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REVIEW
State of Serum Markers for Detection of Cholangiocarcinoma
Sopit Wongkham*, Atit Silsirivanit
Abstract
Difficulties in cholangiocarcinoma (CCA) management are largely due to the lack of specific biomarkers to
diagnose CCA patients at an early stage. Most of CCA patients are diagnosed when the tumors have already
extensively invaded and/or metastasized, resulting in poor survival. Definite diagnosis for CCA is through a
histopathological study of e liver tissues, which is invasive to obtain the samples. The detection of CCA-associated
markers in patients’ sera seems to be a potential diagnostic approach, which is less invasive, inexpensive, and
does not require a specialist to perform the diagnosis. To date, several serum markers, such as carcinoembryonic
antigen, carbohydrate antigen (CA) 19-9, CA242, CCA-associated carbohydrate antigen, mucin glycoproteins,
cytokines, etc., have been reported to be the potent diagnostic and prognostic markers for CCA. However, a single
marker determination exhibits low sensitivity and specificity for diagnosis of CCA. Alternatively, multiple marker
analysis seems to have more optimistic prospects for improvement of diagnostic and prognostic determination
of CCA.
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Introduction
Cholangiocarcinoma (CCA) is rare in western
countries but is one of the major public health problems
in northeast Thailand due to its high incidence, severity
and high mortality rate (Patel, 2001; Endo et al., 2008;
Shin et al., 2010). At present, there are several advanced
techniques for demonstrating CCA, e.g., ultrasonography
and CT scanning for detection of dilated intrahepatic
biliary ducts; cytology and brushings done at the time of
percutaneous transhepatic cholangiography or endoscopic
retrograde cholangiography to demonstrate tumor cells
in bile; and fine needle aspiration to identify tumors
in jaundiced patients. However, the late detection and
poor survival after diagnosis has led to a need for more
powerful markers or techniques for early diagnosis of
CCA. Complete resection provides the best hope for
long-term survival, but the difficulty in establishing
preoperative diagnosis of CCA limits the number of
successful treatments (Guglielmi et al., 2009; Morise et
al., 2010).
There are several types of biomarkers for cancer
and each provides different benefits based on the stage
of disease identified (Figure 1). Risk biomarkers are to
identify the person who has risk of developing cancer
with no measurable disease whereas early detection
involves a high-risk population, a screening test, and a
testing schedule (Hassanein et al., 2012). It distinguishes
populations of individuals at-risk before or after the

disease becomes measurable. There are several markers
suggested to diagnose cancer. Diagnostic biomarkers
are used to determine whether cancer is present with
measurable asymptomatic disease and prognostic
biomarkers usually identify individuals with an aggressive
phenotype and shorter survival. It is constructive
information for clinicians to select the choice of treatment
that is appropriate and of benefit for individual patients
(Hassanein, et al., 2012). Herein, we review recent
reports in the field of biomarkers for risk assessment and
diagnosis of Opisthorchis viverrini (Ov)-associated CCA.
The clinical use and limitations of different approaches
will be discussed. The markers for non-liver fluke related
CCA is beyond the scope of this review.
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Figure 1. Biomarker Provides Different Benefits Based
on the Stage of Disease Identified

Department of Biochemistry and Liver Fluke and Cholangiocarcinoma Research Center, Faculty of Medicine, Khon Kaen University,
Khon Kaen, Thailand, 40002 *For correspondence: sopit@kku.ac.th
Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

17

Sopit Wongkham and Atit Silsirivanit

Risk and Early Markers for CCA
There are several factors identified as risks for CCA.
It is well documented that liver fluke, Ov, is the strong
risk factor of CCA found in Southeast Asia, especially
in northeast Thailand (Haswell-Elkins et al., 1994;
Sithithaworn and Haswell-Elkins, 2003; Bouvard et al.,
2009). Subsequently, infection of the related liver fluke
Clonochis sinensis has been acknowledged to be the
risk factor of CCA in south China, Korea and Vietnam
(Khan SA, e tal., 2008). For CCA diagnosed in Western
countries, several risk factors are listed, e.g., primary
sclerosing cholangitis, hepatolithiasis, choledochal
cyst, caroli’s disease, cirrhosis, hepatitis C, and toxins
(dioxin, polyvinyl chloride) etc. (Charbel and Al-Kawas,
2011). Even though different factors are raised as risk
determinants of CCA from different parts of the world,
most of these factors contribute to chronic inflammation
and chronic injury of the biliary epithelium as common
features associated with CCA.
Many factors have been raised to be the risk markers
for Ov-associated CCA e.g., acute or past history of
Ov infection (Srivatanakul et al., 1991; Pinlaor et al.,
2004), high level of serum anti-Ov antibody (Akai et al.,
1994; Pinlaor et al., 2012; Sawangsoda et al., 2012), and
periportal fibrosis detected by ultrasonography (Mairiang
et al., 2006; 2012). Clinicians and researchers believe
that the opportunity for improved survival increases if
cancer is diagnosed in its early stage. The use of chest
computed tomographic (CT) imaging drastically improved
the detection rate and survival of early-stage lung cancers
(Henschke et al., 1999). A large randomized screening
study of lung cancer by low-dose chest CT resulted in
an improvement in overall survival and a 20% reduction
in lung cancer–specific mortality (Aberle et al., 2011).
This impressive result gives new hope of improvement
in overall survival of many cancers.
Not only for CCA but for all malignancies, surgeons as
well as scientists believe that early detection of cancer can
increase the curative rate and improve survival of patients.
However, CCA is still one of the most difficult cancers
to diagnose at early stage since there are no specific
symptoms when tumor develops. In addition, CCA is a
heterogeneous tumor with the complexity of the genome
and the proteome. Many researchers are taking up the
challeng to bring specific biomarker candidates from the
bench to the bedside.
There are a number of serum markers for detection of
CCA (Table 1); for example, carcinoembryonic antigen
(CEA), carbohydrate antigen (CA) 19-9, and serum mucin
(Wongkham et al., 2003; Bamrungphon et al., 2007;
Briggs et al., 2009; Silsirivanit et al., 2011). However,
the uncertainties of their overall accuracy limit the use of
these markers in early detection. In general, these markers
are useful for identifying and managing patients but are
not appropriate for screening and early diagnosis because
the detection of these markers in blood often signifies the
presence of an advanced tumor (Bjornsson et al., 1999;
Carpelan-Holmstrom et al., 2002; Qin et al., 2004; Alvaro,
2009). Moreover, patients without cancer may harbor low
levels of these markers in blood (Szekanecz et al., 2007;
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2008; Bergamaschi et al., 2012). This limitation has led
to specific cut-off levels being set up based on population
studies of cancer patients and controls to identify the lower
limits of a positive test.
The major factor that limits the finding of early
marker is the limitation to access early-stage tumor tissue
samples for definite diagnosis and the low abundance of
potential biomarkers in bio-fluids. At present, there is no
early marker for identifying CCA. To ascertain whether
the marker candidate is the risk marker, there must be
a screening trial for high risk CCA to follow the cohort
until the disease appears. Since CCA frequently develops
in patients with any of a variety of preexisting bile duct
diseases, some of them are considered precursors of CCA
(e.g., biliary lithiasis, clonorchiasis, opisthorchiasis, and
primary sclerosing cholangitis), a long term surveillance
of these high risk populations with testing schedule will
reveal the marker candidates that may not only predict
CCA in individuals but also diagnose CCA in an early
stage.

