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Summary

We performed a comparative proteomic analysis of protein expression profiles in four
cholangiocarcinoma (CCA) cell lines: K100, M156, M213, and M139. The H69 biliary cell line
was used as a control. Peroxiredoxin 1 (PRX1) and ezrin-radixin-moesin-binding phosphoprotein
50 (EBP50) were selected for further validation by immunohistochemistry (IHC) using a CCA
tissue microarray (n=301) to assess their prognostic value in this cancer. Both PRX1 and EBP50
were overexpressed in CCA tissues compared with normal liver tissues. Of the 301 CCA cases,
overexpression of PRX1 in 103 (34.3%) was associated with an age-related effect in young
patients (A= 0.011) and the absence of cholangiocarcinoma in lymphatic vessels and perineural
tissues (P =0.004 and P=0.037, respectively). Expression of EBP50 correlated with
histopathologic type, being higher in 180 (59.8%) of moderately or poorly differentiated tumors (P
= 0.039) and was associated with the presence of cholangiocarcinoma in lymphatic and vascular
vessels (A< 0.001 and A< 0.001, respectively). The high expression of EBP50 and the low
expression of PRX1 correlated with reduced survival by univariate analysis (£=0.017 and P=
0.048, respectively). Moreover, the impact of PRX1 and EBP50 expression on patient survival
was an independent predictor in multivariate analyses (= 0.004 and P = 0.025, respectively).
Therefore, altered expression of PRX1 and EBP50 may be used as prognostic markers
incholangiocarcinoma.
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1. Introduction

Cholangiocarcinoma (CCA) is a primary liver cancer occurring in the bile duct epithelium.
Although a rare tumor worldwide, CCA has a high incidence in Southeast Asia, especially in
northeastern Thailand, where infection with the liver fluke, Opisthorchis viverrini, is
endemic. This infection is transmitted by the consumption of raw or undercooked freshwater
fish in regional dishes that contain the metacercarial (ie, infective) stage of the fluke. Once
consumed, the immature flukes migrate up the ampulla of Vater to the biliary tree and
mature in the small intrahepatic bile ducts. An estimated 6 million people are infected with
O. viverriniin Thailand,! where it has long been hypothesized that chronic infection with O.
viverriniis associated with the development of CCA.2Indeed, there may be no stronger link
between a eukaryotic organism and a malignant neoplasm than that between O. viverrini and
CCA, which led the World Health Organization’s International Agency for Research on
Cancer to classify O. viverrini as a Group 1 carcinogen.3

Advanced CCA has an extremely poor prognosis. Over the past 30 years, much effort has
been devoted to improving the survival rate of CCA patients. Surgical resection of all
detectable tumors from the liver and bile duct improves the five-year survival rate, but
surgical resection must be done before an advanced stage of CCA is reached, and
unfortunately, the majority of patients present with advanced CCA, which is not amenable to
surgical intervention. Hence, the discovery of novel biomarkers to refine prognosis and
response to treatment is of great importance.

Two-dimensional gel electrophoresis (2-DE) and mass spectrometry (MS) are still the
method of choice for the analysis of proteins. Although the technique itself is difficult to
reproduce and is therefore not applicable as a diagnostic tool, it can be used for the
discovery of tumor markers.

Recently, a comparative proteomic study of membrane proteins from four human O.
viverrini~associated CCA cell lines with a non-tumor H69 biliary cell line as a control
identified annexin A2 (ANXA2) as a prognostic marker for the outcome of CCA patients.
In the present study, we not only attempted to characterize cytosolic protein profiles from
CCA cell lines with different tumor-forming capabilities and a non-tumor H69 biliary cell
line, but also to determine the prognostic significance of candidate proteins in the human
liver under normal conditions and in CCA.

