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Fig. 2. (A) Effect of RNA interference targeting SREBFI in HuH7 cells. Expression levels of SREBFI mRNA were reduced by si-RNAs targeting
different exons in SREBFI. Transcripts of FADSI and SCD were also down-regulated, showing transcriptional deactivation of the lipogenesis pathway.
(B) Cell proliferation assay. Deactivation of the lipogenesis pathway severely reduced cell growth in HuH?7 cells. (C) Soft agar assay. Deactivation of the
hibited anchorage independent cell growth in HuH7 cells. (D) TUNEL assay. Deactivation of the lipogenesis pathway significantly

i is pathway i
ining evaluated by flow cy . Deactivation of the lipogenesis

increased the number of TUNEL-positive cells in HuH7 cells. (E) Annexin V
pathway significantly increased the number of annexin V positive cells in HuH7 cells.
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Fig. 3. (A) Western blot analysis of SREBFI protein expression in
HuH7 cells transfected with control pCMVT plasmids or pCMV7-
SREBFIc plasmids. Both cytoplasmic and nuclear forms of SREBFI
protein expression were increased by pCMV7-SREBFI ¢ overexpression.
(B) Focus assay of HuH7 cells transfected with control pCMV7 plasmids
or pCMV7-SREBFIc plasmids. (C) Western blot analysis of SREBFI
and phospho-GSK-3§ protein expression in HuH7 cells transfected with
indicated amounts of pCMV7-SREBFI¢ plasmids.

significance (HR, 3.7; 95% CI, 1.0-13.7; P = 0.05;

Table 2).

4. Discussion

Using large-scale gene expression profiling, we have
shown that the lipogenesis pathway is transcriptionally
activated in HCC. Our SAGE profiles will be available
on our homepage (http://www.intmedkanazawa.jp/)
and will be submitted to the Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/).

We found that the levels of expression of FADSI,
SCD, and FASN were each correlated with those of
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SREBFI, suggesting that SREBFI is one of the main
factors involved in the activation of lipogenesis in
HCC. Activation of growth signaling pathways. such
as the PI 3-kinase and mitogen-activated protein
kinase pathways, has been shown to induce up-regula-
tion of SREBFI in prostate and breast cancer cells
[33,34]. We have observed induction of SREBFI pro-
tein expression by IGF2 in HuH7 cells (data not
shown). Furthermore, we have identified that SREBFI
overexpression results in the activation of cell prolifer-
ation and PI 3-kinase signaling, whereas expression
inhibition of SREBFI abrogated the IGF2 induced
cell proliferation. Although detailed mechanisms
should be clarified in future, our results suggest that
SREBFI is a key component of PI 3-kinase signaling
in HCC.

SREBFI is induced by alcohol [35], insulin, and fat
[30.36), and plays a central role in the mechanism of
hepatic steatosis [37). Interestingly, these SREBFI
inducers are risk factors for HCC [12,13.38.14]. Strik-
ingly, two recent studies have shown that HBV and
HCV infection may also induce hepatic steatosis
through activation of SREBFI [39.40]. Furthermore, a
recent report revealed the activation of SREBFI signal-
ing in cancer by hypoxia [41]. Thus, these pathologic
conditions such as chronic viral hepatitis, alcohol abuse,
obesity, diabetes, and local hypoxia may up-regulate the
expression of SREBFI, which, in turn, may contribute
to an increased risk of hepatocarcinogenesis. Transgenic
mice overexpressing SREBFI in the liver exhibited hepa-
tic steatosis and hepatomegaly, suggesting the role of
SREBFI on lipid metabolism and cell proliferation.
However, it should be noted that no transgenic mice
overexpressing SREBFI have been reported to have
the risk of HCC development thus far. Interestingly, a
recent report indicated that HCV core transgenic mice
known to develop HCC showed coordinated activation
of lipogenic pathway genes and SREBF] [42]. Although
further studies are clearly required, we speculate that the
activation of SREBFI may contribute to promote the
development of HCC in already-initiated hepatocytes
but not in normal hepatocytes.

Recently, Yahagi et al. reported the activation of lip-
ogenic enzyme related genes in HCC [31]. In that paper,
the authors suggested that SREBFI expression was not
correlated with the expression of other lipogenic genes
by Northern blotting, inconsistent with our current
data. One possible explanation of these discrepancies
might be the different methods for quantitation of
mRNA, and we believe that real-time RT-PCR method
used in our study would be more accurate. In addition,
we evaluated the expression of SREBFI and lipogenic
genes using more samples (a total of 44 liver and HCC
tissues) than Yahagi et al did (10 HCC tissues). Further-
more, a recent paper indicated the coordinated activa-
tion of SREBF! and lipogenic genes in HCC
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Fig. 4. (A) A photomicrograph of an HCC with adjacent non-cancerous cirrhotic liver stained with anti-SREBFI antibodies. (B) Representative
photomicrographs of SREBFI-negative-, SREBFI-low-, and SREBFI-high-HCC tissues stained with anti- SREBF] antibodies. (C) SREBFI gene
expression by real-time RT-PCR according to protein expression status assessed by IHC, SREBF] was highly expressed in SREBF]-high HCC
(P = 0.03). (D) SREBF1 expression and cell proliferation in HCC. PCNA indexes in SREBFI-high HCC were higher than those in SREBFI-low/-
negative HCC with statistical significance (P < 0.001). (E) Kaplan—Meier plots of 54 HCC patients analyzed by i histochemistry. The differ
between SREBFI-high and -low/-negative HCC were analyzed by log-rank test.

developed in the liver of HCV core transgenic mice [42), these data suggest that the lipogenic gene activation
strongly support our data. Although further studies seems to be mediated, at least in part, by SREBFI
using large numbers of HCC tissues may be required, expression in HCC.
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Table 2
Lnlurl.tu Cox regression analysis of survival relative to SREBF/

pr p and clinicopathological parameters.
Variables (n) !l‘R (95% CI) P-value
SREBF| and mortality (n = 54)
Tumor size

<3cm (n=137) 1

Ziemn=17) 2.2(0.6-8.3) 0.2
pTNM stage

L 11 (n=43) |

IL IV (n=9) 20104-94) 04
Serum AFP

<20 ng/ml (n = 35) |

220ng/ml (n = 19) 1.5(0.4-5.4) 0.5
SREBFI

Low (n = 34) 1

High (n=20) 3.7(L.0-13.7) 0.05

Because the majority of our HCC patients ana-
lyzed had Child-Pugh class A scores and about
70% had tumors less than 3 cm in diameter, all were
expected to have a good prognosis. Indeed, patient
survival in this cohort was not segregated by tumor
size or pTNM stage (Table 2). Although the sample
size was relatively small, we found that enhanced
expression of SREBF] was a prognostic factor for
mortality in HCC possibly due to the highly prolifer-
ative nature. Activation of lipogenesis pathways, as
shown by overexpression of FASN, has been found
to correlate with high mortality in breast, prostate,
and lung cancer [43], suggesting that activation of
lipogenesis may be a fundamental characteristic of
cancer with poor prognosis. Thus, SREBFI expres-
sion may be a good biomarker for HCC classifica-
tion, a finding that should be validated in a large
scale cohort. Because deactivation of the lipogenesis
pathway by inhibition of SREBFI gene expression
could inhibit HCC cell growth in vitro, SREBFI
may be a good target for pharmaceutical intervention
in these tumors.

