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cDNA microarray profiling of rat cholangiocarcinoma
induced by thioacetamide
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Abstract. Cholangiocarcinoma (CCA) is a malignant
neoplasm affecting thousands of individuals worldwide. CCA
develops through a multistep process. In the current study,
an oral thioacetamide (TAA)-induced model of rat CCA was
established which generates the histological progression of
human CCA, particularly the mass-forming type. Seven male
Sprague-Dawley rats were treated with TAA for 24 weeks to
induce CCA. Following the generation of the rat CCA model,
whole rat genomic oligo microarray was performed to examine
gene expression profiles in CCA and non-cancerous liver
samples. In brief, 10,427 genes were found to be differentially
expressed (8,318 upregulated and 3,489 downregulated) in
CCA compared with non-tumor liver tissue. The top 50 genes
(upregulated or downregulated) were selected and their func-
tional involvement in various pathways associated with cancer
progression was analyzed, including cell proliferation, apop-
tosis, metabolism and the cell cycle. In addition, increased
expression of CLCA3, COL1A2, DCN, GLIPr2 and NIDI1, and
decreased expression of CYP2C7 and SLC10A1 were vali-
dated by quantitative real-time PCR. Immunohistochemical
analysis was performed to determine the protein expression
levels of GLIPr2 and SLC10AL1. The gene expression profiling
performed in this study provides a unique opportunity for
understanding the carcinogenesis of TAA-induced CAA. In
addition, expression profiling of a number of specific genes is
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likely to provide important novel biomarkers for the diagnosis
of CCA and the development of novel therapeutic strategies
for CCA.

Introduction

Cholangiocarcinoma (CCA) is a lethal malignancy derived
from the epithelial cells (i.e. cholangiocytes) of the bile duct.
CCA exhibits a considerable variety of symptoms commonly
at the later stages of disease and therefore treatment for CCA
is extremely difficult. CCA is grossly divided into mass
forming (MF), periductal infiltrating and intraductal papil-
lary subtypes (1). Gross pathological classifications of CCA
are important in clinical practice and further translational
investigations due to the distinct characteristics and outcomes
following hepatectomy (2). The incidence of CCA exhibits
considerable geographical variation but generally accounts
for 5-30% of primary liver cancer (3). Previous studies have
reported that the incidence and mortality rates of CCA
have been increasing worldwide, particularly intrahepatic
CCA (4-6). CCA is caused by a number of risk factors,
including parasitic infections, primary sclerosing cholangitis,
choledochal cysts, hepatolithiasis and carcinogen exposure,
which leads to the significant variance in incidence rates of
CCA worldwide (7-9).

Clinically, CCA remains extremely challenging as patients
do not typically exhibit clear symptoms until the disease is
quite advanced and therefore it is difficult to diagnose in its
early stages. In addition to surgical treatments (2,10-14),
radiation therapy and current chemotherapeutic protocols
have not been found to significantly improve the long-term
survival rates of CCA patients (8,15). In our previous study,
a thioacetamide (TAA)-induced CCA rat model was estab-
lished to analyze the molecular and morphological behavior
of CCA, aiming to generate a powerful preclinical platform
to provide insights into therapeutic and chemopreventative
strategies for human CCA (16). Since the model recapitulates
the dysplasia-carcinoma sequence of human CCA, it is likely
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to be crucial for the identification of the genetic basis of chol-
angiocellular neoplasia.

A number of previous studies have aimed to determine the
molecular alterations involved in cholangiocarcinogenesis;
however, these processes remain largely unknown (17-19). At
present, gene expression profiling by DNA microarray repre-
sents a promising technique for understanding the molecular
abnormalities involved in cancer development. In our previous
study, MUC4 overexpression was identified in rat CCA (carci-
nogenesis caused by TAA) compared with non-tumor liver
tissue (20). In the present study, a whole genome rat cDNA
microarray was used to determine whether the gene expres-
sion profile for CCA reflects a specific etiological agent, with
the aim to improve the understanding of the molecular events
associated with CCA. In addition, this study compared the
molecular profiles in non-cancerous liver to TAA-induced
CCA to gain insight into changes in gene expression associ-
ated with cholangiocellular carcinogenesis and to identify
potential diagnostic biomarkers. The investigation of the
molecular pathophysiology associated with CCA is becoming
increasingly important and necessary.