2. Materials and methods

2.1. Cell lines and cell culture

Four human CCA cell lines, M156, K100, M139, and M213, were isolated from CCA
patients from northeastern Thailand, as described elsewhere. In all cases, CCA was
associated with chronic O.viverrini infection. Approval for use of the tissue was obtained
from the Human Research Ethics Committee of Khon Kaen University. The CCA tissues
were classifiedhistologically as follows: moderately differentiated adenocarcinoma (M156),
poorly differentiated adenocarcinoma (K100), squamous cell carcinoma (M139), and
adenosquamous cell carcinoma (M213). The H69 cells, an immortalized non-malignant
human cholangiocyte cell line, and the CCA cell lines were cultured as previously
described.*

2.2. Tissue samples

The CCA tissues were obtained after informed consent from patients who underwent
hepatectomy at Srinagarind Hospital, Khon Kaen University, as described elsewhere.* Of
the 301 liver fluke—associated CCA samples, 203 were from male patients and 98 from
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female patients, a ratio of 2:1. The mean (£SD) age in years was 55 + 9.4 (range 31-75
years). Most of the patients were at an advanced CCA stage, 73.9% (n = 210) with
lymphatic invasion, 53.1% (n = 152) with vascular invasion, and 39.6% (n = 112) with
perineural invasion. The histopathologic grade of the tumors was assessed as well-
differentiated in 53 patients (35%). The majority of the patients (63.5%) possessed a tumor>
5cm.

2.3. Extraction of cytosolic proteins

The cell lines were examined under a phase-contrast microscope to ensure that they were >
70% confluent before lysis. The culture medium was discarded, and the cells were washed
with 0.25 M sucrose three times on ice and scraped thoroughly in 0.25 M sucrose containing
1% Protease Inhibitor Mix (GE Healthcare, Piscataway, NJ USA). The cells were collected
and centrifuged at 1,500 xg for 5 min at 4°C. The pellets were resuspended in lysis buffer (7
M urea, 2 M thiourea, 4% CHAPS, 2% IPG buffer pH 3-10 nonlinear [GE Healthcare], 40
mM DTT, and 1% Protease Inhibitor Mix) on ice for 15 min. Lysis was achieved by
sonication on ice (3 x 5-s pulses). The lysates were clarified by sequential centrifugation at
600 x g for 10 min to remove the nuclei and unlysed cells, at 10,000 xg for 15 min to remove
the mitochondrial fraction, and at 100,000 xg for 2 h to generate a pellet containing the
enriched microsomal fraction and the supernatant liquid representing the cytosolic fraction.
The total protein in the cytosol was quantified by Bradford assay.

2.4. Two-dimensional gel electrophoresis and image analysis

Total protein (100 pg)[Au: correct?] from the CCA cell lines and H69 as a control was
separated by 2-DE using IPG strips (pH 3-10NL, 7 cm) as described previously.* After
electrophoresis, the protein spots were visualized by CBR-250 (GE Healthcare) staining.
Stained gels were scanned using an ImageScanner (GE Healthcare), and the 2-DE images of
each cell line were compared using ImageMaster 2D Platinum 6.0 software (GE
Healthcare).

