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ARTICLE INFO ABSTRACT

Keywords: Aims: The food-born trematode Opisthorchis felineus colonizes bile ducts of the liver of fish-eating mammals
Opisthorchis felineus including humans. There is growing evidence that this liver fluke is a risk factor for cholangiocarcinoma (CCA).
Hamster Cancer cell lines are necessary for drug screening and for identifying protein markers of CCA. The aim was to
Cholangiocarcinoma . . . . . . . . .. .

Cell line establish a cell line derived from cholangiocarcinoma associated with opisthorchiasis felinea.

Main methods: Allotransplantation, immunohistochemistry, karyotype analysis, cell culture techniques, immu-
nocytochemistry and real-time PCR.

Key findings: Here we repot the establishment of first CCA cell line, CCA-OF, from a primary tumor of an
experimental CCA in Syrian hamsters treated with low doses of dimethyl nitrosamine and associated with
O. felineus infection. The cell line was found to be allotransplantable. Expression of epithelial and mesenchymal
markers (cytokeratin 7, glycosyltransferase exostosin 1, Ca®*-dependent phospholipid-binding protein annexin
Al and vimentin) was demonstrated by immunostaining of the primary tumors, CCA-OF cells, and allotrans-
plants. CCA-OF cells were found to express presumed CCA biomarkers previously detected in both human and
experimental tumors associated with the liver fluke infection. The cells were diploid-like (2n = 42-46) with
complex chromosomal rearrangements and have morphological features of epithelial-like cells. The usefulness of
the CCA-OF cell model for antitumor activity testing was demonstrated by an analysis of effects of resveratrol
treatment. It was shown that resveratrol treatment inhibited the proliferation and the migration ability of CCA-
OF cells.

Significance: Thus, the allotransplantable CCA-OF cell line can be used in studies on helminth-associated chol-
angiocarcinogenesis and for the testing of antitumor drugs.

Experimental model

1. Background

Carcinogenic flatworms Opisthorchis felineus (Rivolta, 1884),
O. viverrini (Poirier, 1886), and Clonorchis sinensis (Loos, 1907) are
causative agents of hepatic helminthiases, widespread on the vast ter-
ritories of Southeast and Northern Asia [1-3]. According to recent es-
timates, more than 45 million people worldwide have the liver fluke
infections [2,3]. The human infection is due to consumption of raw or

undercooked freshwater fish, which is a part of national cuisines in
Thailand, Korea, Russia, and some other countries. Adult parasites
colonize bile ducts of the liver and the gall bladder [4-6]. The most
dramatic complication of liver fluke infections is bile duct cancer,
cholangiocarcinoma (CCA) [7].

The International Agency for Research on Cancer has classified liver
flukes O. viverrini and C. sinensis as Group 1 agents, i.e., agents carci-
nogenic to humans [8] and as major risk factors of CCA in endemic
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regions [9]. Carcinogenicity of O. felineus is poorly studied [1,10].
Nevertheless, the accumulated data on the animal models indicate that
this liver fluke has a carcinogenic potential [1,11-15].

CCA is an aggressive cancer characterized by rapid progression and
active metastasis. In early stages of the disease, clinical manifestations of
CCA are nonspecific, e.g., weight loss, jaundice, and cholangitis. The
absence of specific markers of an early stage of this cancer makes it
difficult to diagnose CCA [16-21]. Currently, radical surgery is the only
treatment that gives hope of recovery to patients with CCA [22]. After
the resection, the 5-year survival threshold is overcome by approxi-
mately 30-50% of the patients [23]. In addition, CCA often shows
chemoradioresistance, which means an urgent need to develop new
drugs for the treatment of this tumor [24].

