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Abstract

AIM: To characterize a culture model of rat CCA cells,
which were derived from a transplantable TTA-induced
CCA and designated as Chang Gung CCA (CGCCA).

METHODS: The CGCCA cells were cultured at /n vitro
passage 12 times on a culture dish in DMEM medium.
To measure the doubling time, 10° cells were plated
in a 96-well plate containing the growth medium. The
cells were harvested 4 to 10 d after seeding, and a
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standard MTT assay was used to measure the growth.
The phenotype of CACCA cell and xenograft was deter-
mined by immunohistochemical study. We also deter-
mine the chromosomal alterations of CGCCA, G-banding
and spectral karyotyping studies were performed. The
CGCCA cell line was transplanted into the nude mice for
examining its tumorigenicity. 2-Deoxy-2-(**F)fluoro-D-
glucose (FDG) autoradiography was also performed to
evaluate the FDG uptake of the tumor xenograft.

RESULTS: The doubling time for the CGCCA cell line
was 32 h. After transplantation into nude mice, FDG
autoradiography showed that the tumors formed at
the cell transplantation site had a latency period of
4-6 wk with high FDG uptake excluding necrosis tis-
sue. Moreover, immunohistochemical staining revealed
prominent cytoplasmic expression of c-erb-B2, CK19,
c-Met, COX-1I, EGFR, MUC4, and a negative expression
of K-ras. All data confirmed the phenotypic features of
the CGCCA cell line coincide with the xenograft mice
tumors, indicating cells containing the tumorigenicity of
CCA originated from CCA. In addition, karyotypic band-
ing analysis showed that the diploid (2n) cell status
combines with ring and giant rod marker chromosomes
in these clones; either both types simultaneously ap-
peared or only one type of marker chromosome in a
pair appeared in a cell. The major materials contained
in the marker chromosome were primarily identified
from chromosome 4.

CONCLUSION: The current CGCCA cell line may be
used as a non-K-ras effect CCA model and to obtain
information and reveal novel pathways for CCA. Further
applications regarding tumor markers or therapeutic
targeting of CCA should be addressed accordingly.

© 2011 Baishideng. All rights reserved.

Key words: Cholangiocarcinoma; Rat cell line; Estab-
lishment; Characterization; Thioacetamide

June 28, 2011 | Volume 17 | Issue 24 |



Peer reviewer: Giuseppe Garcea, 13 Kinchley Close, Bradgate
Heights, Leicester, LE3 9SE, United Kingdom

Yeh CN, Lin KJ, Chen TW, Wu RC, Tsao LC, Chen YT, Weng
WH, Chen MF. Characterization of a novel rat cholangiocarci-
noma cell culture model-CGCCA. World J Gastroenterol 2011;
17(24): 2924-2932 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v17/i124/2924.htm DOI: http://dx.doi.
org/10.3748/wjg.v17.124.2924

INTRODUCTION

Cholangiocarcinoma is a malignant neoplasm derived
from bile duct epithelium (i.e. cholangiocytes). It is char-
acterized by a great diversity of symptoms commonly
occurring in the late course of the disease, and therefore
making treatment puzzling. The biological behavior of
the tumor and eartly intrahepatic and/or extrahepatic
spread limit the efficacy of surgical management to pet-
form a curative resection; although liver transplantation
may provide an alternative option for CCA treatment,
high rates of recurrence still limit liver transplantation for
most CCA patientsm and usually lead to a poor progno-
sis. Three- to five-year survival rates, even with resection,
remain dismal””; in addition, neither radiation therapy
nor chemotherapy significantly improves long-term sur-
vival rates. This cancer is related to a wide range of risk
factors, such as infestation with liver flukes, primary scle-
rosing cholangitis, and hepatolithiasis, that cause the inci-
dence rates of CCA to vary greatly among different areas
of the world®™. However, many data have shown that the
incidence and mortality rates of CCA have been rising
worldwide over the past several decades, particularly the
intrahepatic CCA”",

