascular mass lesion.
Contrast-enhanced CT revealed a nodule of 9 mm in the
liver segment 3 as hypervascularity -during the hepatic arte-
rial phase. Gd-EOB-DTPA-enhanced MRI disclosed that this
nodule had a low signal intensity before contrast injection
(Fig. 1A), hypervascularity during the hepatic arterial phase
(Fig. 1B), a washout pattern during the equilibrium phase
(Fig. 1C), and a low signal intensity during the hepatobiliary
phase (Fig. 1D). Diffusion-weighted MRI did not reveal this
nodule (Fig. 2A). In- and opposed-phase T1-weighted MRI,
and T2-weighted MRI disclosed this nodule as low signal
intensity (Fig. 2B), isosignal intensity (Fig. 2C) and slightly
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Figure 2. Images of the FNH-like nodule in segment 3 in Gd-EOB-DTPA-enhanced MRL Arrows

indicate the 9mm FNH-like nodule. (A) No detection of nodule in diffusion-weighted MRI, (B) Low
signal intensity on in-phase T1-weighted MRI, (C) Isosignal intensity on opposed-phase T1-weighted
MRI, (D) Slightly low signal intensity in T2-weighted MRI, (E) Slightly low signal intensity in SPIO-

enhanced MRIL.

low signal intensity (Fig. 2D), respectively. Although this
nodule was detected as slightly low signal intensity
(Fig. 2E) in superparamagnetic iron oxide (SPIO)-enhanced
MRI, it was uncertain if Kupffer cells took up SPIO because
of the slightly low signal intensity on T2-weighted MRI be-
fore SPIO injection.

The imaging findings mentioned above were suggestive of
HCC, even though several findings, such as low signal in-
tensity on in-phase and isosignal intensity on opposed-phase
T1-weighted MRI, low signal intensity in T2-weighted MRI
and no detection in diffusion-weighted MRI, were not con-
sistent with typical HCC. We could not histologically assess
this hepatic nodule by liver biopsy because of its unde-
tectability by ultrasonography, and we could not ignore the
possibility of HCC as the diagnosis of this nodule. There-
fore, this nodule was surgically resected after obtaining in-
formed consent from the patient. The nodule of interest was
not encapsulated and its margin was difficult to distinguish
from the surrounding cirrhotic tissue (Fig. 3A and 3B). In-
tranodular fibrous septa were present but central fibrous
scarring and portal tracts were absent (Fig. 3C). The fibrous
septa contained unpaired small arteries accompanied by re-
active bile ductules radiating into the parenchyma (Fig. 3D).
This nodule showed varying degrees of increased cellularity
(Fig. 4A) and marked iron deposits in the hepatocyte and/or
Kupffer cells (Fig. 4B) compared to the surrounding cir-
rhotic tissue. Immunohistochemical analysis using an anti-
CD34 antibody (anti-CD34) revealed marked sinusoidal cap-
illarization (Fig. 4C). Thus, the histological diagnosis of this
nodule was an FNH-like nodule. Finally, we immunohisto-
chemically assessed the expression of organic anion trans-

porter (OATP) 1B3 in hepatocytes, using an anti-OATP1B3
antibody (anti-OATP1B3) to examine why this nodule ex-
hibited low signal intensity during the hepatobiliary phase of
Gd-EOB-DTPA-enhanced MRI.  Immunohistochemically,
OATP1B3 was diffusely and strongly positive for the cell
membrane of the hepatocytes in the surrounding cirrhotic
tissue, but was nearly absent in the FNH-like nodule
(Fig. SA-C). Thus far neither recurrence of the FNH-like
nodule nor the development of HCC has been found in this
patient who has stopped drinking alcohol since he was ad-
mitted to our hospital.

Discussion

FNH-like nodules occurring in cirrhotic livers are reported
to have the pathological features such as encapsulation, he-
patocyte hyperplasia, fibrous septa containing unpaired small
arteries accompanied by reactive bile ductules, iron deposits
and/or sinusoidal capillarization (1, 2). It has been suggested
that the artery-dominant condition derived from disturbed
portal circulation in the cirrhotic liver (10) or the congenital
vascular anomaly (11, 12) causes localized hyperplastic
changes of the hepatocytes, and generates nodular lesions
such as FNH. The increased unpaired arteries, diffuse capil-
larization, and iron deposits in the nodule would be attribut-
able to a similar mechanism in nodular formation. The
FNH-like nodule in this study had these pathological fea-
tures except for encapsulation. One possible explanation for
the lack of encapsulation is that hepatocytic hyperplasia had
not expanded sufficiently to be encapsulated because it was
the early stage in the development of the hyperplastic nod-
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Figure 3. Surgically resected specimen and histology of the FNH-like nodule. (A) Arrows indicate
the FNH-like nodule (15mm). The nodule is not encapsulated and its margin is difficult to distin-
guish from the surrounding tissue. (B) The surrounding tissue shows liver cirrhosis (Masson tri-
chrome x40). (C) Fibrovascular septa with mild lymphocyte infiltrate within the FNH-like nodule
(Hematoxylin and Eosin staining x100), (D) Unpaired small arteries (arrows) and reactive bile duct-
ules radiating into the parenchyma (arrowheads) within a fibrovascular septum in the FNH-like
nodule (Hematoxylin and Eosin staining x400).