CCA cell lines are successfully used to investigate the biology of
cancer and remain the first step for all preclinical studies [16-21].
Considering that the tumors associated with the liver fluke infection and
those not associated with it have different transcriptomes and genomic
and epigenomic features [25], the need to create cell lines associated
with this infection is obvious. Although some CCA cell lines related to
O. viverrini infection have been established and used in cancer research
[26,27], there are still no cell lines derived from tumors associated with
O. felineus infection. Taking into account the differences in the patho-
genesis of helminthiases and in the carcinogenic potential among
different species of liver flukes [10,28], it becomes obvious that it is
necessary to create a cell model suitable for basic and translational
research on the cholangiocarcinogenesis associated with opisthorchiasis
felinea.

The aim of this study was to establish and characterize a cell line
derived from an experimental CCA associated with O. felineus infection.
A tumorigenic cell line derived from a hamster CCA will allow re-
searchers to use immunocompetent animals in in vivo experiments,
which is impossible with cell lines derived from human tumors.

2. Materials and methods
2.1. Hamsters and worms

Two-month-old male golden Syrian hamsters (Mesocricetus auratus)
from the Specific Pathogen-Free (SPF) Animal Facility of the ICG SB RAS
were used for this study.

O. felineus metacercariae were extracted from naturally infected
freshwater fish (Leuciscus idus) net-caught in the Ob River near Novo-
sibirsk (Western Siberia, Russia) by a research assistant, Viktor Antonov
(ICG SB RAS). O. felineus metacercariae were extracted as described
previously [29,30]. After several washes with normal saline, meta-
cercariae were identified under a light microscope.

All the procedures were in compliance with EU Directive 2010/63/
EU for animal experiments. Study design protocols and standard oper-
ating procedures (on the hamsters and fish) were approved by the
Committee on the Ethics of Animal Experiments of the ICG SB RAS
(Permit number 7 of 19 December 2011). The hamsters were euthanized
using carbon dioxide.

2.2. Experimental design of CCA formation

Twenty-two male golden Syrian hamsters were randomly subdivided
into four groups: (1) untreated animals, (2) dimethylnitrosamine (DMN)
administration, (3) O. felineus infection, (4) DMN administration +
O. felineus infection. The animals were infected with 50 metacercariae
via a gastric tube. The hamsters received a 12.5 ppm aqueous solution of
DMN ad libitum. The duration of the experiment was 30 weeks. All the
hamsters were observed daily for signs of illness, injury, or abnormal
behavior by trained personnel of the SPF Animal Facility. Food and
water availability and the macroenvironment (temperature, humidity,
noise, light intensity, and cleanliness) were also evaluated daily. No
unexpected deaths of animals were registered during this study.
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2.3. Establishment of an O. felineus—associated hamster CCA cell line

The cell line was obtained from the tissues of the CCA in the Syrian
hamsters (Group 4; DMN administration + O. felineus infection).
Extracted tumor fragments were washed twice in PBS and crushed into
small pieces. The resulting suspension was cultured in Dulbecco’s
Modified Eagle’s Medium/Nutrient Mixture F-12 Ham (DMEM/F-12 at
1:1) (Sigma, USA) containing 10% of fetal bovine serum (Thermo Sci-
entific, USA), 100 U/mL penicillin and 100 pg/mL streptomycin, at
37 °C in an atmosphere with 5% CO; content. During the adaptation
period, about 30 passages were performed. At low passages, the cell
culture looked morphologically heterogeneous. As the passage number
increased, the morphological heterogeneity of the cell culture reduced.
The cell line became homogeneous. The cells became epithelial-like
polygonal shape with large nuclei. The cells were cultured for more
than 70 passages and more than 6 months. The resultant cell line was
named CCA-OF.

