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Review

Cholangiocarcinoma: Present Status and Molecular Aspects of Diagnosis

Xiao-Fang Liu, Kun Tang, Lu-Lu Sui, and Gang Xu

Department of Hepatobiliary Surgery, Affiliated Yantai Yuhuangding Hospital,
Qingdao University Medical College, Yantai, China

Cholangiocarcinomas are neoplasms that involve the epithelial cells of the bile duct, also known as cholangi-
ocytes. This disease is difficult to diagnose early, as most symptoms present late in the disease. In addition, the
specific anatomic position can cause periductal extension and result in a very low radical excision rate and a
very poor prognosis. Improved understanding of the features underlying the onset of cholangiocarcinoma and
its carcinogenic mechanism may lead to early diagnosis and better prognosis. With the development of molecu-
lar biology, much has been learned about oncogenes, tumor-suppressor genes, DNA methylation, microRNAs,
and the molecular mechanisms of tumor invasion and metastasis. Based on our research and others, this review
article will discuss the current status and prospects of early diagnosis of cholangiocarcinoma.
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INTRODUCTION

In recent years, with the development of imaging
diagnostics and clinical reconstruction, the incidence and
mortality rate of cholangiocarcinoma (CCA) has been
increasing yearly (1,2). In China, CCA is the fifth most
common disease among digestive tract malignant neo-
plasms and the most rapidly increasing alimentary canal
tumor. In the US, there are about 3,000 new patients
diagnosed with CCA every year. At present, CCA is the
second most common cancer of the hepatobiliary system
(3-5). As CCA has no special clinical manifestation or
specific tumor markers, some biliary diseases are thought
to be risk factors or precursors for cholangiocarcinoma.
To improve the diagnostic rate of CCA, it is imperative to
understand and define its prognosis.

EPIDEMIOLOGY AND RISK FACTORS FOR CCA

The autopsy record from the Japanese Association
for Pathology catalogs the cause of death from CCA to
be 0.31% from 1976 to 1977, which increased to 0.58%
from 1996 to 1997 (6). In China, the documentation of
680 cases of CCA in eight hospitals from the Chinese
Medical Association demonstrated that the occurrence of
the biliary tumor was highest in the 60- to 65-year-old age
group (20.7%) with an average age onset of 55.1 years.

The youngest patient to be diagnosed with CCA was 26
years old, while the oldest patient was 90 years old. The
male-to-female ratio was 1.39:1, suggesting the male inci-
dence of disease to be greater than the female incidence
(7). Globally, the incidence of CCA varies, reflecting
differences in both genetic and environmental risk fac-
tors. The highest incidence of CCA is found in northeast
Thailand (with 80-90 cases per 100,000 people), whereas
Australia reports the lowest incidence (with 0.4 cases per
100,000 people). However, the global incidence of CCA
is increasing for unknown reasons (8).

Risk factors for the disease are many, including primary
sclerosing (PSC) (9), intestinal infection, congenital cho-
ledochal cysts (10), Clonorchis sinensis and Opisthorchis
viverrini (liver flukes), and chronic intrahepatic lithiasis.
In recent years, much attention has been paid to a link
between hepatitis virus infection, especially to the hepa-
totrophic viruses hepatitis B virus (HBV) and hepatitis C
virus (HCV). Viral replication and cellular injury in the
hepatitis virus infections are not only confined to the liver,
but could also lead to bile duct damage and loss, as liver
and bile ducts develop homologously during embryogen-
esis. Hilar and intrahepatic bile ducts are easily infected
by HBV and HCV. From 1990 to 1997, the Japan Liver
Cancer Research Class demonstrated that CCA patients
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tested positive for the HCV antibody; 28.3% of male CCA
patients (among 982 cases) and 26.6% of female CCA
patients (among 509 cases) had positive HCV antibody
titers (11). Independently, our study found 6 cases (8.8%)
to be positive for the HBV protein and 24 cases (35%) for
the HCV-C protein, respectively, among 68 cases of proxi-
mal CCA. Both the HBV and HCV-C protein localized to
the cytoplasm of cholangiocytes (12,13). Therefore, recent
evidence suggests a risk factor link between hepatitis virus
infection and development of CCA.

