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Figure 3. MALDI-TOF mass spectra of three-peptide mixture
(a), after the transamination reaction (b) and after treatment
with DITC glass (c). The three peptides are as follows:
(1) VYIHPF ((M+HI*: 775.4), (2) MHRQETVDCLK-NH;
(IM-+H]*: 1358.7), and (3) AAKIQASFRGHMARKK ([M+H]*:
1800.0). An aliquot (ca.10 pmol) of mixture was loaded on the
target plate.

Modification of isolated C-terminal peptides
This method has the advantage that the isolated C-terminal
peptide is open to introduction of virtually any type of
functionality because it incorporates an a-ketocarbonyl
group at its N-terminus that can accept nucleophilic attack.
As an example, we applied DNPH modification to the
isolated C-terminal peptide of ag-casein (Fig. 5). The isolated
C-terminal peptide was successfully modified with DNPH
(Fig. 5(b)) and sequenced by MS (Fig. 5(c)).

Copyright © 2009 John Wiley & Sons, Ltd.
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DISCUSSION

It has been reported that some, but not all, N-terminal
residues can be transaminated.’’'® We examined the
reactivity towards transamination of all 20 amino acid
residues by using commercially available peptides. Sixteen
of twenty residues (glycine, alanine, valine, leucine, iso-
leucine, phenylalanine, tyrosine, arginine, glutamic acid,
glutamine, serine, threonine, asparagine, methionine,
cysteine” (*: the SH group in the N-terminal cysteine residue
was alkylated with iodoacetamide), and lysine) were
transaminated, and peaks with a decrease of 1 m/z unit were
detected (data not shown). For peptides having threonine,
asparagine, cysteine”, or lysine residues at their N-termini,
the signals of transaminated peptides were weak. Peptides
incorporating histidine, tryptophan or proline residues at
their N-termini afforded no transaminated product. How-
ever, such incompleteness of the reaction for peptides
incorporating one of those seven residues (threonine,
asparagine, cysteine”, lysine, histidine, tryptophan, or pro-
line) at their N-termini does not affect the effectiveness of the
method itself, because all peptides other than C-terminal
peptides of proteins, which have lysine residues at their
C-termini after LysC digestion, are depleted by DITC glass
treatment whether or not their transamination reactions have
proceeded to completion (data not shown). However, if a
target C-terminal fragment of a protein has one of the three
residues (threonine, asparagine or cysteine™ lysine residue is
not placed at its N-terminus in this protocol) at its
N-terminus, the signal in the mass spectrum can be detected
but is weak after DITC depletion. For a C-terminal peptide
having histidine, tryptophan or proline at its N-terminus, an
orthogonal method should be employed.®”

Optimized conditions or alternative routes to yield an
a-ketocarbonyl group for peptides with these no-yield and
low-yield residues should be exploited. For threonine and
serine residues, there is an alternative technique that
employs periodate oxidation.™

Dangers of side reactions have been mentioned in previous
reports.'">*%17 Peaks with a 56 and 74 Da increase were
mainly detected among by-product peaks in the mass
spectra. These by-products can generally form from almost
all amino acid residues except for proline residues (data not
shown). The mass increase of 56Da may indicate the
formation of a Schiff base with glyoxylate, and the increase
of 74Da can be explained by the addition of glyoxylate
(before dehydration to the Schiff base). For the peptides
containing aspartic acid at their N-terminus, the transam-
ination reaction was incomplete although a 45-Da lighter
species was detected as the principal species, which was
attributed to the decarboxylated product’® This peak
corresponds to that with an alanine residue at its
N-terminus, so care should be taken of this special case.

The complexity of the mass spectrum that arose from the
formation of these by-products was alleviated by DNPH
modification. Figure 6 presents an example. A peptide
incorporating an N-terminal serine residue (SFLLR) produced
several by-products under this protocol (Fig. 6(a)). However,
after DNPH modification, the modified peptide was selectively
detected and the spectrum was simplified (Fig. 6(b)).

Rapid Commumn. Mass Spectron. 2009; 23: 611-618
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Figure 4. MALDI-TOF mass spectra of LysC digests after the transamination reaction (a, ¢, ©) and after treatment with
DITC glass (b, d, f). Three model proteins were used: pig albumin (a, b), bovine cathepsin B {c, d), and bovine «-casein
(e, f). For bovine a-casein, two C-terminal peptides were isolated ([M+H]J*: 1021.06 from S2 and [M+H]*: 747.4 from 81
{f: inset)). Arrows indicate the peaks of C-terminal peptides. An aliquot (ca. 3 pmol of digest) was loaded on the target

plate.

It was reported that DNPH modification of peptides
and use of DNPH as a matrix for MALDI-MS
increase sensitivity.® With the experiment using the
peptide (SFLLR, [M+HI*: 635.4), the signal intensity
of the modified peptide was enhanced. Successful
application of the DNPH modification technique to
transaminated peptides was thus demonstrated. This is

Copyright € 2009 John Wiley & Sons, Ltd.

partly explained by the higher affinity of DNPH-deriva-
tized peptides for the DNPH matrix and structural
similarity between derivatized peptides and the matrix.°
It was reported that a nitrobenzene derivative functions as
a matrix in MALDI-MS for selectively detecting
2-nitrobenzenesulfenyl-modified peptides and nitrotyro-
sine-containing peptides.?

Rapid Commun, Mass Spectrom. 2009; 23: 611-618
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Figure 5. MALDI-TOF mass spectra of the isolated C-terminal peptide of agp-casein (a), after
modification with DNPH reagent (b), and tandem mass spectrum (PSD mode) (c). An aliquot (ca.
3pmol of digest) was loaded on the target plate. The b,+-H,0 ion arises from the loss of the C-

terminal amino acid residue.®?

The transamination reaction introduces a reactive carbonyl
group into the peptide. It is beneficial for following chemical
modifications because the resulting carbonyl group serves as a
nucleophilic acceptor, whereas it increases the risk of undesired
reactions, such as aldol reaction,®? during subsequent steps.
These undesired reactions can be minimized by the hydrazone
or oxime formation just after the transamination reaction. This
improved protocol is now under investigation.

In cases where proteins have a C-terminal lysine residue,
the mass spectrum shows no peptide-derived signal because
their C-terminal peptides, as well as internal peptides, are
bound to DITC glass. This, in turn, suggests that the
C-terminal residue can be lysine if no signal is observed in
mass analysis. As mentioned already, the transamination
reaction gives a couple of by-products which mainly derive
from the addition reaction between the a-amino group of the
peptide and the aldehyde group of glyoxylate. However, a
C-terminal peptide whose N-terminus is proline gives no

Copyright © 2009 John Wiley & Sons, Ltd.

transaminated product and no adducts, which leaves the
secondary amino group at the o-position intact (data not
shown). Hence, in this case, the mass spectrum shows no
peptide-derived signal as well. Therefore, if no signal is
observed in the mass spectrum after the protocol, the
C-terminal residue of a protein of interest can be lysine, or a
C-terminal peptide whose N-terminus is proline.

For identification of proteins, N- or C-terminal analysis
gives more reliable results than conventional methods such
as peptide mass fingerprinting (PMF) or peptide fragment
fingerprinting (PFF).2*?* Hence, if the C-terminal analysis
fails, N-terminal analysis can be complementarily used for
this purpose.2°-2

The N-terminus of a protein plays an important role as
well* As with C-terminal analysis, N-terminal structural
determination serves for the analysis of post-translational
modification and protein identification. We developed an
N-terminal analysis method® by slightly modifying the method

Rapid Commun. Mass Spectrom. 2009; 23: 611-618
DOIL 10.1002/rcm
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Figure 6. MALDI-TOF mass spectra of peptide SFLLR (10 pmol, [M+H]*:
635.4) after the transamination reaction. The transaminated product
(10pmol, [M+H]": 634.4) was detected along with accompanying by-
products (a), whereas the DNPH-modified product (10pmol, [M+H]":

814.4) was mainly detected after the reaction (b).

for C-terminal analysis by just switching protease from LysCto
Grifola frondosa metalloendopeptidase®! (LysN). We are now
studying N-terminal-specific isolation and sequencing by the
transamination reaction (to be published elsewhere).

CONCLUSIONS

Isolation and sequencing of C-terminal peptides of proteins
and their modification with DNPH were successfully
performed. As far as we know, this is the first report of
application of the transamination reaction to C-terminal
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The prognosis of hepatocellular carcinoma (HCC) remains poor. Vascular invasion, tumour
multiplicity and large tumour size are the conventional poor prognostic indicators related
to early recurrence. However, it is difficult to predict prognosis of each HCC in the absence
of these indicators. The purpose of this study is to predict early recurrence of HCC after rad-
ical resection based on whole human gene expression profiling. Microarray analyses were
performed in 139 HCC primary tumours. A total of 88 cases lacking the conventional poor
prognostic indicators were analysed to establish a molecular prediction system character-
istic for early recurrence in 42 training cases with two polarised prognoses, and to test its
predictive performance in 46 independent cases (group C). Subsequently, this system was
applied to another 51 independent cases with some poor prognostic indicators (group D).
The molecular prediction system accurately differentiated HCC cases into poor and good
prognoses in both the independent group C (disease-free survival [DFS]: p = 0.029, overall
survival [OS]: p = 0.0043) and independent group D (DFS: p = 0.0011, OS, p = 0.035). Multivar-
iate Cox regression analysis indicated that the clinical value of molecular prediction sys-
tem was an independent prognostic factor (p<0.0001, hazard ratio=3.29). Gene
expression pattern related to early intrahepatic recurrence inherited in the primary HCC
tumour can be useful for the prediction of prognosis.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Some patients who have undergone curative resection suf-
fer an unpredictable early fulminant recurrence in the rem-

Hepatocellular carcinoma (HCC) is a common malignancy
worldwide and is currently the third major cause of cancer-re-
lated deaths in Japan.! Recent progress in diagnostic and
treatment technologies has improved the long-term survival
of patients with HCC, but the prognosis remains unfavour-
able. Surgical resection has been one of the mainstays in
curative treatment of HCC. However, even after curative
resection, 80% of patients develop intrahepatic recurrence
and 50% die within 5 years.>®

* Corresponding author: Tel.: +81 6 6879 3251; fax: +81 6 6879 3259.