In conclusion, our genome-wide gene expression
profiling analyses found that the lipogenesis pathway
was activated in a subset of HCC. SREBFI, which
activates the lipogenesis pathway, may be a good bio-
marker for HCC prognosis and may be a good target
for therapeutic intervention.
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Background/Aims: Multidrug resistance-associated protein 3 (MIRP3) is a carrier-type transport protein belonging to the
ABC transporters. It is expressed in normal tissues, and enhanced expression in many cancers has been reported. In this study,
we investigated the usefulness of MRP3 as a target antigen in immunotherapy for hepatocellular carcinoma (HCC).

Methods: The MRP3 expression level in HCC tissue was measured by quantitative PCR. MRP3-specific T cell
responses were investigated by several immunological techniques using peripheral blood mononuclear cells or tumor-infil-
trating lymphocytes.

Results: The MRP3 expression level in HCC tissue was significantly higher than that in non-cancerous tissue (£ < 0.05).
MRP3-specific cytotoxic T cells (CTLs) could be induced regardless of liver function, the presence or absence of HCV
infection, the blood AFP level, and the stage of HCC. The CTLs showed cytotoxicity against HCC cells overexpressing
MRP3. A negative correlation was present between the MRP3 expression level in HCC tissue and the frequency of
MRP3-specific CTLs. The frequency of MRP3-specific CTLs increased after HCC treatment, such as transcatheter arte-
rial embolization and radiofrequency ablation.

Conclusions: Our study demonstrates that MRP3 is a potential candidate for tumor antigen with strong immunogenicity

in HCC immunotherapy.

© 2008 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Hepatocellular carcinoma (HCC) is treatable by hep-
atectomy or percutancous ablation when the lesion is
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localized to some extent, and radical therapeutic effects
can be obtained when the resection or cauterization with
a safety margin can be performed [1,2]. However, active
hepatitis and cirrhosis in the surrounding non-tumor
liver tissues exhibit high carcinogenetic potentials to
develop de nove HCC, and therefore, the recurrence rate
of HCC after treatment is very high [3.4]

To protect against recurrence, tumor antigen-specific
immunotherapy is an attractive strategy. For the devel-
opment of HCC-specific immunotherapy and analysis of
immune responses to the treatment, the identification of
HCC-specific tumor antigens or their antigenic epitopes
is necessary. However, only a few HCC-specific tumor
antigens and their antigenic epitopes have been identi-
fied [5-10].

MRP3 is a carrier-type transport protein belonging to
the ABC transporters that transport subsiances against
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the concentration gradient in an ATP energy-dependent
manner [11]. Tt is expressed at a high level in the small
and large intestine, pancreas, placenta, and adrenal cor-
tex [12], and recent studies have reported that its expres-
sion is enhanced in various cancer cells [13-15]. Yamada
et al. demonstrated that MRP3 was a tumor rejection
antigen recognized by cytotoxic T cells (CTLs), using
lymphocytes infiltrating into lung adenocarcinoma,
and identified its CTL epitope [13]. These reports sug-
gest that MRP3 may be useful as a target antigen in
HCC immunotherapy. However, the MRP3 expression
level in HCC tissue has been controversial [16.17], and
the association between the expression level and the
degree of the immune response to MRP3 in HCC
patients has not been clarified.

In this study, we measured the MRP3 expression level
in various hematoma cell lines and HCC tissues in HCC
patients, and analyzed immune responses to MRP3
using peripheral blood mononuclear cells (PBMCs)
and tumor-infiltrating lymphocytes (TILs) to investigate
the usefulness of MRP3 in HCC immunotherapy.

2. Materials and methods

2.1. Patients

This study examined 103 HLA-A24-positive patients with HCC
(Table 1). All subjects were negative for Abs to human immunodefi-
ciency virus (HIV), and gave written informed consent to participate
in this study in accordance with the Helsinki declaration. The diagno-
sis of HCC was histologically confirmed by taking US-guided needle
biopsy specimens in 35 cases. surgical resection in 13 cases, and
autopsy in 4 cases, For the remaining 51 patients, the diagnosis was
based on typical hypervascular tumor staining on angiography in addi-
tion to typical findings, which showed hyperattenuated areas in the
early phase and hypoattenuation in the late phase on dynamic CT
[18]. Eleven healthy blood donors with HLA-A24, who did not have
a history of cancer and were negative for HBsAg and anti-HCVAb,
served as controls.

2.2. Laboratory and virologic testing

Blood samples were tested for HBsAg and HCVAbD by commercial
immunoassays (Fuji Rebio, Tokyo, Japan), HLA-based typing of
PBMC from patients and normal donors was performed as previously
deseribed [10],

The serum AFP level was measured by enzyme immunoassay
({AXSYM AFP, Abbott Japan, Tokyo, Japan) and the pathological
grading of tumor cell differentiation was assessed according to the gen-
eral rules for the chinical and pathologic study of primary liver cancer

[19]. The severity of liver disease (stage of fibrosis) was evaluated
according to the cniteria of Desmet et al. [20] using biopsy specimens
of liver tissue, where F4 was defined as cirrhosis,

2.3. Cell lines

Eight human hepatoma cell lines: HepG2, Alex, Huh6, HLE, HLF,
Hep3B. SKHepl. and Huh?7, were cultured in DMEM (Gibco. Grand
Island, NY, USA) with 10% fetal call serum (FCS) (Gibco, Grand
Island, NY, USA). The HLA-A*2402 gene-transfected CIR cell line
(CIR-A24) [21] was cultured in RPMI 1640 medium containing 10%
FCS and 500 pg/ml of hygromycin B (Sigma, St. Louis, MO, USA),
and K562 was cultured in RPMI 1640 medium containing 10% FCS.

2.4. Quantitative real time detection (RTD )-PCR

We performed quantitative RTD-PCR using TagMan Universal
Master Mix (PE Applied Biosystems, Foster City, CA, USA). Primer
pairs and probes for MRP3 and f-actin were obtained from TagMan
assay reagents library. Total RNA was isolated from cell lines and liver
tissue samples using an RNA extraction kit (Micro RNA Extraction
Kit, Stratagene. La Jolla, CA, USA). We reverse-transcribed | pg of
isolated RNA 1o cDNA using SuperScript® II RT (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s instructions, and the
resultant ¢cDNA was amplified with appropriate TagMan assay
reagents as previously descnbed [22],

2.5 Preparation of PBMCs and TILs

PBMCs and TILs were isolated as previously described [9]. Fresh
PBMCs were used for the CTL induction, and the remaining PBMCs
and TILs were resuspended in RPMI 1640 medium containing 80%
FCS and 107 dimethyl sulfoxide and cryopreserved until used. In
patients with treatment, PBMCs were obtamed before and 2-4 weeks
after the treatment.

2.6. CTL induction and cytotoxicity assay

Peptides MRP3s05, MRP34s2, and MRP3545, which were identified
to contmn a HLA-A24 resincted CTL epitope [13]. were used for the
induction of MRP3-specific T cells (Table 2). Peptides were synthesized
at Mimotope (Melbourne, Australia) and Sumitomo Pharmaceuticals
{Osaka, Japan). They were identified using mass spectrometry, and
their purities were determined to be >80% by analytical HPLC. CTLs
were expanded from PBMCs as previously described [23]. Briefly, four
hundred thousand cells per well were stimulated with synthetic pep-
tides at 10 pg/ml, 10 ng/ml rIL-7 and 100 pg/ml rIL-12 (Sigma, St.
Louis, Mo) in RPMI 1640 supplemented with 10% heal inactivated
human AB serum, 100 U/ml penicillin and 100 pg/ml streptomycin.
The cultures were re-stimulated with 10 pg/ml peptide, 20 U/m] rIL-
2 (Sigma, St. Louis, MO) and 10° mytomicin C treated autologous
PBMCs on days 7 and 14, On days 3, 10 and 17, 100 u! of RPMI with
10% human AB serum and 10 U/ml rIL-2 (final concentration) was
added to each well.