2.5.In-gel digestion of 2-DE, MALDI-TOF MS analysis and database search

Protein spots that were unique to or stained more intensely in CCA cell lines compared with
H69 cells were excised from the gel and transferred to VV-bottom 96-well microtiter plates.
Tryptic digestions were performed on an Ettan Spot Handling Workstation robot
(Amersham Biosciences; a division of GE Healthcare). Matrix solution was prepared by
dissolving 10 mg of a-cyano-4-hydroxycinnamic acid (Bruker Daltonik GmbH,
Bremen,Germany) to saturation in 50% acetonitrile/water with 0.1% trifluoroacetic acid and
then mixing with equal volumes of tryptic peptides. The mixture (1 L) was spotted on a
steel target surface (MTP 384 ground steel; Bruker Daltonik) and dried at room temperature.
Mass spectra were recorded on an Autoflex MALDI-TOFmass spectrometer (Bruker
Daltonik) at a maximum accelerating potential of 19 kV in the reflector mode. The m/z
range was from 400 to 4000. Typically, 100 shots were accumulated from three to five
different positions within a sample spot. Proteins were identified by peptide mass
fingerprinting (PMF) using Mascot (http://www.matrixscience.com) in searches against the
NCBInr 2009.04.03 database. The parameters used in the Mascot searches were as follows:
(1) taxonomy was restricted to Homo sapiens, (2) trypsin was specified with the allowance
for one missed cleavage; (3) peptide mass tolerance and fragment mass tolerance were set to
100 ppm and O 0.5 Da, respectively; and (4) carbamidomethyl and oxidized methionine
were chosen as the fixed and variable modifications, respectively. Protein hits were
considered significant if the Mascot score was > 43 (significance A< 0.05). Other criteria for
confident identification were that the protein match should have at least 17% sequence
coverage and match at least 11 peptides. If peptides matched multiple members of a protein
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family, proteins with shared peptides were grouped; and the highest scoring protein was
selected as the representative.

2.6. Tissue microarray and immunohistochemistry

Tissue microarrays (TMAS) were constructed by the Department of Pathology, Faculty of
Medicine, Khon Kaen University. Following TMA construction,® ahematoxylin and eosin-
stained section of the TMA recipient block was prepared and reviewed to confirm the
presence of intact neoplasm. The arrays contained 301 CCA cases and 4 cases of non-tumor
liver tissues as control samples. One core was taken fromthe non-necrotic area of tumor
fociin each formalin-fixed paraffin-embedded CCA sample using punch cores that measured
0.9 mm in greatest diameter. Prior to TMA construction, all tissue slides were re-evaluated
by an experienced histopathologist (C.P.). The extent of invasion by the cancer was
determined in both the interface of the growing tumor border and the adjacent liver tissue.
Pathologic vascular invasion was defined as the presence of a tumorembolus within a vessel
space, identified by associated fibrin clot or an endothelial cell lining. Lymphatic invasion
was defined as present when cancer cells were floating within an endothelium-lined space.
Perineural invasion was defined as tumor invading the perineural sheath or endoneurium.

Immunohistochemical (IHC) reactions were performed on 4-um-thick sections of TMA
silane-coated slides (Sigma, St. Louis, MO, USA) by an immunoperoxidase method as
described.* The TMA sections probed with rabbit polyclonal anti-peroxiredoxin 1 (Abcam
Inc., Cambridge, MA USA) diluted 1:500 (v/v) or rabbit polyclonal anti-EBP50 (Abcam)
diluted 1:400 (v/v) in PBS and incubated overnight at 4°C. After rinsing for 3 x 5 min with
PBS, the sections were incubated at room temperature for 1 h with biotin-conjugated goat
anti-rabbit immunoglobulin (Zymed Laboratories, San Francisco, CA) diluted 1:300 (v/v) in
PBS. The sections were then incubated at room temperature for 1 h with horseradish
peroxidase-conjugated streptavidin (Zymed Labs) diluted 1:300 (v/v) in PBS. Sections were
rinsed with PBS for 2 x 10 min, after which they were developed with DAB (Sigma). The
sections were counterstained with Mayer’s hematoxylin, dehydrated, cleared in xylene, and
mounted in Permount.

2.7. Immunohistochemical and statistical analysis

Immunoreactivity was evaluated independently by three researchers (P.Y., B.S., and C.P.),
who were blinded to patient status and outcome. Consensus was reached whenever
disagreement occurred. The percentage of positive tumor cells was determined using
interactive stereologic immunoscoring based on systematic random sampling,” and the
average score was calculated. More specifically, within a defined area of the lesion, we
randomly selected five high-power fields (magnification 400x%; 100 cells/field), and
approximately 500 tumor cells were counted. The percentage of positive cells expressing
PRX1 and EBP50 was categorized as<10% (-) or 210% (+), as described elsewhere.8