Therefore, our goal is to identify potential possible
diagnostic biomarkers as the investigation of the molecu-
lar pathophysiology associated with this disease becomes
more and more important and necessary. In our previous
study, a thioacetamide (TAA)-induced CCA rat model
was successfully established, and serves as a powerful
pre-clinical platform for therapeutic and chemopreven-
tion strategies for human CCA"™, Herein, we further de-
veloped the rat CCA tumor cells as a cell line designated
as Chang Gung CCA (CGCCA), and then transplanted
the cells into a xenograft of nude mice to further confirm
the characteristics of this cell line. A seties of IHC stud-
les, including CK19, c-Met, COX-1I, and MUC4, were
performed to determine the phenotype of the cell line.
The genotype was examined by cytogenetic studies, and
the 2—Deoxy—2—(18F)ﬂuoro—D—glucose (FDG)-avid char-
acter of the CGCCA xenograft of the nude mice was
demonstrated by animal PET. All of the evidence proved
that the CGCCA cell line rat was detived from the origi-
nal primary tumor formed by the TAA carcinogen. Our
current work supports the view that the systematic cell
cultures may provide a relevant CCA model to study the
complex mechanisms involved in CCA by revealing the
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potential pathogenesis of this disease. In addition, we
may be able to determine the possible diagnostic markers
for the eatly detection and diagnosis of this disease.

MATERIALS AND METHODS
Animal study

This study was approved by the experimental animal
ethics committee at the Chang Gung Memorial Hospital,
Taiwan. The investigation conformed to the US National
Institute of Health (NIH) guidelines for the care and use
of laboratory animals (Publication No. 85-23, revised
1996). Male Sprague-Dawley (SD) rats weighing 319 £
14 g were used in the experiments. The rats were housed
in an animal room with a 12:12 hour light-dark cycle (light
from 08:00 AM to 08:00 PM) at an ambient temperature
of 22 = 1°C. Food and water were available ad /ibitum.

Establishment of TAA-treated rats CGCCA cell line

The cell isolation procedure as described by Lai ez al®
was applied with minor modifications in this study. In
brief, hyperplastic bile ductular epithelial cells were ob-
tained from the liver of the male Sprague-Dawley (SD)
rats treated with TAA 300 mg/L daily after 25 wk of
exposure. The isolation of the CGCCA cell line was
established from the nest of cholangiocarcinoma by em-
ploying differential cell harvesting with 0.05% trypsin and
0.53 mmol/L. EDTA (Life Technologies), and then com-
bined with subsequent serial propagation suspended in a
cell culture medium composed of DMEM with 100 U/mL
penicillin and 100 U/mL streptomycin (basal medium) plus
10% fetal bovine serum'"”,

Estimating growth kinetics of cells in vitro

The CGCCA cells were cultured at 7z vitro passage 12
times on a culture dish in DMEM medium containing
10% fetal bovine serum. To measure the doubling time,
10 cells were plated in a 96-well plate containing the
growth medium as described above. The cells were har-
vested 4 to 10 d after seeding, and a standard MTT assay
was used to measure the growth according to the in-
struction manual (MTT Cell Growth Assay Kit; #CT01,;
Chemicon). The doubling time of the cell population was
estimated based on the slope angle of the linear regres-
sion model for the four time points.

Determine phenotype of CACCA cells and xenograft by
immunohistochemical study

CGCCA rat cells were grown on a miniature cell culture
vessel chamber, which permits cells to be grown, fixed,
stained, and analyzed all on the same slide (#154461 Lab-
Tek II Chamber Slide System; Nalge Nunc International,
USA). A total of 2000 cells per well were grown over
night, rinsed with PBS twice, fixed with 4% PFA for
1 min, and perforated with 1% Tween 20 for 1 min. In
addition, we further compared the cells with the xenograft
mice tumors. The mice tissues were obtained for the im-
munoreactivities study once the mice tumors reached a
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diameter of 1.0 cm. The slides were then stained accord-
ing to the routine IHC staining as described previously“41.
In brief, the primary antibodies CK19 (MAB-1675; Milli-
pore; Temecula, CA), K-ras (clone sc-30; Santa Cruz Bio-
technology Vision Corporation; Fremont, CA), c-erb-B2,
COX-1I, EGFR, MET, and MUC4 were diluted at 1:200
and 1:400, respectively (clone sc-284; Santa Cruz Biotech-
nologies; Santa Cruz, CA; M-3563; Dako Cytomation;
RB-9072-9; Lab Vision Corporation; Fremont, CA; clone
sc-161; Santa Cruz Biotechnology Vision Corporation;
Fremont, CA; and 35-4900; Zymed S; San Francisco,
CA) and incubated overnight at 4°C. The slides were then
washed three times with TBST, mounted, and analyzed
under microscope by authors blindly before visualization
with the DAKO LSAB2 System (Peroxidase; DAKO A/S;
No. K0675). Control slides were incubated with the sec-
ondary antibody only.