CIR-A24 cells and human hepatoma cell lines were used as target
cells. Cytotoxicity assays were performed in at least 10 HCC patients
for each peptide as previously described [10] Spontaneous release

Tabie 1

haracterintics of the putients vtudied

Clinical No.of  Sex MIF  Age(yr) ALT(IU/L)  AFPing/m!) Etology  Child Pugh Diff. degree” Tumor mux®  Tumer Viancular TNM

diagnosis patients Mean £ SD Mean+ 5D men 8D (B/C/B+  (A/B/C) (Wel/Mod/  (Large/ multiphicity  Invamon (+/-)  stage

C/Othens) Por/ND) Small) IMultipie/ [LTIEY]

Solitary) HIBANICAY)

HCC patients 103 ™24 6310 65+ 37 ISS2 196 IWTHIR 6190 1nase 7924 e W1 24/51/16/1/3/8

Normal donons 11 L] M2 ND ND ND ND ND ND D KD ND

* Himological degree of HOC, wel well ifl d, por: poorty diff NI not

mod
* Tumor size was divided into either ‘small' (52 cm) of large’ (=2 cm)
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Table 2

Peptides

Peptade Source Start position  Amino aod sequence  HLA restricbon
MRFI; MRP3 s LYAWEPSFL HLA-A24
MRPig: MRP3 692 AYVPOOAW] HLA-AZ4
MRP3 .y, MRP3 763 YYSDADIFL HLA-A24

HIV eava HIV envelope 584 RYLRDQQLL HLA-A24
CMV ppblyy  CMV ppés i2m QYDPVAALF HLA-AZ4
AFPuy AFP a3 KYIQESQAL HLA-AM

was <15% of the maximum release for all experiments. For the assay
using hepatoma cell lines, the cytotoxic activity was considered positive
when it was higher than that of CTL against K562 which shows non-
specific lysis. The assay was performed at least three umes for cach

peptide.
2.7. ELISPOT assay

ELISPOT assays were performed as previously described with the
following modifications [9.10], Peptides MRP3sx3, MRP3g:, and
MRP345 were used for the detection of MRP3-specific T cells. Nega-
tive controls consisted of a HIV envelope-derived peptide (HIVenvag,)
[24]. Positive controls consisted of 10 ng/ml phorbol 12-myristate 13-
acetate (PMA, Sigma) or a CMV pp65-derived peptide (CMVpp65,3)
[25]. The colored spois were counted with & KS ELISpot Reader
(Zeiss, Tokyo, Japan). The number of specific spols was determined
by subtracting the number of spots in the absence of antigen from
the number of spols in ils presence. Responses for peplides
MRP3g3, MRP3gs;, and MRP34¢s in HCC patients were considered
positive if more than the mean + 35D specific spots in healthy normal
donors were detected and il the number of spots in the presence of
antigen was at least twofold greater than the number of spots in its
absence. Responses for peptides HIVenvssy and CMVpp65: were
considered positive if more than 10 specific spots were detected and
if the number of spots in the presence of antigen was at least twofold
greater than the number of spots in the absence of antigen,

2.8. Tetramer staining and flow cytometry

Peptide MRP344 specific tetramer was purchased from Medical
Biological Laboratories Co., Ltd (Nagoya, Japan). Tetramer staining
was performed according to a previously reported method with several
modifications [ 10]. In brief, PBMCs were stained with CD8-PerCP (BD
PharMingen, San Diego, CA, USA) and tetramer-PE (10 pl) for
30 min at room temperature, Cells were washed, fixed with 0.5% para-
formaldehyde/PBS, and analyzed on a FACSCalibur™ flow cytome-
ter. Data analysis was undertaken with CELLQuest™ software
(Becton-Dickinson, San Jose, CA, USA),

2.9. Statistical analysis

Data are expressed as means £ SD. The »° test with Yates’ correc-
tion, Fisher's exact probability test, and the unpaired i-test were used
for statistical analyses where appropnate. Linear regression lines for
the relationship between expression of MRP3 mRNA and MRP3-spe-
cific immune responses were calculated using Pearson's correlation
coefficient. A level of P <0.05 was considered significant.

3. Results
3.1. Patient profile
The clinical profiles of the patients are shown in

Table 1. In 52 patients, HCC was histologically classi-
fied as well-, moderately, and poorly differentiated
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HCCin 17, 31, and 4, respectively. In the other patients,
HCC was diagnosed based on typical CT findings and
AFP elevation. On tumor classification based on the size
and number, the tumor was large (>2 cm) in 79, small
(<2 cm) in 24, multiple in 73, and solitary in 30. Vascu-
lar invasion was noted in 30 patients. On tumor classifi-
cation using the TNM staging of the Union
Internationale Contre Le Cancer (UICC) classification
system (6th version), 24, 51, 16, 1, 3, and 8 patients were
staged I, II, IIIA, IIIB, IIIC, and IV, respectively.

3.2. Expression of MRP3 in hepatoma cell lines and HCC
Hssues

To investigate the MRP3 expression level in HCC, we
measured MRP3 mRNA in 8 hepatoma cell lines by
real-time PCR. The expression ratio of MRP3 to f-
actin, measured as an internal control, is shown in
Fig. 1A. All hepatoma cell lines except HLF expressed
MRP3, but the expression level varied among the cell
lines. HepG2, Hep3B and Huh7 showed high expression
levels, but Alex, HLE, SKHepl and Huh6 showed low
expression levels.

The MRP3 expression level in HCC tissues was com-
pared with non-cancerous tissues in specimens obtained
from 20 HCC patients by US-guided needle tumor
biopsy or surgical resection. The MRP3 expression level
was significantly higher in HCC tissue than in the non-
cancerous tissue (P < 0.05) (Fig. 1B). In the analysis of
the individual MRP3 expression levels, 11 of 20 (55%)
HCC tissues showed higher expression level than that
of Huh 7 whose average of expression level is 1.0
(Fig. 1C).

3.3. Cyrotoxic activity of MRP3 peptide-specific CTL
against hepatoma cell lines

Whether the MRP3-derived peptides used were capa-
ble of inducing peptide-specific CTL from PBMCs was
mvestigated in at least 10 HCC patients. The CTLs spe-
cific for MRPS;D). MRP?O@;;. and MRP3M,3 were
induced in 3, 3 and 2 patients, respectively. As shown
in Fig. 2A, all CTL induced with MRP3g;;, MRP3g.,
and MRP3,4 showed high-level cytotoxicity against
CIRA24 cells pulsed with the corresponding peptides.

These CTLs exhibited cytotoxicity against hepatoma
cell lines with the HLA-A24 molecule and high expres-
sion of MRP3, HepG2 and HLE, but not against
MRP3-hypoexpressing Huh6 and MRP3-overexpress-
ing Huh7 without HLA-A24 molecule (Fig. 2B).