For cross-sectional analyses, the XZ test was utilized to analyze the relation between PRX1
and EBP50 expression and categorical variables regarding clinical pathology parameters (eg,
age group, sex, and histologic type). The Kaplan—Meier method was used to calculate
cumulative survival. Differences in survival between the low-expression and high-
expression groups were analyzed for significance by the log-rank method. The
Coxregression model was used to perform multivariate analysis, and the results were
considered of statistical significance if the P value was < 0.05. The statistical analysis was
performed using SPSS 16.0 (SPSS, Inc, Chicago, IL USA).
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3.1. 2-DE profiling of proteins differentially expressed in H69 and CCA cells

In order to examine the differential protein expression profiles of CCA cell lines, three
biological replicates for each cell type (M156, KKU100, M139, M213, and H69) were
generated. The separated protein spots were visualized on 2D gels by CBR-250 staining and
displayed good reproducibility for spot quantification and comparative analysis. Figure 1
shows representative 2-DE maps of each CCA cell line (M156, K100, M139, and M213)
with spots subjected to MALDI-TOF MS and their identification numbers; the identified
spots are listed in Table 1. The experimental p/and Mrvalues of identified proteins
correlated with the theoretical values reported in the NCBInr database. As reported
previously,* some differences observed between the experimental and theoretical p/ Mr
values and the presence of different isoforms of the same protein could reflect post-
translational modifications or splice variants.

3.2. Protein identification by MALDI-TOF MS

Using 2D gel replicates, the identical and differential protein expression in four CCA cell
lines subtracted from H69 was measured. In Table 1, the proteins, corresponding to 48 spots
expressed in CCA cell lines but not in H69, are shown, together with the MS identification
parameters. To classify the biological significance of the differentially expressed proteins,
MS-identified proteins were classified into molecular and biological functional groups using
the PANTHER database. Several of the proteins identified have been associated with cancer
in previous studies,®12 such as HSP60 and HSP70/HSP90, enolase-alpha, and hnRNPs. As
illustrated in Figure 2, MALDI-TOF MS analysis and peptide mass fingerprinting of the
tryptic digests subsequently identified protein spot 38 as PRX1 (Fig. 2A), spot 39 as ezrin
(Fig. 2B), and spot 40 as moesin (Fig. 2C). Peroxiredoxin 1 (PRX1) and EBP50, a binding
partner of ezrin and moesin, were selected for further verification, as their degree of
expression correlates with tumor progression in other cancers, 1314 but their prognostic
utilities in human O. viverrini-associated CCA have not been explored.

3.3. Immunohistochemistry of PRX1 and EBP50

Immunohistochemistry analysis was carried out on the TMA (7= 301) using anti-PRX1 and
anti-EBP50 rabbit polyclonal antibodies to confirm PRX1 and EBP50 expression changes
during cholangiocarcinogenesis. Weak staining of PRX1 (Fig. 3A) and EBP50 (Fig. 3B)
were observed in the cytoplasm and on the apical surface of normal hepatocytes and
cholangiocytes. In contrast, PRX1 (Fig. 3C) and EBP50 (Fig. 3D) were highly expressed in
the majority of the corresponding CCA tissues, concentrated in the cytoplasm with moderate
labeling on the apical surface. Expression of EBP50 and PRX1 was found in the biopsies
from 180 patients (59.8%) and 103 patients (34.3%), respectively. Statistical analysis
showed that overexpression of PRX1 was associated with an age-related effect in young
CCA patients (< 56 years; £=0.001), and an absence of lymphatic (= 0.004) and
perineural (P=0.037)invasion, whereas EBP50 was associated with tumor invasion (P=
0.039), particularly in lymphatic (£ <0.001) and blood vessels (£ <0.001), as shown in Table
2.