2.4. Experimental design of tumorigenicity assessment

To study tumorigenic properties of CCA-OF cells, another batch of
twenty 2-month-old male hamsters was randomly subdivided into four
additional groups. The first group (5 hamsters) was injected with (0.1
mL) sterile saline. The three other groups (5 animals each) were injected
with different numbers (1 x 106, 5 x 106, or 10 x 10°) of the tumor cells
(in 0.1 mL of sterile saline) under thigh skin. One week after the allo-
transplantation, the volume of tumors in the animals was measured as
described previously [31]. The tumors were checked twice a week. Six
weeks after the allotransplantation, the hamsters were euthanized. Tu-
mors were excised and analyzed by histological and immunohisto-
chemical methods.

2.5. Histology and immunohistochemistry

For histological examination, the tissue samples were placed in 10%
PBS-buffered formaldehyde and processed as described elsewhere
[12,32]. The resulting 3.5-pm-thick tissue sections were subjected to a
standard staining with hematoxylin and eosin or Van Gieson staining
[12,32].

For immunohistochemical analysis, sections were fixed on polylysine
glasses, and standard sample preparation was performed: dewaxing in a
gradient of ethanol and xylene, permeabilization in 0.01 M citrate buffer
(pH 6.0), and processing in 3% H20; to block endogenous peroxidase
activity. Protein antigen blocking and an immunoperoxidase reaction
were performed using the Polyvalent HRP Kit (Spring Bioscience, USA).
The primary antibodies used in this study were anti-cytokeratin 7
(1:100, cat. # ab9021, Abcam, USA), anti-annexin Al (1:100, cat. #
ab2487, Abcam), anti-exostosin 1 (1:100, cat. # ab126305, Abcam), and
anti-vimentin (1:200, cat. # M3202, Spring Bioscience). The negative
control was processed in the same way, but the primary-antibody
treatment step was skipped. The histological analysis was performed
under an Axiolmager Al light microscope (Carl Zeiss, Germany)
equipped with an AxioCam MRc camera (Carl Zeiss).

2.6. Real-time PCR

For the analysis of gene expression, liver tissue samples were
collected near the center of the large lobe. Total RNA was isolated using
the AxyPrep Multisource Total RNA Miniprep Kit (Axygen, USA) and
was treated with DNase I (Thermo Scientific). The quality of the RNA
was evaluated on a Nanodrop 2000 device (Thermo Scientific) and
BioAnalyzer (Applied Biosystems, USA). cDNA was synthesized with the
High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems).

To study the level of mRNA expression, the following primers were
utilized (5'-3'): Krt7 F AGCTTCCCCGGATCTTTGAG, Krt7 R CGTCC
TTCTTCAGCAACACAAAC, Anxal F AGATGCCAGGGCTTTGTATGA,
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Anxal R TCAGCAAAGAAAGCTGGGGT, Extl F CGTCCTGCCA-
CAGTATTCG, Extl R GCTGCTCATAACCTTGCTCTC, Vim_F
CCAAGTTTGCCGACCTCTCT, and Vim_R CATCCACTTCGCAGGTGAGT.
The levels of expression of the studied genes were measured relative to
Gapdh (primers “F” GAACATCATCCCTGCATCCACT and “R” ATGCCT
GCTTCACCACCTTCTT).

Real-time PCR was performed on an ABI Prism 7000 Sequence
Detection System (Applied Biosystems). PCR data were processed in ABI
Prism 7000 SDS Software v1.1 (Applied Biosystems). Relative expres-
sion levels of the transcripts under study were calculated by the AACt
method.

2.7. Chromosome preparation and staining

Chromosome suspensions were obtained from CCA-OF cell line
following previously published protocol with some modifications [33].
Thus, colcemide (KaryoMAX, Gibco) and ethidium bromide were added
simultaneously 3 h before harvesting the cells. The hypotonic treatment
was carried out for 25 min at 37 °C.

G-differential staining of chromosomes of CCA-OF cells was carried
out via pretreatment with trypsin [33]. G-differential stained metaphase
chromosomes were captured using VideoTest-Karyo and VideoTest-FISH
software (Zenit, Saint-Petersburg, Russia) with a JenOptic CCD camera
(Jena, Germany) mounted on an Olympus BX53 microscope (Shinjuku,
Japan). Images were processed using Paint Shop Photo Pro X3 (Corel,
Ottawa, ON, Canada) [34].