ule. In this respect the state of the present FNH-like nodule
may suggest its early stage. The present case clearly indi-
cated the existence of an FNH-like nodule with reduced
OATP1B3 expression. Hepatocytic disorder derived. from
disturbed portal circulation in cirrhotic liver may have sup-
pressed the expression of OATP1B3. We cannot necessarily
exclude a possibility of malignant potential of this nodule in
terms of nearly absent expression of OATPIB3. Otherwise,
unknown mechanisms may have been related to the reduced
expression of OATP1B3.

FNH-like nodules also are clinically important lesions in
terms of difficulty in distinguishing them from well-
differentiated HCC in image diagnosis. There were at least
two reasons why we had diagnosed this patient as having
probable HCC in imaging. First, the present FNH-like nod-
ule exhibited hypervascularity during the hepatic arterial
phase and a washout pattern during the equilibrium phase in
contrast-enhanced MRI. Second, the Gd-EOB-DTPA-
enhanced MRI revealed this nodule to have low signal in-
tensity during the hepatobiliary phase, which implied re-
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Figure 4. Cell density, iron deposits and sinusoidal capillarization in the FNH-like nodule and the
surrounding tissue. The FNH-like nodule shows increased cell density (A, Hematoxylin and Eosin
staining x400), remarkable iron deposits in the hepatocyte and/or Kupffer cells (B, Berlin blue x400)
and marked sinusoidal capillarization (C, immunohistochemical staining using anti-CD34 x400),

compared to the surrounding tissue.

duced uptake of Gd-EOB-DTPA by hepatocytes. Reduced
Gd-EOB-DTPA uptake by hepatocytes was reported to sug-
gest an early event of hepatocarcinogenesis in a recent
study (13). In contrast, FNH is demonstrated to be enhanced
during the hepatobiliary phase of Gd-EOB-DTPA-enhanced
MRI (5, 14). With respect to this point, it should be noted
that the present FNH-like nodule may have had an excep-
tionally low signal intensity during the hepatobiliary phase.
The present results were consistent with the recent report
that uptake of Gd-EOB-DTPA is determined by OATP1B3
expression rather than by tumor differentiation or bile pro-
duction in HCC (15), and suggested the difficulty in dis-
criminating between FNH-like nodules and HCC by assess-
ing the Gd-EOB-DTPA uptake by hepatocytes.

Which MRI imaging findings were useful for distinguish-
ing between FNH-like nodules and HCC in this patient?
When we analyzed the images of this nodule retrospectively,
there seemed to be three important findings for diagnosis.
First, the low signal intensity on in-phase and isosignal in-
tensity on opposed-phase T1-weighted MRI may have re-
flected iron deposits in the FNH-like nodule, since similar
phase-shift imaging has been reported to reflect hemosiderin
deposits in regenerative nodules in liver cirrhosis (16). In
contrast, the isointensity to slightly high intensity on in-
phase and the low signal intensity on opposed-phase T1-
weighted MRI are known to reflect hepatocellular nodules

with fatty degeneration (8). Thus, the combined findings
from the in-phase and opposed-phase may facilitate dis-
crimination between FNH-like nodules and well-
differentiated HCC, since the former frequently have iron
deposits and the latter has fatty degeneration. Second, FNH-
like nodules and HCC have been shown to be likely to ex-
hibit iso- to low signal intensity and high signal intensity in
T2-weighted MRI, respectively (17), which was consistent
with the low signal intensity in the present nodule. Third,
the lack of detection in diffusion-weighted MRI may help in
distinguishing FNH-like nodules from HCC, since diffusion-
weighted MRI imaging has been reported to be useful in
differentiating benign hepatocellular nodules including FNH
from HCC (18). However, it still may be difficult to distin-
guish such small FNH-like nodules showing low signal in-
tensity during the hepatobiliary phase in Gd-EOB-DTPA-
enhanced MRI from HCC in clinical practice.