3.4. PRX1 and EBP50 expression and cumulative survival

When the variables statistically significant in the univariate analyses were included in a Cox
proportional hazard analysis, moderately or poorly differentiated histologic type (hazard
ratio, 1.56; £=0.0015), overexpression of EBP50 (hazard ratio, 1.37; A= 0.025), and
underexpression of PRX1 (hazard ratio, 1.51; P= 0.004) were identified as independent
predictors of patient survival (Table 3). The median length of survival for patients with high
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PRX1 expression was 38 weeks (95% confidence interval [CI] 26.10, 49.90 weeks), and 29
weeks (95% CI 23.47, 34.53 weeks) for patients with low PRX1 expression. In contrast, the
median survival for patients with high EBP50 expression was 27.14 weeks (95% CI 21.68,
32.60 weeks) and 38.57 weeks (95% CI 27.16, 49.99 weeks) for patients with low EBP50
expression (Table 3). Survival curves for the patients were categorized on the basis of the
PRX1 and EBP50 staining categories and are displayed in Figure 4. Diminished survival
was seen in cases with high expression of EBP50 (£ =0.017) and low expression of PRX1
(P=0.048).

4. Discussion

Identification of protein profiles is important for understanding the mechanisms of
cholangiocarcinogenesis and could facilitate the development of new tools for the diagnosis,
treatment, and prevention of CCA. We applied a proteomics-based approach to identify
differentially expressed tumor proteins in CCA cell lines. Upregulation of peroxiredoxin 1
(PRX1), ezrin, and moesin in moderately differentiated (M156), but not in poorly
differentiated (K100), CCA cell lines might imply association with a better prognosis.
However, a drawback of this method is that cell lines are not representative of the tissue of
origin,as they have been propagated /7 vitro for extended time periods.1® Furthermore, each
cell line was established from a few cells of a single patient biopsy; hence, these lines may
not accurately represent the overall tumor characteristics.1® Accordingly, validation of
comparative proteomic results from the cell lines in the biopsies is an important step in
developing prognostic markers for CCA. Therefore, PRX1 and EBP50 were selected for
further verification using IHC analysis on TMA of CCA tissues.

Peroxiredoxins are found in mammals, yeast, and bacteria and are characterized as thiol-
specific antioxidant proteins. They are further classified as possessing either one or two
conserved cysteine residues.1® The catalytic mechanism of the 2-Cys peroxiredoxins,
particularly PRX1, is specific among the peroxide-detoxifying enzymes.1’ The function of
PRX1 in particular has been implicated as regulating cell proliferation, differentiation, and
apoptosis.18

Upregulation of PRX1 has been linked to tumor suppression in oral squamous cell cancer
and low PRX1 expression with larger tumor masses, lymph node metastases, and poorly
differentiated cancers.1® However, the connection between PRX1 and bile duct cancer has
not been clearly defined. Our IHC analysis showed an association between the
overexpression of PRX1 in human O. viverrin~associated CCA and a decrease in tumor
invasion of lymphatic and vascular vessels. PRX1 is an antioxidant associated with the cell’s
defenses against oxidative damage.2° Pinlaor et al.21 suggested a model of inflammation-
mediated cholangiocarcinogenesis progressing via NO-mediated oxidative and nitrative
DNA damage in hamsters infected with O. viverrini. Therefore, it is reasonable to suggest
that the overexpression of PRX1 seen in our study is explained by increased production of
reactive oxygen species in CCA tissue.