Current Status of Serum Markers for
Cholangiocarcinoma
The availability of a rapid and formal proof of
malignancy by using less invasive procedures is a
teleological goal of the diagnosis of CCA. Although
cytology is the most specific routine diagnostic procedure,
its sensitivity is insufficient at around 50-60%, and
thus diagnosis is usually carried out by more invasive
techniques such as liver biopsy. Serum marker is an
attractive detection strategy for screening, due to their ease
of acquisition and noninvasive access to large quantities
of samples available for analysis.
The development of CCA is frequently associated with
high blood levels of tumor markers such as CEA, CA19-9,
cytokeratin (CK) 19, interleukin 6, and mucin MUC5AC
(Civardi et al., 1986; Ramage et al., 1995; Goydos et al.,
1998; Patel et al., 2000; Boonla et al., 2003; Wongkham
et al., 2003; Qin et al., 2004; Tangkijvanich et al., 2004;
Bamrungphon et al., 2007; Sripa et al., 2012). Among
them, CEA and CA19-9 are the most commonly studied
and routinely used markers. Nevertheless, in almost all
series on serum CEA, high false-positive results are
mentioned (Fisher et al., 1995; Bjornsson et al., 1999;
Bettinardi et al., 2003; Qin et al., 2004; Ni et al., 2005; Li
and Zhang, 2009). A good serum marker should exhibit
high diagnostic values, e.g., sensitivity, specificity,
positive and negative predictive values and accuracy
(Figure 2). As for the CCA markers, they should, thus,
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Figure 2. Several Indices Indicate the Diagnostic Value
of Each Test
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Table 1. The Diagnostic Marker Detected in Serum for CCA
Serum markers

Sensitivity Specificity Cases and control used in the studies
(%)
(%)

References

BALP
CA19-9

*BALP, biliary alkaline phosphatase; CA19-9, carbohydrate antigen19-9; CEA, carcinoembryonic antigen; CCA-CA, cholangiocarcinoma associated
carbohydrate antigen; carcinoembryonic antigen; CYFRA 21-1, cytokeratine 19 fracment 21-1; hTERT, human telomerase reverse transcriptase; Il-6,
interleukin-6; M2-PK, M2-pyruvate kinase; MMP7, matrix metalloproteinase 7; MUC5AC, mucin 5AC; NGAL, neutrophil gelatinase-associated
25.0
lipocalin; RCAS1, receptor binding cancer antigen expressed in SiSO cells, TSA, total sialic acid; GI-CA, other gastro intestinal cancers; BLD,
38.0
benign liver diseases, HE, healthy persons; OV, opisthorchiasis; HCC, hepatocellular carcinoma;
LMC, lievr metastatic cancers
31.3
31.3
23.7

Tumor size and number (Uenishi et al., 2008)

IL-6
MUC5AC
RCAS1

Lymphatic invasion
Poor prognosis
Poor survival
Tumor berden
Tumor size
TNM stage IVA-B
Poor survival
Poor survival
Tumor berden

(Cheon et al., 2007)
(Boonla et al., 2003; Bamrungphon
et al., 2007; Matull et al., 2008)
(Enjoji et al., 2004)

*CA19-9, carbohydrate antigen 19-9; CCA-CA, cholangiocarcinoma associated
carbohydrate antigen; carcinoembryonic antigen; CYFRA 21-1, cytokeratine
19 fracment 21-1; Il-6, interleukin-6; MUC5AC, mucin 5AC; NGAL, RCAS1,
receptor binding cancer antigen expressed in SiSO cells

differentiate CCA from benign biliary tract diseases.
Some tumor markers in serum showed the association
with the clinical outcome of CCA patients (Table 2), and
those serum markers may possibly be used for monitoring
and prognostic prediction of CCA. Several tumor markers
have been detected in clinical samples, such as tissues,
bile, serum and plasma, obtained from CCA patients.
However, the most practical aspect is the detection of
tumor markers in patient serum.
This review, therefore, will focus on the currently
available serum markers which are continuously reported
to be the diagnostic and prognostic markers for CCA.

Carbohydrate Antigens and Glycoproteins
Several carbohydrate antigens and glycoproteins have
been reported to be CCA-associated markers: CEA, CA19-

Remission

CA19-9
CEA
CEA -CA19-9 Index
CA19-9
CEA
CEA or CA19-9
CEA and CA19-9
CEA
CA19-9
CA242
CEA and CA19-9
CEA and CA242
CA19-9 and CA242

Persistence or recurrence

(Huang et al., 2004; Heimbach
et al., 2006; Briggs et al., 2009)
(Silsirivanit et al., 2011)

Sensitivity Specificity
(%)
(%)

Newly diagnosed with treatment

Markers

Serum amrker Clinical correlation References
CA19-9 > 100 U/ml
Poor prognosis
Poor survival
CCA-CA
Tumor berden
Poor survival
CYFRA21-1 > 2.7 ng/ml

Table 3. Combinatorial Serum Markers for CCA
0Diagnosis
Newly diagnosed without treatment

Table 2. The Prognostic Marker Detected in Serum
for CCA

60
53
66
66
69
91
63
28
73
28
21
9
26
CEA and CA19-9 and CA242 9

91
86
100
88
82
76
87
85
59
86
90
95
91
95

References

(Ramage et al., 1995)
(Qin et al., 2004)

(Ni et al., 2005)

*CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen;
CA242, carbohydrate antigen 242

9, CA125, etc., and of these CA19-9 is the most frequently
reported marker for CCA.
Carcinoembryonic antigen (CEA)
CEA is a 200 kDa glycoprotein that has been shown
by immunohistochemical methods to be present in
malignancies of the colon, pancreas, and biliary tree
(Goslin et al., 1981; Kojima et al., 1984; Nonomura
et al., 1987; Albers et al., 1988; Ichihara et al., 1988).
The incidence of abnormal serum levels of CEA in
hepatolithiasis associated with CCA was higher than in
hepatolithiasis patients without CCA. Undiagnosed CCA
was suggested to be in hepatolithiasis patients with high
level of serum CEA (Sasaki et al., 1996; Chen et al., 2002).
Carbohydrate antigen (CA) 19-9
CA19-9 is a glycosphingolipid of the Lewis blood
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1
30.0

5
30.0

30.0

None

65
88
77 CCA, 55 GI-CA, 18 BLD, 30 HE
(Bhudhisawasdi et al., 2004)
53-79
81-99
139 CCA, 384 BLD, 66 HE
(Ramage et al., 1995; Patel et al., 2000; Qin et al., 2004;
(cut off 100 U/ml)				
Levy et al., 2005; Leelawat et al., 2006)
CCA-CA
88
90
97 CCA, 47 GI-CA, 43 BLD, 52 OV, 51 HE
(Silsirivanit et al., 2011)
CEA (cut off 22 ug/ml) 53-69
82-86
50 CCA, 114 BLD, 15 HE
(Ramage et al., 1995; Qin et al., 2004)
CYFRA 21-1
75-87
92-95
94 CCA, 164 HCC, 177 BLD
(Uenishi et al., 2003; Uenishi et al., 2008)
hTERT mRNA
85
78
39 CCA, 50 BLD, 10 HE
(Leelawat et.al., 2006)
IL-6
71-80
26-98
207 CCA, 55 HCC, 41 LMC, 225 BLD, 299 HE (Goydos et al., 1998; Tangkijvanich et.al., 2004;
				
Cheon et.al., 2007; Sripa et.al., 2012)
100.0
M2-PK
84
90
115 CCA, 85 BLD, 120 HE
(Li and Zhang, 2009)
6.3(Leelawat10.1
MMP7
75-76
46-78
103 CCA, 164 BLD
et al., 2009;20.3
Leelawat et al., 2010;
				