Materials and methods

Animals, treatment and CCA samples. The experimental
animal ethics committee of Chang Gung Memorial Hospital
(Linkou, Taiwan, R.O.C.) approved all animal protocols in
this study. This study conformed to the US National Institute
of Health guidelines for the care and use of laboratory
animals (21). Seven adult male Sprague-Dawley (SD) rats
(330-370 g) were used in these experiments. Rats were housed
in an animal room under a 12:12-hour light-dark cycle (light
between 08:00 a.m. and 08:00 p.m.) at an ambient temperature
of 22+1°C, with food and water available ad libitum. Seven
experimental rats were administered 300 mg/l TAA in their
drinking water daily until week 24. CCA was collected over
the 24-week TAA treatment. Only CCA was used for array
analysis to avoid variations in expression arising from histo-
logically different tumor progression. Each carcinoma used in
this study was obtained from a separate rat.

RNA isolation. Total RNA was isolated using TRIzol
(Invitrogen Life Technologies, Carlsbad, CA, USA) according
to the manufacturer's instructions. The integrity of RNA was
checked using an agarose gel.

Expression array. The Whole Rat Genome oligo-microarray
(P/N G4131A; Agilent Technologies, Santa Clara, CA, USA)
was used for microarray experiments. RNA sample prepara-
tion for microarray analysis was performed according to the
manufacturer's instructions. In brief, 20 g total RNA was
used for cyanine 3-dUTP (Cy3; test) and Cy5-dUTP (refer-
ence) labeling. Labeling was performed by oligo(dT)-primed
polymerization using SuperScript II reverse transcriptase
(Life Technologies, Grand Island, NY, USA) and the labeled
Cy3 and Cy5 cDNA probes were purified using a Qiagen
PCR QIAquick PCR Purification kit (#28104; Qiagen, Hilden,
Germany). Array hybridization was performed at 60°C for
14-16 h. Following hybridization, the array was washed and
dried using the Agilent washing kit. The array image was
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captured using the Axon GenePix 4000 laser scanner and
probe intensity was calculated with GenePix Pro 6.0 software
(Molecular Devices, Sunnyvale, CA, USA). The raw data
was further examined using Nexus Expression Software
(BioDiscovery, Hawthorne, CA, USA).

Data processing and analysis. Microarray data analysis was
performed as described previously with specific modifica-
tions (22). Image analysis was performed with GenePix Pro
software. Automatic and manual flagging were used to localise
absent or extremely weak spots (<2-fold higher than back-
ground), which were excluded from the analysis. The signal
from each spot was calculated as the average intensity minus
the average local background. Expression ratios of Cy5/Cy3
(or Cy3/Cy5 in case of dye-swap) were normalized using a
method that accounts and corrects for intensity-dependent
artefacts in the measurements; the LOWESS method in the
SMA package. SMA is an add-on library written in the public
domain statistical language, R. Three independent microarray
experiments were performed. Following data normalization,
genes with a 2-fold change in expression compared with the
control sample were considered as differentially expressed
genes between samples. All genes with a log, ratio =1 or <-1
were considered to be statistically significant. Specific differ-
entially expressed genes were grouped based on information
from the KEGG database (23,24), NCBI, Gene Ontology and
DAVID (25,26) (Tables I and II). Specific genes were anno-
tated for several functions; however, genes were assigned to
one group only (Tables I and II).

Quantitative real-time PCR (gPCR). qPCR was performed
using SYBR Green Super mix (Bio-Rad, Hercules, CA, USA)
in a 20 ul total volume and a Bio-Rad iCycler iQ Real-Time
Detection System according to the manufacturer's instruc-
tions. Primers were designed using Beacon Designer software
(Premier Biosoft International, Palo Alto, CA, USA) and are
presented in Table III. PCR was performed in triplicate and
relative gene expression levels in normal and tumor tissue
were calculated by normalizing against B-actin expression
levels using the comparative C; method. C; represents the
cycle numbers at which the amplification reaches a threshold
level selected in the exponential phase of all PCR. Data were
analyzed using the iCycle iQ system software. Significance of
expression difference was identified by the t-test calculator in
Graph pad software (GraphPad Software, Inc., La Jolla, CA,
USA).