E-mail address: alfa-t@sf6.s0-net.nejp (I. Takemasa).

nant liver, and this is associated with dismal prognosis.
Detection of cases with early recurrence at the time of resec-
tion is beneficial for better decision making for treatment. In
this regard, a staging system for HCC according to clinico-
pathological findings has been applied to assess the risk of
recurrence following resection.*

Vascular invasion, tumour multiplicity and large tumour
size (tumours measuring more than 5cm in diameter) are
poor prognostic indicators of HCC,>*” and it is difficult to

0959-8049/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
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predict the prognosis of each case of HCC in the absence of
these conventional indicators. However, the above-mentioned
poor prognostic indicators are insufficient to predict the recur-
rence of HCC patients who undergo curative resection®, thus
new indicators are sought to help predict early intrahepatic
recurrence developing after surgery in these patients.

Carcinogenesis is regulated by various changes on a genet-
ic level, and several studies have discussed the phenomenon
of cancer metastasis based on the analysis of various mole-
cules. While it is useful to understand cancer progression, it
is difficult to predict early recurrence with the analysis of a
single molecule. The reason is that recurrence might be regu-
lated by multiple molecular changes and interactions, and it
might be difficult to explain the phenomenon of recurrence
of HCC by a single molecule. ®*® Therefore, it is important to
conduct a comprehensive analysis of these molecules. The
approach of microarray technology provides considerable
information on cancer features and behaviour in individuals
in several malignant tumours,’*"!* Several molecular and ge-
netic studies have been reported on the progression of HCC
and prediction of response of chemotherapy,'>'® and some
concluded that the specific gene expression patterns in HCC
cancerous tissues could predict early intrahepatic recur-
rence.'*?2 However, it is still challenging to detect early recur-
rence tumours at the time of resection due to the complex
pathogenesis of HCC. A recent study suggested that the strict
selection of a homogeneous training set of patients in build-
ing the classifiers is essential to improve the predictability,
reproducibility and validity of classifiers.?®

In the present study, whole gene analysis was performed
using a more clearly and strictly defined design set taking ac-
count of the complex pathogenic process of HCC, which re-
flected the prognosis more directly than previous reports
with larger number of analyses.*

Training phase

multlp[ ntrahepatrc recurrences wrthm 2

GroupA Poor prognosls) 21 cases G -

2. Materials and methods

2.1. Patients

A total of 139 HCC patients who had undergone hepatectomy
at the Osaka University Hospital were enrolled in this study.
All patients were followed up after resection for at least 3
months and the median follow-up time of survival cases in
this study was 36 months (range, 12-87 months). Informed
consent was obtained from all patients to use their surgical
specimens and the clinicopathological data for research pur-
poses. Histological classification was based on the Edmond-
son grading system and clinical stage was determined
according to the Cancer of the Liver Italian Programme (CLIP).
A mixture of RNA from the normal parts of liver specimens of
seven patients with liver metastases from intestinal carcino-
mas was used as a reference for microarray analysis. None of
the reference cases had hepatitis B or C (HBV or HCV, respec-
tively) infection and their liver function tests were within nor-
mal values. All tissues were snap-frozen into liquid nitrogen
and were stored at -80 °C.

2.2,  Experimental design

Fig. 1 illustrates schematically our experimental design. Pre-
diction of early recurrence in patients lacking the above-men-
tioned conventional poor prognostic indicators is clinically
beneficial. In our study, we analysed patients lacking the
aforementioned poor prognostic indicators to solve such a
problem. To select the informative genes that are related to
the phenomenon of early recurrence, we used two groups
with polarised time course during the training phase. One
group (group A) comprised cases with poor prognosis

(n=21), representing patients who developed multiple
Validation phase
- -{ Independent cases : 97 cases '- ——————

years after I‘ESECﬂOn :

— GroupB(Good prognos1s) 21 cases -

Independent grotrp C- 46 cases | independent group D: 51 cases

-Main tumor status Sohtary

l informative gene set

] Prediction formula :

with some poor prognostic
more than 3 year DFS time Vascular invasion () indicators
Tu r<
Mam tumor statqs Solrtary mor dlamete §cm
Tuemorcd'amsfterﬁscrﬁe L L i

Molecular diagnosis

v v

l Diag. asPoor signaturel |Diag. asGood signature]

Fig. 1 - Schematic diagram of the experimental protocol. A molecular prediction system was constructed in the training
phase. In the next step (validation phase), we applied this system to the independent group C (n = 46) and the entire group of
independent cases (n = 97) comprising group C (n = 46) and group D (n = 51). Cases in grey coloured zones (Groups A, B and C)

had similar clinicopathological conditions.
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intrahepatic recurrences within 2 years after resection of the
primary HCC. The second group (group B) comprised patients
with satisfactory prognosis (n = 21), defined as more than 3-
year disease-free survival (DFS) time. Table 1 summarises
the clinicopathological features of patients of the two groups
during the training phase. There were no differences between
the two groups with regard to liver function tests and other
clinicopathological variables except for the range of protein
induced by vitamin K absence or antagonist II (PIVKA-II).
Based on the studies conducted in the training phase, a
molecular prediction system was constructed using a set of
informative genes. In the next step, we applied this system
to another {independent) group C without any poor prognos-
tic indicators as well (n = 46). The prediction system classified
patients of group C into a ‘poor signature’ group (gene expres-
sion pattern resembled that of cases with poor prognosis) and
a ‘good signature’ group (gene expression pattern resembled
that of cases with good prognosis). Subsequently, we applied
the prediction system to the independent group D (n=>51),
which was composed of cases with positive status of some
poor prognostic indicators. Finally, the independence of the
diagnostic value of the molecular prediction results was veri-
fied by univariate and multivariate analyses using the whole
independent cases, comprising patients of groups C and D.

2.3.  Microarray analysis

Total RNA was extracted using TRIzol agent (Invitrogen, Carls-
bad, CA), according to the instructions supplied by the manu-
facturer. Next, 2 pg of total RNA was used to synthesise
double-strand cDNA that contained a promoter for T7 RNA
polymerase. Amplified antisense RNA was synthesised by
in vitro transcription of the cDNA templates by using the Ami-
no Allyl MessageAmp aRNA kit (Ambion, Austin, TX). The ref-
erence and test sample were labelled with Cy3 and Cys5,
mixed and hybridised on a microarray, AceGene Human oligo
chip (DNA chip Research and Hitachi Software, Yokohama, Ja-
pan) DNA microarray. DNA microarray was used according to
the instructions provided by the manufacturer (http://
www.dna-chip.co.jp/thesis/AceGeneProtocol.pdf).

2.4.  Data analysis for postscanning

The microarrays were scanned using ScanArray Lite and sig-
nal values were calculated using DNASIS array software (Hit-
achi Software Engineering Co., Yokohama, Japan). The local
background was subtracted from each spot, and the ratio of
the intensity of fluorescence from the Cy5 channel to the
intensity of fluorescence from the Cy3 channel was calculated

Table 1 ~ Clinicopathological variables during the training phase.

Poor prognosis group A (n=21) - Good prognosis group B (n = 21) P Value
Sex ' : k
M ’ 18 15
i3 ' fg 6 0.452
Age, years
<65 10 11 >0.999
>65 11 10- '
HB infecﬁon
+ve 8 11 . 0.535
-ve 13 10
HC infection :
+yé 12 15 0.520
-ve ] 9. 6
Liver status
Child A 13 15 0.239
Child B ’ 2 6
Tumour diameter, cm; mean (SD) 2.7 (0.8) 2.7 (1.1) 0.849+
AFP i o
<400 ng/ml 18 18 >0.999
>400 ng/ml 3 3
PIVKA-II
<45 AU/ml 14 20 0.049
>45 AU/ml K 7 1
Capsule formation k
—ve 6 11 0.209
+ve 15 10 )
Edmondson Grade
i 13 16 ) 0.504
uywv 8 5

P Values were calculated by the chi-square test, or by *Student t-test.
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for each spot. Spots with intensity levels below the limit value
were omitted. The ratio of expression level of each gene was
converted to a logarithmic scale (base 2), and the data matrix
was normalised to a median of 0 by standardising each
sample.
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Fig. 2 - The accuracy curve based on weighted-voting
algorithm with a leave-one-out cross validation. The accu-
racies in diagnosis of groups [ordinate] were plotted against
the degree of p-value [abscissa]. The 172-gene set

[P = 0.0004] marked the top accuracy. The accuracy was
80.2%. The P value was calculated by 10,000 times permu-
tation test.
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Genes with more than 15% missing data values in all sam-
ples in the training phase were excluded from the analysis.
Missing data were compensated by averaging the expression
data of 42 cases in the training phase.

2.5.  Construction of prediction system using gene
expression patterns

To detect the significant genes for prediction, we used permu-
tation testing.®® The original score of each gene (signal-to-
noise ratio, Si=(uA-uB)/(cA + oB), where p and o represent
the mean and standard deviation of expression for each class,
respectively) was calculated without permuting labels (re-
sponder or non-responder). The labels were randomly
swapped and the values of S2N were calculated for the two
groups. Repetition of this permutation 10,000 times.provided
a data matrix nearly the same as normal distribution. For
each gene, the P value was calculated for the original $2N ra-
tio with reference to the distribution of permuted data matrix.
This model was evaluated by leave-one-out cross validation
and the accuracy of each gene set was calculated based on
the P value of the genes. As a supervised classification meth-
od, we adopted a weighted-voting (WV) algorithm, 131419-22,25
We determined the optimal P value of the genes and classifier
and constructed the prediction formula.