Prokobwong et al., 2012)
MUC5AC
63-71
90-97
348 CCA, 90 GI-CA, 92 BLD, 60 OV, 104 HE (Wongkham et al., 2003; Bamrungphon et al., 2007)
25.0
75.0
NGAL (cut off 110 ng/ml) 76
72
50 CCA, 50 BLD
(Leelawat et al., 2011)
P53
100
39
7 CCA, 151 GI-CA
(Attallah et.al., 2003)
Periostin
88
89
8 CCA, 24 HCC, 13 LMC, 26 BLD 56.3
(Fujimoto46.8
et al., 2011)
RCAS1 (cut off 10 U/ml) 74
96
23 CCA, 20 HCC, 52 BLD, 35 HE
(Watanabe et al., 2003)
54.2
TSA
72-83
58-86
158 HCC, 135 BLD, 9350.0
HE
(Wongkham et al., 2001; Kongtawelert
31.3et al., 2003)
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group that for years has been proposed as a useful marker
for epithelial type gastrointestinal cancers, especially of
the pancreas and biliary tract (Chen et al., 2002; Qin et
al., 2004; Ni et al., 2005). CA19-9 is a ligand of E-selectin
that may play a role in the adhesion of cancer cells to
endothelial cells, resulting in hematogenic metastasis. The
CA19-9 antigen in tissues exists primarily as an epitope
present on a glycolipid, sialo-lacto-N fucopentaose II
ganglioside, but it is associated with mucin in serum
(Tempero et al., 1989; Robinson et al., 1993; Yue et al.,
2011). The oligosaccharide on which the CA19-9 epitope
is found is a sialylated Lewis A blood group antigen
(Magnani et al., 1982).
The CA19-9 is a tumor-associated, but not a tumorspecific, antigen. It is synthesized by normal human
pancreatic and biliary ductular cells, as well as by gastric
and colonic epithelial cells (Dietel et al., 1986; Imamura
et al., 1990; Yamauchi et al., 1993). It is present in large
quantities in normal pancreatic juice (Tocchi et al., 1998)
and in the bile of patients with benign disorders (Albert
et al., 1988; Ohshio et al., 1990).
Serum CA19-9 is commonly used as a tumor marker
for gastrointestinal malignancies, especially for the
diagnosis of pancreatic carcinoma. Serum CA19-9 was
first introduced to differentiate CCA from benign biliary
tract diseases with 73% sensitivity (Jalanko et al., 1984).
Patients with CCA frequently show high CA19-9 serum
level (57-79%) (Ramage et al., 1995; Patel et al., 2000;
Qin et al., 2004; Levy et al., 2005; Leelawat et al.,
2006). Using mean + 3SD as the cut-off level, 57.1%
of CCA patients had elevated CA19-9 and 28.6% had
elevated CA125 (Pungpak et al., 1991). In patients with
clinically suspected CCA, 71.4% had elevated CA19-9
and 28.6% had elevated CA125. The measurement of
CA125 and CA19-9 may be useful in the early detection
of opithorchiasis associated CCA. As high CA19-9 serum
level is not completely specific for cancer, it was suggested
to be a valuable adjunct marker for CCA.
It is well known that moderate increase in plasma
concentration of CA19-9 was found in 15-36% of patients
with benign pancreatic, liver and biliary tract diseases
(Albert et al., 1988; Ohshio et al., 1990; Morris-Stiff et
al., 2009). High CA19-9 levels were also documented
in several benign biliary tract diseases, such as lithiasis
(Albert et al., 1988), autoimmune cholangitis (Maestranzi
et al., 1998) and acute cholangitis (Steinberg, 1990; Ker
et al., 1991). The increased production of CA19-9 from
the biliary epithelial cells and the decreased hepatobiliary
clearance due to cholestasis may have contributed to
abnormal CA19-9 elevation in the blood stream (Albert
et al., 1988; Ker et al., 1991; Ng et al., 1995; Singh et
al., 2011).
Whether CA19-9 should be used in the clinical
diagnostic work-up of patients with biliary tract diseases
still remains a difficult question to answer. Extremely
high and continuously increasing CA19-9 concentration,
may implicate neoplasia. The biochemical detection of
CA19-9 has never been regarded as a gold standard but
rather as a helpful indicator when searching for biliary
malignancy. Medical history, clinical examination,
qualitative radiology methods, and careful follow-up are
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the hallmarks helpful for diagnosing an extremely high
serum CA19-9 value cases.
Cabohydrate antigen 125 (CA125)
CA125 is the glycan of mucin16 (MUC16) which was
first reported as a biomarker for the diagnosis of ovarian
cancer (Scholler and Urban, 2007). The exact molecular
structure of CA125 is still unclear (Weiland et al., 2012).
Similar to many tumor markers, the detection of serum
CA125 is commercially available as a simple ELISA kit
(Scholler and Urban, 2007). The elevated CA125 in sera
was found in 24-47% of CCA patients. The level of CA125
reflected the presence of CCA as serum CA125 level
decreased after tumor resection (Pungpak et al., 1991; Su
et al., 1996; Chen et al., 2002) and increased with tumor
recurrence (Chen et al., 2002).
Cabohydrate antigen 242 (CA242)
CA242, a carbohydrate antigen detected by monoclonal
antibody C242, has been used as a tumor marker for
pancreatic and colon cancers (Lindholm et al., 1983;
Nilsson et al., 1992; Ni et al., 2005; Yang et al., 2011;
Yang et al., 2012). The structure of CA242 is not
completely defined, but the presence of sialiated-type I
chain carbohydrate moiety was suggested (Nilsson et al.,
1992). Using an electrochemiluminescence immunoassay,
serum CA242 level was found to be elevated in CCA
and pancreatic cancer with 68% and 63% sensitivity,
respectively (Ni et al., 2005). As serum CA242 level
of CCA patients was significantly higher than those
of hepatoma, serum CA242 can therefore be used to
distinguish CCA from hepatoma patients (Tao et al., 2010).
Cholangiocarcinoma-associated carbohydrate antigen
(CCA-CA) or S121
Recently, A S121 mAb recognizing a novel glycan
epitope was established (Silsirivanit et al., 2011). The
results of S121-immunohistochemistry of CCA tissues
indicated that S121 reactive antigen was present in
hyperplastic/dysplastic and neoplastic bile ducts but not in
normal bile duct epithelia, and the antigen was designated
as cholangiocarcinoma-associated carbohydrate antigen
(CCA-CA). A sandwich ELISA, using soybean agglutinin
and S121 mAb, was developed for detecting CCA-CA
in patients’ sera. The CCA-CA level in the sera of CCA
patients was significantly higher than those of healthy
controls (healthy persons, active Ov infected persons)
or patients of other gastrointestinal diseases (gastric
cancers, hepatoma, and benign hepatobiliary diseases),
with 87.63% sensitivity, 89.58% specificity, 80.95% and
93.47% for positive and negative predictive values. High
levels of serum CCA-CA was related with poor outcome
of patients and possibly could be a prognostic marker
of CCA. A study of Ov-associated CCA in a hamster
model revealed that CCA-CA was elevated in biliary
epithelium at the early stage of carcinogenesis, suggesting
the possibility of CCA-CA as the early marker for CCA
(Sawanyawisuth et al., 2012).
Mucins
Mucins (MUC) are a group of high molecular weight

O-linked glycoproteins which have been reported to be
increased in the sera of CCA patients and MUC1, MUC4,
MUC5AC and MUC6 are considered as the potential
diagnostic and prognostic markers for CCA (Boonla et
al., 2003; Wongkham et al., 2003; Shibahara et al., 2004;
Boonla et al., 2005; Tamada et al., 2006; Bamrungphon
et al., 2007; Matull et al., 2008; Thuwajit et al., 2008; Xu
et al., 2008; Alvaro, 2009; Silsirivanit et al., 2011). The
most emphasized mucin in CCA is MUC5AC, which was
detected in both tumor tissues and sera of the patients.
MUC5AC mucin in sera was first qualitatively measured
for diagnosing CCA using agarose gel electrophoresis
(Wongkham et al., 2003; Bamrungphon et al., 2007).
Later, a sandwich ELISA using anti-MUC5AC mucin
monoclonal antibody and soybean agglutinin was
developed for quantitative determination of serum
MUC5AC (Wongkham et al., 2003; Bamrungphon et al.,
2007). The assay at the cut-off value of absorbance 0.074
could discriminate CCA patients from the controls with
71% sensitivity and 90% specificity. Serum MUC5AC
in CCA patients was significantly higher than that in
patients having other gastrointestinal cancers, benign liver
diseases, opisthorchiasis, and healthy persons. The test is
simple to perform, reproducible, and probably used for
detecting CCA in a high-risk group or suspected patients.
Besides MUC5AC, sialylated carbohydrate antigen
KL-6 of MUC1 detected by ELISA in the sera of CCA
patients was also higher than those of healthy persons,
patients with hepatoma and other liver metastatic cancers
(Xu et al., 2008). Using immunohistochemisitry, high
expression of biliary MUC1 was shown to distinguish
CCA patients from those of benign liver diseases with
90% sensitivity and 76% specificity (Matsuda et al.,
2010). Other mucins such as MUC4 and MUC16 were
also overexpressed in CCA tissues and related to poor
survival of CCA patients (Tamada et al., 2006; Matull et
al., 2008; Yeh et al., 2009; Higashi et al., 2012).
Total sialic acid (TSA)
Serum TSA levels of CCA patients measured by
periodate-resorcinaol microassay or thiobarbituric acid
assay were higher than those of hepatoma patients,
benign liver diseases, and healthy control with 72-83%
sensitivity and 58-86% specificity (Wongkham et al.,
2001; Kongtawelert et al., 2003). However, the correlation
between serum TSA level and clinical parameters of CCA
patients was not clear.