Immunohistochemical analysis. Rat CCA tissues embedded
in paraffin were cut into 5-mm sections. The sections were
dewaxed in Bioclear (Bio-Optica, Milan, Italy) and rehydrated
in decreasing concentrations of ethanol. Paraffin sections
were pre-treated in 0.01 M citrate buffer in a microwave
oven. Normal horse serum was used as a blocking agent. The
sections were then incubated with antibodies against GLIpr2
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, US) and
SLCI10A1 (Abnova, Walnut, CA, USA). Following washing
in TBS containing 0.1% Tween-20, the sections were exposed
to a secondary antibody. Next, the slides were incubated with
horseradish peroxidase-avidin-biotin complex (Vectastain
ABC Elite; Vector Laboratories, Burlingame, CA, USA). The
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Table III. Primer sequences used for qPCR validation.
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Annealing
Accession no. Gene Gene name Primers (forward/reverse) temperature ("C)
XM_217689 Clca3 Chloride channel 5'-AAG GTG GCC TAC CTC CAA GT-3' 58
calcium activated 3 5'-GAG AAT AGG CGA GGC TCC TT-3'
NM_053356 Colla2 Procollagen, 5'-TTG ACC CTA ACC AAG GAT GC-3' 60
type I, a2 5'-CAC CCC TTC TGC GTT GTATT-3'
NM_024129 Dcn Decorin 5'-CAA TAG CAT CAC CGT TGT GG-3' 60
5'-CCG GAC AGG GTT GCT ATA AA-3'
XM_342827 Glipr2 GLI pathogenesis-related 2 5'-GAATGT CCC ACC TCC AAA GA-3' 60
5'-TCA CAG GAG ATG CTC ACA GG-3'
XM_213954 Nid 1 Nidogen 1 5'-CCA CCC ACA TAA GCATAC CC-3' 60
5'-ACT CCC AAG GTG TTG TCA GG-3'
NM_017158 Cyp2c7 Cytochrome P450, 5'-ACG GGG AGAAGT TTT CTG GT-3' 60
family 2, subfamily c, 5'-TGT GCT TCC TCT TGA ACA CG-3'
polypeptide 7
NM_017047 Slc10al Solute carrier family 10 5'-GGT GCC CTA CAA AGG CAT TA-3' 60
(sodium/bile acid 5'-TGA TGA CAG AGA GGG CTG TG-3'
cotransporter family),
member 1
Reference 60
[-actin 5'-GAC AGG ATG CAG AAG GAG AT-3'

5'-CTG CTT GCT GAT CCA CAT CT-3'

complex-binding site was visualized by 3,3'-diaminobenzidine
(Vector Laboratories). Sections were counterstained with
hematoxylin and dehydrated prior to mounting with Pertex
(Histolab Products AB, Gothenburg, Sweden) and observed
under a microscrope (Olympus, Yuan Li Instrument, Taipei,
Taiwan).

Results

Systemic effects of TAA administration and tumor detection
rate. No instances of TAA-induced mortality were observed
during the 20-week study period. TA A-fed rats were observed
to exhibit significantly lower levels of body weight gain
compared with the control rats beginning at 8 weeks post-treat-
ment. Our previous biochemical analysis revealed that levels
of total protein, albumin, aspartate aminotransferase, alkaline
phosphatase (ALK), bilirubin and prothrombin time (PT) were
similar in both groups. According to necropsy and histological
results, the incidence of TA A-induced CCA was 100% (16).

Comparative expression profiling of TAA-induced CCA
and non-cancerous liver tissue. Microarray gene expression
profiling identified 10,427 differentially expressed genes
(8,318 for =2-fold upregulation, 3,489 for <0.5-fold downregu-
lation) in CCA compared with the non-cancerous liver tissue.
Fisher 344 pre-sialomucin complex, LOC366769 (similar to Ig
heavy chain precursor V region), Serta domain-containing 1,
LOC362509 (GliPR 2), Bcl2-like 11 (apoptosis facilitator),
pyruvate kinase muscle isozyme (similar to pyruvate kinase,
M1 isozyme) and LOC306628 were predominantly over-

expressed at high levels in CCA tissues; however, usher
syndrome 2A [similar to usherin (LOC289369)], TC500715,
hydroxysteroid preferring 2 (sult2al), LOC291810, olfac-
tory receptor gene (Olr1692), LOC290148 (similar to T-cell
receptor o chain precursor V and C regions (TRA29)-rat
(fragment) and spinal cord expression protein 4 (RSEP4)
were markedly downregulated (Tables I and II). The top 50
upregulated and downregulated genes were selected and clas-
sified based on their functional involvement as demonstrated
in Tables I and II.