Cytogenetic study of the CGCCA cell line

To determine the chromosomal alterations of CGCCA,
G-banding and spectral karyotyping (SKY) studies were
performed. The CGCCA cells were grown under the
conditions as described above. After the cells were har-
vested, a metaphase chromosome spread was prepared
for G-banding and SKY analysis'”. At least ten meta-
phases were analyzed after G-banding (data not shown).
For SKY analysis, 22 differentially labeled chromosome-
specific painting probes and Cot-1 DNA were denatured
and hybridized to the tumor metaphase chromosomes
according to the protocol recommended by the manufac-
turer (Applied Spectral Imaging; Migdal Haemek, Israel)
with some modifications as previously described"”. Im-
age acquisitions were performed using a SD200 Spectra-
cube system (Applied Spectral Imaging) mounted on a
Leica DM2500 microscope with a custom-designed opti-
cal filter (SKY-1; Chroma Technology; Brattleboro, VT).
The clonality criteria and the karyotype description fol-
lowed the recommendations of the International System
for Human Cytogenetic Nomenclature (ISCN 2005) e,

Heterotransplantation of CGCCA cells in nude mice
Seven male nude mice (BALB/cA Jcl nu/nu) (6 to 8 wk
old; 20 to 22 g body weight) were purchased from Clea
Japan (Ohita, Japan). The CGCCA cell line was trans-
planted into the nude mice for examining its tumorige-
nicity. Each of the 7 mice received a 50 pL. subcutaneous
inoculation that contained ten million CGCCA cells sus-
pended in the thigh area. Tumor size was measured with
a digimatic caliper, and tumor volume was calculated ac-
cording to the subcutaneous tissue on the flank of each
mouse using the formula V = 1/6nabc (a, b, and ¢ indi-
cate the diameter in each axis). The xenograft developed
after implantation of CGCCA; 4 to 6 wk static later, all
animals were sacrificed by COz asphyxia. The xenograft
was dissected, and the histopathology of the xenograft
was evaluated as described™. The xenografted tumors
were compared with the original cell line for morphology
changes.
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FDG autoradiography

FDG positron emission tomography (PET) is an im-
portant imaging technique for the evaluation CCA in
humans'”. To evaluate the different levels of fluorode-
oxyglucose uptake of the CGCCA cell line xenograft of
the nude mice, FDG autoradiography was performed
4-6 wk after tumor implantation. Animals were food-
deprived for 8 h, and 37 MBq of FDG was given intrave-
nously. The animals were sacrificed by decapitation after
deep anesthesia with isoflurane 45 min after radiotracer
injection. The details of the quantitative autoradiography
procedures have been described by the authors'?. In
brief, the target tissues, including liver, tumor, and thigh
muscle, were quickly removed and placed on dry ice for
fixation. The frozen samples were cut to a 10-um thick-
ness and mounted on glass slides. The slides were exposed
to a phosphor image plate (IP) for 2 h and digitized using
FLLA5100 scanner (Fuji; Japan, Tokyo). The radioactivities
of the adjacent tissue sections (assumed to possess the
same radiotracer distribution) were measured by y counter
and decay corrected to the time of injection. The correla-
tions between the radioactivities and IP signal intensities
were established. All IP signal intensities were converted
to radioactivities by using the following calibration curve.
Regions of interest (ROI) were manually drawn around
the edge of the tumor xenograft activity by visual inspec-
tion. The mean activities were recorded from the entire
ROL The percentage injected dose per gram (%ID/g)
was calculated as follows: %ID/g = activity in a gram of
tissue (C7)/injected dose X 100%. The slices were stained
with hematoxylin-eosin (HE) for histologic examination.

Statistics analysis

All data are presented as mean = SD. Group comparisons
of FDG uptake among tissues were determined using
analysis of variance (ANOVA). All statistical analysis was
performed using SPSS computer software (Chicago, IL)
and a P value of < 0.05 was considered statistically signifi-
cant.