2.6.  Statistical analysis

Clinicopathological indicators were compared using chi-
square test and continuous variables were compared using
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Fig. 3 - Disease-free survival curves and overall survival curves calculated using the Kaplan-Meier method for the
independent cases. (a) DFS curves and (b) OS curves of the independent group C (n = 46). (c) DFS curves and (d) OS curves of the
entire group of independent cases (n = 97) composed of groups C and D. Differences in survival curves were estimated by the

log-rank test.
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the Student t-test. Survival curves were computed using the
Kaplan-Meier method, and differences between survival
curves were compared using the log-rank test. To evaluate
the risk associated with the prognostic variables, the Cox
model with determination of the hazard ratio was applied; a
95% confidence interval was adopted. Statistical analyses

were conducted using the SPSS software (version 11.0.1 J,
SPSS Inc., Chicago, IL). We also performed network analysis
using the Ingenuity Pathways Analysis (Ingenuity systems,
Mountain View, CA; http://www.ingenuity.com), a web-based
application.

Table 2 - Univariate analysis of the independent group C.

Parameter Independent P Value™
group C (n=46)- DFS 0s

Sex

M 37 0.147 0.878

E 9

Age, years

<65 24 0.781 0.589

>65 22

HB ihfection

~-ve 26 0.791 0.776

+ve 20

HC infection

-ve 18 0.467 0.980

+ve 28

PIVKA-II

<45 AU/ml 36 0.646 0.170

>45 AU/ml , 10

Capsule formation

-ve ) 13 0.199 0.942

+ve 33

Edmondson Grade .
Vi . 27 0.479 0.479

/v 19 .

CLIP score ;

01 44 0.874 0.141
2- 2

Liver status

Child A : 38 0.920 0.530
Child B 8

AFP V

<400 ng/ml 38 0.724 0.374
=400 ng/ml 8

mmduf diameter- -

<5cm 46: - : =
>5cm 0

Vascular invasion :
-vel 46 - -

+ve 0:

Tumour multiplicity

Single 46 - -
Multiple 0

Molecular-based diagnosis

Poor prognosis. 26 0.029 0.0043
Good prognosis 22

Follow-up, months 30 (4-81)

(median)

* P Value was calculated by log-rank test according to the result of
molecular diagnosis for DFS time.

Table 3 - Univariate analysis of the entire group of

independent cases of independent groups C and D.

Parameter Entire

group (n=97) DFS os
Sex
M 80 0.604 0.582
F 17
Age, years
<65 42 0.892 0.850
265 55
HB infection :
~ve 51 0.584 0.416
+ve 46
HC infection
-ve 39 0.963 0.653
+ve 58
PIVKA-II
<45 AU/ml 73 0.897 0.387
>45 AU/ml 24
Capsule formation )
~ve 19 0.730 0.748
+ve 78

Edmondson grade

i 49 0.015 0.169
/v 48

CLIP score

0-1 69 0.009 0.0024
2~ 28

Liver status

Child A 81 0.229 0.032
Child B 16

AFP. ’

<400 ng/ml 63 0.103 0.021
>400 ng/ml 34

Tumour diameter )

<Sem 72 0.062 0.021
25cm 25 : :

Vascular invasion

—ve 82 0187 0.0058
+ve 15 :

Tumour multiplicity

Single 65 0.0046 0.0033
Multiple 32

Molecular-based diagnosis

Poor prognosis 64 <0.0001 <0.0001
Good prognosis 33

Follow-up, months 30 (4-81)

(median)

* P Value was calculated by log-rank test according to the result of
molecular diagnosis for DFS time,
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3. Results

3.1.
phase

Differentially regulated genes during the training

In the training phase, we examined the accuracy of prediction
of HCC recurrence using full genes based on a WV algorithm
with a leave-one-out cross validation approach. The accuracy
of each gene set is shown in Fig. 2. The gene set of 0.0004% of
P value using permutation test with 10,000 random trials
marked the highest accuracy. We defined these differentially
expressed 172 genes (P =0.0004%) as the informative gene
set. Supplementary Table 1 provides a list of the informative
genes. The results of molecular-based diagnosis system were
correct in 34 of 42 cases. When compared with each anno-
tated group, this system correctly classified 18 of 21 cases
with poor prognosis and 16 of 21 cases with good prognosis
in this set.

3.2,
group C

Results of molecular diagnosis of the independent

We adopted the prediction system constructed during the
training phase to the independent group C, and compared
DFS and overall survival (OS) of the patients between the
two diagnosis groups (Fig. 3A). Both the DFS and OS ratios
were significantly lower in patients diagnosed as ‘poor signa-
ture’. The DFS curves showed significant difference between
the two groups (log-rank test: P =0.029) and all the seven pa-
tients who died of cancer were diagnosed as poor signature
(P =0.0043) (Fig. 3B). To compare other clinicopathological
indicators with DFS and OS, we performed univariate analy-
sis. Only molecular diagnosis was significantly different (Ta-
ble 2).

3.3.  Results of molecular diagnosis of independent group
D

For cases of the independent group D, the DFS ratio and OS ra-
tio were significantly lower in cases diagnosed as ‘poor signa-

ture’. The log-rank test indicated that the DFS ratio
(P =0.0011) and OS ratio (P = 0.035) were significantly different
between the ‘poor signature’ and ‘good signature’ groups (Fig-
ure not shown).

3.4.  Results of whole independent cases and evaluation of
prediction ability of molecular diagnosis relative to other
conventional poor prognostic indicators

Our prediction system was further tested in the entire group
of 97 cases (groups C and D). These cases were divided into
64 cases with poor signature and 33 cases with good signature
based on the prediction system. Fig. 3C and D show the DFS
and OS curves, respectively, for the two groups, according to
the results of the prediction system. Kaplan-Meier survival
estimates showed that DFS ratio was significantly lower in
cases diagnosed as ‘poor signature’ than in patients diag-
nosed as ‘good signature’ (P < 0.0001). Twenty of 21 patients
who died of cancer were of the ‘poor signature’ group and
their OS curves were statistically different (P = 0.0004).

To compare our molecular prediction system with other
conventional clinicopathological indicators, we performed
univariate and multivariate analyses for DFS and OS. Univar-
iate analysis of each factor for DFS time showed nearly signif-
icant differences with regard to Edmondson grade, AFP,
tumour diameter, vascular invasion, tumour multiplicity
and the result of molecular diagnosis (Table 3). To test the
independence of the molecular prediction system, we per-
formed multivariate Cox analysis. The result of the molecular
prediction system was an independent factor (P <0.0001),
with a hazard ratio of 3.29 (95% CI 1.83-5.91) for the DFS ratio
(Table 4). As for the OS ratio, the result of the molecular pre-
diction system was also an independent factor (P =0.013),
with a hazard ratio of 13.28 (95% CI 1.72-102.63) (Table 4).

4, Discussion

The major finding of the present study was that early intrahe-
patic recurrence in patients who had undergone curative
resection of HCC can be predicted accurately using our anal-

Table 4 - Results of multivariate analysis of the entire group of independent cases.

* Variables Hazard ratio 95% CI * P Value
Multivariate analysis of the entire group of independent cases (ri= 97, DFS)
Molecular diagnosis: poor signature (Uersus good signature) 3.29 1.83-5.91 <0.0001
Tumour multiplicity: multiple (versus single) 2:21 1.34-3.65 '0.002
Edmondson grade: IL/IV (versus V1) 1.88 1.11-3.18 0,018
Tumour diameter: >5 cm (versus: <5 cm) 140 0.78-2.52 0.26
AFP: 3400 ng/ml (versus <400 ng/ml) 117 0.60-2.20 0.62
Vascular invasion: +ve (versus -ve) 0.93 0.46-1.87 0.84
Multivariate andljsis of the entire group of independent cases (n= 97, OS) : B
Molecular diagnosis: poor signature (versus good signature) 13.28 1.722102.63 0.013
Tumour multiplicity: multiple (versus single) 3.06 1.16-8.06 0.024
Liver status: Child B (Versus Child A) - 2.38 0.90-6.29 ‘ 0.08
Vascular invasion: +ve (versus ~ve) 2.20 0.73-6.67 0.16
Tumour diameter: >5 cm (versus <5 cm) 2.02 0.67-6.05" 021
AFP: >400 ng/mi (versus <400 ng/ml) 1.52 0.48-4.83 , 0.47
Edmondson grade: H/IV (versus I/11) 0.97 0.35-2.71 0.96
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ysis system of gene expression patterns. Characteristic genes
were selected by comparing the gene expression pattern be-
tween cases with multiple intrahepatic recurrences within 2
years and cases without recurrence over 3 years during the
system training phase. The molecular prediction system
accurately detected the high-risk group for early recurrence.
Multivariate analysis identified molecular diagnosis, tumour
multiplicity, and Edmondson grade as the independent fac-
tors. Taking into consideration that the majority of the pa-
tients who undergo curative resection become negative for
the conventional poor prognostic indicators, molecular diag-
nosis could be potentially useful clinically for detecting pa-
tients at high-risk for early recurrence.