CLINICAL PRESENTATION

The leading symptom for diagnosis of CCA is patient
jaundice. However, other nonspecific manifestations,
such as loss of appetite, atony, and abdominal swelling,
should also be considered. The clinical presentation for
diagnosis of CCA by the Chinese Medical Association is
shown in Table 1 (14).

Diagnosis of CCA becomes evident once patients
appear with jaundice, but development of jaundice occurs
late in the advancement of CCA, resulting in loss of
the chance for radical excision. Thus, before emerging
jaundice, early diagnosis is very important for patient
outcome. During the early stages of tumor progression,
the depletion of bile is hindered, and the inner pressure
of the biliary passage is increased. If the inner pressure
of the biliary passage does not exceed the liver secret-
ing pressure, patients do not present with jaundice, but
instead present with nonspecific symptoms such as dila-
tion of the biliary passage, abdominal swelling, atony,
and loss of appetite. This is also known as “occult” jaun-
dice (15). Combined increased understanding of these
manifestations with molecular and imaging techniques
may increase detection of dilation of the biliary passage
and CCA at a very early stage of the cancer.

LABORATORY EXAMINATION

Bilirubin

All 680 cases of patients with CCA reporting to the
Chinese Medical Association had elevated total serum bili-
rubin (26.3-536.4 mmol/L), with a mean of 276.4 mmol/L
as compared to a healthy control. The amount of direct
bilirubin was 17.7-308.4 mmol/L (mean 170.2 mmol/L),
which accounted for more than half of the total biliru-
bin. Among the patients, 650 patients had total serum

Table 1. Clinical Presentation of Cholangiocarcinoma

Clinical Presentation Cases (%)
Jaundice 650 95.6
Abdominal swelling 337 49.5
Atony 208 30.6
Emaciation 184 27.1
Loss of appetite 89 13.1
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bilirubin greater than 34.2 mmol/L (a healthy control 3.2—
23.5 mmol/L). Therefore, assessing an increase in total
serum bilirubin may be an early marker for CCA.

Serum Enzyme

Serum y-glutamyl transpeptidase (y-GT) and alkaline
phosphatase (AKP) are important markers for obstructive
jaundice (16,17). The percentage of patient serum posi-
tive for y-GT was 100% (680/680) and 93.7% (637/680)
for AKP positivity according to the Chinese Medical
Association. y-GT and AKP are also associated with liver
parenchymatous disease, although y-GT is more sensitive
to CCA than AKP (14). However, the drastic increase of
both AKP and y-GT enzymes above the amount often seen
in liver parenchymatous disease suggests the possibility
of 7-GT and AKP as markers of cholangiocarcinoma.

Serum Tumor Markers

Both pan-serum tumor markers CEA and CA19-9 were
increase significantly in CCA patients (18). The positive
rate of CEA was 16.0% (109/680) and 68.4% (465/680) for
CA19-9 as compared to healthy controls according to the
Chinese Medical Association (p<0.001). The serum tumor
marker CA19-9 is reported to be more specific than CEA
for the diagnosis of CCA (14). Thus, testing serum levels
of AKP and y-GT together with CA19-9 may be useful for
the diagnosis of the bile duct carcinoma, CCA.

IMAGING EXAMINATION
B-Ultrasonography

B-ultrasonography is the first choice for examination
of an obstruction because of its duplicity, simplicity, and
inexpensiveness. In CCA, B-ultrasonography can identify
an obstruction of the extrahepatic bile duct. Together with
the recent arrival of color Doppler ultrasonographyj, it is
now possible to differentiate between biliary sludge and
carcinoma by studying fine vessel patterns. Moreover, it
can predict the depth of tumor involvement with accuracy
(19). Therefore, B-ultrasonography may be a useful tool
for identifying CCA.

Computed Tomography (CT)

The main purpose of CT is to diagnose the extent of
tumor growth and ascertain whether there is direct infil-
tration into adjacent tissues or vessels or nodal or distant
metastases. CT has been proven extremely useful for
assessing the extent of resection necessary in patients with
advanced disease (20). Knowing tumor size may aid in the
decision to resect the tumor in advance stage CCA.

Magnetic Resonance Imaging (MRI) and Magnetic
Resonance Cholangio-Pancreaticography (MRCP)

The morphological appearance of CCA seen in an
MRI is similar to that obtained with CT. Tumors appear
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hypointense on T1-weighted images and hyperintense on
T2-weighted images. MRI is particularly useful for visu-
alizing invasion of the hepatoduodenal ligament, portal-
vein encasement, and lymph node involvement. However,
MRCP can provide more detailed information than ultra-
sonography or CT, and this technique has replaced the
more invasive cholangiography at many hospitals (21).