Enzymes and Isoenzymes
A number of serum enzymes were elevated in CCA
patients’ sera and are possibly used as biomarkers for
CCA, e.g., biliay alkaline phosphatase, metalloproteinases,
trypsinogen, telomerase, and private kinase.
Biliary alkaline phosphatase (BALP)
Isoenzymes, or isozymes, are different molecular
species of enzymes catalyzing the same reaction. Cancer
tissue frequently expresses altered isozyme patterns,
reflecting altered metabolism of the tumor. At least
four alkaline phosphatase (ALP) isozymes encoded by
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different genetic loci were found in human serum: tissuenonspecific found in liver, bone and kidney; intestine;
placenta and placenta-like or germ cell. Biliary alkaline
phosphatase (BALP), an isoform of liver-ALP, has been
found in the sera of patients with biliary obstruction
and metastatic liver cancer. We have compared BALP
levels in the sera of patients with CCA and those of nonjaundiced benign hepatobiliary diseases, other cancers
and healthy person. BALP isoform was detected in 65%
of CCA patients independently to jaundice condition or
histological grading of the tumor (Bhudhisawasdi et al.,
2004). The serum BALP level in non-jaundiced CCA
was significantly lower than that of jaundiced CCA,
but not correlated with serum bilirubin level. Of note,
however, was that no BALP was detected in the sera of
healthy persons. In the patients with high serum ALP
(>147U/L), BALP can differentiate non-jaundiced CCA
patients from other non-jaundiced carcinoma patients
with 85% sensitivity, 79% specificity, positive and
negative predictive values of 81% and 83%, respectively
(Bhudhisawasdi et al., 2004). The determination of BALP
isozymes is useful to detect non-jaundiced CCA patients
and progressive disease in CCA.
Matrix metalloproteinases 7 (MMP7)
There are more than 25 structurally related matrix
metalloproteinase family, zinc-dependent, endopeptidases
that can degrade various components of the extracellular
matrix (ECM) (Woessner, 1994). They are involved
in ECM remodelling, which are essential in several
physiologic processes – such as wound healing, bone
resorption, organogenesis –as well as pathologic
conditions including inflammatory, vascular and
autoimmune disorders, carcinogenesis and tumor
metastasis (Kahari and Saarialho-Kere, 1999; Egeblad
and Werb, 2002). Proteolytic degradation of the ECM
alters the cell–cell and cell–ECM interactions which are
essential for tumor invasion and metastasis (Liotta et al.,
1980; Folkman, 1995; Kleiner and Stetler-Stevenson,
1999). In this regard, MMPs were upregulated in clinical
specimens of virtually all human malignancies (Nawrocki
et al., 1997; Gonzalez-Avila et al., 1998; Kugler et al.,
1998; Sutinen et al., 1998). Overexpression of various
MMPs was strongly associated with the invasive behavior
of tumor cells and their metastatic ability in experimental
animal models (Bernhard et al., 1994; Tsunezuka et al.,
1996). It has been demonstrated that MMPs contribute
to the matrix-degrading activities in metastasis process
as well as proteolytic activity on several non-matrix
substrates such as chemokines, adhesion molecules,
growth factors, growth factor receptors, pro-apoptotic and
anti-apoptotic molecules (McQuibban et al., 2002; Hemers
et al., 2005) in tumor progression. MMP1, MMP2 and
MMP7 exert primarily cancer-promoting effects, whereas
MMP3, MMP8, MMP9, MMP12 and MMP14 have been
documented to exert anti-cancer effects. MMP7 was
reported to be elevated in serum and associated with poor
survival of the patients in many types of cancers, such as
colorectal, gastric, ovary, and CCA (Leelawat et al., 2009;
Szarvas et al., 2010; Yeh et al., 2010; Zohny and Fayed,
2010; Garcia-Albeniz et al., 2011). In CCA, MMP7 was
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reported to be elevated in both tissues and sera of CCA
patients (Miwa et al., 2002; Itatsu et al., 2008; Leelawat
et al., 2009; Hirashita et al., 2012; Prakobwong et al.,
2012). Plasma and serum MMP7 levels were significantly
higher in CCA patients than those in healthy persons and
benign liver diseases patients with 69-75% sensitivity
and 72-78% specificity (Leelawat et al., 2009; Leelawat
et al., 2010; Prakobwong et al., 2012). Moreover, the high
level of MMP7 was correlated with metastasis and poor
survival of CCA patients (Miwa et al., 2002; Itatsu et al.,
2008; Hirashita et al., 2012).
M2-pyruvate kinase (M2-PK)
M2-PK is an enzyme in the glycolysis pathway. It
was markedly elevated in the sera of CCA patients with
84.2% sensitivity and 90% specificity in discriminating
CCA from benign liver diseases and healthy controls (Li
and Zhang, 2009).
Serum trypsinogen-2 and trypsin-2-α-antitrypsin
Trypsinogen-2, a 25 kD isozyme of trypsinogen, is
an inactive precursor of trypsin secreted in pancreatic
fluids. Trypsin-2-α-antitrypsin or α1-antitrypsin, a
single-chain glycoprotein consisting of 394 amino
acids, is a trypsin inhibitor of serpin superfamily. High
concentrations of serum trypsinogen-2 (>90 μg/l) and
trypsin-2-α-antitrypsin (>25 μg/l) detected by quantitative
immunofluorometric assay were found most often in
patients with biliary and pancreatic cancer, as well as in
benign obstructive biliary disease. The validity of these
tests for detection of CCA in patients was 46% and 42%,
respectively (Hedstrom et al., 1996a; Lempinen et al.,
2007). In addition, the elevation of trypsinogen-2 and
trypsin-2-α-antitrypsin in serum and urine were reported
in patients with severe acute pancreatitis (Hedstrom et al.,
1996b; Kemppainen et al., 1997; Hedstrom et al., 2001;
Lempinen et al., 2003).
Human telomerase reverse transcriptase (hTERT)
hTERT, a catalytic subunit of the enzyme telomerase
is a ribonucleoprotein polymerase that maintains telomere
ends (Kirkpatrick and Mokbel, 2001) and allows senescent
cells that would otherwise undergo apoptosis to become
potentially immortal which is often occurred in cancerous
cells. Deregulation of telomerase expression in somatic
cells may be involved in oncogenesis. hTERT-mRNA was
frequently (84.9%) detected in the sera of CCA patients but
was low (21.9%) in benign liver diseases, and not detected
in the sera of healthy subjects (Leelawat et al., 2006).

Others
Cytokeratin 19
The imunohistochemical studies of cytokeratin (CK)
on surgically resected liver tumors indicated that of 30
CCA tissues, 97% were positive for CK7, 77% for CK19
and CK23, while most of HCC and metastatic colorectal
adenocarcinoma showed negative staining for these
CKs (Maeda et al., 1996). Therefore, these markers are
considered to be useful not only as the diagnostic criteria
but also for the differential diagnosis of primary and
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metastatic carcinomas of the liver. CKs can be detected
in serum. Levels of serum CYFRA21-1, a fragment of
CK19, exceeded 9 ng/ml was reported for CCA patients.
Marked increase in serum CYFRA21-1 levels in patients
with intrahepatic CCA particularly in those with normal
levels of α-fetoprotein, would suggest the existence of
intrahepatic CCA rather than HCC. In addition, high level
of serum CYFRA21-1 was associated with poor prognosis
of CCA patients (Uenishi et al., 2003; Uenishi et al., 2008).
Interleukin-6 (IL-6)
IL-6 is a growth factor for bile duct epithelium.
HuCC-T1, a human CCA cell line, expressed IL-6 mRNA
and secreted a large amount of biologically active IL-6 in
the culture medium (Okada et al., 1994). The cell growth
was significantly inhibited in the presence of anti-human
IL-6 antibody in the culture medium. These findings
indicate that IL-6 is one of the autocrine growth factors
of CCA cell line in vitro.
High levels of serum IL-6 have been shown to signify
an adverse prognosis in many cancer patients, including
colorectal, gastric and prostate cancers, etc. Not only in
cancer, serum IL-6 is also elevated in several physiological
and pathological conditions such as aging, infection and
inflammation (Nakashima et al., 2000; Kim et al., 2008;
Naugler and Karin, 2008). By exclusion of patients who
have high serum IL-6 level with known causes, such as
hepatoma and liver-metastatic colorectal cancer, serum
IL-6 level could identify patients with CCA and whether
they were correlated with tumor burden both before
and after resection (Goydos et al., 1998; Sirica, 2005;
Cheon et al., 2007; Mott and Gores, 2007; Allison et al.,
2009; Alvaro, 2009). Serum IL-6 level can differentiate
CCA patients from healthy persons and patients of other
hepatobiliary diseases with 71-80% sensitivity but with a
divert specificity (26-98%) depending on the control group
included in each study (Goydos et al., 1998; Tangkijvanich
et al., 2004; Cheon et al., 2007; Sripa et al., 2012) . The
level of plasma IL-6 was reported to be elevated in
opisthorchiasis patients with advanced periductal fibrosis
and at a higher level in CCA patients, compared with those
of healthy persons and opisthorchiasis patients without
advanced periductal fibrosis (Sripa et al., 2012). Serum
IL6 with advanced periductal fibrosis may be useful as
combination markers to indentify the people with high
risk of CCA.
Neutrophil gelatinase-associated lipocalin (NGAL)
NGAL, a 25 kDa glycoprotein in the lipocalin superfamily, in serum can be determined by ELISA method.
Serum NGAL level in the sera of CCA patients was
significantly higher than that of patients with benign
liver diseases. The diagnostic sensitivity and specificity
of serum NGAL to discriminate CCA from benign liver
diseases was 76% and 72%, respectively (Leelawat et
al., 2011).
Periostin
Periostin is an extracellular matrix protein belonging to
the fasciclin family. Elevation of serum periostin in CCA
was reported, with 88% sensitivity and 89% specificity, to