To improve the predictive accuracy, it is essential to clear
the criteria of a homogeneous training set.”® Our definition
of the two groups was based on a study reported on the anal-
ysis of DFS ratio in HCC patients.?* The DFS curve is com-
posed of two regression lines. The majority of patients who
developed recurrence within 2 years and who formed the first
regression line were considered to have poor prognosis. On
the other hand, the recurrence ratio of patients who showed
no recurrence over a 3-year follow-up was almost the same
as the annual relapse ratio of HCC in patients with hepatitis
and their prognosis was better. This constant decrease in
DFS ratio in the late recurrence cases is not usually observed
in hepatectomised patients with liver metastasis from intesti-
nal cancer.?%%

Recurrence of HCC is based on residual intrahepatic recur-
rence (IM) or multicentric metastasis (MC). IM is thought to
originate from the primary cancer, while MC is considered
to reflect a significant influence of the underlying liver sta-
tus.?”"*® The two recurrence patterns are clinically important
in patients with HCC where intrahepatic metastatic spread
carries in general a poorer prognosis than that with multicen-
tric nodules.?* However, the conventional approach of histo-
pathological examination is limited with regard to the
differentiation of recurrence patterns as IM or MC.? With re-
gard to the results of the validation phase, 17 patients sur-
vived for more than 3 years and only three of these 17 were
diagnosed as poor signature and one of three cases was con-
sidered to have recurrence by metastasis from the primary tu-
mour. On the other hand, 59 of 97 patients had intrahepatic
recurrence within 2 years. This prediction system diagnosed
these samples into 46 cases of poor signature and 13 cases
of good signature. All 13 patients did not undergo a repeat
resection, and thus pathological examination of recurrence
pattern could not be conducted. However, as for the overall
survival time in these 13 patients, only one died of cancer at
14 months postoperatively, while the remaining 12 patients
remain alive for more than 21 months after surgery (range
21-48 months, median: 35 month). About half of the 13 pa-
tients had long survival though they had early recurrence.
When we consider the relationship between study design
and these results, the two groups diagnosed by our molecu-
lar-based diagnosis system may represent two recurrence
patterns. The poor signature group may represent cases with
recurrence due to IM, and the good signature group may rep-
resent cases with recurrence due to MC. This study may be
clinically meaningful and helpful to solve the mechanism of
recurrence patterns.

The prognoses of 42 patients during the training phase
were polarised and those of the remaining 46 of the indepen-
dent cases were intermediate. The 2-year survival ratio of the
good signature independent cases was 65%, which was not as
good as the annual relapse ratio of HCC. However, it is mean-
ingful that the independent group C without any poor prog-
nostic indicators could be divided into two groups of
different prognoses. The reason for the discrepancy between
the DFS ratio of cases diagnosed as good signature and annual
relapse ratio is probably due to the fact that the independent
group C did not include cases of extremely poor prognosis
with early fulminant recurrence or cases of extremely good
prognosis without long-term intrahepatic recurrence. Further
analysis of cases with natural distribution of clinical status
may help in moving the result of cases with good signature
towards the annual relapse ratio.

In the conventional theory of metastasis, it is thought that
tumours acquire the metastatic potential based on their pro-
gression and that metastasis occurs in the late phase. Based
on this theory, recurrence could not be predicted by the anal-
ysis of the primary tumour. This theory was challenged re-
cently by a new paradigm, which argues that the metastatic
potential is not acquired in proportion to cancer progression
but is already encoded in the primary tumour. Ramaswamy
and colleagues™® reported that a gene expression programme
peculiar to metastasis may already be present in the bulk of
some primary tumours and that a predictive diagnosis for
metastasis was possible based on the analysis of the primary
tumour profile. Several studies suggested that the molecular
programme of primary tumour is generally retained in its
metastasis.>*? Interestingly, Hoshida and colleagues® re-
ported that the gene expression profiles in early-stage HCC
tumours were highly associated with late recurrence (more
than 2 years after resection) in the surrounding non-tumoural
liver tissue but not in the tumoural tissue, indicating that
environmental exposure leads to an increased potential of fu-
ture malignant transformation. In this study, we evaluated
the predictability of early recurrence using gene expression
profiles of whole tumour tissue, based on the assumption that
IM related to early recurrence might originate from the pri-
mary cancer.”?® For the entire group of independent cases,
78% of the recurrent cases within 2 years were diagnosed as
poor signature. Some metastatic events may occur according
to tumour progression, but cases with metastasis via the new
paradigm should exist. Application of the theory of this para-
digm may lead to the design of new diagnostic methods for
cases in whom conventional clinicopathological parameters
could not predict the prognosis.

Among the informative gene set, various genes correlate
with cancer progression and carcinogenesis. PPARBP is regu-
lated by RB18A and acts as a transcription cofactor by regulat-
ing the activity of p53wt transactivation on physiological
promoters. Furthermore, downregulation of RB18A results in
p53wt-dependent apoptosis.®® RREB-1, a novel zinc finger pro-
tein, is involved in the differentiation response to Ras.3® The
Ras family is thought to be particularly important determi-
nant of tumour initiation and progression.?” BCL2 is one of
the well-known tumour suppressor genes and is associated
with recurrence and survival of HCC patients.3®*® HDAC1 is
reported to induce hyperacetylation of nucleosomal histones
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in tumour cells, resulting in the expression of repressed genes
that cause growth arrest, terminal differentiation and apopto-
sis.* The expression of HDAC1 is associated with prognosis of
various carcinomas. BCOR is BCL6 co-receptor and is regu-
lated by p53 and its characteristic expression is reported in
various cancer cells.*! This gene contributes to carcinogene-
sis in various malignancies such as B cell lymphoma and
breast cancer.*? BIRCS is one of the major apoptosis regulators
and is reported to be a prognostic marker of urothelial carci-
nomas and breast cancer.*** These genes may serve as diag-
nostic markers for the development of HCC and help in the
resolution of molecular mechanism of recurrence of HCC.
To gain biological insights from these informative gene sets,
we also used network analysis using Ingenuity Pathway Anal-
ysis. This analysis revealed that a few canonical signalling
pathways, P38 MAPK signalling and PPARa/RXRa Activation
signalling that are reported to be related to metastasis in
human cancer,***¢ harboured many of the upregulated infor-
mative genes (Supplementary Figure 1).

Our group has investigated the prediction of recurrence
of various malignancies by gene expression profil-
ing 1#3:15:203347 gyurokawa and colleagues®™ also reported a
prediction model for HCC recurrence using a small-scale
PCR-array system. They reported that early recurrence (with-
in 2 year) in HCC patients could be predicted using 20-gene set
after comparing cases with recurrence within 2 years and
cases without recurrence over 2 years from 3072 primers.?®
In our study, cases with early intrahepatic recurrence within
2 years and reference cases without recurrence over 3 years
during the training phase were defined based on DFS time
of the characteristic recurrence patterns.?* Furthermore,
cases with common clinical background were analysed dur-
ing the training phase using more strict criteria than previ-
ously reported using whole gene analysis, and accordingly,
our results should be more reliable.

The report of lizuka and colleagues®! showed a correlation
between gene expression, using a predictive system consist-
ing of 12 genes, with early (within 1 year) post-hepatectomy
intrahepatic recurrence, with a prediction accuracy of 89.3%.
In their study, the DFS time of the reference group was more
than one year and it is possible that characteristic recurrence
patterns coexisted in the reference group. The study of Ho
and colleagues® identified a molecular signature associated
with vascular invasion (VI) in HCC and concluded that the sig-
nature could serve as a surrogate marker for predicting early
recurrence after surgical resection.?? Conventional prognostic
indicators for early intrahepatic recurrence are not limited to
vascular invasion only. A more direct approach should be
considered for the prediction of early intrahepatic recurrence.
While we did not analyse the reasons for the discrepancy in
the prediction genes among the reported studies, we suspect
that differences in clinical end-point may affect the results of
the analysis and that accumulation of subtle differences in
the dynamic range due to the platform of array might influ-
ence selection of the prediction genes.

In conclusion, the results of the present study showed that
a characteristic gene expression pattern for early intrahepatic
recurrence is encoded in primary HCC tumour and that gene
profiling can be potentially helpful in predicting the prognosis
of patients. Prediction of early recurrence of HCC may allow

tailored treatment of individual patients and improvement
of prognosis.
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Activation of Wnt/f-catenin signalling pathway induces
chemoresistance to interferon-o/5-fluorouracil combination
therapy for hepatocellular carcinoma