Cholangiography

Direct cholangiography, such as endoscopic retro-
grade cholangio-pancreatography (ERCP) and percuta-
neous transhepatic cholangiography (PTC), is helpful in
planning surgical procedures. These procedures indicate
tumors in adjacent intrahepatic ducts or in the extra-
hepatic bile ducts, and for the investigation of advanced
tumors with obstructive jaundice, can also assist in the
planning of palliative management. With the develop-
ment of image diagnosis, the application of invasive
techniques, such as PTC and ERCP, has decreased dra-
matically due to complications they cause, such as chol-
angitis, pancreatitis, and bleeding. Nevertheless, some
early stage cancers can be confirmed by ERCP, which may
therefore still be useful for early diagnosis of difficult-to-
diagnose tumors (7,21).

Selective Angiography

Selective angiography is very accurate and can dis-
play encasement of vessels or neovascularization, which
can be used to confirm a carcinoma diagnosis. Although
rarely used for diagnostic purposes, angiography is valu-
able for assessing the extent of tumor growth and pro-
viding information about the resectability of the mass,
similar to CT and MRI (22,23).

Positron Emission Tomography (PET)

A PET scan is a noninvasive imaging modality that
provides functional images by detecting uptake of the
radiotracer 18F-fluorodeoxyglucose (FDG) in neoplastic
cells. PET is currently considered to be a standard modal-
ity for the display of many malignancies (24). In the last
decade, integrated PET and CT imaging systems (PET/
CT) have allowed for the acquisition of both anatomi-
cal and functional images. PET and PET/CT have been
proven useful in the diagnosis and staging of CCA. In
a recent study, PET showed a 90% sensitivity and 78%
specificity in cases of CCA (25).

NEW DETECTING MOLECULAR
METHODS IN CCA

Flow Cytometry (FCM) Analysis of DNA Content in
Cholangiocarcinoma

Abnormal DNA content is a common characteristic of
several malignancy neoplasms. Detection of DNA content
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in tumor cells by FCM may provide a new method for
diagnosis. Krishnamurthy et al. (26) examined the DNA
content of shedding bile duct cells by ERCP, and found
increased DNA content in diagnosed cholangiocarci-
nomas. Additionally, Ryan and Baldfauf (27) found an
increase in sensitivity after detecting DNA content by
ERCP or PTC brushing bile duct epithelial cells. These
studies show that DNA content analysis could offer a new
way for early diagnosis of CCA.

Fluorescence In Situ Hybridization (FISH)

FISH analysis increases the sensitivity of cytol-
ogy in diagnosing CCA. FISH can detect polysomy or
amplification of at least two chromosomes, tetrasomy,
and trisomy 7. Of those, polysomy in the presence of a
dominant stricture is considered sufficient for diagnosis
of CCA, especially if the polysomy can be confirmed
over time. In a recent study, patients with primary scle-
rosing cholangitis (PSC) who had polysomy and a level
of CA19-9 greater than 129 U/ml all went on to develop
cancer (28).

To summarize, we have created the following diag-
nostic system for CCA based on the patients’ clinical
presentation (jaundice, vague abdominal pain, poor appe-
tite, and weight loss) and lab results (serum bilirubin,
serum enzyme, and advanced tumor marker). To begin,
we chose imaging studies using B-ultrasonography. If
we detect cholangiectasis or stricture of the bile duct,
other imaging studies (MRCP, CT/CTA, PTC, ERCP)
will be used for the definite diagnosis of CCA. If neither
imaging studies can be used, then FCM or FISH should
be used to preclude diagnosis of cholangiocarcinoma

(Fig. 1).

RECENT DISCOVERY IN THE MECHANISM
AND DIAGNOSIS OF CHOLANGIOCARCINOMA

Genetics and Epigenetics

As with most cancers, development of CCA is believed
to be a multistep accumulation of genetic and epigenetic
alterations in regulatory genes, leading to the activation
of oncogenes and inactivation or loss of tumor suppressor
genes (29).