3.4. T Cell responses to MRP3-derived peptides assessed
by IFN-y ELISPOT analysis

To determine a significant number of T cells that spe-
cifically reacted with MRP3;, MRP349; and MRP3745
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Fig. 1. Expression levels of MRP3 mRNA. (A) Expression of MRP3 mRNA was measured by real-time PCR in hepatoma cell lines. (B) Comparison of
MRP3 mRNA expression levels between non-tumor (white bar) and tumor (solid bar) tissues, The data are expressed as means + SD. The unpaired r-test
was used for a statistical analysis. (C) Comparison of MRP3 mRNA expression levels between non-tumor (white bar) and tumor (solid bar) tissues in

individual HCC patients. * denotes 6.15 + 4.21.

peptides imn HCC patients, ELISPOT assays were per-
formed using PBMCs from 11 healthy donors. The
number of specific spots was 02+05, 15421,
09+ 10, 13+20, and 13.3=157cells/3 x 10°
PBMCs, respectively (Fig. 3). Similarly, cells that specif-
ically reacted with the peptides were counted in HCC
patient-derived PBMCs. Regarding a number of T cells
that specifically reacted with the peptide of larger than
the mean + 3SD of that in healthy donor-derived
PBMCs as a significant response, 20.0, 14.1, and
21.4% of the patients showed significant responses to
MRP3sp3, MRP3ggs, and MRP3+s, respectively (Fig. 4A).
A significant response specific for CMVpp65;55 was
detected in 51.0% and 36.4% of the HCC patients and
healthy donors, respectively, showing no significant dif-
ference between the 2 groups. On the other hand, no sig-
nificant response for HIVenvsgy was observed in both
groups.

On similar analysis of TIL, 75.0, 75.0, and 37.5% of the
patients showed significant responses to MRP3sg3,
MRP34;, and MRP344;5, respectively, revealing that the
frequencies were higher than those in PBMCs (Fig. 4B).

3.5. Detection of MRP3 s tetramer” and CD8™ T
lymphocyres in PBMCs

The frequency of MRP3-specific T cells was also
investigated using MRP3.4 tetramer in 20 HCC
patients. To confirm the specificity of MRP3,; tetra-

mer, we tried to detect the tetramer’ cells in a CTL line
induced by stimulation with MRP3,45 peptide. The fre-
quency of MRP34s tetramer™ cells in CD8™ cells was
increased from 0.03% before to 9.15% after stimulation
(Fig. 5A). When PBMC was stimulated with irrelevant
peptide (AFPyy3), the frequency of MRP3.,¢ tetramer™
cells was only 0.08%.

To count the frequency of tetramer™ cells in periphe-
ral blood, we used freshly isolated non-stimulated
PBMCs for the assay. The tetramer ™ and CD8" T cells
accounted for 0.00-0.23% in PBMCs of HCC patients
(Fig. 5B). Next, the results were compared with those
of ELISPOT assay. In patients 1 to 7, both MRP3; tet-
ramer’ and IFN-y producing cells responding to the
peptide in ELISPOT assay were detected. In contrast.
in patients 8 to 13, the frequency of tetramer™ cells
was high, but no significant increase in the MRP344
peptide-specific T cell count was detected by the ELI-
SPOT assay.

3.6. MRP3-specific T cell responses and clinical features
of HCC patienis

To clarify the clinical characteristics of MRP3-spe-
cific T cell responses in HCC patients, the clinical back-
ground was compared between patients who showed
positive responses to MRP3-derived peptides on ELI-
SPOT assay and those who did not. No significant dif-
ferences were noted between the 2 groups (Table 3).
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Fig. 2. Cytotoxicity of MRP3-specific Tcell lines derived with peptide in patients with HCC. (A) The cytotoxicity of T-cell lines was determined by a
standard 6-h cytotoxicity assay at various eflector to target (E/T) ratios against CIR-A"2402 cells pulsed with or without one of the MRP3-derived
peptides listed in Table 2. The open circle shows the cytotoxicity against C1R-A"2402 cells pulsed without a peptide. The closed circle shows the
cytotoxicity against CIR-A"2402 cells pulsed with a peptide. (B) Cytotoxicity of MRP3-specific T-cell lines derived with peptide was also measured
against hepatoma cell lines. The cy icity was idered positive when it was higher than that against K562 which shows non-specific lysis. HepG2
expresses MRP3 and has HLA-A"2402. Huh 6 and HLE show a low expression of MRP3 and have HLA-A"2402. Huh 7 shows MRP3 expression, but

does not have HLA-A"2402, Cytotoxicity was determined by = standurd 6-h cytotoxic assay (E/T ratio of 50:1).

In 20 HCC patients in whom the MRP3 expression
level in HCC tissue could be measured, the relationship
between the expression level and frequency of MRP3-
specific T cells was investigated. A significant negative
correlation was present between the MRP3 expression

A+

20 4

Specific spots/3X10° PBMCs

MRP2,

MRP3,;; MRP3,; HIV cave, CMVpp65y

Peptides

Fig. 3, Direct ex-vivo analysts (IFN-y ELISPOT assay) of peripheral
blood T cell responses to MRP3derived peptides (peptides MRP 3y,
MRP3sy, and MRP3..: solid bars) or control peptides (peptides
HIVenvsg, and CMVpp6Sy;s: open and grey bars, respectively) in
healthy normal donors. The data are expressed as means + SD.

level in HCC tissue and MRP3-specific T cell frequency
(r=-054, P<0.05) (Fig. 6A). When the relationship
between the MRP3 expression level in HCC tissue and
CMVpp635-specific T-cell frequency was similarly ana-
lyzed, no significant correlation was present. Further-
more, when the patients were divided into groups with
high and low HCC tissue MRP3 expression levels, set-
ting the border to the mean MRP3 expression level in
the normal liver tissues, 0.743, the peripheral blood
MRP3-specific T cell frequency was significantly higher
in the low- than in the high-level group (p <0.05)
(Fig. 6B). The CMVpp65-specific T cell frequency was
not significantly different between the 2 groups.

3.7. Enhancement of MRP3-specific T cell responses after
anti-cancer treatment

Several studies including our report have clarified
that HCC treatment enhanced HCC-specific immune
responses [9.26.27]. We investigated whether MRP3-
specific T cell responses observed in HCC patients were
enhanced by HCC treatment, In 12 patients who under-
went TAE or radiofrequency ablation (RFA) or both
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Fig. 4. Direct ex-vivo analysis (IFN-y ELISPOT assay) of PBMCs (A) and TILs (B) resp

to MRP3-derived peptid {,," MRPJ,”.'\GRI“Sm

and MRP35) or control peptides (peptides HIVenvey, and CMVpp6513¢) in HCC patients. Only significant TFN-y resp ed. R to
peptides MRP34y3, MRP35;, and MRP3,5 were considered positive if more than the mean + 3SD specific spots in healthy norlml donors were - detected
and if the number of spots in the presence of antigen was at least twofold greater than that in its absence. Responses to peptides HIVenvss, and
CMVpp6533x were considered positive if more than 10 specific spots were detected and if the number of spots in the presence of antigen was at
least twofold greater than that in its absence. The peptide sequences are described in Table 2. * denotes 770 specific spots. ** denotes 210 specific spots.

*** denotes 72 specific spots,

without MRP3-specific T-cell responses before treat-
ment. changes in the MRP3-specific T cell frequency
were investigated by measuring the frequency by ELI-
SPOT assay before and after treatment. The MRP3sg3,
MRP3gq5, or MRP3,5 peptide-specific T cell frequency
was increased after treatment in 8 of the 12 patients
(Table 4). In contrast, the immune response to
HIVenvsgs peptide was not enhanced in any patient,
and that to CMVpp651,¢ peptide was enhanced in one
patient.

4. Discussion

The expression of MRP3 has been reported in sev-
eral normal tissues and cancer cells [14.15.28.29]
Although MRP3 expression in HCC tissue was con-
firmed by immunohistochemical staining [16], the
expression level varied among patients, and a conclu-
sion has not been reached as to whether the expression
is increased compared to that in normal liver tissue
[16.17]. In this study, MRP3 expression in HCC tissue
was detected in all 20 HCC patients, and the expres-
sion lével was significantly higher than that in non-can-
cerous tissue.