T Noda', H Nagano™', | Takemasa', S Yoshioka', M Murakami', H Wada', S Kobayashi', S Marubashi',
Y Takeda', K Dono', K Umeshita?, N Matsuura®, K Matsubara®, Y Doki', M Mori' and M Monden'
'Department of Surgery, Graduate School of Medicine and Health Science, Osaka University, Osaka, Japan; “Department of Health Science, Graduate
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Type | IFN receptor type 2 (IFNAR2) expression correlates significantly with clinical response to interferon (IFN)-o/5-flucrouracil
(5-FU) combination therapy for hepatocellular carcinoma (HCC). However, some IFNAR2-positive patients show no response to
the therapy. This result suggests the possibility of other factors, which would be responsible for resistance to IFN-0/5-FU therapy. The
aim of this study was to examine the mechanism of anti-proliferative effects of IFN-0/5-FU therapy and search for a biological marker
of chemoresistance to such therapy. Gene expression profiling and molecular network analysis were used in the analysis of non-
responders and responders with IFNAR2-positive HCC, The Wnt/f#-catenin signalling pathway contributed to resistance to IFN-o/
5-FU therapy. Immunohistochemical analysis showed positive epithelial cell adhesion molecute (Ep-CAM) expression, the target
molecule of Wnt/B-catenin signalling, only in non-responders. In vitro studies showed that activation of Wnt/f-catenin signalling by
glycogen synthesis kinase-3 inhibitor (6-bromoindirubin-3'-oxime (BIO)) induced chemoresistance to IFN-0/5-FU, BrdU-based cell
proliferation ELISA and cell cycle analysis showed that concurrent addition of BIO and IFN-0/5-FU significantly to hepatoma cell
cultures reduced the inhibitory effects of the latter two on DNA synthesis and accumulation of cells in the S-phase. The results
indicate that activation of Whnt/f-catenin signalling pathway induces chemoresistance to IFiN-0/5-FU therapy and suggest that
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Interferon (IFN) is a regulatory cytokine with various cellular
activities, such as anti-proliferative, immunomodulatory and
anti-angiogenic activities (Baron and Dianzani, 1994; Gutterman,
1994). Several studies emphasised the strong anti-tumour activity
of IEN in hepatocellular carcinoma (HCC), when used in
combination with other chemotherapeutic agents (Patt et al,
1993; Obi et al, 2006). We also reported the clinical efficacy of IFN-
of/5-fluorouracil (5-FU) combination therapy for advanced
HCC (Miyamoto et al, 2000; Sakon et al, 2002; Ota et al, 2005;
Nagano et al, 2007a,b) and the mechanism of its anti-tumour
effects (Eguchi et al, 2000; Yamamoto et al, 2004; Kondo et al,
2005; Nakamura et al, 2007; Wada et al, 2007). Further studies
showed that the expression of IFN receptor type 2 (IFNAR2) in
HCC tissue samples correlates significantly with clinical response
to IFN-a/5-FU combination therapy (Ota et al, 2005; Nagano et al,
2007a). In an earlier study, we reported that 66% of those who
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Schoo! of Medicine, Osaka University, 2-2, Yamadaoka E-2, Suita, Osaka
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Ep-CAM is a potentially useful marker for resistance to such therapy, especially in IFNAR2-positive cases.
British Journal of Cancer (2009) 100, 1647—-1658. doi:10.1038/s].bjc.6605064 www.bjcancer.com
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responded to such treatment were IFNAR2-positive, but half of
these 20 patients showed no clinical response (Nagano et al,
2007a). Therefore, finding novel biological markers of resistance to
IFN-0/5-FU combination therapy is desirable, not only so that
non-responders receive other potentially more successful treat-
ments, but also to avoid their suffering caused by debilitating side
effects.

Development of microarray technology has facilitated analysis
of genome-wide expression profiles (Zembutsu et al, 2002; Yang
et al, 2005). It can generate a large body of information concerning
genetic networks related to pathological subtype, prognosis and
resistance to anticancer drugs of neoplasm. We have reported
many studies using PCR array or oligonucleotide microarray
system in various human malignancies, particularly in gastro-
intestinal and HCCs (Komori et al, 2008; Kurokawa et al, 2004a, b;
Motoori et al, 2005, 2006). To understand the complex biological
processes, such as cancer progression and drug resistance, it is also
important to consider differential gene expression by the gene
network analysis (Kittaka et al, 2008). A detailed human
interactive network that captures the entire cellular network would
be invaluable in interpreting cancer signatures (Calvanc et al,
2005; Rhodes and Chinnaiyan, 2005).
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In this study, we applied the methods of oligonucleotide
microarray system and gene network analysis to identify
informative gene set(s) and signalling pathway(s) related to
resistance to IFN-a/5-FU combination therapy, especially in
patients with IFNAR2-positive HCC. The results showed that
Wnt/f-catenin signalling influenced resistance to IFN-a/5-FU
combination therapy. The study also investigated the potential
importance of epithelial cell adhesion molecule (Ep-CAM), which
is encoded by the TACSTDI1 gene and confirmed as one of the
target genes of Wnt/f-catenin signalling (Yamashita et al, 2007), as
a biological marker for resistance to IFN-u/5-FU combination
therapy.

MATERIALS AND METHODS

Cell lines

The human HCC cell lines, PLC/PRF/5, HuH7, HLE, HLF and
HepG2, were purchased from the Japanese Cancer Research
Resources Bank (Tokyo, Japan). The Hep3B cell line was obtained
from the Institute of Development, Aging and Cancer, Tohoku
University (Sendai, Japan). They were maintained in Dulbecco’s
Modified Eagle Medium supplemented with 10% foetal bovine
serum, 100 Uml ™" penicillin and 100 ugml™! streptomycin at 37°C
in a humidified incubator with 5% CO, in air.

Drugs and reagents

Purified human IFN-« was kindly supplied by Otsuka Pharmaceu-
tical Co. (Tokyo, Japan) and 5-FU was obtained from Kyowa
Hakko Co. (Tokyo, Japan). The small molecule of 6-bromoindi-
rubin-3’-oxime (BIO), a specific inhibitor of glycogen synthesis
kinase-3 (GSK-3), activating the Wnt/f-catenin signalling pathway
(Sato et al, 2004), was purchased from Calbiochem (San Diego, CA,
USA) and was dissolved in dimethyl sulphoxide (DMSO) (Wako
Pure Chemical Industries, Osaka, Japan). We used the following
antibodies for immunohistochemistry and western blot analysis:
monoclonal mouse anti-human Ep-CAM antibody (Abcam,
Cambridge, UK), polyclonal rabbit anti-human ¢-MYC antibody
(Cell Signaling Technology, Beverly, MA, USA) and polyclonal
rabbit anti-human f-actin (Sigma, St Louis, MO, USA).

Patients and specimens

In total, 30 patients with multiple liver tumours spreading to both
lobes with tumour thrombi in the major branches of the portal
vein, underwent palliative reduction surgery at the Osaka
University Hospital as described in our earlier report (Nagano
et al, 2007a). All 30 patients had visible tumours in the remnant
liver, and received combination chemotherapy with 5-FU and
IEN-« as described earlier (Sakon et al, 2002; Ota et al, 2005). The
chemotherapeutic response was evaluated clinically according to
the criteria of the Eastern Cooperative Oncology Group (Oken
et al, 1982). In this study, responders were defined as patients with
complete response or partial response; non-responders were
defined as patients with stable disease or progressive disease. All
aspects of our study protocol were approved by the Human Ethics
Committee of Graduate School of Medicine, Osaka University,
Japan. Surgical specimens were obtained from these patients.
Appropriate informed consent was obtained from all patients.
For microarray analysis, we used samples of 18 cases that were
positive for IFNAR2 expression, whereas no samples were available
from 2 cases with insufficient quality of RNA. For reference in
microarray experiment, we obtained a mixture of RNA from
normal parts of the liver specimens of seven patients with liver
metastases from intestinal carcinomas who were free of HBV and
HCV infections, All tissues were snap-frozen into liquid nitrogen
and stored at —80°C. Other samples were fixed in 10% buffered
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formalin, embedded in paraffin and stained with haematoxylin -
eosin to study the pathological features of HCC in accordance with
the classification proposed by the Liver Cancer Study Group of
Japan,

Microarray experiments

The microarray experiments were conducted according to the
method described earlier (Kittaka et al, 2008). In brief, total RNA
was purified by TRIzol agent (Invitrogen, San Diego, CA, USA),
according to the instructions provided by the manufacturer. The
integrity of RNA was assessed by Agilent 2100 Bioanalyzer and
RNA 6000 LabChip kits (Yokokawa Analytical Systems, Tokyo,
Japan). Only high-quality RNA was used for analysis. For control
reference, RNAs from normal liver tissues were mixed. The
reference and sample were mixed and hybridised on a microarray
covering 30336 human probes (AceGene Human 30K; DNA Chip
Research Inc. and Hitachi Software Engineering Co., Kanagawa,
Japan). The ratio of expression level of each gene was converted to
a logarithmic scale (base 2) and the data matrix was normalised.
Genes with >10% missing data values in all samples were
excluded from analysis; a total of 14473 genes out of 30336 were
available for analysis.

To detect the significant genes for resistance, we used
permutation testing (Kurokawa et al, 2004b). The original score
of each gene (signal-to-noise ratio (S2N), Si = (uA—uB)/(cA + oB),
where y and ¢ represent the mean and standard deviation of
expression for each class, was calculated without permuting labels
(responder or non-responder). The labels were randomly swapped
and the values of S2N were calculated between two groups.
Repetition of this permutation 10000 times provided data matrix
that was nearly the same as normal distribution. For each gene, the
P-value was calculated from the original S2N ratio with reference
to the distribution of permuted data matrix. We determined the
optimal P-value and the informative gene set.

Pathway analysis

We further analysed the significant genes for resistance by the
Ingenuity Pathways Analysis (Ingenuity Systems, Mountain View,
CA, USA; htip://www.ingenuity.com). The Ingenuity Pathway
Knowledge Base (IPKB) is a database of earlier published findings
on mammalian biology. Canonical pathways analysis identifies the
pathways that were statistically significant from the submitted data
matrix from the canonical pathways of IPKB. The P-value of each
canonical pathway is calculated using Fischer’s exact test
determining the probability that the association between the genes
in the data set and the canonical pathway is because of chance
alone.

Network analysis was conducted as described earlier (Calvano
et al, 2005). In brief, the submitted genes that were mapped to the
corresponding gene objects in the IPKB were called ‘focus genes’.
The focus genes were used to generate biological networks. The
Ingenuity software queries the IPKB for interactions between focus
genes and then generates a set of networks. The P-value of each
network is calculated according to the fit of the user’s set of
significant genes. The score of a network is displayed as a negative
log of the P-value, indicating the probability that a collection of
genes equal to or greater than the number in a network could be
achieved by chance alone.