In addition, it remains controversial whether FNH-like
nodules can be distinguished from HCC based on the pres-
ence of Kupffer cells in the nodules. A defect in the Kupffer
phase on contrast-enhanced ultrasonography, which implies
the absence of Kupffer cells, has been reported in the FNH-
like nodule in alcoholic liver cirrhosis (19), whereas the
presence of Kupffer cells on SPIO-enhanced MRI has also
been shown in FNH-like nodules in alcoholic liver cirrho-
sis (17). The present FNH-like nodule may have contained
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Figure 5. Expression of OATP1B3 in surgically resected
specimen. Arrows indicate the FNH-like nodule (A). The ex-
pression of OATP1B3 is nearly absent in the nodule (B, x400),
but is diffusely found in the surrounding tissue (C, x400).
OATP1B3 was immunohistochemically detected using anti-
OATP1B3.

Kupffer cells, since Sonazoid contrast-enhanced ultra-
sonography did not detect this nodule. However, we could
not precisely assess the uptake of SPIO by Kupffer cells be-
cause of the slightly low signal intensity on T2-weighted
MRI before SPIO injection. Thus, the present case suggests
the importance of pathological diagnosis for hepatic small
nodular lesions as well as the difficulty in image diagnosis
for such lesions. We also propose that observational follow-
up is also an important modality to be chosen when nodules
are less than 1.5 cm in diameter, since small nodular lesions
associated with chronic liver diseases smaller than 1.5 cm
have been reported to have less potential to be early
HCC (20).

In conclusion, we found an FNH-like nodule with re-
duced expression of OATP1B3 in a patient with alcoholic
liver cirrhosis, and retrospectively analyzed imaging findings
useful for distinguishing FNH-like nodules from HCC.
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TCHICS
PRI RS EIFEOH 8 ~9 82 505, b
PENC BT 5 BER UG, Zol3t
AERBEFFEY 4 VAHBY), 5WiECH
JFHw 4 VAHCV) DFHREEZFELTHWS
Y THhDH, FITABTIE, TROOFEYAL
AL BREBAHZADIZOVWTOREDHR %
s 5.

HBV EFF&RES®

EEER I S HBV-DNA I ICRFFE L 2 IFRE O
DR L S ICFREILOET L T WIZIRIE
ERPOFEELBDLILEPOD HBVIZLE S
EENZIFREREI G INL Y, 27208
B2 WTIEAHEL EARS . I TIRERN L
evidence #ZEIZ LWL O DI RIERE 28
N9 5.

1. HBVEEERICKPEREHR

RERSE LD BV HBr BHETFEAT T X T
FIFREAE RO, T0BE L LT HBr &
ZFEWTH S XEAPO BERFEZMN L TH
FEICEET A EBETEEEMT AL, O #illg
A oRBEBELZEETLZ L, @ BHHER
F p53 IH54E LT DNA B2 M35 2 &
REBEBITFOhTwEY. F7, HBVOEHZE
HSER)Z2—F75 PreS2MEFEEAL
7o ATOEHEEICRHERE 2RO L oFHEs
»5Y. ZOBEEL LT, PreS2 BHE ML
WCHEEST Y ST VEESTF TH B MAPK
(mitogen-activated protein kinase) % i&¥:1k Ll
JaE AR T E R EREZ OND.

2. JEZx DNA A0 HBV-DNA D H3A %

F 7215 DNA ~® HBV-DNA D# AAA inte-
gration d FFREBORK L L TEETH 52%, HBV
BEEFFHIIEIE T3 0% OEFTROON5S.
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HBV 3 ELERE CHEE RIS % /i L T pregeno-
mic RNA»S 74 VADNAZEHKT B, =
D& X CHESHIK A HBV-DNA %545 & DNA
~NHARENS, BAAENS HBV EizF& L
TR XEBETFPL, HOREBLIEETOD preS2/S
BIEFLVWDRTWSY,

3. FREICHTI7ZCFOFVEBERTUR

05 %84 (AR) DS

HCV BEFSEETCIEBEIZBD 2~3/ETH
O, HBV MEFREE TR S~THEB
TEFREINTWBSD BE, 29 LR
BT ABEEHATIEIA AL D0 LO0HEE
ENMTW5h, HBV B 5 & 3B AR L
ZTWHoon, <7 AD diethylnitrosamine (DEN)
{LZIFFIE I BT A ba s 2% Kupffer g2
LD IL-6 2P Hl§ 52 L CHEEZHIHT S
ZENHmESNAY. F 72 micro RNA (miRNA)-
182tk B A buy v EEAK(ER) a DFIFRH
% L AR I & B TR R 4 LS &
NTwa, —7, HBV BB E OBE L L
T,Hk%éﬁﬁ?f@?/bﬁ7/ ZHARE

BEREETEC L 2 FEEREY2 7Y Fuy

ZEKIC X 5 HBV-RNA 5 LA HBV &
WML, WHENCHENTS2HBxEHL LB
R RET 2 W L RES N TV,

HCV ¢F5E®

1. HCV OEBETFHEE
HCVIZ 75 X8 RNA Y A4 VA TH Y, % 9,500
X7 VEFFEO—KGERNAZZDTF ) AL L
TWb. 05 7 AORFEFE—2oDEBHEFHHA
# openreading frame (ORF) CTH®H BN, v A4
VAEBRRIRTIZIWCa—-RKERLTw5B,
DNA 7 A4 VA% EDMMDIET L VADGAETIE
TANRY ) MIEFMBOBANTHEESh, £
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EEBESES LTV 3.