2.8. A growth curve and scratch test

The growth curve was obtained by seeding 5 x 10° cells/well in
triplicate in a 12-well plate. Viable cells were counted every 24 h using a
Goryaev chamber and Trypan Blue staining (Bio-Rad, USA). The
experiment lasted for 10 days. The doubling time of the cell population
was estimated on a logarithmic scale.

To investigate migration properties, the cells were seeded in a 6-well
plate and grown until 90% confluence. An experimental wound was
created using a sterile pipette tip. Images were captured after 6, 8, and
10 h by means of an Axiolmager A1l inverted microscope (Carl Zeiss) and
AxioCam MRc camera (Carl Zeiss). The wound closure and migration
rate were calculated in the ImagePro Plus software (Medis Cybernetics,
USA).

2.9. The effect of resveratrol (RSV) on CCA-OF cells

Antiproliferative effects of RSV (Sigma) were determined in vitro. In
brief, 25 x 103 cells were seeded in a 12-well plate overnight. Various
concentrations of RSV (6.3, 12.5, 25, 50, 100, or 200 pM) were then
added (triplicate wells per concentration) as 0.5% of 200x RSV solu-
tions in DMSO. Control cells were incubated with 0.5% DMSO (Appli-
chem, Germany). All cells were incubated for 72 h. Viable cells were
counted using the Goryaev chamber and Trypan Blue staining (Bio-Rad).
The ICsg value, defined as the concentration of RSV required to decrease
the number of cells to 50% at the 72-h time point, was calculated using
the ‘drc’-package of R (version 3.6.0) [29,30,32].

Antimigration activity of RSV was assessed by a standard scratch
test. Cells were seeded in a 6-well plate and grown until 90% confluence.
The experimental wound was applied using a sterile pipette tip. Various
concentrations (0, 6.3, 25, or 100 pM) of RSV (duplicate samples per
concentration) were added to the cells. Images were captured after 6, 8,
and 10 h as described above.

2.10. Immunocytochemistry
This analysis was performed using the following primary antibodies:

anti-cytokeratin 7 (1:100, ab9021), anti-vimentin (1: 100, cat. #
ab11256, Abcam), anti-annexin A1 (1:100, cat. # ab2487, Abcam), and
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anti-exostosin 1 (1:100, cat. # ab126305, Abcam) and secondary anti-
bodies anti-mouse (1:1000, cat. # SAB4600425, Sigma), anti-rabbit
(1:500, cat. # abl150080, Abcam), and anti-goat (1:1000, cat. #
ab150129, Abcam) according to the standard protocol. Samples were
enclosed in a balm containing DAPI (Sigma), and images were captured
by means of the AxioCam MRc camera (Carl Zeiss).

2.11. Statistical analysis

The Mann-Whitney U test was performed to compare differences
between groups. The statistical analysis was performed in the STATIS-
TICA 6.0 software (Statsoft, USA). Data with a P value less than 0.05
were considered statistically significant.

3. Results

3.1. Expression of cytokeratin 7, exostosin 1, annexin A1, and vimentin
in the experimental CCA

Experimental CCA tumors were induced in hamsters by the com-
bined action of O. felineus and DMN for 30 weeks. The combined effect of
O. felineus infection and DMN resulted in intrahepatic CCA foci (Fig. 1B)
in all animals.

Our immunohistochemical analysis revealed VIM (Fig. 1D) and EXT1
(Fig. 1H) staining of CCA. These markers were not detectable in the liver
tissues of untreated animals. By contrast, in the foci of CCA (Group 4
animals, CCA group), both EXT1-positive staining and VIM-positive
staining were found (Fig. 1D and H). In addition to the CCA area, an
EXT1 signal was present around portal tracts. Intensive VIM staining was
documented in the areas of cholangiocyte proliferation and periductal
fibrosis. We also showed abundant CK7-positive staining of biliary
epithelial cells in the foci of CCA (Fig. 1F). The number of CK7-positive
cells was also significantly higher in the areas of bile duct proliferation,
cysts, and cholangiofibrosis.