The presence of MRP3-recognizing CTL has been
reported in lung, colon, bladder, and renal cancer
patients [13.30]. However, to our knowledge, there is
no report showing the presence of MRP3-specific
CTL in HCC patients. In this study, we showed that
MRP3-specific CTL could be induced by stimulating
PBMCs with MRP3-derived peptides, and the induced
CTL showed cytotoxicity against hepatoma cell lines
overexpressing MRP3. Based on these findings, we
confirmed that MRP3-specific CTLs exist in HCC
patients and MRP3 serves as an immunogenic antigen
in HCC.

The frequency of peripheral blood CTL specific to
each MRP3 epitope was similar to the reported frequen-
cies of CTL against other tumor antigen epitopes
[9.10.31-33]. The CTLs were induced even in an early
stage of HCC and regardless of HCV infection. In TILs,
MRP3-specific CTL were more frequently detected.
compared to that in peripheral blood, suggesting that
MRP3-specific CTL are not only present in peripheral
blood but also infiltrate into the tumor.

The presence and frequency of MRP3-specific CTL
were also confirmed using MRP3¢ tetramer. However,
MRP3-specific CTL could not be detected by ELISPOT
assay in 6 patients despite a high frequency being
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Fig. 5. Detection of MRP3-specific, HLA-A"2402-tetramer” and CD8" T lymphocytes in the peripheral blood. (A) Specificity of the MRP3444 tetramer
was confirmed by staining peptide-specific and non-specific in vitro-expanded T-cell lines. (B) Analysis of the association between the frequency of
tetramer” cells and TFN-y-producing cells detected on ELISPOT assay was performed in 20 patients.

detected by the tetramer. These findings were similar to
those of hTER T-specific CTL in our previous study [10],
suggesting the presence of MRP3-specific non-func-
tional T cells in HCC patients.

In the analysis of association between the HCC
tissue MRP3 expression level and MRP3-specific T-
Table 3
Univariate analysis of the effect of variables on the T cell response against MRPY

Patients with pontive  Patients without positive  pvaloe®

T cell response T cell response
No. of patents i 65
Ag: (years)' 6144100 643497 NS
Sex IM/F) o/ 49716 NS
AFP level (S20/>20) 12 21/44 N5
Wl degree of HCC 5419 12721432 NS
[wellmoderate or poor/NDJ
Tumor multphety e 4312 NS
Imultiple/salitary)
Vascular imvasion {+/=) 12/26 18/47 NS
TNM foctor
TiT24) 6/32 18/47 NS
IND/NT) 362 41 NS
(MM ) 32 58 NS
TNM stage (1/T1-1V) 6/32 18447 NS
Histology of non-tumor bver  30/8 55/10 NS
{LC/chronk hepatitis)
Liver function (Child A/B/C)  2¥/14/1 IR8/25/2 NS
Euology IHCV/HBV/others)  26/T/5 49/12/4 NS

& NS, not sgnifican
" Data are expressed as means = 5D
* ND, not determined

cell frequency in peripheral blood, a negative correla-
tion was detected, suggesting that MRP3-specific
immune responses exert an immune pressure on
MRP3-expressing HCC cells. Recent studies have
shown the involvement of MRP3 in the resistance
to anti-tumor drugs and poor prognosis in several
cancer patients [14.15.28.29.34.35]. Taken together
with these reports, our results suggest the possibility
that MRP3-targeting immunotherapy not only simply
eliminates cancers but also improves drug resistance
and the prognosis by inhibiting MRP3 expression in
cancer cells.

Further to evaluate the usefulness of MRP3 in
HCC immunotherapy, we also investigated the associ-
ation between HCC treatment and the MRP3-specific
CTL frequency. As we and other groups previously
reported [9.26.27], the MRP3-specific CTL frequency
was increased after treatment in 8 of the 12 patients
in whom no immune response to MRP3 was detected
before treatment, whereas the HIV envsgs- and
CMVpp653s-specific CTL  frequencies were not
increased, excluding one patient, suggesting that this
phenomenon represents the enhancement of MRP3-
specific immune responses. These findings also con-
firmed that MRP3 is an antigen expressed in HCC tis-
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Fig. 6. Analysis of the association between the frequencies of MRP3- specific T cells detected on ELSPOT assay and the expression levels of MRP3
mRNA in HCC tissues. The frequency of MRP3-specific T cells was calculated by the sum of specific spots against MRP3g;, MRP34,, and MRP3,.,
peptides. (A) Linear regression lines for the relationship between the expression of MRP3 mRNA and the frequency of MRP3- or CMVpp6S-specific T
cells were calculated using Pearson's correlation coefficient, (B) Analysis of the frequency of MRP3- or CMVpp65-specific T cells in patients with low and
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sue, and has strong immunogenicity that readily Acknowledgements
induces CTL in vivo.

In conclusion, our study demonstrates that MRP3 is The authors thank Maki Kawamura, Kazumi Fush-
a potential candidate for tumor antigen with strong imi, Nami Nishiyama and Mikiko Nakamura for techni-
immunogenicity in HCC immunotherapy. cal assistance,
Table 4
T cell respomse to MRPLderived peptides by ELISPOT sssay before and sfter orestment

Treatment Before treatment After treatment
MRPM MRPl.. MRP3y HIVenviue CMVpphSyy MR P3 MRP MRP3,, HiVenva, CMVpphiyy,

Patient | TAE + RF 1 0 0 0 9 B s 3 2 6
Pavem 2 TAE ~ RF 0 (1] 0 [1] 0 3 2 0 0 2
Patient 3 TAE + RF (] 2 a 4 5 1] I [ 2 i}
Patient 4 TAE + RF [ 0 o ] 18 0 [ 1] 0 %
Putient § TAE + RF 0 4 o 1 3 L] (] k7l ] ND
Patient & TAE + RF 0 o o 1} £l ] ] 4 i =
Pateent 7 TAE o ] 0 ] L] ] (1] & o 1=
Patient § TAE o I L] ] 9 (] 1 0 0 [
Patrent 9 RF o ] (1] 0 4 & 24 35 &
Putient 10 RF o o o ns 0 1 o 1 0% 9.5
Patient 11 RF (K] 0 I i K] ] ] s 1 55
Patient 12 RF [ [ 0 0 JE] ) ] ] ] 6

Bold and underlined letters indicate 8 ugnificant mcrease as described in materials and methods
* TAE, h arterial RF, q y ablation

¥ ND: not determined
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Background/Aims: Specific markers are required for early detection and diagnosis of intrahepatic cholangiocarcinoma
(ICC); however, the tumour markers currently in use are not specific for ICC.

Methods: We compared an ICC ¢DNA library with that of hepatocellular carcinoma (HCC) by serial analysis of gene
expression (SAGE). The expression patterns in each were confirmed by quantitative real-time reverse transcriptase-polymer-
ase chain reaction (RT-PCR), immunoblotting and immunohistochemical analysis of 74 samples including 16 ICC samples.

Results: A comparison of the two libraries revealed distinct gene expression patterns for each type of liver cancer. In
addition to the known tumour markers, we detected nine novel genes associated with ICC. By comparing the mean tran-
script abundance in the ICC library with those in other libraries, including gastric, colon, prostate and breast cancer,
together with our RT-PCR results, we identified three genes as specific markers of ICC: biglycan, insulin-like growth fac-
tor-binding protein 5 and claudin-4. Immunoblotting and immunohistochemical analyses showed that claudin-4 was highly
expressed in ICC. Moreover, discrimination analysis revealed that a combination of these genes could be used to distin-
guish ICC from HCC or metastatic adenocarcinoma.