Ras Gene. The Ras proteins are pivotal regulators
of cellular proliferation, differentiation, motility, and
apoptosis. Mutations of the K-ras gene in CCA have
been reported by several investigators. Caldas et al. (30)
detected two cases of a point mutation in codon 12 of
K-ras among three cases of stool samples of CCA. In
addition, Itoi et al. (31) analyzed the bile of CCA patients
by PCR-RFLP, and also found the 12th codon point muta-
tion of K-ras. These findings indicate that detecting the
K-ras gene mutation could provide useful information for
the early diagnosis of CCA.
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Figure 1. The diagnosis system for CCA.

c-ErbB-2 Gene. The c-ErbB-2 gene is also known
as HER-2 gene. Aishina et al. (32) detected c-ErbB-2 in
80% of CCA patients with lymph node metastasis, sug-
gesting it may be related to carcinogenesis and metastasis
of CCA.

Bcl-2 Gene. Bcl-2 is often thought of as a survival or
apoptosis-inhibiting gene.Itoetal.(33) found Bcl-2 protein
positivity to be 31.7% in intrahepatic bile ducts, 44.7% in
extrahepatic bile ducts in patients with CCA. Overexpres-
sion of the Bcl-2 gene has also been related to the invasive-
ness of the cholangiocarcinoma. Like c-ErbB-2, detecting
Bcl-2 gene expression levels could be used as an index to
measure the extent of malignancy in CCA.

p53 Gene. We examined the p53 gene status (exon
5-8) by automated sequencing of 36 randomly selected
frozen samples of CCA. p53 gene mutations were found
in 22 of 36 patients (61.1%) (34). These data demonstrate
that mutations of the p53 gene in CCA are very common;
therefore, detecting the mutations of p53 would be a use-
ful molecular tool for early diagnosis.

DPC4/Smad Gene. The tumor-suppressor gene Smad4
(DPC4) mediates the TGF-f3 signaling pathway known for
suppressing epithelial cell growth and is associated with

several different human cancers. Hahn et al. (35) exam-
ined 32 cases of CCA tissues and found that the DPC4
gene was inactivated in 80% of the common bile duct
carcinomas. In addition, Argani et al. (36) found DPC4
gene inactivation in 55% of distant CCA cases (among
88 cases) as compared to 15% DPC4 gene inactivation in
hilar cholangiocarcinomas (among 28 cases). Therefore,
DPC4 may demonstrate different mechanisms of carcino-
genesis between superior and distant CCA.

CpG Island Methylation in Cholangiocarcinoma.
Mammalian cells possess the capacity to epigenetically
modify their genomes via the covalent addition of a methyl
group to the five-position of the cytosine ring within the
context of the CpG dinucleotide. Certain regions of the
genome, which are often clustered at the five-ends of genes
possess the expected CpG frequency and have been termed
CpG islands. CpG island methylation has been shown to
be essential for normal development, X-chromosome
inactivation, imprinting and the suppression of parasitic
DNA sequences. However, hypermethylation of CpG
islands can cause inactivation of genes and relate to tumor-
igenesis and progress. We studied the methylation status
of several genes in the p53-Bax mitochondrial apopto-
sis pathway in CCA by methylation-specific PCR. The
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frequency of tumor-suppressor gene methylation in CCA
was P14 (24%), DAPK (30.6%), TMS1/ASC (36.1%).
Gene methylation in tissues surrounding the cancer was
DAPK (5.6%), TMS1/ASC (8.3%) (37,38). Our study indi-
cates that methylation of the p53-Bax mitochondrial apo-
ptosis pathway in CCA is a common epigenetic event and
may be significant for early diagnosis.

MicroRNAs. miRNAs are small noncoding RNAs
(approximately 22 nucleotides) that regulate the expres-
sion of multiple genes by binding to complementary
sites of targeted mRNAs, causing translational repres-
sion (imperfect target duplexes) or degradation (perfect
matches). They participate in the regulation of multiple
cell types under physiological and pathological conditions
and are fundamental in different cellular processes, such
as development, proliferation, apoptosis, metabolism,
morphogenesis, and in diseases. Several miRNAs are
upregulated (miR-141, miR-200b, miR-21, let-7a, miR-
370, miR-29b (39), miR-148a, miR-152, and miR-301)
(40) in CCA. Mechanistic understanding suggests that
these changes in miRNA expression increase CCA pro-
liferation and survival: for example, miR-141 decreases
CLOCK expression, which disinhibits cell proliferation.