Additionally, we did not find ANXA1-positive signal in liver tissues of
untreated hamsters, in Group 4 animals (CCA group; Fig. 1I), by
contrast, ANXA1 staining was clearly detectable (Fig. 1J).

To assess Krt7, Vim, Anxal, and Ext] mRNA expression in the liver
and tumor tissues of the experimental animals, we carried out real-time
PCR. The highest level of expression of all four genes was observed in
liver tissues of Group 4 animals and in their tumors (Fig. 2). Levels of
Krt7 mRNA expression were 250- to 300-fold higher in tumor and liver
tissues of Group 4 animals than in the liver of untreated hamsters
(Mann-Whitney U test, P < 0.05 and P < 0.05, respectively; Fig. 2A).
mRNA expression of genes Vim and Anxal was also significantly higher
in the tumors and liver tissues of Group 4 animals than in untreated
animals. In particular, compared to the control, the level of Anxal
mRNA by 35- to 60-fold higher (Mann-Whitney U test: P < 0.05;
Fig. 2B), and the level of Vim mRNA in CCA tissue was 10- to 25-fold
higher (Mann-Whitney U test: P < 0.05; Fig. 2D). Compared to the
control liver tissue, the mRNA level of the ExtI gene in the tumor tissue
was 2.0-2.5-fold higher (Mann-Whitney U test, P < 0.05; Fig. 2C).

The CCA-OF cell line: morphology, karyotype, cell migration, and
expression of potential CCA biomarkers.

CCA-OF cells were derived from the experimental CCA obtained in
this study. At the initiation of the culture, epithelial-like cells adhered to
the plastic surface and formed colonies surrounded by fibroblasts. Only
negligible proliferation of the epithelial-like cells was observed for the
first 6-8 weeks; by contrast, the proliferation of fibroblasts was well
pronounced. After this period of adaptation to the in vitro conditions,
CCA-OF cells started to grow rapidly. Within 15 passages, the epithelial-
like cells began to form a continuous monolayer, and the number of fi-
broblasts gradually decreased, to be finally replaced by the tumor cells.

CCA-OF cells formed an adhesive monolayer with high growth
density. Phase contrast microscopy revealed that all these cells have
morphological features of epithelial-like cells and form sheets of
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H&E

VIM

CK7

EXT1

ANXA1

Fig. 1. H&E and immunohistochemical staining of the hamster liver. Biliary histological features observed in the liver from uninfected (Intact: A, C, E, G, and I) and
O. felineus-infected DMN-treated hamsters (Cholangiocarcinoma). Expression of vimentin (VIM: D), cytokeratin 7 (CK7: F), exostosin 1 (EXT1: H), and annexin Al
(ANXAL: J) is observed in the primary tumor. Bile ducts are pointed out with arrows.
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polygonal cells with large nuclei. We also observed a granularity in the
cytoplasm and nuclei of CCA-OF cells (Fig. 3A). Doubling time of the
cells, estimated in the exponential phase of growth, was 23.2 + 2.7 h.
CCA-OF cells maintained their morphology under standard cell culture
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conditions for more than 30 passages during 6 months.