Conclusions: We identified novel marker genes of ICC that are potentially useful for the diagnosis of liver cancer.
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1. Introduction

Intrahepatic cholangiocarcinoma (ICC), which arises
from bile duct cells in the liver, currently accounts for
approximately 15% of primary liver cancer [1]. Though
it is less familiar than hepatocellular carcinoma (HCC),
the incidence of ICC is increasing, especially in the United
States, the United Kingdom and Australia [2-5].

The differential diagnosis of liver cancer depends on a
combination of serological, radiological and histological
examinations; however, the process can be difficult,
especially in advanced stages. In addition, liver cancer
may include metastasis from other organs, making the
diagnosis even more difficult, Nevertheless, a correct
diagnosis is essential to select the proper therapy and
to determine a patient’s prognosis.

Tumour markers are routinely used in the differential
diagnosis of liver cancer. For example, alpha-foetopro-
tein (AFP) is a sensitive and specific marker of HCC
[6]; keratin (KRT) 7 and KRT19 are amongst the mark-
ers of ICC. KRT7 and KRT19, which are expressed in
the bile duct epithelium and ICC [7 10], can be used
to distinguish HCC from ICC immunohistochemically.
These are not specific to ICC, however, and are
expressed in other cancers such as non-small-cell lung
carcinoma [11]. Other proteins such as carcinoembry-
onic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9) have been used as serum markers for ICC
[12,13], but these are also not specific to ICC because
they are overexpressed in other malignant tumours.
Thus, identifying ICC-specific markers will be valuable
for differentially diagnosing liver cancer to characterise
ICC at the molecular level and to develop improved
therapies for patients with ICC. Recently, Lodi et al.
cited claudin-4 (CLDN4) expression as a possible mar-
ker in differentiating biliary tract cancers from HCC
[14]. However, the gene’s ability to distinguish meta-
static liver cancer has not been evaluated.

In recent years, serial analysis of gene expression
(SAGE) [15] and DNA microarrays have been used to
comprehensively analyse gene expression, including
comparisons of the expression patterns in normal liver
[16] and HCC [17-19]. We used SAGE to construct
c¢DNA libraries of ICC and HCC and performed com-
prehensive analyses of the expression patterns in these
tumours to identify novel markers of ICC.

2. Materials and methods

2.1. Tissue samples

For SAGE analysis, we prepared one ICC sample and three HCC
samples (Table 1). The ICC sample was obtained by the surgical resec-
tion of a solitary cancerous lesion in the liver, which was diagnosed
histopathologically as a moderately differentiated cholangiocellul
carcinoma (Fig. 1A). The HCC samples were obtained from three sur-

gically resected cancerous lesions, all of which were diagnosed histop-
athologically as well-differentiasted HCCs (Fig. 1B). The clinical
characteristics of the patients are provided in Table 1.

In total, 74 samples (ie, 16 ICC, seven normal liver (NL). 20
chronic liver disease (CLD), 26 HCC (Tables 1 and 2) and five extra-
hepatic adenocarcinoma) were used for quantitative real-time reverse
transcriptase-polymerase chain reaction detection (RT-PCR) and dis-
crimination analyses. The NL samples were obtained by the surgical

n of colon t s from patients with metastatic liver cancer,
whereas the CLD samples were non-cancerous liver samples obtained
from patients with HCC. The ICC samples were taken from nine
patients by surgical resection and six cadavers at autopsy, in addition
to the sample used for SAGE., The characteristics of the patients are
provided in Table 2. As samples of extrahepatic adenocarcinoma, we
used BD Premium Total RNA™ (BD Biosciences Clontech, Palo Alto,
CA) taken from adenocarcinomas of human breast (Cat, No.636635),
colon (636634), stomach (636629), uterus (636628) and lung (636633).

The study protocol conformed to the ethical guidelines of the Dec-
laration of Helsinki (1975). All patients provided written informed
consent for the analysis of the biopsy specimens and the hospital ethics
committee approved the study.

2.2. SAGE

Each tissue sample was homogenised in liquid nitrogen and total
RNA was extracted using a TOTALLY RNA™ kit (Ambion, Austin,
TX). The polyadenylated RNA (polyA-RNA) was subsequently puri-
fied using a MicroPoly(A)Pure™ kit (Ambion). Aliquots of polyA-
RNA (3 pg) from each 1CC and HCC sample were used for SAGE,
as described previously [15-17). The NL tissue and HCC cDNA
libraries have also been described previously [16,17]. To compare liver
cancer with cancers from other organs, we obtained 16 SAGE libraries
from the National Center for Biotechnology Information (NCBI)
SAGEmap (http://www.ncbi.nlm.nih.gov/SAGE/). These libraries
originated from the tumours of the stomach (G189 and G234), colon
(Tu98 and Tul02), prostate (PrCA-1 and Chen_Tumour Pr) and
breast (95-259, 95.347, DCIS, DCIS-2, DCIS-3, DCIS-4, DCIS-5,
IDC-3, IDC-4 and IDC-5).

For the analysis of molecular functions, we used all databases reg-
istered in MetaCore™ from GeneGo Inc. (http://portal.genego.com/
cgifindex.cgi). Statistical significance in this database was calculated
using the basic equation (Supplementary Fig. 1).

2.3. Quantitative real-time RT-PCR detection

Template cDNA was synthesised from | ug of total RNA using
SuperScript™ II RT (Invitrogen, San Diego, CA). The qunnmnuve
real-time RT-PCR detection was performed using a TagMan® Gene
Expression Assay kit (Apphed Bmyslm'ns Foster City, CA). The

of Il Ldal dehyd (GAPDH)
(Hs99999905) mRNA in each aamplc was usod to standardise the
quantity of each of the following mRNA: Cbp/p300-interacting trans-
activator with Glu/Asp-rich carboxy-terminal domain 4 (CITED4)
(Hs00388363), glutathione-S-transferase pi (GSTP/) (Hs00168310),
biglycan (BGN) (Hs00156076), insulin-like growth factor-binding pro-
tein 5 (IGFBPS) (Hs00181213), claudin-4 (CLDN4) (Hs00533616),
phosphofructokinase platelet type (PFKF) (Hs00242993), transmem-
brane 4 L six family member | (TM4SFI) (Hs00371997), calpain 1
(mu/1) large subunit (CAPNI) (Hs00559804) and claudin-10
(CLDN10) (Hs00199599),

2.4. Immunoblot analysis

Each tissue sample was homogenised in liquid nitrogen and a pro-
tein extract was prepared using radioimmunoprecipitation assay
(RIPA) buffer, The extracts (7 pg/lane) were subsequently electropho-
resed on SDS-10% polyacrylamide gels and transferred onto polyvi-
nylidene fluoride. An extract prepared from KMBC cells, a human
extrahepatic bile duct carcinoma cell line [21], was used as a positive
control. The blots were then incubated for | h with goat polyclonal
antibodies against claudin-4 (1:200 dilution; Santa Cruz Biotechnol-
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Table 1
Characteristics of the samples used for RT- PCR and SAGE
NL CLD HCC ICC
N=7 N=2 N=2§ N=16
Mean age, years (SE) 64.6 (4.3) 62.7 (2.1) 65.0(1.9) 67.9(2.T)
Sex
Female 3 5 6 5
Male 4 15 20 1
Hepatitis virus infection
HBsAg-positive 0 ] 9
HCV-Ab-positive 0 12 16
Mean ALT (SE) (IU/L) 14.2 (2.0) 61.3(13.9) 526(11.0) 47.0(13.8)
Mean ALP (SE) (IU/L) 234.4(362) 289.0 (33.1) 321.3(31.5) 482.0 (87.1)
Mean GGT (SE) (TU/L) 93.3(72.0) 88.0(14.4) 829 (14.1) 185.5(61.1)
Mean AFP (SE) (ng/mL) NA 818 (29.7) 80.9 (24.6) NA
Mean CEA (SE) (ng/mL) NA NA 53(0.8) 209 (14.0)
Mean CA19-9 (SE) (U/L) NA NA 36.7 (3.7 1171.5 (767.1)