RESULTS

Estimating growth kinetics of cells in vitro

To establish a TAA-induced rat cell line, 25 wk of orally
administered TAA rat liver tissues were harvested for cul-
turing. CGCCA rat cells showed a typical growth curve
that included lag, logarithmic, and stationary phases (as
shown in Figure 1). The doubling time of the CGCCA
cell line was calculated to compare the growth of 10°
cells. Under the series surveillance, a cell population dou-
bling time of 32 h was determined (6 points at day 4, 5, 6,
7, 8, and 10). When the CGCCA cell line underwent the
26th 7n vitro passage, we harvested cells to perform the
cytogenetic or IHC experiments in the current study. The
cell line has been maintained in culture for approximately
a year so far. Therefore, viable CGCCA cells have been
cryopreserved at almost every 7z vifro passage time, from
which new cultures may be established.
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Figure 1 MTT assay. Twenty-five weeks orally administrated TAA rat liver tis-
sues cells have been harvested and successfully cultured. The cells followed a
typical growth curve; lag, logarithmic, and stationary phases during culturing were
estimated. Under series surveillance, a cell population doubling time of 32 h was
determined (6 points at day 4, 5, 6, 7, 8, and 10).

Tumorigenicity study of CCA in transplanted mice

To examine whether the CGCCA cell line contained the
tumorigenicity of CCA, the cells were transplanted into
the thigh area of seven recipient nude mice and given a
100% incidence of CCA. In addition, their morphologi-
cal features were essentially identical to those of the pa-
rental tumor from which the tumorigenic CCA cells were
originally isolated. Tumors formed at the cell transplanta-
tion site had a latency period of 4-6 wk, as represented
by the photomicrographs shown in Figure 2.

Autoradiography

All seven mice developed a large tumor 4-6 wk after tu-
mor cell implantation. Necropsy and histology confirmed
the presence of TAA-induced CCA in 7 mice (Figure 2).
Central necrosis could be observed in all large tumors
suggesting the fast growth of this malignant tumor. Of
note, all tumor cells, excluding necrosis tissue, possessed
high FDG uptake. The quantitative uptake value of fluo-
rodeoxyglucose in muscle, liver, and tumor were 0.67 *
0.17, 2.23 + 0.85, and 5.00 £ 2.15 %ID/g, respectively
(Figure 3A). The tumor to liver and tumor to muscle
ratios of FDG uptake were 2.25 = 0.43 and 7.48 = 1.78,
respectively (Figure 3B). These data are highly consistent
with our previous 7 vive findings, indicating that FDG
metabolic activity is significantly higher in the CGCCA
xenograft in the nude mice.

The rat CGCCA cell line and heterotransplantation
of nude mice tissues were evaluated by immunohisto-
chemistry (IHC) stainings.

To demonstrate the phenotype characteristics and his-
topathology of CGCCA cells, IHC staining was performed
on either the cell line or mouse xenograft tissues. The
CGCCA cells revealed prominent cytoplasmic expression
of CK19 (biliary cytokeratin 19), as well as c-erb-B2, c-Met,
COX-1I, EGFR, and MUC4 (Figure 4C-H). However,
the CGCCA cells revealed a negative expression of K-ras
(Figure 4A and B). All of the data from the neoplastic
glandular epithelia of the TAA-induced rat CGCCA cell
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line were highly consistent with previous 7z vivo findings,
indicating that these proto-oncogenes are concordantly
overexpressed. The tumor tissues from the heterotrans-
planted nude mice retained the characteristic traits of
their 7n vitro cell counterparts. Phenotypically, xenograft
highly expressed cytoplasmic immunostaining of CK19,
mucin-producing tubular adenocarcinomas closely resem-
bling in their histological and phenotypic features those
of the parent tumor; besides, COX- I, MET, and MUC4
revealed strong and diffuse cytoplasmic immunostaining
as well (Figure 4I-L).

Cytogenetic study of the CGCCA cell line

Spectral karyotyping (SKY) and G-banded analyses were
performed to determine the genetic alterations in the
CGCCA cell line using the 26th week’s TAA-induced rat
CGCCA cell line. The cytogenetics study revealed a num-
ber of chromosomes ranging between 50 to 56 diploidy
(2n) karyotype with complicated genetic abnormalities
of marker chromosomes. Obviously, at least two clones
were identified in this cell line. In the clones, the loss of
whole chromosome 8 and 20 was observed in all ana-
lyzed cells; multiple translocated chromosomes formed
at the site of chromosome 2q10, such as t(2;3), t(2;5),
t(2;3;10); similarly, at the site of chromosome 4q10, com-
monly formed t(4;13) and t(4;11;4) fusion chromosomes
were observed as well. Further, 1(6)(q10) was frequently
observed in most of the clones. Notably, two major simi-
lar contents of ring and giant rod marker chromosomes
were involved in these clones; they either simultaneously
appeared in a cell or only one type of marker chromo-
some appeared as a pair to be observed (Figure 5).