Furthermore, we have identified ezrin and moesin, members of the ezrin-radixin-moesin
(ERM) family, which have been reported as a ligand for EBP50 or Na*/H* exchanger
regulatory factor.25The EBP50 protein is an adapter molecule containing two tandem post-
synaptic density-95/disk-large/Z0-1 homologous (PDZ) domains that can bind integral
membrane proteins and the N-terminal ERM association domain (N-ERMAD) of ERM
proteins,14 promoting the assembly of membrane-bound macromolecular complexes
involved in signal transduction.26
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Although EBP50 was first hypothesized to be a mitogenic factor, it was later shown to act as
an oncogene?’28 or a tumor suppressor gene,2%3%depending on its location in the cells.
Recently,investigators report that EBP50 acts as a tumor suppressor by interacting with p—
catenin and stabilizing adherent junctions or forming a triple complex with phosphatase and
tensin homolog (PTEN) and platelet-derived growth factor receptor on the cell membrane of
epithelial cells, thereby exerting an inhibitory action on PI3K signaling.3! However,
overexpression and intracellular delocalization of EBP50 can break up complexes with
PTEN or pB-catenin and also scaffold complexes in the cytoplasm or nucleus, thus promoting
tumor progression by separating signaling molecules from the plasma membrane.32 In
addition, EBP50 has been reported to be overexpressed and redistributed to the cytoplasmor
nucleus or both of proliferative cells in hepatocellular carcinoma?8 and in estrogen-
stimulated tissues such as endometrium and breast cancers.2”:33 Consistent with this
possibility, we found that overexpression of EBP50 was clearly visible in both the
cytoplasm and the membrane of CCA tissues, and its expression was associated with tumor
invasion of lymphatic and blood vessels.

A Cox regression model (Table 3) showed that PRX1, EBP50, histologic type, and tumor
invasion were associated with longer survival after surgery. More specifically, patients with
low expression of EBP50 and high expression of PRX1 had longer survival after surgery
than patients with high expression of EBP50 and low expression of PRX1. In the case of
tumor invasion and metastasis, it has been reported that the survival after surgery for the
group with tumor invasion and metastasis was shorter than in the group without tumor
invasion and metastasis in CCA,34 which is further supported by our findings. In addition,
the expression pattern we reportis in accordance with previous findings that patients with
well-differentiated CCA have longer survival times after surgery compared with those
havingthe moderately or poorly differentiated type.3°

5. Conclusions

This study has characterized for the first time the elevated expression of PRX1 and EBP50
and their correlations with the clinicopathological parameters and overall survival. Our
results indicate that dysregulation of EBP50 and PRX1 may serve as a prognostic marker for
CCA.
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Two-dimensional electrophoresis maps of cytosolic proteins of four cholangiocarcinoma cell
lines: M156, moderately differentiated (A), KKU-100, poorly differentiated (B), M139,
squamous cell carcinoma (C), and M213, adenosquamous cell carcinoma (D). Number of

spots totaled 4050336, 3160156, 368118, and 2450034 (mean<S.E. of three biological

replicates) for M156, KKU-100, M139, and M213, respectively.
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Fig.2.

Peptide mass fingerprint (PMF) of tryptic digests of peroxiredoxin 1 (A), ezrin (B), and
moesin (C) obtained by MALDI-TOF MS. The spectrum displays m/zratio (xaxis) and
relative intensity (yaxis) of the peptides identified. Matched peptides of peroxiredoxin 1,
ezrin, and moesin were 76%, 43%, and 33% protein sequence coverage, shown by red and
underline, respectively. Protein identification using PMF data was performed with the
Mascot search engine; acquired spectra were processed and search against the NCBInr
database.
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Fig.3.

Immunohistochemistry of peroxiredoxin 1 (PRX1) and ezrin-radixin-moesin-binding
phosphoprotein 50 (EBP50) expression in normal bile duct epithelium and
cholangiocarcinoma (CCA). Weak expression of PRX1 (A) and EBP50 (B) was found in
human normal cholangiocytes (arrowhead), whereas high expression was observed mainly
in the cytoplasm and on the apical surface of CCA tissues (arrow). Immunoperoxidase
staining, original magnification x 200 (A-D).
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Fig.4.

Kaplan-Meier cumulative curves for overall survival of Opisthorchis viverrini-associated
cholangiocarcinoma (CCA) patients according to expression of ezrin-radixin-moesin-
binding phosphoprotein 50 (EBP50) (A) and peroxiredoxin 1 (PRX1) (B) in primary tumors.
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