@ HBV EhETRE (3 M07E HBV-DNA £ L EDMEEEREFRS $ 3.

@HBV BHERRECERF L LT, XEE® PreS2 EH, BEDNAAD
HBV-DNA &A%k, 7 FOF  SREIPES T3, & 3.

GHCVERERREICIEHCV AFPERICLZI M FUTEEEALE

DT 7 ADVBBERGBERICEAIN, TNERED
FERE 2 58608H5. LrLHCV 7/ AEH
BEICBNCHEETEEEZLNTBY, HED
& 2 A HCV-RNA % 5\ i3 cDNA BEHD» S5#
HEhTwiw, ZOZEPSZF0EETFEYD
¥ ) HCV B 2SRRIz L TE S 2ok
BEZEODLEZONTVEDITTHS.

2. HCV EBMEXRL X

HCV#EEEAD—2TH 5 HCV I 7EBIZX
in vivo R in vitro DR THBALA PV AR FHEY
LI EFEHLMCERTWS, HCV I 7&EF
BAT Y ATORTH T VE F I~ (GSH) DK
TRMENCHES BRIEA P UATTEIHE SR TY
212 F/-HCV a7 BARBEEMRTHIER
BH#ELEEBLIBEEN LA L, PEBERISHFOE
EFRENSFEINDLIEDS, BALA ML AR
HCVa7EBICIVERICGIERBIIATNS
rEzon~Y. I bav FY T RMBRORE
BBREORKELETMTH SIS, bhbho
geEc L Y HCV a 7 &S HRSGHEEKR I O
weEEsraEIT WL, I rarryYy
¥ R u &EH T 5 prohibitin & cytochrome
oxidase (COX) DM EEAFHH &, COXD
EHET22RIFY LB HESh TV,
CDXHICHCV aT7ERICX 2 EHBREREDR
ffE LTI PaAaVYRYTHEETHLZLHFHES
ey, IbavFYTEECES(BEA D
VABPHREZFIEEITI LT 29D
HCV b5 v AV 22w 77 ADORTHL NI
XhTWwa e x5z, HCV EBIZELA b
L ARSI 2 B & U ST REET]
xElL, WAEbhDPIIZHCV FS VYAV
Zy T AHEOHRAMEITH)IT LTI b
Ry TESE, Bt DNABEESTTELTHFR
FARESNDZ LR ALY (E1).

3. HCV IZ& B epigenetic B EEFTR

a. retinoblastoma EHIFIEH (Rb)

RbE7F /94 VX, bR ¥a—<w 4L
ADEH % DNABET A VABRETHEEHD
HBULAENE 25, Rb 2WHI3 5 L WiaE
BAIAMEEZI N, NSO A4 NV ADBFEIZHE
7 DNA BHERMEE IS, LA LELIRE
CLICRbIFHCVD X5 % RNA YA IV ADIE
RIZdZoTED, NSSBIZHIRENTRD &8
A% L Rb 1< B6 B# & B (E6AP) 75554
TEHIETRYLEFF Vb EATOF7—F
WWEBROEHEIRISL. ZOEE, WBEAHO
S~ Y MY —ZRETHEENTWVS EQF
BISE 7T uE— & —HiEHE ks h s,

b. p53 &

AT hREDIZHCVERL p53 L OMHE BRI
FEEERIZL Y controversial TiZdH 5 H DD, NS3
R NSSA BHHE D p53 EFMENER L p53 REHD
BREZMH LB EXBESh TS, 72,
NS5B & H 25 p53 DEERER F TH h RNA
helicase D &> TH 5 DDX5 EHEEH LT
DEBELTHEET AL IHMESATVEY, &
9 L7-HCVEBIZL % p53 o HERKEEIX HCV
HEFBEO—BFELEZONDY, E5%5
F— ¥ OERPLETH 5.

c. Wnt/p-A57=>

Wit BEOBRERIFETCLIELIZZEL,
TORHRP-IT=vE2EELEESL. Zhitk
DBR-IT=VIBARACBITTAILNTE, M
I EET A BETOBE*RGTLEA L
MEERTAZLITESL. ZITRENZER
ZEBTHY, NSABEHV - I TV 2RE
ILEFBIET, p-ITF =V ERENEEERYE
PRETHI LD HEINTEY, HCV HHERF
S DBERE X 5D 2 THEKENY
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