distinguish CCA patients from other hepatic malignancies
and healthy people (Fujimoto et al., 2011).
p53 protein
p53 protein was detected in 100% of serum samples
of CCA patients (n =7). However, the specificity was low,
since P53 protein was also detected in many cancers, such
as, carcinoma of pancreas, colon, gastric, and etc (Attallah
et al., 2003).
Receptor-binding cancer antigen expressed in SiSo cells
(RCAS1)
RCAS1 is a tumor-associated antigen detected by
monoclonal antibody 22-1-1 raised against the human
uterine carcinoma cell line SiSO. The serum RCAS1 level
can be determined by ELISA. Serum RCAS1 was reported
to be elevated in various types of cancer including CCA,
and a few cases of benign liver diseases (Watanabe et al.,
2003; Enjoji et al., 2005). Serum RCAS1 in CCA patients
was higher than those of healthy persons and patients
with other hepatobiliary diseases with 74% sensitivity
(Watanabe et al., 2003; Enjoji et al., 2005). Moreover,
serum RCAS1 level was associated with tumor burden,
with a significant reduction after surgical treatment and
increase with recurrence of CCA (Enjoji et al., 2004).
Serum α1β-glycoprotein and afamin ratio
We recently validated a serum-based proteomic
signature for CCA diagnosis. We analyzed low abundant
proteins in sera of CCA patients in comparison with
healthy subjects using two-dimensional polyacrylamide
gel electrophoresis (Tolek et al., 2012). Of the 36 proteins
identified as CCA associated proteins, α1β-glycoprotein
(A1BG) and afamin (AFM) were detected consistently
at different degrees in CCA sera compared to controls.
A single blot test of traditional SDS-polyacrylamide
gel electrophoresis was developed to assess the A1BG/
AFM ratio in the sera. The test could detect CCA cases
with 87.5% specificity and 84.4% sensitivity. The levels
of A1BG/AFM ratio were significantly higher in CCA
cases compared to controls. In addition, high level of
post-operative serum A1BG/AFM ratio was associated
with worse outcomes and the infiltration of resection
margins. The use of the A1BG/AFM ratio as a marker
for monitoring CCA during treatment and/or detection
of recurrent CCA was proposed. However, prospective
studies are awaited to demonstrate the clinical value of
this observation.

Combined Markers
Diagnosis and/or prognosis of malignant tumors by a
single marker are often not satisfactory in clinical practice.
The simultaneous measurement of multiple markers often
provides a more precise diagnosis or prognosis than a
single marker. In particular, a combination of multiple
markers is thought to increase greatly the sensitivity and
specificity for cancer detection. Evaluation of diagnosis/
prognosis values for CCA by using multiple markers
are summarized in Table 3. The combined analysis of
serum CA19-9 and CEA improved the diagnostic values
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compared to the use of individual markers (Ramage
et al., 1995; Qin et al., 2004). An index of using the
formula CA19-9 +(CEA x 40) gave an accuracy of 86%
in diagnosis of CCA (Ramage et al., 1995). On the other
hand, the combination of CEA, CA19-9 and CA242
improved the specificity of discriminating CCA patients
from patients with benign and malignant pancreatic
diseases up to 95%, however the sensitivity decreased to
9% (Ni et al., 2005).

Conclusions and Future Studies
Because early diagnosis is beneficial to the curable
resection of CCA patients, serum markers which can
identify CCA patients at an early or non-metastatic
stage are needed to be urgently explored. Identification
of CCA-associated markers in the sera of patients who
are at risk for CCA, such as cholangitis and periductal
fibrosis, is an attractive strategy for this urgent task. A
long-term surveillance study on a high risk group should
be established to uncover potential early markers for CCA.
To date, several serum markers have been reported to be
diagnostic and prognostic markers for CCA. However,
individual detection of these markers still exhibit low
sensitivity and low specificity for diagnosis of CCA. One
limitation to be considered is the heterogeneity of CCA in
nature. Therefore, a single marker cannot cover all types of
CCA and will never reach high sensitivity and specificity.
Using multiple markers as “serum signature” is possibly
an appropriate approach to improve the diagnostic value
of serum markers for CCA. In addition, a combination of
serum markers with different diagnostic approaches, such
as biliary ultrasonography, CT-scan, magnetic resonance
imaging, is an alternative strategy to improve the diagnosis
of CCA.
Research for CCA-associated markers in bio-fluids is
a focus of current research. As tumor cells exhibit distinct
molecular profiles, which can be detected in bio-fluids,
e.g., urine, feces and peripheral blood and its components
(circulating cells, plasma, and serum), those materials
allow us a noninvasive access with large quantities of
samples available for analysis. Several biomarkers, such
as methylated DNA, overexpressed mRNA, miRNA, and
auto-antibodies, or proteins that are potentially released
into the extracellular microenvironment and bio-fluids,
may act as disease-specific molecular markers. Hopefully,
as biomarkers are developed, they will assist in identifying
those individuals without malignancy as well as assist in
determining individuals who have malignancy which is
amenable to surgical resection.

Acknowledgements
This project was supported by the Research Team
Strengthening Grant, National Genetic Engineering and
Biotechnology Center, National Science and Technology
Development Agency. We would like to thank Prof.
Yukifumi Nawa for his insightful comments. We wish to
acknowledge the support of the Khon Kaen University
Publication Clinic, Research and Technology Transfer
Affairs, Khon Kaen University, for their assistance.

Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

23

Sopit Wongkham and Atit Silsirivanit

References

Aberle DR, Adams AM, Berg CD, et al (2011). Reduced lungcancer mortality with low-dose computed tomographic
screening. N Engl J Med, 365, 395-409.
Akai PS, Pungpak S, Chaicumpa W, et al (1994). Serum antibody
response to Opisthorchis viverrini antigen as a marker for
opisthorchiasis-associated cholangiocarcinoma. Trans R Soc
Trop Med Hyg, 88, 471-4.
Albers GH, Fleuren G, Escribano MJ, Nap M (1988).
Immunohistochemistry of CEA in the human pancreas
during development, in the adult, chronic pancreatitis, and
pancreatic adenocarcinoma. Am J Clin Pathol, 90, 17-22.
Albert MB, Steinberg WM, Henry JP (1988). Elevated serum
levels of tumor marker CA19-9 in acute cholangitis. Dig
Dis Sci, 33, 1223-5.
Allison RR, Zervos E, Sibata CH (2009). Cholangiocarcinoma:
an emerging indication for photodynamic therapy.
Photodiagnosis Photodyn Ther, 6, 84-92.
Alvaro D (2009). Serum and bile biomarkers for
cholangiocarcinoma. Curr Opin Gastroenterol, 25, 279-84.
Attallah AM, Abdel-Aziz MM, El-Sayed AM, Tabll AA (2003).
Detection of serum p53 protein in patients with different
gastrointestinal cancers. Cancer Detect Prev, 27, 127-31.
Bamrungphon W, Prempracha N, Bunchu N, et al (2007).
A new mucin antibody/enzyme-linked lectin-sandwich
assay of serum MUC5AC mucin for the diagnosis of
cholangiocarcinoma. Cancer Lett, 247, 301-8.
Bergamaschi S, Morato E, Bazzo M, et al (2012). Tumor markers
are elevated in patients with rheumatoid arthritis and do not
indicate presence of cancer. Int J Rheum Dis, 15, 179-82.
Bernhard EJ, Gruber SB, Muschel RJ (1994). Direct evidence
linking expression of matrix metalloproteinase 9 (92-kDa
gelatinase/collagenase) to the metastatic phenotype in
transformed rat embryo cells. Proc Natl Acad Sci USA, 91,
4293-7.
Bettinardi N, Felicetta I, Tomasi PA, Colombo C (2003).
Carbohydrate 19-9 antigen is not a marker of liver disease in
patients with cystic fibrosis. Clin Chem Lab Med, 41, 311-6.
Bhudhisawasdi V, Muisuk K, Areejitranusorn P, et al (2004).
Clinical value of biliary alkaline phosphatase in nonjaundiced cholangiocarcinoma. J Cancer Res Clin Oncol,
130, 87-92.
Bjornsson E, Kilander A, Olsson R (1999). CA 19-9 and CEA
are unreliable markers for cholangiocarcinoma in patients
with primary sclerosing cholangitis. Liver, 19, 501-8.
Boonla C, Sripa B, Thuwajit P, et al (2005). MUC1 and
MUC5AC mucin expression in liver fluke-associated
intrahepatic cholangiocarcinoma. World J Gastroenterol,
11, 4939-46.
Boonla C, Wongkham S, Sheehan JK, et al (2003). Prognostic
value of serum MUC5AC mucin in patients with
cholangiocarcinoma. Cancer, 98, 1438-43.
Bouvard V, Baan R, Straif K, et al (2009). A review of human
carcinogens--Part B: biological agents. Lancet Oncol, 10,
321-2.
Briggs CD, Neal CP, Mann CD, et al (2009). Prognostic
molecular markers in cholangiocarcinoma: a systematic
review. Eur J Cancer, 45, 33-47.
Carpelan-Holmstrom M, Louhimo J, Stenman UH, (2002). CEA,
CA 19-9 and CA 72-4 improve the diagnostic accuracy in
gastrointestinal cancers. Anticancer Res, 22, 2311-6.
Charbel H, Al-Kawas FH (2011). Cholangiocarcinoma:
epidemiology, risk factors, pathogenesis, and diagnosis.
Curr Gastroenterol Rep, 13, 182-7.
Chen CY, Shiesh SC, Tsao HC, Lin XZ (2002). The assessment
of biliary CA 125, CA 19-9 and CEA in diagnosing

24

Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

cholangiocarcinoma--the influence of sampling time and
hepatolithiasis. Hepatogastroenterology, 49, 616-20.
Cheon YK, Cho YD, Moon JH, et al (2007). Diagnostic utility of
interleukin-6 (IL-6) for primary bile duct cancer and changes
in serum IL-6 levels following photodynamic therapy. Am J
Gastroenterol, 102, 2164-70.
Civardi G, Cerri L, Cavanna L, et al (1986). Diagnostic accuracy
of a new tumor serologic marker, CA 19-9: comparison with
CEA. Tumori, 72, 621-4.
Dietel M, Arps H, Klapdor R, et al (1986). Antigen detection by
the monoclonal antibodies CA 19-9 and CA 125 in normal
and tumor tissue and patients’ sera. J Cancer Res Clin Oncol,
111, 257-65.
Egeblad M, Werb Z (2002). New functions for the matrix
metalloproteinases in cancer progression. Nat Rev Cancer,
2, 161-74.
Endo I, Gonen M, Yopp AC, et al (2008). Intrahepatic
cholangiocarcinoma: rising frequency, improved survival,
and determinants of outcome after resection. Ann Surg,
248, 84-96.
Enjoji M, Nakamuta M, Yamaguchi K, et al (2004). RCAS1,
a useful serum marker to predict the recurrence of cancer:
two cases of cholangiocarcinoma and pancreatic cancer. Dig
Dis Sci, 49, 1654-6.
Enjoji M, Nakashima M, Yamaguchi K, Kotoh K, Nakamuta M
(2005). Significance of RCAS1 antigen in hepatocellular,
cholangiocellular and pancreatic carcinomas. J Gastroenterol
Hepatol, 20, 1143-8.
Fisher A, Theise ND, Min A, et al (1995). CA19-9 does not
predict cholangiocarcinoma in patients with primary
sclerosing cholangitis undergoing liver transplantation. Liver
Transpl Surg, 1, 94-8.
Folkman J (1995). Seminars in Medicine of the Beth Israel
Hospital, Boston. Clinical applications of research on
angiogenesis. N Engl J Med, 333, 1757-63.
Fujimoto K, Kawaguchi T, Nakashima O, et al (2011). Periostin,
a matrix protein, has potential as a novel serodiagnostic
marker for cholangiocarcinoma. Oncol Rep, 25, 1211-6.
Garcia-Albeniz X, Pericay C, Alonso-Espinaco V, et al (2011).
Serum matrilysin correlates with poor survival independently
of KRAS and BRAF status in refractory advanced colorectal
cancer patients treated with irinotecan plus cetuximab.
Tumour Biol, 32, 417-24.
Gonzalez-Avila G, Iturria C, Vadillo F, et al (1998). 72-kD
(MMP-2) and 92-kD (MMP-9) type IV collagenase
production and activity in different histologic types of lung
cancer cells. Pathobiology, 66, 5-16.
Goslin R, O’Brien MJ, Steele G, et al (1981). Correlation of
Plasma CEA and CEA tissue staining in poorly differentiated
colorectal cancer. Am J Med, 71, 246-53.
Goydos JS, Brumfield AM, Frezza E, et al (1998). Marked
elevation of serum interleukin-6 in patients with
cholangiocarcinoma: validation of utility as a clinical marker.
Ann Surg, 227, 398-404.
Guglielmi A, Ruzzenente A, Campagnaro T, et al (2009).
Intrahepatic cholangiocarcinoma: prognostic factors after
surgical resection. World J Surg, 33, 1247-54.
Hassanein M, Callison JC, Callaway-Lane C, et al (2012). The
state of molecular biomarkers for the early detection of lung
cancer. Cancer Prev Res (Phila), 5, 992-1006.
Haswell-Elkins MR, Mairiang E, Mairiang P, et al (1994).
Cross-sectional study of Opisthorchis viverrini infection and
cholangiocarcinoma in communities within a high-risk area
in northeast Thailand. Int J Cancer, 59, 505-9.
Hedstrom J, Haglund C, Haapiainen R, Stenman UH (1996a).
Serum trypsinogen-2 and trypsin-2-alpha(1)-antitrypsin
complex in malignant and benign digestive-tract diseases.