Association of differentially expressed genes with significant
molecular processes. The top 50 genes were selected to
determine their functional involvement. Molecular databases,
including KEGG and NCBI, were used to identify the role of
each gene with different pathways. The top most differentially
expressed genes in CCA were found to play a significant role in
controlling cellular metabolism (Tables I and IT). Upregulated
genes were largely classified in groups associated with
cellular metabolism, extracellular regions and ECM organiza-
tion/biosynthesis, tumorigenic cascades and other important
pathways associated with liver disorders, including fibrosis.
Similarly, pathway analysis was performed for downregulated
genes. The majority of the downregulated genes were grouped
under different pathways of various processes involved in
metabolism. Specifically, Sult2al and Slcl0al were classified
under roles in bile secretion.

Gene expression validation by gPCR. A number of genes,
including Clca3, Colla2, Dcn, Glipr2 and Nidl were selected
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from the microarray expression profile based on roles associ-
ated with liver disorders and the observed increased expression
was validated. In addition, Cyp2c7 and Slcl0al were selected
to confirm significant alteration of the expression of these
genes in the tumor when compared with the non-tumor liver
samples. qPCR was performed using total RNA extracted
from CCA tissues and normal tissue samples. 3-actin was used
as an internal control.

Consistent with microarray expression profiling data,
Clca3, Colla2, Dcn, Glipr2 and Nidl were found to be upregu-
lated in all rat tumor tissues compared with normal rat tissues
(Fig. 1). However, expression of Slcl0al and Cyp2c7 was lower
in rat CCA tissues compared with normal rat tissues (Fig. 1).
These expression patterns were found to be statistically
significant (P<0.05).

Validation of GLIpr2 and SLC10A1 expression by immunohis-
tochemical analysis. The mRNA expression levels of GLIpr2
and SLCI0A1 were identified by microarray and qPCR
analysis. To determine their protein expression in CCA tissues,
immunohistochemical analysis was performed. GLIpr2 was
observed as diffusely expressed in the cytoplasm and at the
membrane in rat CCA samples; however, expression was absent
in normal liver tissue (Fig. 2A). This observation was consistent
with mRNA expression levels obtained by microarray where
GLIpr2 expression was upregulated in rat CCA compared with
normal liver tissue. Immunohistochemical validation was also
performed for SLC10A1. However, protein expression levels
were observed to be inconsistent with results obtained in the
microarray; immunohistochemical analysis revealed upregu-
lation of SLC10A1 protein levels in rat CCA compared with
normal liver tissue (Fig. 2B), whereas, SLC10A1 mRNA levels
were identified to be downregulated.

Discussion

CCA is a malignant neoplasm which develops through a multi-
step process, affecting thousands of individuals worldwide.
TAA is used as a preservative for oranges; however, it is also
considered to be a hepatotoxin and carcinogen, and requires
metabolic activation by mixed-function oxidases (27-30).
Cytochrome (CY) P450 2B, 2E1 and flavin monooxygenase
metabolize TAA into its toxic metabolites (30). Previous
studies have identified a number of TA A-induced liver diseases,
including hyperplastic liver nodules, liver cell adenomas,
hepatocarcinomas, liver cirrhosis and tumors (31-35). In
our previous study, male SD rats were administered with
300 mg/l TAA in drinking water to construct an easy and
reproducible animal model recapitulating the multi-stage
progression of human CCA. The TAA rat model may serve
as an important preclinical platform for the development of
therapeutic strategies in invasive CCA and the evaluation of
rational chemoprevention strategies in the dysplastic biliary
epithelium. Yield of invasive CCA in the model rats was 100%
at week 22 and at week 25, the yield of CCA and cirrhosis was
100% (16).

Although TAA-induced hepatic pathology is well char-
acterized, a limited number of studies have analyzed the
molecular alterations in the development of CCA. For example,
alterations in the kinases, c-erb-B2 and c-met, together with
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Figure 1. qPCR validation of specific differentially expressed genes identified
in the expression array. Data are presented as the mean + SD for individual
gene expression changes in six paired tissue samples of N and T liver samples
obtained from six rats. 'P<0.05, vs N. N, normal; T, tumor; qPCR, quantita-
tive real-time PCR.

possible aberrant autocrine expression of hepatocyte growth
factor/scatter factor (HGF/SF), may play a significant role in
the development and/or progression of human CCA (17,19,36).
In addition, in our previous study the role of MUC4 as a
marker of poor prognosis in mass-forming cholangiocar-
cinoma (MF-CCA) patients undergoing hepatectomy was
investigated (20). The aim of the present study was to charac-
terize the molecular alterations associated with TA A-induced
rat CCA through cDNA microarray analysis and to identify
significantly expressed genes as distinct diagnostic biomarkers
for CCA. cDNA microarray analysis was used to identify
the most common upregulated and downregulated genes of
TAA-induced CCA. The majority of the genes were identified
to play important roles in the control of various metabolic
pathways.