RT-PCR analysis

Complementary DNA was generated from 1pug RNA with avian
myeloblastosis virus reverse transcriptase (Promega, Madison, W1,
USA) as described earlier (Damdinsuren et al, 2006). Quantitative
real-time PCR (qRT -PCR) assays were carried out using the Light
Cycler (Roche Diagnostics, Mannheim, Germany), as described
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earlier (Ogawa et al, 2004). Gene expression was measured in
duplicate. The conditions set for QqRT-PCR for TACSTDI, TCF3,
AXIN2, MYC, CCND1 and f-actin were one cycle of denaturing at
95°C for 10 min, followed by 40 cycles of 95°C for 155, 60°C for 15 s
and 72°C for 35s, and final extension at 72°C for 10min (or
annealing at 58°C for f-actin). The primer sequences were as
follows: TACSTD1 forward primer, 5-TCCAGAAAGAAGAGA
ATGGCA-3; TACSTD! reverse primer, 5'-AAAGATGTCTTCGT
CCCACG-3'; TCF3 forward primer, 5-ATCTGTGTCCCATGTCCC
AG-3'; TCF3 reverse primer, 5-CCAGGGTAGGAGACTTGCAG-3';
AXIN2 forward primer, 5-GGTGTTTGAGGAGATCTGGG-3';
AXIN2 reverse primer, 5'-TGCTCACAGCCAAGACAGTT-3'; MYC
forward primer, 5'-AAGAGGACTTGTTGCGGAAA-3'; MYC reverse
primer, 5-CTCAGCCAAGGTTGTGAGGT-3'; CCND1 forward
primer, 5'-AAGGCCTGAACCTGAGGAG-3'; CCND1 reverse primer,
5'-CTTGACTCCAGCAGGGCTT-3'; f-actin forward primer, 5'-GA
AAATCTGGCACCACACCTT-3'; and fB-actin reverse primer, 5-G
TTGAAGGTAGTTTCGTGGAT-3'.

Immunohistochemical staining

For immunohistochemical staining of Ep-CAM expression, we
used the method described earlier (Kondo et al, 1999) with minor
modifications. Briefly, formalin-fixed, paraffin-embedded 4-um
thick sections were deparaffinised, then treated with an antigen
retrieval procedure and incubated in methanol containing 0.3%
hydrogen peroxide to block endogenous peroxidase. The sections
were incubated with normal protein block serum solution, and the
biotin-blocking solution (Wako) was used as recommended by the
manufacturer. Then, the sections were incubated overnight at 4°C
with anti-Ep-CAM antibody as the primary antibody. After
washing in phosphate-buffered saline (PBS), the sections were
incubated with a biotin-conjugated secondary antibody (horse
anti-mouse antibody for Ep-CAM) and with peroxidase-conju-
gated streptavidin. The peroxidase reaction was then developed
with 0.02% 3, 30-diaminobenzidine tetrachloride (Wako) solution
with 0.03% hydrogen peroxide. Finally, the sections were counter-
stained with Meyer’s haematoxylin. For negative controls, sections
were treated the same way except that they were incubated with
Tris-buffered saline instead of the primary antibody.

Ep-CAM expression was assessed by two investigators (TN and
NM) independently without knowledge of the corresponding
clinicopathological data. Antigen expression was defined as the
presence of specific staining on the surface membrane of tumour
cells. Ep-CAM expression was evaluated by calculating the total
immunostaining score, representing the product of the proportion
score and the intensity score, as described earlier (Gastl et al,
2000). In brief, the proportion score described the estimated
fraction of positively stained tumour cells (0, none; 1, <10%; 2,
10-50%; 3, 50-80% and 4, >80%). The intensity of Ep-CAM
expression was compared with staining of normal bile duct
epithelium present in each section of positive control. The
intensity score represented the estimated staining intensity
(0, no staining; 1, weak; 2, moderate and 3, strong). The total
score ranged from 0 to 12. Ep-CAM-positive cases represented
those with a total score >4.

Western blot analysis

The cells were washed with PBS and collected with a rubber
scraper. After centrifugation, the cell pellets were resuspended in
RIPA buffer (25mm Tris (pH 7.5), 50mm NaCl, 0.5% sodium
deoxycholate, 2% Nonidet P-40, 0.2% sodium dodecyl sulphate,
1 mM phenylmethylsulphonyl! fluoride and 500 KIEml™" ‘Trasylol’
proteinase inhibitor (Bayer LeverKusen, Germany)) with phos-
phatase inhibitor (Sigma). The extracts were centrifuged and the
supernatant fraction was collected. Western blot analysis was
carried out as described earlier (Kondo et al, 2005).
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Luciferase reporter assay

The reporter assay kit was purchased from SA Biosciences
(Frederick, MD, USA) to evaluate TCF/LEF transcriptional
activity and is used according to the instructions provided
by the manufacturer. In brief, 2 x 10* cells per well were added
in triplicate to a 96-well microplate, and 24h later, cells
were transiently transfected with the transcription factor-
responsive reporter or negative control by the Lipofectamine
2000 reagent (Invitrogen). Culture media were changed 16h after
transfection, and the transfected cells were treated with various
concentrations of BIO (0-5nM). After 24h treatment, luciferase
activity was measured with the Dual-Luciferase Assay System
(Promega) using microplate luminometer, microlumat LB96P
(Berthold Technologies, Calmbacher, Germany). The Firefly
luciferase activity, indicating TCF-dependent transcription, was
normalised to the Renilla luciferase activity as an internal control
to obtain the relative luciferase activity.

Growth-inhibitory assays with 5-FU and IFN-a

The growth inhibitory assay was assessed by the 3-(4-,
5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
(Sigma) assay as described earlier (Eguchi et al, 2000). The tested
concentrations of 5-FU were 0.05, 0.5 and 5 ugmi™", and those of
IFN-« were 50, 500 and 5000 U ml ™", The cells were incubated in a
medium containing variable concentrations of 5-FU and IFN-«
with DMSO or 5 nM BIO for 48 h. The proportion of cells incubated
without drugs was defined as 100% viability.

DNA synthesis-inhibition assay

DNA synthesis inhibition was assessed by bromodeoxyuridine
(BrdU) incorporation rate using the Cell Proliferation enzyme-
linked immunosorbent assay (ELISA)-Chemiluminescent kit
(Roche Applied Science, Indianapolis, IN, USA) according to the
protocol provided by the manufacturer. In brief, HuH7 cells
(1 x 10* per well) were seeded in triplicate into 96-well microplate,
After treatment with control, 5-FU alone (5 uygml™), IFN-¢ alone
(5000 Uml™?) and combination of 5-FU and IFN-¢, with or without
BIO (5nm), the plates were incubated at 37°C under 5% CO, for
24 h. Then cells were labelled for 2 h with BrdU. Chemiluminescent
signals were detected on the microplate luminometer (microlumat
LB96P, Berthold Technologies).

Cell cycle analysis

Flow cytometric analysis was carried out as described earlier
(Eguchi et al, 2000). In brief, cells were washed with PBS and then
fixed in 70% cold ethanol. Propidium iodide (Sigma) and RNase
(Sigma) were added for 30 min at 37°C. Samples were filtered, and
data were acquired with a FACSort (Becton Dickinson Immuno-
cytometry Systems, San Jose, CA, USA). Analysis of the cell cycle
was carried out using ModFIT software (Becton Dickinson
Immunocytometry Systems).

Statistical analysis

Clinicopathological indicators were compared using y°-test,
whereas continuous variables were compared using the Student’s
t-test. Survival curves were computed using the Kaplan-Meier
method, and differences between survival curves were compared
using the log-rank test. To evaluate the risk associated with the
prognostic variables, the Cox model with determination of the
hazard ratio was applied; a 95% confidence interval was adopted.
All statistical analyses were calculated using the SPSS software
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(version 11.0.1 ], SPSS Inc., Chicago, IL, USA), and P-value <0.05
was considered statistically significant.

RESULTS

Patients’ characteristics

The characteristics of the 30 HCC patients are shown in Table 1,
A total of 10 patients were IFNAR2-negative and 20 patients were
IFNAR2-positive. In 20 cases with positive IFNAR2, 10 patients
were classified as responders; the remaining 10 patients were
classified as non-responders. All patients with negative IFNAR2
were non-responders. We have earlier reported that IFNAR2
expression correlated significantly with the response to IFN-o/
5-FU therapy (Ota et al, 2005; Nagano et al, 2007a). A larger

Table | Clinicopathological characteristics of responders and non-
responders
IFNAR2-positive IFNAR2-negative
Non- Non-
Responders responders responders
(n=10) (n=10) (n=10) P-value
Age (year) NS
<60 6 7 5
=60 4 3 5
Sex NS
Male 92 9 9
Female i | |
HBV infection NS
Present 6 8 7
Absent 4 2 3
HCV infection 00180
Present 7 | 3
Absent 3 9 7
Child-pugh score NS
A 7 7 5
B C 3 3 5
Liver cimhosis NS
Present 4 7 3
Absent 6 3 7
a-fetoprotein (ngmi™") NS
<300 5 | 3
2300 5 9 7
Tumour size (cm) NS
<5 2 3 2
25 8 7 8
Histological grade NS
Moderately | 0 0
differentiated
Poorly 9 8 9
differentiated
Undifferentiated 0 2 |
IFNARZ expression < 0,000
0 0 0 10
| 8 10 0
2 2 0 ]

HBV =hepatitis B virus; HCV =hepatitis C virus; IFNAR2=type | interferon
receptor 2.
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proportion of responders were infected with HCV than non-
responders. But all other analysed parameters were comparable
among these groups and there were no significant differences in
these parameters.

Microarray analysis and pathway analysis

Genes with significant P-values (P<0.001) were defined by the
random permutation test. These differentially expressed 161 genes
were selected as informative gene set and are listed in Table 2. The
status of gene expression was defined as expression in non-
responders compared with responders. Of the total, 98 genes were
relatively upregulated in the responder group and 63 genes were
relatively downregulated.