NL. normal liver; CLD, chronic liver disease; HCC, hepatocellular carcinoma; 1CC, intrahepatic cholangi

inoma; ALT, al

ferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase: AFP, alpha-foctoprotein; CEA, carcinoembryonic antigen; CA19-9, car-

bohydrate antigen 19-9; NA, not available.
* We used one ICC sample and three HCC samples for SAGE.

used for the serial

Fig. 1. Histopathological findings of the ph
analysis of gene expression. (A) Moderately differentiated intrahepatic
cholangiocellular carcinoma. (B) Well-differentiated hepatocellular car-
cinoma. [This figure appears in colour on the web.]

ogy, Santa Cruz, CA). The blots were then washed and exposed to rab-
bit anti-goat IgG (1:1000 dilution) for 30 min and visualised using the
ECL™ kit (GE Healthcare UK Ltd.. Little Chalfont, UK).

2.5. Immunohistochemical analysis

For immunohistochemical analysis, we used 16 ICC samples and
16 HCC samples. Deparaffinised sections were treated with primary
antibodies against CLDNA4 (diluted 1:24, rabbit polyclonal antibodies:
Cat. No. sc-17664: Saum Cruz Bsoto:hno]ogy] for 40 min at room tem-
peraturc afler appropriate etrieval tr Primary anti-
body/antigen binding was detected using a standard streptavidin-
biotin-peroxidase technique (LSAB2 Kit Universal/HRP Rabbit/
Mouse; DAKO, Glostrup, D k) and v d using a DAB—
(3.3'-diaminobenzidine tetrahydrochloride) Liquid System (DAKO).

2.6. Discrimination analysis

We performed discrimination analysis based on the mRNA expres-
sion data using Dr, SPSS 11 software (SPSS Inc., Chicago, IL) to create
an 1CC classifier. Fifty-three of the seventy-four samples mentioned
above were selected randomly: seven ICC, four NL, 20 CLD. 17
HCC and five extrahepatic adenocarcinoma samples. These 53 sam-
ples, which were subjected to RT-PCR analysis, were considered to
be the training group. To verify the validity of the analysis. we per-
formed RT-PCR using another 21 samples: nine ICC, three NL and
nine HCC samples.

2.7. Statistical analyses

One-way ANOVA and Tukey-Kramer analyses were used for the
statistical analysis of RT-PCR data.

3. Results
3.1. SAGE profiles of 1CC
We obtained a total of 93,874 SAGE tags: 34,079

from the ICC library and 59,795 from the HCC library.
Of these, 30,859 tags were unique: 14,168 and 16,689
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Table 2

Clinicopathological features and discrimination analysis of the ICC samples used for RT-PCR

No. Age(yr) Gender Virus Tumour Size Stage’ Gross Diff. Serological Z-Score  Predicted
location  (cm) appearance marker result’

CEA® (ng/mL) CAI19-9° (IU/mL)

ICC samples of the training gron

| 58 M HCV P J0x25 3 MF Mod 520 23.00 4.02 ICC

2 73 M HCV A/P 65x55 4B MF Poor NA NA 709 ICC

3 [ M No A/P TOx65 4dA MF Mod 7.50 NA 1.56 ICC

4 76 M HBV L/Med 53x47 4B MF+PDI  Mod 46,00 8,600.00 216 ICC

5 68 F HCV A/P 90x60 4B MF+PDI  Poor NA NA 0.56 ICC

6 65 M HCV Mu 40x30 4A MF Poor 0.00 87.00 1.31 ICC

7 53 M HCV Med 45x30 4A PDI+MF  Poor 520 1,161.00 631 ICC

ICC samples of test group

8 35 F No AP 6.8 x45 4A MF + PDI Poor 45543 168.80 1.34  Not ICC

9 81 F No L 26x20 3 MF Mod 164.58 5.10 163 ICC

0 73 M No P 50=40 3 MF Mod 191,886.86 1.10 20640 ICC

I 7 F No A/P 100x90 3 MF Mod 333547 NA 1328 ICC

12 72 F No M 50x45 3 PDI Mod 28,614.09 NA 4317 ICC

13 70 M No M 40x30 3 MF Well 453344 4.10 16,17 ICC

14 sl M HCV P 18x15 3 MF Mod 573155 380 205 ICC

15 B0 M HCV A/P 35=27 3 MF Mod 2914.25 0.00 9.16 ICC

16 62 M No L/Med 52x37 3 MF Mod 11,024.51 340 2845 ICC

ICC, intrahepatic cholangiocarcinoma; Diff, diffe

: M, male; F, female; A, anterior segment; P, posterior segment; Med, medial segment; L,

lateral segment; Mu, multiple segment; MF, mass-forming type; PDI, periductal infiltrating type; well, well differentiated; mod, moderately differ-

entiated; poor, poorly differentiated.
* International Hepato-P:
® The normal range of CEA is <5 ng/mL.
¢ The normal range of CA19-9 is <37 [U/mL.

»-Biliary Association (IHBPA) classification [20].

¢ The predicted results were determined using leave-one-out cross-validation.

tags from the ICC and HCC library, respectively. Scat-
terplots using all tags indicated that the ICC expression
profile was different from that of HCC (R = 0.4629) and
NL (R =0.3438; Supplementary Fig. 2), whereas the
HCC expression profiles were correlated with those of
NL (R = 0.8632; data not shown). We also observed a
strong correlation between the expression profile of the
HCC used here and that of another HCC (R = 0.8027;
data not shown) [17]. These findings suggest that the
expression profile of ICC differed from those of HCC
and NL.

To eliminate as much sequence error as possible, only
tags with two or more hits were selected from the ICC
library, resulting in 3707 tags. When we searched for
these tags in the NCBI SAGEmap (http://
www.ncbi.nlm.nih.gov/SAGE/), we found that 1348
(36.4%) corresponded to single known genes, 341
(9.2%) corresponded to single expressed sequence tags
(EST) and 1740 (46.9%) had multiple matches. The
remaining 278 tags (7.5%) did not correspond to any
known gene.

3.2. Gene signatures of ICC

We compared the transcript abundance in the ICC
and HCC libraries without excluding tags with one hit
and found that the levels of expression of 1898 genes
were enhanced over fivefold in ICC. As expected, several

genes, previously reported to be upregulated in ICC,
were amongst the 20 genes that showed the greatest
degree of upregulation (Table 3), including KR77,
KRTI9 and S100 calcium-binding protein A6 (S100A46)
[22]. We also identified several genes not previously well
characterised as associated with ICC, such as BGN and
IGFBPS5. Some of the ICC-specific genes were not
detected in the NL library, suggesting that these gene
signatures may be specific to cholangiocytes.

To determine the molecular functions of the 1898
genes that were overexpressed in ICC than in HCC,
we analysed all the SAGE tags representing these genes
in the MetaCore™ from GeneGo Inc. (Supplementary
Table 2). The biological processes of these genes
included the regulation of cell adhesion molecules,
translation initiation and the regulation of wingless-type
MMTYV integration site (Wnt) signalling (P < 0.01; sta-
tistical significance calculated using the basic equation
in Supplementary Fig. 1).