DISCUSSION

CCA is the second most common primary hepatic tu-
mor after hepatocellular carcinoma, which is also known
as a slowly progressing bile-duct cancer. CCA usually
originates in the liver or the intrahepatic bile ducts, and it
is characterized by a poor prognosis. Incidence rates ac-
count for between 5% and 30% of primary liver cancers
and vary geographicaﬂym. For instance, peripheral CCA
represented 3.58% of all primary liver cancers reported
by the Japan Liver Cancer Society'"!. According to the
report of Bartlett™, the mortality of intrahepatic CCA
has increased 15-fold, and it is currently a more common
cause of mortality than hepatocellular carcinoma. New
insights into the pathogenesis of this disease, either by
using a panel of systematic z» vitro cell lines for revealing
the obscure mechanisms of CCA, or animal models for
development of novel therapeutic strategies, are urgently
required for clinical-therapeutic purposes.

To our knowledge, there are two published human
CCA cell lines available for the purpose of study; how-
ever, both have limited availability due to their long-term
passage i vitro, and they have been shown to be markedly
aneuploid. With respect to experimental animal CCA
culture models, two published reports have described
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Figure 2 The tumors formed at the cell transplantation site of the CCA xenograft with central necrosis in all large tumors suggesting the fast growth of this
malignant tumor at the thigh of the nude mice had a latency period of 4-6 wk and, as represented by (A) gross picture, (B) the photomicrographs of the nec-
ropsy, (C) histology, and (D) autoradiography (D). Of note, all tumor cells excluding necrosis tissue possessed high 2-Deoxy-2-("*F)fluoro-D-glucose uptake.
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Figure 3 The mean quantitative uptake values of fluorodeoxyglucose in the muscle, liver, and tumor represented by injected dose per gram of tissue (%ID/g)
were (A) 0.67 + 0.17, 2.23 * 0.85, and 5.00 £ 2.15, respectively. The tumor to liver and tumor to muscle ratios of FDG uptake were (B) 2.25 + 0.43 and 7.48 + 1.78,

respectively.

the process of establishment; one was developed from
liver fluke-associated CCA induced in a hamster model”;
the other was developed from furan-fed rat CCA culture
model™. We have been working for several years and
have succeeded in establishing a TAA-induced rat intesti-
nal-type CCA model. This model provides a unique and
useful study tool for CCA investigation. The important
aspects of the cellular and molecular pathogenesis of
CCA that are potentially relevant to the human disease
have been addressed in previous reports as well >, In
the current study, we further aim to establish a CCA cell
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line from a TAA rat CCA model and report its identical
karyotype as well as immunohistochemical characteristics.
This systematic iz vitro cell line panel will be used as a
valuable study tool for revealing the obscure mechanisms
of CCA, and searching for the potential biomarkers for
CCA tumorigenesis.

Regarding the growth kinetics of the CGCCA cell,
CGCCA cells exhibit a 32-h doubling time. This is longer
than C611B cells derived from a furan rat model, which
exhibited a cell doubling time of approximately 24 h and
were aneuploid"”; but comparable with the hamster liver

2928 June 28, 2011 | Volume 17 | Issue 24 |
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Figure 4 Immunohistochemical staining (x 400) analysis of Chang Gung CCA cells (upper two panels, A-H) and xenograft tissues of CCA mouse models
(lower panel, I-L). A: Negative control; B: Negative expression of K-ras; C: EGFR weakly expressed in a cytoplasmic distribution; D-G: Her-1I, Biliary cytokeratin
(CK19), COX-1I, and Met diffusely expressed in a cytoplasmic distribution; H: MUC-4 strongly and diffusely expressed in a cytoplasmic and membranous distribution;
I-L: The results revealed that CK-19, COX- I, Met, and MUC4 are diffusely expressed in a cytoplasmic distribution in the rat CCA xenograft.
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Figure 5 Examples of the karyotype spectral karyotyping analysis revealed by the 26th passage cell culture; the analysis established that, from the 25th
week, TAA-induced CCA rat cells presented either (A) a ring chromosome (short arrows) or (B) giant rod chromosome (long arrow); complicated chromo-
somal alterations could be observed in most of the chromosomes and are illustrated at the bottom.