Then we carried out the canonical pathway analysis of the 161
genes using the software Ingenuity. Eight canonical pathways were
identified as pathways that significantly influenced the resistance
of IFN-a/5-FU combination therapy in 161 informative genes
(Table 3). We also simultaneously carried out network analysis of
the same informative genes set. A total of 14 networks were
identified, and these networks were ranked by the score on a
P-value calculation, which ranged from 2 to 55. Then, we selected
one network with the highest score. The network with the highest
score consisted of 35 molecules in 25 focus molecules and 11
interconnecting molecules (Figure 1A). This network included
AXIN2, TCF3, RARA, CREBBP and TACSTDI1, which were all
associated with Wnt/B-catenin signalling identified by the
canonical pathway analysis. In recent reports, Wnt/B-catenin
signalling has been shown to mediate radiation resistance and
chemotherapy resistance of various malignancies. In the Wnt/g-
catenin signalling-related genes, TACSTD1 was most highly
upregulated in the non-responders at the level of transcription.

TACSTD1 expression by RT-PCR and correlation with
microarray data

Next, we examined the correlation between the expression data of
gene expression and qRT-PCR of TACSTD! to verify the
microarray expression data. qRT-PCR analysis was carried out
on 13 HCC tissue samples with positive expression of IFNAR2,
Individual mRNA levels were normalised to f-actin and expressed
relative to those in a mixture of seven normal livers, In the 13
IFNAR2-positive samples, TACSTD1 expression correlated sig-
nificantly with the microarray data (Figure 1B). The Pearson
correlation coefficient (P-value) for TACSTD! was 0.668
(P=0.0107). We then analysed TACSTD! expression according
to the clinical response to IFN-a/5-FU combination therapy.
TACSTD1 expression was higher in several non-responders with
IFNAR2-positive HCC or IFNAR2-negative HCC, compared with
responders with IFNAR2-positive HCC (Figure 1C). Using a
cut-off value of 10 for TACSTDI expression ratio, it was possible
to exclude some non-responders from patients with IFNAR2-
positive HCC.

Immunohistochemical staining for Ep-CAM

We examined the Ep-CAM expression in 30 HCC patients who
underwent palliative reduction surgery. In tumour lesions, Ep-
CAM staining was specifically observed on the plasma membrane
of cancer cells. In Figure 1D (left), strong Ep-CAM expression was
noted in 80% of cancerous tissue in the representative case of non-
responders with IFNAR2-negative HCC. On the other hand, no Ep-
CAM expression was evident in the representative case of IENAR2-
positive responders (Figure 1D, right). Among the 30 patients
examined, Ep-CAM expression was observed in six (20%). It is
important that Ep-CAM expression was associated with resistance
to IFN-0/5-FU therapy, and no Ep-CAM expression was noted in
the responders (Table 4). However, the difference in the expression
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Table 2 List of informative 161 genes defining responders and non-responders
Rank  Status Gene symbol Gene name Ref Seq ID
| Down — di329124.3 (member of mcm2/3/5 family) —
2 Down CREBBP CREB-binding protein (Rubinstein-Taybi syndrome) NM_004380
3 Down C200rfl 16 Chromosome 20 open reading frame 116 NM_023935
4 Down — Ensembl genscan prediction —
5 Down SLC25A40 Solute camier family 25, member 40 NM_018843
6 Up ZINF598 Zinc-finger protein 598 NM_178167
7 Down RCORI REST corepressor | NM_015156
8 Up TACSTDI Tumour-associated calcium signal transducer | NM_002354
9 Down ZNF397 Zinc-finger protein 397 NM_032347
10 Down RTP3 Receptor (chemosensory) transporter protein 3 NM_031440
1 Up AARS2 Alanyl-tRNA synthetase 2, mitochondrial (putative) NM_020745
12 Down RARA Retinoic acid receptor, alpha NM_000964
13 Up — DNA segment on chromosome 4 (unique) 234 expressed sequence NM_0143%2
14 Up CASP7 Caspase 7, apoptosis-related cysteine peptidase NM_033339
15 Up AZINI Antizyme inhibitor | NM_148174
16 Down — Ensembl prediction —
17 Down — Ensembl genscan prediction —
I8 Up PABPN| Poly(A)-binding protein, nuclear | —
19 Down NDUFS7 NADH dehydrogenase (ubiquinone) Fe-S protein 7, 20kDa (NADH-coenzyme Q reductase) NM_024407
20 Down CYorfl42 Chromosome 9 open reading frame 142 NM_18324]
21 Down — Ensembl genscan prediction —
22 Up SNIX21 Sorting nexin family member 21 NM_001042632
23 Down Cl2orf47 Chromosome |2 open reading frame 47 XR_017874
24 Down CCRLI Chemokine {C—~C motif) receptor-like | NM_178445
25 Down GLGI Golgi apparatus protein | NM_012201
26 Down MRPS21 Mitochondriat ribosomal protein S21 NM_018997
27 Up ABCA2 ATP-binding cassette, sub-family A (ABC1), member 2 NM_001606
28 Up AXIN2 Axin 2 (conductin, axil) NM_004655
29 Down — Ensembl genscan prediction —_—
30 Down NOXAI NADPH oxidase activator | NM_006647
31 Down COXall Cytochrome ¢ oxidase subunit IV isoform | NM_001861
32 Up PCSK7 Proprotein convertase subtilisin/kexin type 7 XM_001 128785
33 Up FABP3 Fatty acid-binding protein 3, muscle and heart (mammary-derived growth inhibitor) NM_004102
34 Down C200rfi H Chromosome 20 open reading frame |11 NM_016470
35 Down CAST Calpastatin NM_173061
36 Down Cl20rf47 Chromosome |2 open reading frame 47 XR_017874
37 Up — Hypothetical protein xp_032244 —
38 Down — Ensembl genscan prediction —
39 Up PCDHAI Protocadherin alpha | NM_018900
40 Down MATK Megakaryocyte-associated tyrosine kinase NM_002378
41 Up — Hypothetical protein xp_051475 —
42 Up UBE2Q | Ubiquitin-conjugating enzyme E2Q (putative) | NM_017582
43 Up GPATCH4 G patch domain containing 4 NM_182679
44 Down PARP2 Poly (ADP-ribose) polymerase family, member 2 NM_005484
45 Down HAL Histidine ammonia-tyase NM_002108
46 Up ASCC3 Activating signal cointegrator | complex subunit 3 NM_006828
47 Down KRTAP9-8 Keratin-associated protein 98 NM_031963
48 Up MAGED4B Melanoma antigen family D, 48 NM_030801
49 Down — Hypothetical LOC339123 NM_001005920
50 Down SPHKI Sphingosine kinase | NM_021972
51 Up — Partial ighv ig h-chain v-region clone a81 —
52 Up CCDCI09A Coiled-coil domain containing 109A NM_[38357
53 Up GPRI39 G protein-coupled receptor 139 NM_001002911
54 Up Clorf78 Chromosome | open reading frame 78 NM_018166
55 Down LRRC50 Leucine rich repeat containing 50 —
56 Down FAMI25B Family with sequence similarity 125, member B NM_033446
57 Down IFT52 Intraflageliar transport 52 homolog (Chlamydomonas) NM_016004
58 Down C3orf36 Chromosome 3 open reading frame 36 NM_025041
59 Up GUCAIB Guanylate cyclase activator {B (retina) NM_002098
60 Down EDFI Endothelial differentiation-related factor | NM_003792
6l Down CCDC69 Coiled-coil domain containing 69 NM_015621(
62 Down NDUFSé NADH dehydrogenase (ubiquinone) Fe-S protein 6, 13kDa (NADH-coenzyme Q reductase) NM_004553
63 Up CcD93 CD93 molecule NM_012072
64 Down — Ensembl genscan prediction —
65 Down ENO2 Enolase 2 (gamma, neuronal) NM_001975
66 Down CDCP2 CUB domain-containing protein 2 —
67 Down — Ensembt genscan prediction —
68 Up —_ Similar to helicase-like protein nhl —
69 Down FOXN3 Forkhead box N3 NM_005197
70 Down DEF8 Differentially expressed in FDCP 8 homolog (mouse) NM_207514
71 Up — Hypothetical protein xp_034013 —
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Rank  Status Gene symbol Gene name Ref Seq ID
72 Down TNS3 Tensin 3 NM_022748
73 Up FAM40A Family with sequence similarity 40, member A NM_033088
74 Down PRDM7 PR domain containing 7 NM_052996
75 Up — Hypothetical protein xp_039419 —
76 Up NNMT Nicotinamide N-methyltransferase NM_006169
77 Up RPLY Ribosomal protein L9 —
78 Up tM2Cc Integral membrane protein 2C NM_030926
79 Up — Ensembl genscan prediction —
80 Up BEX4 BEX family member 4 XM_936467
8t Up CSNKIGI Casein kinase |, gamma | NM_022048
82 Up EEF2K Eukaryotic elongation factor-2 kinase NM_013302
83 Down DNAJC8 Dnaj (Hsp40) homolog, subfamily C, member 8 —
84 Up GP5 Glycoprotein V (platelet) NM_004488
85 Down DPH3 DPH3, KTH | homolog (5. cerevisiae) NM_001047434
86 Down — Ensembl genscan prediction —
87 Up RPS21 Ribosomal protein 521 —
88 Down — Kiaal 658 protein —
89 Down ADCYAPIRI Adenylate cyclase activating polypeptide | (pituitary) receptor type | NM_001118
90 Down C50rf25 Chromosome 5 open reading frame 25 XR_015120
91 Down — PROO32 protein NR_002763
92 Down FGF3 Fibroblast growth factor 3 (murine mammary tumour virus integration site (v-int-2) oncogene homolog)  NM_005247
93 Up FABP7 Fatty acid-binding protein 7, brain NM_001446
94 Down HSD11BI Hydroxysteroid (I | —beta) dehydrogenase | NM_181755
95 Up — Chondroitin sulphate glucuronyltransferase NM_0190i15
96 Down OPTN Optineurin NM_001008213
97 Up — Erythroid differentiation-related factor 2 —
98 Down — Truncated alpha ig h-chain of disease patient har —
99 Down WTH Wilms tumour | NM_024425
100 Down C8G Complement component 8, gamma polypeptide NM_000606
101 Down — prol454 —
102 Down CADMI Cell adhesion molecule | NM_001098517
103 Down GHI Growth hormone | —
104 Down DNPEP Aspartyl aminopeptidase NM_012100
105 Up — Actin-like gene —
106 Down — Ensemb! genscan prediction —
107 Down — Ensembl genscan prediction —
108 Up INTS4 Integrator complex subunit 4 NM_033547
109 Down SRAL Steroid receptor RNA activator | NM_001035235
110 Down — Ensemb genscan prediction —
1 Up RPS25 Ribosomal protein S25 NM_001028
112 Down e KIAA 1450 protein NM_020840
13 Up SH2D3C SH2 domain containing 3C NM_170600
114 Down NDUFAI2 NADH dehydrogenase (ubiquinone) | alpha subcomplex, 12 NM_018838
) Down — NEFA-interacting nuclear protein NIP30 NM_024946
16 Down TDRDI tudor domain containing | NM_198795
17 Down — 14a9¢ct dna sequence —
118 Up FBXWI F-box and WD repeat domain containing 11 NM_012300
19 Down CBFA2T3 Core-binding factor, runt domain, alpha subunit 2; translocated to, 3 NM_005187
120 Down TCF3 Transcription factor 3 (E2A immunoglobulin enhancer-binding factors E12/E47) NM_003200
121 Down LASSS LAG! homolog, ceramide synthase 5 NM_1{47190
122 Down — Ensembl genscan prediction —
123 Up ACTRIB ARP/ actin-related protein | homolog B, centractin beta (yeast) NM_005735
124 Down — Hypothetical protein mgcS566 —
125 Up RPS4X Ribosomal protein $4, X-linked XR_019325
126 Down CDKé Cyclin-dependent kinase 6 NM_001259
127 Up AVIL Advillin —
128 Down — Hypothetical protein xp_043732 —
129 Down Clorfl36 Chromosome | open reading frame |36 —
130 Down — Hypothetical protein xp_043783 —
131 Down — Ews-fli-1 —
132 Up CDCA42BPG CDC42-binding protein kinase gamma (DMPK-like) NM_017525
133 Down — Ensembt genscan prediction —
134 Down GDAPILI Ganglioside-induced differentiation-associated protein |-fike | NM_024034
135 Up Cl2orf4 Chromosome 12 open reading frame 4 NM_020374
136 Up KIAAQ415 KIAAD415 NM_014855
137 Down PDLIM2 PDZ and LIM domain 2 (mystique) NM_198042
138 Down KHK Ketohexokinase {fructokinase) NM_006488
139 Down SLC36AI Solute camier family 36 (proton/amino acid symporter), member | NM_078483
140 Up — Hypothetical protein xp_0503!{ —
141 Up TBRG4 Transforming growth factor § regulator 4 NM_199122
142 Down — Rearranged vk3 of Hodgkin cell line —
British Journal of Cancer (2009) 100(10), 1647- 1658 © 2009 Cancer Research UK