We also found that 702 genes were underexpressed
over fivefold in ICC relative to HCC without excluding
tags with one hit; the 20 genes that showed the greatest
degree of downregulation in ICC are listed in Supple-
mentary Table 3. Amongst these were genes encoding
apolipoprotein, fibronectin and haptoglobin, which
were also underexpressed in ICC relative to NL. The
biological processes associated with these genes (Supple-
mentary Table 4) included immune response and the
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Table 3
Twenty genes overexpressed in ICC compared to HCC

211

SAGE Tag RefSeq ID Gene name Tag count Fold (ICC/HCC)
Icc HCC NL

GACGCCGAAC NM_I133467 Cbp/p300-interacting transactivator, with Glu/ 111 1 9 122.00
Asp-rich carboxy-terminal domain, 4

CCTGGTCCCA NM_005556 Keratin 7 103 0 0 113.00

AATAGAAATT NM_000582 Secreted phosphoprotein 1 (osteopontin, bone 83 1 0 92,00
sialoprotein I, early T lymphocyte activation 1)

CCCCCTGGAT NM_014624 S100A6 S100 calcium-binding-protein A6 66 0 0 73.00
(calcyclin)

CTTCCAGCTA NM_004039 Annexin A2 55 1 3 61.00

GCAATCCTGT NM_006998 Secretagogin, EF hand calcium-binding protein 52 0 0 58.00

GACATCAAGT NM_002276 Keratin 19 50 0 0 55.00

GCAAAGAAAA NM_006769 LIM domain only 4 44 0 3 49.00

CAGGCCCCAC NM_005620 $100 caleium-binding protein A1l (calgizzarin) 41 1 0 46.00

GGAGACTTCC NM_001153 Annexin Ad4 36 0 3 39.00

TGGCCCCACC NM_002654 Pyruvate kinase, muscle i6 1 3 39.00

GCATTTGACA NM_001046 Solute carrier family 12 (sodium/potassium/ 33 0 0 36.00
chloride transporters), member 2

AACTTGGCCA NM_002423 Matrix metalloproteinase 7 (matrilysin, ulerine) 30 1 0 33.00

AGGTCCTAGC NM_000852 Glutathione-S-transferase pi 30 0 6 33.00

ATCTTTCTGG NM_003406 Tyrosine 3-monooxygenase/tryptophan 30 1 0 33.00
5-monooxygenase aclivation protein, zeta
polypeptide

TGATGTCTGG NM_020182 Transmembrane, prostate androgen induced 30 0 0 33.00
RNA

GACCGCAGGA NM_001845 Collagen, type IV, alpha | 27 1 0 30.00

GCCTGTCCCT NM_001711 Biglycan 27 1 6 30.00

GGAACAAACA NM_013230 CD24 molecule 27 0 0 30.00

TATGAATGCT No reliable match 27 0 0 30.00

SAGE, serial analysis of gene expression; ICC, intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma; NL, normal liver.

regulation of inflammation via complement activation
(P < 0.01). These results suggest that the gene expression
pattern of ICC is different from that of HCC.

Amongst the genes that were upregulated more than
20 umes in the ICC library compared with the HCC
library, we selected nine that were not previously well
characterised to be overexpressed in ICC (Table 4) for
further analysis. We defined these genes as the candidate
markers of ICC and compared the SAGE libraries orig-
inating from extrahepatic adenocarcinoma (Supplemen-
tary Table 5). By comparing the mean transcript
abundance in ICC with those in the other libraries,
excluding tags with one hit, we found that eight genes
(CITED4, BGN, IGFBPS, CLDN4, PFKP, TM4SFI,
CAPNI and CLDNIO0) showed a threefold greater
expression in ICC than in at least three other organs.
These genes appear to be useful not only for the differ-
entiation of ICC and HCC, but also for the differentia-
tion of ICC and metastatic liver cancer.

3.3. RT-PCR and protein expression analyses

The above findings are based on the library analysis
of one ICC sample; thus, their reliability must be vali-
dated with multiple samples. Moreover, the application
of SAGE results to routine diagnostic examination is

b

o

indispensable. We performed RT-PCR using RNA sam-
ples isolated from seven ICC, four NL, 20 CLD, 17
HCC and five extrahepatic adenocarcinomas (breast,
colon, stomach, ovary and lung) to validate the expres-
sion data for the eight genes mentioned above. Of these
eight genes, three (BGN, IGFBP5 and CLDN4) were
more highly expressed in ICC than in NL, CLD, HCC
or extrahepatic adenocarcinomas (P <0.05; Fig. 2;
Supplementary Table 1), suggesting that these three
genes are the specific gene signatures for ICC.

Of BGN, IGFBP5 and CLDN4, the expression of
CLDN4 was confirmed by immunoblotting (Fig. 3A)
and immunohistochemical analyses (Fig. 3B and C).
Immunoblotting revealed strong CLDN4 expression in
six of seven patients with ICC and KMBC. In contrast,
slight or no expression was detected in HCC and NL
(Fig. 3A). Immunohistochemical analysis showed
intense membrane staining in 1CC, whereas no CLDN4
expression was observed in HCC (Fig. 3B and C).

3.4. Discrimination analysis

Based on the expression patterns of BGN, IGFBPS
and CLDN4 in the 53 samples of the training group,
we performed discrimination analysis to obtain coeffi-
cients for these three genes, which were then used to
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Table 4
Nine genes not previously well characterised and showing >20-fold overexpression from the ICC library compared to the HCC library
RefSeq ID Gene name Tag count Ratio of RT-PCR P value®
ICC HCC 1CC NL CLD HCC Other
NM_133467  Cbp/p300-interacting transactivator, with 122 1 27.56 1.37 1.81 1.13 0.13 0.0305
Glu/Asp-rich carboxy-terminal domain, 4
NM_000852 Glutathione-S-transferase pi 33 0 10.61 2133 2.54 1.8 14 -
NM_001711 Biglycan 30 1 54 1.06 1.19 0.68 0.35 <0.0001
NM_000599 Insulin-like growth factor-binding protein 5 24 ] 11.13 1.86 0.68 083 0.21 <0.0001
NM_001305 Claudin-4 24 | 34498 1.71 792 8.56 0.44 0.0036
NM_002627 Phosphofructokinase, platel 24 0 160.68 0.5 013 0.08 6.16 0.0089
NM_014220 Transmembrane 4 superfamily member | 24 0 4,687.43 25.12 37.64 498.02 044 0.1882
NM_005186 Calpain 1, (/1) large subunit 21 1 4.32 1.33 092 0.85 5.76 <0.0001
NM_006984 Claudin-10 21 0 6.25 0.56 269 0.11 21.26 0.0638
ICC, intrahepatic cholangiocarcinoma; NL, normal liver; CLD, chronic liver disease; HCC, hepatocellular carcinoma; Other, extrahepatic adeno-
carcinoma; 1CC, intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma.
* One-way ANOVA.
define the Z-score as positive in ICC (Fig. 4A). The pre- culated the Z-score for the 21 samples in the test group
diction performance of the discrimination analysis and found that the score was positive for all the ICC
showed an efficient ROC curve (AUC = 0.987) samples (Fig. 4C). Thus, we could distinguish ICC from
(Fig. 4B). To verify the validity of this classifier, we cal- the other cancers using this classifier.
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Fig. 2. Results of RT-PCR for intrahepatic cholangi inoma (1CC), normal liver (NL), chronic liver disease (CLD), hepatocellular carcinoma (HCC)

and other adenocarcinomas. GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CITEDS, Chp/p300-interacting transactivator with Glu/Asp-rich
carboxy-terminal domain 4; BGN, biglycan; IGFBPS, insulin-like growth factor-binding protein 5; CLDN4, claudin-4; PFKP, platelet-type
phosphofructokinase; CAPNI, calpain 1 (/1) large subunit.