The karyotype analysis revealed that CCA-OF cells were diploid-like;
the average number of chromosomes per cell was 44 (range 42-46).
Analysis of G-banded chromosomes indicated that the karyotype of CCA-
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Fig. 3. The CCA-OF cell line. A. Morphology of the
cultured cells. An adherent monolayer of CCA-OF
cells shows polygonal shapes. B. A representative G-
banded karyotype. C, D. The migration ability
assessed by the scratch test. Representative pictures
are shown. Photographs were taken, and the width of
the wound area was measured at the indicated time
points. The graphs present the rate of wound healing
(%) for each time point, as estimated in ImagePro
Plus. Data represent a mean + SD calculated for three
visual fields per condition. *P < 0.05 as compared to
the no-treatment control group.
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OF cells did not match the standard one for M. auratus, and the cell line
carried multiple interchromosomal rearrangements (Fig. 3B). A large
unpaired submetacentric chromosome was found in the karyotype of
this cell line; it was, apparently, a derivative of chromosome 1. Indi-
vidual homologues in some pairs of chromosomes (for example, pairs 7
and 15) contained additional blocks. Nevertheless, the pattern of G-
banding failed to reveal a match of several chromosomes to any chro-
mosomes in the standard karyotype of M. auratus.

We evaluated CCA-OF cells’ motility in the scratch test. Their type of
migration can be described as single-cell migration at a high average
motility rate (46.5 + 1.6 pm/h; Fig. 3C, D).

After stabilization of the growth characteristics of the CCA-OF cell
line, we characterized the cells by immunostaining. Positive staining
was registered for all tested protein markers, including CK7, VIM,
ANXA1, and EXT1 (Fig. 4). This means that CCA-OF cells retained the
presumed CCA markers found in the primary tumor.

3.2. The effect of RSV on CCA-OF cells

To assess the usefulness of the CCA-OF cell line for evaluation of
anticancer treatments, RSV was selected as a therapeutic agent for this
study. As shown in Fig. 5A, RSV inhibited CCA-OF cell proliferation in a
dose-dependent manner. RSV significantly inhibited the proliferation of
CCA-OF cells starting with 6.3 pM concentration (P < 0.05; Man-
n-Whitney U test). Moreover, RSV decreased the number of cells by 91%
at its 25 pM concentration (P < 0.05; Mann-Whitney U test). ICso of RSV
was found to be 10.32 + 0.58 pM.

The results on cell migration distance, as assessed by the scratch test
after the treatment with RSV, are presented in Fig. 5B. At 25-100 pM,
RSV significantly suppressed the migration ability of CCA-OF cells (P <
0.05; Mann-Whitney U test).

3.3. CCA-OF allograft transplantation

To check potential tumorigenicity of the CCA-OF cell line, we used an
allograft transplantation approach. Different numbers of CCA-OF cells
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were subcutaneously injected into the hamsters’ thigh. Tumor masses
were noticeable under thigh skin of all the animals in a week after the
allotransplantation. The tumors increased gradually, and tumor volume
correlated with the number of injected cells. By the sixth week, the size
of the tumors reached 8, 14, and 20 cm® in the groups of animals that
received 1 x 108, 5 x 10°, and 10 x 10° cells, respectively (Fig. 6A). The
results of histological analysis suggested that the tumors that grew from
the transplanted CCA cells had well-differentiated glandular structure
similar to the primary CCA in the hamster liver (Fig. 6B). In addition,
immunohistochemical analysis yielded positive immunostaining of the
allograft tissues for all the tested (presumed) CCA markers, including
ANXA1, EXT1, and CK7 (Fig. 6C-E). These findings indicated that the
tumors indeed originated from the transplanted CCA-OF cells and bore a
close resemblance to primary CCA in histological and immunohisto-
chemical characteristics of the tumor tissues. Van Gieson staining un-
covered abundant elastic fibers in the tumor tissues, thus confirming
active formation of the tumor stroma, which is an important indicator of
tumor progression (Fig. 6F).

4. Discussion

A novel CCA cell line, CCA-OF—derived from an experimental tumor
associated with O. felineus liver fluke infection concomitant with DMN
administration—has a number of useful features. For instance, the CCA-
OF cells proved to be diploid-like, to have morphological features of
epithelial-like cells, and to maintain their morphology under standard
cell culture conditions during more than 30 passages for at least 6
months. The cell line turned out to be tumorigenic. In particular, after
subcutaneous transplantation into hamsters, in all the animals subjected
to the allotransplantation, CCA-OF cells were able to form tumors with
glandular structure similar to that of the primary CCA in the hamster
liver.