fluke-associated CCA cells”. While skeptics question than animal cell lines, after comparing the population
whether human population doubling times can be slower doubling times with some human CCA cell lines cultured
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under similar conditions, the human cell lines presented
range from 50 to 180 hP#7,

Regarding phenotype, the strong and diffuse expres-
sion of biliary cytokeratin (CK19) confirms the bile
ductular ontogeny of the CGCCA cells and xenograft.
The molecular alterations involved in CGCCA cells are
similar to TAA rat models previously described'*****”;
the receptor tyrosine kinases c-Met, c-erb-B2 (also known
as HER-2/neu), and EGFR and their interact elements,
COX-II, MUCA4, were over-expressed in the current
neoplastic cells, either in CGCCA cells or xenograft tis-
sues. It is well known that receptor tyrosine kinases have
become important therapeutic targets for anti-tumor mo-
lecularly targeted therapies. There is increasing evidence
to suggest that, when the HGF/SF interacts with the
receptor tyrosine kinases c-Met, the activation could lead
to a plethora of biological and biochemical effects in the
cell™ and may play an important role in the development
and/or progression of human CCA”"™. Other molecu-
lar alterations include the overexpression of COX-2P
and MUC4, which acts as a ligand for c-erb-B2 and was
also confirmed to be overexpressed in the CGCCA cells
in our current study. Furthermore, we recently demon-
strated that MUC4 could be an independent risk factor
of poor prognosis in clinical patients with the mass-
forming type of intrahepatic CCA who underwent hepa-
tectornym.

Notably, negative K-ras expression was observed in
the current CGCCA cells. It is known that very high fre-
quency multiple K-ras gene mutations at codon 12 are
commonly detected in CCA (15/15 showed one mutation,
and 9/15 showed more than two mutations)™. Evidence
has further indicated that the mutation status of the K-ras
gene affects the response of cetuximab, an epidermal
growth factor receptor (EGFR) inhibitor™. Therefore,
K-ras is considered to be one of the important factors
involved in the stepwise progression of neoplastic cells to
full malignancy. It is also proven to be related to the high-
er incidence of bile duct cancers that arise distally in the
common bile duct™*". Therefore, the current CGCCA
cell line could offer a valuable suitable model that could
avoid the influence from K-ras expression.

Nevertheless, evidence of the overexpression of these
typical oncoproteins in the CGCCA cell line provides
strong resemblances with the human CCA disease, as well
as an avenue for future pathogenetic or pharmacologic
studies.

In addition, there is evidence that FDG PET imaging
may be useful in the diagnosis and management of both
hilar and peripheral cholangiocarcinomas in humans'”
We have previously shown that the FDG uptake pattern
in TAA-induced rat CCA was similar to that observed in
other human studies"”. In the present study, our CGCCA
xenograft closely mimicked the TAA-induced rat CCA
with regard to fluorodeoxyglucose uptake as evaluated by
FDG autoradiography. The xenograft had a high tumor
to liver and tumor to muscle FDG uptake ratio, which
makes 7z vivo tumor detection possible by FDG microP-
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ET. The data of the animal PET with regard to the TAA
mice models were highly consistent with our previously
published 7 vivo findings, indicating that FDG metabolic
activity is significantly higher in the CGCCA xenograft in
the nude mice™