The liver is the major drug metabolizing organ where
several drug-metabolizing enzymes are present, including
CYP450. CYP450 is a multi-gene family of important
drug-metabolizing enzyme-encoding genes. P450 plays a key
role in the metabolism of drugs, steroids, fatty acids and envi-
ronmental pollutants (37). In the present microarray analysis,
altered expression of members of the CYP450 family, including
CYP2C7, CYP1AIL, CYP4A3 and CYPIA2 (Tables I and II)
was identified, consistent with the hypothesis that CYP450
family members are important for the metabolism of carcino-
gens. Similar to other hepatotoxins (e.g., diethylnitrosamine
and carbon tetrachloride), TAA resulted in a significant reduc-
tion in the expression of CYP2C7. In agreement with previous
studies (38,39), downregulation of CYP2C7 was found in male
rats in the current analysis. In addition, increased expression of
a number of other genes was identified, including glutathione
peroxidase 3, solute carrier family 2, aldehyde dehydrogenase
family 1, procollagen lysine and 2-oxoglutarate 5-dioxygenase
2, which are associated with various metabolic processes.
These observations indicated that, to support the active func-
tion of cells in the CCA environment, genes involved in the
metabolism of cells must be upregulated.

In addition, decreased expression of the Na*-dependent
taurocholate co-transporting protein (SLC10A1; Fig. 1) was
observed, a protein responsible for the majority of hepatocellular
uptake of bile salt-coupled chemotherapeutics (40). Previously,
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Figure 2. (A) Immunohistochemical analysis of GLIpr2 protein expression in human CCA. (Aa-c) GLIpr2 protein expression was distributed in the cytoplasm
and membrane in human CCA but was absent or weak in normal hepatocytes (magnification, x200). (B) Immunohistochemical analysis of SLC10A1 protein
expression in human CCA. SLCIOAL1 protein was downregulated and diffusely distributed in the cytoplasm and membrane in (Bd) normal liver tissue
compared with (Ba-c) human CCA (magnification, x200). CCA, cholangiocarcinoma.

downregulation of Ntcpl (SlclOal) protein levels has been
implicated in cholestasis (41). Reduced expression of Sult2al
and Slcl0al, genes important for bile secretion (Table III), may
play an important role in CCA aetiopathogenesis and those
specific proteins may represent future biomarkers.

Increased expression of CLCA3, COL1A2, DCN, GLIpr2
and NIDI1 was further validated by qPCR (Fig. 1). DCN is a
member of the small leucine-rich repeat proteoglycan family
and is a major component of the extracellular matrix (42).
DCN has been reported to mediate a number of functions,
including proliferation, migration and differentiation of human
keratinocytes by interacting with the epidermal growth factor

receptor, ErbB2 (43), TGFf (44) and cytokines. In addition
to its well-known role in extracellular matrix organization,
previous studies have also reported abnormal expression in a
number of types of cancer, including oral cancer (45). In the
present study, DCN was found to be differentially expressed
in CCA, indicating its appearance and overexpression as a
possible biological marker of CCA progression.

Nid is an important constituent of basement membranes,
which forms a defined supramolecular complex between
the extracellular matrix molecules, laminin-1 and type IV
collagen (46). Previously, Nid and specific laminin chains
were revealed to play a crucial role in determining the
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outcome of hepatic injury, in a study involving partial hepa-
tectomy. Increased expression of Nidl may be involved in the
concomitant correlation between TA A-induced rat CCA and
liver cirrhosis.

In a previous study, increased GLIpr-2 expression in the
kidney was hypothesized to contribute to the development of
fibrosis by increasing the pool of activated fibroblasts, possibly
through the induction of epithelial-mesenchymal transition (47).
The biological function of GLIpr-2 remains poorly understood.
The enhanced expression of GLIpr-2 in TAA-induced CCA
may play a pivotal role in liver fibrosis and represent an addi-
tional molecular target which must be analyzed further.

In conclusion, the extensive information gained from the
gene expression profiling of TAA-induced CCA performed in
the present study is likely to provide important insights into
the genes involved in the development of CCA. Further studies
must be performed to develop a further understanding of the
cellular activities of differentially expressed genes during
CCA progression.
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