According to the Cholangiocarcinoma Experts opinion, no specific
serum, urine, biliary, or histological biomarkers are currently available
for the diagnosis of CCA [24]. Nevertheless, a combination of known
cancer biomarkers may have a diagnostic value for histological

Fig. 4. Immunocytochemical analysis of CCA-OF cells. A. Cytokeratin 7 (CK7). B. Vimentin (VIM), C. Annexin A1 (ANXA1), D. Exostosin 1 (EXT1). The images
present staining for specific markers (red and green) and nuclei (labeled with DAPI; blue). (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)
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graphs show the rate of wound healing (%) for each time point, as estimated using the ImagePro Plus software. Data represent the mean + SD calculated for three
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identification of CCA [35-39]. Studies on the CCA associated with
O. viverrini suggest that the expression of genes Krt7, Vim, Anxal, and
Ext1 is increased in the tumor tissues [19-21,35].

Here, the levels of epithelial (CK7) and mesenchymal (VIM) markers
were found to be significantly increased in the tumor tissues of the
hamsters with CCA. Moreover, their active expression was retained by
CCA-OF cells and by the tumors that resulted from the subcutaneous
injection of these cells into hamsters.

EXT1 is an enzyme involved in the synthesis of the heparan sulfate
backbone of proteoglycans, which are ubiquitous components of the
extracellular matrix. A large amount of EXT1 has been found not only in
O. viverrini-induced bile duct tumors but also in blood plasma of patients
and hamsters with CCA [20]. We detected increased levels of Extl
mRNA and of EXT1 in primary CCA, in the CCA-OF cell line, and in the
allograft tissues. Expression analysis of another potential CCA marker,
ANXA1, yielded similar results. ANXA1 belongs to the annexin family of
Ca?*-dependent phospholipid-binding proteins and participates in the
regulation of inflammatory-cell activation and some cellular processes
[36]. It has been proposed that ANXA1 plays a role in opisthorchiasis-
associated cholangiocarcinogenesis [19]. In human studies, this pro-
tein is reported to be overexpressed in CCA but underexpressed in he-
patocellular carcinoma, suggesting that it may serve as an
immunohistochemical marker of CCA [25]. VIM, ANXA1, and EXT1
were detected in primary CCA tissues, CCA-OF cells, and the tumors that
grew from the transplanted cells but not in liver tissues of untreated
animals.

Studies on the establishment of CCA cell lines associated with the
hepatic helminthiases have been conducted for >35 years. The majority
of the created cell lines have been derived from the CCA of patients with
confirmed opisthorchiasis viverrini. On the other hand, when these cells
are transplanted to animals, such animal models of CCA (usually based
on immunodeficient mice) have limitations associated with interspecies
differences in the tumor microenvironment and a lack of a full-fledged
immune response. The hamster model of opisthorchiasis has many
similarities with the liver fluke infection in humans, including CCA in-
duction. This observation suggests that the new allotransplantable
hamster CCA cell line may be a good model for the investigation of
helminth-associated cholangiocarcinogenesis in vitro and in vivo [40].

The utility of the CCA-OF cell model for antitumor activity testing
was demonstrated here by RSV treatment. This compound has been
reported to inhibit proliferation and to promote the apoptosis of various
cancer cells, including hepatocellular carcinoma cells [41] and human

CCA cell lines [27]. Those authors did not provide ICsg, and therefore we
cannot accurately compare the observed effects; nevertheless, at RSV
concentrations of 50-100 pM, the magnitude of the effects on cell
motility and proliferation was found to be similar to that in our study.