The results of cytogenetic analysis with regard to
CGCCA cells revealed complicated chromosomal altera-
tions, and the hyperdiploid karyotype has been character-
ized in the CGCCA cell line. Basically, the hyperdiploid
karyotype is thought to arise from the maintenance of
heterozygosity. According to the marker chromosomes
observed in the CGCCA cell line, at least three clones
could be identified in current cell line, suggesting that the
hyperdiploidy does not arise from a near haploid precur-
sor. In addition, although hyperdiploid clones have been
identified, all the clones tend to show a pattern of chro-
mosome loss with all copies of chromosomes 8 and 20;
further, the gains are more often tetrasomic than trisomic
for the chromosomes 2, 3, 4, 11, 12, 16, and 17 (Figure 5).
Notably, the marker rings and/or giant rod chromosomes
could be observed in every cell as well; the materials
contained in the marker chromosomes of the ring or rod
shapes varied from cell to cell; however, the major materi-
als mostly came from chromosome 4 as was demonstrat-
ed by SKY (Figure 5). To our knowledge, rings are rare
in benign tumors, whereas they are common in certain
invasive tumors. In addition, the ring chromosomes are
even common in certain tumors, especially in subgroups
of sarcomas where they may be used as diagnostic indi-
cators for these lesions as described by Gisselsson ez a/*.
The other additional anomalies, such as translocations
and other structural chromosome abnormalities, were
present in approximately half of the cells; apparently,
the presence of non-random alterations in every clone is
most likely the primary change event; in addition, the du-
plication of chromosome 4 fragments are the most com-
mon additional change; deletion of chromosomes 8 and
20, and other random structural abnormalities, such as
der(2)t(2;3)(q10;92), der(2)t(3;10;2), der(2)t(2;5)(q10;q1),
der(4)t(4;13)(q10;q?) X 2, der(4)t(4;11;4), are probably a
secondary event (Figure 5).

However, although the presence of non-ran-
dom translocations, such as der(3)t(3;7)(q10;q13),
der(3)t(3;7)(q10;q13), der(5)t(5;8)(q10;q1), der(7)t(7;10)
(q105q1), der(11)t(11;1)(q105?), der(11)t(11;14)(q10;?),
der(11)t(11;14)(q10;?), der(17)t(17;Y), der(18)t(18;6)
(p10;q1), der(19)t(19;1)(q21;qter), indicates the occur-
rence of translocation and hyperdiploidy, none of them
are known have clinical prognostic implications so far.
Therefore, to improve the classification of the disease
according to translocation rather than diploidy group
in order to assign the correct prognostic implications,
further cytogenetic studies to compate the disease stages
combined with a series of clinical data for the evaluation
of cases are necessary.

Accordingly, our findings suggest that the genes in-
volved in the ring marker chromosomes could play a role
in the early stage of tumor development. The correlation
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between the conjecture of the cytogenetic changes and
tumor progression was also consistent with our previous
PET findings. We detected that a 100% initial visual yield
of invasive CCA was observed by the 22nd week in rats;
however, a 50% yield rate of invasive CCA was observed
by the 16th week, and the occurrence of biliary dysplasia
and invasive CCA precedes the development of hepatic
fibrosis by 4 wk''?.

In conclusion, the current CGCCA cell line was well
established and characterized in order to obtain informa-
tion regarding diagnostically useful tumor markers, which
could shed light on a dark area of CCA tumorigenesis for
a future understanding of human clinical therapeutics.

COMMENTS

Background

Cholangiocarcinoma is characterized by a great diversity of symptoms com-
monly occurring in the late course of the disease, and therefore making treat-
ment puzzling. In addition, neither radiation therapy nor chemotherapy signifi-
cantly improves long-term survival rates. However, many data have shown that
the incidence and mortality rates of CCA have been rising worldwide over the
past several decades, particularly the intrahepatic CCA. Therefore, the goal is
to identify potential possible diagnostic biomarkers as the investigation of the
molecular pathophysiology associated with this disease becomes more and
more important and necessary. Herein, the authors developed the rat CCA tu-
mor cells as a cell line designated as Chang Gung CCA (CGCCA).

Research frontiers

Positive immunostaining of CK19, c-Met, COX-1I, and MUC4 determined the
phenotype of the cell line. The genotype was examined by cytogenetic studies,
and the 2-Deoxy-2-("®*F)fluoro-D-glucose-avid character of the CGCCA xeno-
graft of the nude mice was demonstrated by animal PET. All of the evidence
proved that the CGCCA cell line rat was derived from the original primary tumor
formed by the TAA carcinogen.

Innovations and breakthroughs

The current work supports the view that the systematic cell cultures may pro-
vide a relevant CCA model to study the complex mechanisms involved in CCA
by revealing the potential pathogenesis of this disease. In addition, the authors
may be able to determine the possible diagnostic markers for the early detec-
tion and diagnosis of this disease.

Applications

The current CGCCA cell line was well established and characterized in order to
obtain information regarding diagnostically useful tumor markers, which could
shed light on a dark area of CCA tumorigenesis for a future understanding of
human clinical therapeutics.

Peer review

The authors describe the characterization of a new cholangiocarcinoma cell line
model and report its successful implantation into nude mice. The paper is well-
written, clear and concise.
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