Tumor Microenvironment

Carcinogenesis in CCA includes alterations in the
stroma, recruitment of fibroblasts, remodeling of the
extracellular matrix (ECM), changing patterns of immune
cell migration, and promotion of angiogenesis. The
tumor stroma surrounds the malignant ducts and glands
and comprises most of the tumor mass. The stroma pro-
motes tumor progression, via reciprocal communication
between the stromal cells and cancer cells (41).

EMT. Epithelial-mesenchymal transition (EMT) is a
key process in the development of many cancers, resulting
in cellular rearrangements and a motile fibroblastic phe-
notype that is adapted to invasion. EMT has recently been
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demonstrated in IHCC, and mirrors that seen in other
malignancies, with cells having an aggressive, dedif-
ferentiated phenotype and increased motility. Epithelial
markers E-cadherin and o- and B-catenin are downregu-
lated in these cells, whereas markers such as N-cadherin,
S100A4, and vimentin are upregulated. These changes
correlate with increased invasiveness in vitro and with
metastasis and poorer prognosis in vivo (42).

MMPs Gene. In addition to EMT, several other pro-
cesses might promote cell motility and invasiveness in
CCA. Inparticular, CCAis associated withincreased levels
of matrix metalloproteinases (MMPs), which break down
the ECM to allow tumor spread. Immunohistochemical
analysis found that 48% and 76% of surgically resected
specimens expressed MMP-9 and MMP-7, respectively
(43).

VEGF Gene. CCA requires a rich vascular bed.
Although minimal information is available on angiogen-
esis in CCA, it is known that high levels of the vascular
endothelial growth factor (VEGF) are expressed by vari-
ous human CCA cell lines (KMC-1, KMC-2, KMBC, and
KMG-C) and tumor tissues. Studies of xenografted cells
have shown that endothelin 1 (ET-1) inhibits VEGF-A
and VEGEF-C expression or release, which reduces cell
proliferation and increases fibrosis and apoptosis in tumor
tissue. Therefore, VEGF may play a role in increasing
tumor vasculature in CCA (44).

Developmental Pathways

The below signaling pathways may be required for the
development of cholangiocarcinoma.

The Notch Signaling Pathway. The Notch signaling
pathway regulates embryonic development and pro-
liferation of the biliary tree (45). Two recent studies
in mice have demonstrated that Notch activation is
required for conversion of normal adult hepatocytes to
biliary cells that are precursors of intrahepatic CCA.

Primary sclerosing cholangitis, liver fluke
Hepatitis, hepatolithiasis

Chronic inflammation

l

Genetics and epigenetics

Tumor microenvironment

l

Development pathways

Cholangiocytes

CCA cells

Figure 2. The overview of molecular mechanisms of CCA.
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Overexpression of intracellular domain of the Notch 1
receptor in liver cells of mice resulted in formation of
intrahepatic CCA (46).

Wnt Signaling. Wnt signaling is also required for
intrahepatic bile duct development and proliferation.
Wnt-inducible signaling pathway protein lv is over-
expressed in stroma nests around CCA, and levels of
WISP 1v are associated with reduced survival times of
patients (47).

Hedgehog Signaling. Hedgehog signaling is deregu-
lated in many types of tumors, including CCA. Inhibition
of hedgehog signaling with cyclopamine impedes CCA
cell migration, proliferation, and invasion (48).

In conclusion, Figure 2 illustrates the molecular mech-
anisms for CCA.

SUMMARY

The development and growth of a malignant tumor is
an extremely complicated event, which must coordinate
with multiple genes and multiple risk factors. Recent
years have seen an expansion in basic research on CCA,
and the pathways of CCA are now beginning to be elu-
cidated. However, we are still unable to provide an early
and definitive diagnosis of CCA to predict which patients
with high-risk conditions will go on to develop the disease
or to provide effective targeted therapy for any patient
group. Thus, more work is urgently needed to identify
diagnostic biomarkers and to design effective pharmacy
therapies using existing and new models. With the devel-
opment of modern molecular biology, we could study the
pathogenesis in more detail by using molecular biological
techniques to seek key components at the development of
stages. At present, increased attention to clinical presen-
tation and diagnostic procedure combined with molecular
biological techniques may greatly advance the progress
in early diagnosis of CCA.
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