The CCA-OF cell line shares similarities with a previously described
allotransplantable hamster CCA cell line, Ham-1 [40]. This cell line is
proposed as a potential model of the CCA associated with opisthorchiasis
viverrini. Both CCA-OF and Ham-1 cells are highly tumorigenic, and the
tumors that grow out of the transplanted cells retain the morphology
and biomarkers of primary CCA. In culture, both cell lines form an ad-
hesive monolayer and show the morphology of epithelial-like cells with
a polygonal shape. Increased expression of exostosin 1, annexin Al, and
vimentin is often seen in experimental hamster CCA associated with
opisthorchiasis viverrini [19,20,42]. This finding suggests that both
O. viverrini and O. felineus can trigger similar mechanisms of chol-
angiocarcinogenesis. Nevertheless, cell lines CCA-OF and Ham-1 have
some marked differences. The doubling time of CCA-OF cells is 1.5-fold
shorter than that of Ham-1 cells, 23 versus 36 h. In addition, karyotypes
of these cells are different: CCA-OF cells are diploid-like, whereas Ham-1
cells are diploid.

Human CCA cell lines derived from the tumors of patients with
O. viverrini-associated CCA possess distinct characteristics in terms of
morphology, modal chromosome number (range), tumorigenicity
(tumor formed in xenografted mice), doubling time, and migration and
invasion abilities [26]. The hamster CCA-OF cell line resembles some of
the known human CCA cell lines induced by the liver fluke O. viverrini.
For example, KKU-213A, KKU-213B, and KKU-213C cells have tumori-
genicity in xenografted mice; the doubling time in culture is close to that
of CCA-OF [26]. In terms of migratory properties, CCA-OF cells are close
to KKU-213A cells but not to KKU-213C cells. All human and hamster
cell lines show detectable expression of epithelial and mesenchymal
markers. The hamster CCA-OF cell line has morphological characteris-
tics and phenotype similar to those of human KKU-213A and KKU-213B
cell lines.

The main difference between hamster and human cell lines is the
ploidy variation. Cell lines derived from hamster CCA are diploid (Ham-
1) or diploid-like (CCA-OF). The human cell lines possess aneuploid
karyotypes (59-102) with marked structural abnormalities of the
chromosomes [26].
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5. Conclusion

For future assessment of anticancer treatments, we established the
first allotransplantable hamster CCA cell line that is associated with
opisthorchiasis felinea. CCA-OF cells express potential CCA biomarkers
that have been detected in both human and experimental primary tu-
mors associated with the liver fluke infection. Moreover, the cells are
tumorigenic, and the tumors that grew from the transplanted cells retain
the morphology and biomarkers seen in primary tumors. In addition,
CCA-OF cells have distinct characteristics that distinguish this cell line
from a previously described hamster CCA cell line, Ham-1. The advan-
tages of the newly developed CCA cell model were demonstrated here by
an analysis of RSV treatment. Altogether, our results suggest that cell
line CCA-OF is a suitable model for in vivo, in vitro, and ex vivo studies on
general and species-specific mechanisms of cholangiocarcinogenesis
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Fig. 6. CCA-OF allograft tumors. A. The tumor size
assessed after the injection of CCA-OF cells subcuta-
neously into the thigh of hamsters in the amount of 1
x 108, 5 x 10° or 1 x 107 cells (n = 5 per group).
Tumors formed within a week, and tumor size was
measured twice a week. Tumor volume represents
mean + SE. B. H&E staining of an allograft tumor.
C-E. Immunohistochemical analysis of an allograft
tumor with antibodies against annexin Al (ANXA1)
(C), exostosin 1 (EXT1) (D), and cytokeratin 7 (CK7)
(E). F. Van Gieson staining of an allograft tumor.
Representative pictures are presented. Bile ducts are
indicated by arrows.

associated with O. felineus infection, for the search for CCA biomarkers,
and for the testing of anticancer drugs.
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