—309—



Table 2 (Continued)

Wt signal induces resistance to IFN/S-FU chemotherapy
T Noda et af

@
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143 Up CcDs9 CD59 molecule, complement regulatory protein NM_203330
144 Down PEX26 Peroxisome biogenesis factor 26 —

145 Up VEGFC Vascular endothelial growth factor C NM_005429
146 Down DTX2 Deltex homolog 2 (Drosophila) XM_941785
147 Up ELAVL3 ELAV (embryonic lethal, abnormal vision, Drosophila)-like 3 (Hu antigen C) NM_03228]1
148 Up BSDCI BSD domain containing | NM_018045
149 Down FUBP3 Far upstream element (FUSE)-binding protein 3 XM_001128545
150 Down CCDC48 Coiled-coit domain containing 48 NM_024768
151 Down EPHAG EPH receptor A6 NM_001080448
152 Down ST8SIAL ST8 alpha-N-acetyl-neuraminide alpha-2,8-sialyltransferase | NM_003034
53 Down MKKS McKusick-Kaufman syndrome NM_018848
154 Down MGA MAX gene associated NM_001080541
155 Up — Hypothetical protein xp_040140 —

156 Down — Hypothetical protein xp_043452 —

157 Up MMP20 Matrix metallopeptidase 20 (enamelysin) NM_004771
158 Up SLC23A2 Solute carrier family 23 (nucleobase transporters), member 2 NM_005116
159 Up GABARAPL | GABA(A) receptor-associated protein fike | NM_031412
160 Down — Ensembl genscan prediction _

161 Up PKLR Pyruvate kinase, liver and RBC NM_000298

Ranking was according to absolute value of signal-to-noise ratio. Status was defined as expression in non-responders compared with responders.

Table 3 List of significant pathways from 161 informative genes by
canonical pathway analysis

Pathway P-value
Ubiquinone biosynthesis 0.0004
Oxidative phosphorylation 0.0074
Mitochondrial dysfunction 0.0095
FXR/RXR activation 00162
Whnit/f-catenin signalling 00170
Complement system 00191
Histidine metabolism 0.0263
Sphingolipid metabolism 0.0389

rate was not significant probably because of the small sample size
(P=0.0528). In non-tumour lesions, Ep-CAM staining was
observed in a few scattered cells and proliferating bile duct
epithelium showed positive expression.

Analysis of the degree of Ep-CAM expression in tumour lesions
showed five (16.7%) samples negative for Ep-CAM expression
(score 0), 19 (63.3%) with weak expression (score 1-4), four
(13.3%) stained moderately (score 6-8) and two (6.7%) samples
exhibited strong Ep-CAM expression (score 9-12). These results
suggest that Ep-CAM expression in advanced HCC could be a
potentially useful marker for resistance to IFN-o/5-FU combina-
tion therapy.

Ep-CAM expression and activation of Wnt/S-catenin
signalling by BIO

We analysed the protein expression level of Ep-CAM in hepatoma
cell lines. Western blot analysis using an anti-Ep-CAM antibody
confirmed the positive expression of Ep-CAM in three of the six
cell lines (HuH7, HepG2 and Hep3B), whereas PLC/PRF/5, HLE
and HLF were negative (Figure 2A). We earlier reported strong
IFNAR2 expression in PLC/PRF/5 cells and weak IFNAR2
expression in HuH7 cells (Eguchi et al, 2000). We transfected a
TCF/LEF reporter into PLC/PRF/5, HuH7 and HepG2 cells to
evaluate TCF/LEF transcriptional activity, representing the activity
of Wnt/f-catenin signalling pathway. We found that the luciferase
activities were high in both Ep-CAM-positive HuH7 cells and
HepG2 cells, whereas very low in Ep-CAM-negative PLC/PRF/5
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cells (Figure 2B). And, HepG2 cell line was reported to have
mutation and activated f-catenin (de La Coste et al, 1998). For
these reasons, we used the cell line HuH7 to investigate how Wnt/
B-catenin signalling affected on the growth-inhibitory effect of
IFN-¢/5-FU. In the next step, we examined whether Wnt/f-catenin
signalling can be activated in HuH7 cells when treated with various
concentrations of specific GSK-3 inhibitor, BIO. HuH?7 cells treated
with BIO showed a substantial, dose-dependent increase in TCF/
LEF reporter activity. Consequently, treatment with BIO at 0.5, 1
and 5nM induced 8.6-, 29.1-, and 48.6-fold increases in relative
luciferase activity compared with HuH7 cells treated by DMSO,
respectively (Figure 2C). To examine the effects of BIO on the
expression of Wnt/f-catenin signalling targeted genes, qQRT-PCR
analysis of five targeted genes (TACSTD1, AXIN2, MYC, TCE3 and
CCND1) was carried out in HuH7 cells after 24h treatment with
BIO (5nM). The concentration of BIO was selected on the basis of
the results of luciferase reporter assay, Treatment with BIO
increased the mRNA expression of targeted genes from 1.3-fold to
7.6-fold compared with cells treated with DMSO (Figure 2D). In
western blot analysis, the expression levels of Ep-CAM and ¢-MYC
increased in a BIO dose-dependent manner in HuH7 cells, but not
in PLC/PRF/5 cells (Figure 2E).

Growth inhibition assay and reduction of
growth-inhibitory effect of 5-FU and/or
IEN-« treatment

Next, we investigated the role of activation of Wnt/f-catenin
signalling in the reduction of the growth-inhibitory effect of IFN-a/
5-FU. The growth of HCC cells (PLC/PRF/5 and HuH7 cell lines)
was suppressed by 5-FU and IFN-« in a dose-dependent manner.
Concurrent addition of BIO and IFN-«/5-FU to the cell cultures
significantly reduced the growth-inhibitory effects of IFN-u/5-FU
in HuH7 cells. In HuH?7 cells, the growth inhibitory effects of IEN-
«/5-FU without BIO were 22.3 + 2.8% at 0.5 ugml™~! 5-FU and 500
Uml™' IFN-¢, and 44.6+0.9% at 5ugml~' and 5000 Uml™.
Concurrent addition of BIO decreased the growth inhibitory effect
to 8.6+ 3.9% (P=0.0012; 0.5 ug ml™? of 5-FU and 500 Uml™ for
IFN-o) and 29.0 £2.0% (P<0.0001, S,ugml_1 for 5-FU and 5000
Uml™" for IFN-a) of control cells. In contrast, no change in the
growth-inhibitory effect was found in PLC/PRF/5 cell line
(Figure 3A). We also investigated the effects of BIO when
combined with 5-FU alone or IFN-« alone in HuH7 cells. The
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