Preferential elevation in patients with cholangiocarcinomas.
Int J Cancer, 66, 326-31.
Hedstrom J, Kemppainen E, Andersen J, et al (2001). A
comparison of serum trypsinogen-2 and trypsin-2-alpha1antitrypsin complex with lipase and amylase in the diagnosis
and assessment of severity in the early phase of acute
pancreatitis. Am J Gastroenterol, 96, 424-30.
Hedstrom J, Sainio V, Kemppainen E, et al (1996b). Urine
trypsinogen-2 as marker of acute pancreatitis. Clin Chem,
42, 685-90.
Hemers E, Duval C, McCaig C, et al (2005). Insulinlike growth factor binding protein-5 is a target of
matrix metalloproteinase-7: implications for epithelialmesenchymal signaling. Cancer Res, 65, 7363-9.
Henschke CI, McCauley DI, Yankelevitz DF, et al (1999). Early
Lung Cancer Action Project: overall design and findings
from baseline screening. Lancet, 354, 99-105.
Higashi M, Yamada N, Yokoyama S, et al (2012). Pathobiological
implications of MUC16/CA125 expression in intrahepatic
cholangiocarcinoma-mass forming type. Pathobiology, 79,
101-6.
Hirashita T, Iwashita Y, Ohta M, et al (2012). Expression of
matrix metalloproteinase-7 is an unfavorable prognostic
factor in intrahepatic cholangiocarcinoma. J Gastrointest
Surg, 16, 842-8.
Ichihara T, Nagura H, Nakao A, et al (1988). Immunohistochemical
localization of CA 19-9 and CEA in pancreatic carcinoma
and associated diseases. Cancer, 61, 324-33.
Imamura Y, Yasutake K, Yoshimura Y, et al (1990). Contents
of tissue CEA and CA19-9 in colonic polyp and colorectal
cancer, and their clinical significance. Gastroenterol Jpn,
25, 186-92.
Itatsu K, Zen Y, Yamaguchi J, et al (2008). Expression of
matrix metalloproteinase 7 is an unfavorable postoperative
prognostic factor in cholangiocarcinoma of the perihilar,
hilar, and extrahepatic bile ducts. Hum Pathol, 39, 710-9.
Jalanko H, Kuusela P, Roberts P, et al (1984). Comparison of
a new tumour marker, CA 19-9, with alpha-fetoprotein
and carcinoembryonic antigen in patients with upper
gastrointestinal diseases. J Clin Pathol, 37, 218-22.
Kahari VM, Saarialho-Kere U (1999). Matrix metalloproteinases
and their inhibitors in tumour growth and invasion. Ann
Med, 31, 34-45.
Kemppainen E, Hedstrom J, Puolakkainen P, et al (1997).
Increased serum trypsinogen 2 and trypsin 2-alpha 1
antitrypsin complex values identify endoscopic retrograde
cholangiopancreatography induced pancreatitis with high
accuracy. Gut, 41, 690-5.
Ker CG, Chen JS, Lee KT, Sheen PC, Wu CC (1991). Assessment
of serum and bile levels of CA19-9 and CA125 in cholangitis
and bile duct carcinoma. J Gastroenterol Hepatol, 6, 505-8.
Kim S, Keku TO, Martin C, et al (2008). Circulating levels of
inflammatory cytokines and risk of colorectal adenomas.
Cancer Res, 68, 323-8.
Kleiner DE, Stetler-Stevenson WG (1999). Matrix
metalloproteinases and metastasis. Cancer Chemother
Pharmacol, 43, 42-51.
Kojima O, Tanioku T, Kitagawa N, et al (1984). Comparative
study of CEA staining in gastric and colorectal cancer tissues.
Gastroenterol Jpn, 19, 18-23.
Kongtawelert P, Tangkijvanich P, Ong-Chai S, Poovorawan
Y (2003). Role of serum total sialic acid in differentiating
cholangiocarcinoma from hepatocellular carcinoma. World
J Gastroenterol, 9, 2178-81.
Kugler A, Hemmerlein B, Thelen P, et al (1998). Expression of
metalloproteinase 2 and 9 and their inhibitors in renal cell
carcinoma. J Urol, 160, 1914-8.

DOI:http://dx.doi.org/10.7314/APJCP.2012.13.KKSuppl.17
Serum Markers for Detection of Cholangiocarcinoma
Leelawat K, Leelawat S, Ratanachu-Ek T, et al (2006). Circulating
hTERT mRNA as a tumor marker in cholangiocarcinoma
patients. World J Gastroenterol, 12, 4195-8.
Leelawat K, Narong S, Wannaprasert J, Leelawat S (2011).
Serum NGAL to Clinically Distinguish Cholangiocarcinoma
from Benign Biliary Tract Diseases. Int J Hepatol, 873548.
Leelawat K, Narong S, Wannaprasert J, Ratanashu-ek T (2010).
Prospective study of MMP7 serum levels in the diagnosis of
cholangiocarcinoma. World J Gastroenterol, 16, 4697-703.
Leelawat K, Sakchinabut S, Narong S, Wannaprasert J
(2009). Detection of serum MMP-7 and MMP-9 in
cholangiocarcinoma patients: evaluation of diagnostic
accuracy. BMC Gastroenterol, 9, 30.
Lempinen M, Isoniemi H, Makisalo H, et al (2007). Enhanced
detection of cholangiocarcinoma with serum trypsinogen-2
in patients with severe bile duct strictures. J Hepatol, 47,
677-83.
Lempinen M, Stenman UH, Finne P, et al (2003). Trypsinogen-2
and trypsinogen activation peptide (TAP) in urine of patients
with acute pancreatitis. J Surg Res, 111, 267-73.
Levy C, Lymp J, Angulo P, et al (2005). The value of serum CA
19-9 in predicting cholangiocarcinomas in patients with
primary sclerosing cholangitis. Dig Dis Sci, 50, 1734-40.
Li YG, Zhang N (2009). Clinical significance of serum
tumour M2-PK and CA19-9 detection in the diagnosis of
cholangiocarcinoma. Dig Liver Dis, 41, 605-8.
Lindholm L, Holmgren J, Svennerholm L, et al (1983).
Monoclonal antibodies against gastrointestinal tumourassociated antigens isolated as monosialogangliosides. Int
Arch Allergy Appl Immunol, 71, 178-81.
Liotta LA, Tryggvason K, Garbisa S, et al (1980). Metastatic
potential correlates with enzymatic degradation of basement
membrane collagen. Nature, 284, 67-8.
Maeda T, Kajiyama K, Adachi E, et al (1996). The expression
of cytokeratins 7, 19, and 20 in primary and metastatic
carcinomas of the liver. Mod Pathol, 9, 901-9.
Maestranzi S, Przemioslo R, Mitchell H, Sherwood RA (1998).
The effect of benign and malignant liver disease on the
tumour markers CA19-9 and CEA. Ann Clin Biochem, 35
, 99-103.
Magnani JL, Nilsson B, Brockhaus M, et al (1982). A monoclonal
antibody-defined antigen associated with gastrointestinal
cancer is a ganglioside containing sialylated lacto-Nfucopentaose II. J Biol Chem, 257, 14365-9.
Mairiang E, Chaiyakum J, Chamadol N, et al (2006).
Ultrasound screening for Opisthorchis viverrini-associated
cholangiocarcinomas: experience in an endemic area. Asian
Pac J Cancer Prev, 7, 431-3.
Mairiang E, Laha T, Bethony JM, et al (2012). Ultrasonography
assessment of hepatobiliary abnormalities in 3359 subjects
with Opisthorchis viverrini infection in endemic areas of
Thailand. Parasitol Int, 61, 208-11.
Matsuda A, Kuno A, Kawamoto T, et al (2010). Wisteria
floribunda agglutinin-positive mucin 1 is a sensitive biliary
marker for human cholangiocarcinoma. Hepatology, 52,
174-82.
Matull WR, Andreola F, Loh A, et al (2008). MUC4 and
MUC5AC are highly specific tumour-associated mucins in
biliary tract cancer. Br J Cancer, 98, 1675-81.
McQuibban GA, Gong JH, Wong JP, et al (2002). Matrix
metalloproteinase processing of monocyte chemoattractant
proteins generates CC chemokine receptor antagonists with
anti-inflammatory properties in vivo. Blood, 100, 1160-7.
Miwa S, Miyagawa S, Soeda J, Kawasaki S (2002). Matrix
metalloproteinase-7 expression and biologic aggressiveness
of cholangiocellular carcinoma. Cancer, 94, 428-34.
Morise Z, Sugioka A, Tokoro T, et al (2010). Surgery and

Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

25

Sopit Wongkham and Atit Silsirivanit
chemotherapy for intrahepatic cholangiocarcinoma. World
J Hepatol, 2, 58-64.
Morris-Stiff G, Teli M, Jardine N, Puntis MC (2009). CA19-9
antigen levels can distinguish between benign and malignant
pancreaticobiliary disease. Hepatobiliary Pancreat Dis Int,
8, 620-6.
Mott JL, Gores GJ (2007). Targeting IL-6 in cholangiocarcinoma
therapy. Am J Gastroenterol, 102, 2171-2.
Nakashima J, Tachibana M, Horiguchi Y, et al (2000). Serum
interleukin 6 as a prognostic factor in patients with prostate
cancer. Clin Cancer Res, 6, 2702-6.
Naugler WE, Karin M (2008). The wolf in sheep’s clothing: the
role of interleukin-6 in immunity, inflammation and cancer.
Trends Mol Med, 14, 109-19.
Nawrocki B, Polette M, Marchand V, et al (1997). Expression
of matrix metalloproteinases and their inhibitors in
human bronchopulmonary carcinomas: quantificative and
morphological analyses. Int J Cancer, 72, 556-64.
Ng WW, Tong KJ, Tam TN, Lee SD (1995). Clinical values of
CA19-9, CA125 and CEA in malignant obstructive jaundice.
Zhonghua Yi Xue Za Zhi, 55, 438-46.
Ni XG, Bai XF, Mao YL, et al (2005). The clinical value of serum
CEA, CA19-9, and CA242 in the diagnosis and prognosis of
pancreatic cancer. Eur J Surg Oncol, 31, 164-9.
Nilsson O, Johansson C, Glimelius B, et al (1992). Sensitivity
and specificity of CA242 in gastro-intestinal cancer. A
comparison with CEA, CA50 and CA 19-9. Br J Cancer,
65, 215-21.
Nonomura A, Ohta G, Hayashi M, et al (1987).
Immunohistochemical localization of ras p21 and
carcinoembryonic antigens (CEA) in cholangiocarcinoma.
Liver, 7, 142-8.
Ohshio G, Manabe T, Watanabe Y, et al (1990). Comparative
studies of DU-PAN-2, carcinoembryonic antigen, and CA199 in the serum and bile of patients with pancreatic and biliary
tract diseases: evaluation of the influence of obstructive
jaundice. Am J Gastroenterol, 85, 1370-6.
Okada K, Shimizu Y, Nambu S, Higuchi K, Watanabe A (1994).
Interleukin-6 functions as an autocrine growth factor in a
cholangiocarcinoma cell line. J Gastroenterol Hepatol, 9,
462-7.
Patel AH, Harnois DM, Klee GG, LaRusso NF, Gores
GJ (2000). The utility of CA 19-9 in the diagnoses of
cholangiocarcinoma in patients without primary sclerosing
cholangitis. Am J Gastroenterol, 95, 204-7.
Patel T (2001). Increasing incidence and mortality of primary
intrahepatic cholangiocarcinoma in the United States.
Hepatology, 33, 1353-7.
Pinlaor P, Pongsamart P, Hongsrichan N, et al (2012).
Specific serum IgG, but not IgA, antibody against purified
Opisthorchis viverrini antigen associated with hepatobiliary
disease and cholangiocarcinoma. Parasitol Int, 61, 212-6.
Pinlaor S, Ma N, Hiraku Y, et al (2004). Repeated infection
with Opisthorchis viverrini induces accumulation of
8-nitroguanine and 8-oxo-7,8-dihydro-2’-deoxyguanine in
the bile duct of hamsters via inducible nitric oxide synthase.
Carcinogenesis, 25, 1535-42.
Prakobwong S, Charoensuk L, Hiraku Y, et al (2012).
Plasma hydroxyproline, MMP-7 and collagen I as novel
predictive risk markers of hepatobiliary disease-associated
cholangiocarcinoma. Int J Cancer, 131, 416-24.
Pungpak S, Akai PS, Longenecker BM, et al (1991). Tumour
markers in the detection of opisthorchiasis-associated
cholangiocarcinoma. Trans R Soc Trop Med Hyg, 85, 277-9.
Qin XL, Wang ZR, Shi JS, et al (2004). Utility of serum CA199 in diagnosis of cholangiocarcinoma: in comparison with
CEA. World J Gastroenterol, 10, 427-32.

26

Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

Ramage JK, Donaghy A, Farrant JM, Iorns R, Williams
R (1995). Serum tumor markers for the diagnosis of
cholangiocarcinoma in primary sclerosing cholangitis.
Gastroenterology, 108, 865-9.
Robinson CB, Martin WR, Ratliff JL, et al (1993). Elevated
levels of serum mucin-associated antigen in adult patients
with cystic fibrosis. Am Rev Respir Dis, 148, 385-9.
Sasaki M, Morita T, Hoso M, Nakanuma Y, Tanimura H
(1996). Carcinoembryonic antigen and blood group-related
carbohydrate antigens in glycoproteins in human bile in
hepatolithiasis. Japanese Study Group of Hepatolithiasis.
Hepatology, 23, 258-63.
Sawangsoda P, Sithithaworn J, Tesana S, et al (2012). Diagnostic
values of parasite-specific antibody detections in saliva and
urine in comparison with serum in opisthorchiasis. Parasitol
Int, 61, 196-202.
Sawanyawisuth K, Silsirivanit A, Kunlabut K, et al (2012). A
novel carbohydrate antigen expression during development
of Opisthorchis viverrini- associated cholangiocarcinoma
in golden hamster: a potential marker for early diagnosis.
Parasitol Int, 61, 151-4.
Scholler N, Urban N (2007). CA125 in ovarian cancer. Biomark
Med, 1, 513-23.
Shibahara H, Tamada S, Higashi M, et al (2004). MUC4 is a
novel prognostic factor of intrahepatic cholangiocarcinomamass forming type. Hepatology, 39, 220-9.
Shin HR, Oh JK, Masuyer E, et al (2010). Comparison of incidence
of intrahepatic and extrahepatic cholangiocarcinoma--focus
on East and South-Eastern Asia. Asian Pac J Cancer Prev,
11, 1159-66.
Silsirivanit A, Araki N, Wongkham C, et al (2011). A novel serum
carbohydrate marker on mucin 5AC: values for diagnostic
and prognostic indicators for cholangiocarcinoma. Cancer,
117, 3393-403.
Singh S, Tang SJ, Sreenarasimhaiah J, Lara LF, Siddiqui
A (2011). The clinical utility and limitations of serum
carbohydrate antigen (CA19-9) as a diagnostic tool for
pancreatic cancer and cholangiocarcinoma. Dig Dis Sci,
56, 2491-6.
Sirica AE (2005). Cholangiocarcinoma: molecular targeting
strategies for chemoprevention and therapy. Hepatology,
41, 5-15.
Sithithaworn P, Haswell-Elkins M (2003). Epidemiology of
Opisthorchis viverrini. Acta Trop, 88, 187-94.
Sripa B, Thinkhamrop B, Mairiang E, et al (2012). Elevated
plasma IL-6 associates with increased risk of advanced
fibrosis and cholangiocarcinoma in individuals infected by
Opisthorchis viverrini. PLoS Negl Trop Dis, 6, 1654.
Srivatanakul P, Ohshima H, Khlat M, et al (1991).
Endogenous nitrosamines and liver fluke as risk factors for
cholangiocarcinoma in Thailand. IARC Sci Publ, 88-95.
Steinberg W (1990). The clinical utility of the CA 19-9 tumorassociated antigen. Am J Gastroenterol, 85, 350-5.
Su WC, Chan KK, Lin XZ, et al (1996). A clinical study of 130
patients with biliary tract cancers and periampullary tumors.
Oncology, 53, 488-93.
Sutinen M, Kainulainen T, Hurskainen T, et al (1998).
Expression of matrix metalloproteinases (MMP-1 and
-2) and their inhibitors (TIMP-1, -2 and -3) in oral lichen
planus, dysplasia, squamous cell carcinoma and lymph node
metastasis. Br J Cancer, 77, 2239-45.
Szarvas T, Becker M, vom Dorp F, et al (2010). Matrix
metalloproteinase-7 as a marker of metastasis and predictor
of poor survival in bladder cancer. Cancer Sci, 101, 1300-8.
Szekanecz E, Sandor Z, Antal-Szalmas P, et al (2007). Increased
production of the soluble tumor-associated antigens CA199, CA125, and CA15-3 in rheumatoid arthritis: potential

adhesion molecules in synovial inflammation? Ann N Y
Acad Sci, 1108, 359-71.
Szekanecz E, Szucs G, Szekanecz Z, et al (2008). Tumorassociated antigens in systemic sclerosis and systemic lupus
erythematosus: associations with organ manifestations,
immunolaboratory markers and disease activity indices. J
Autoimmun, 31, 372-6.
Tamada S, Shibahara H, Higashi M, et al (2006). MUC4 is a
novel prognostic factor of extrahepatic bile duct carcinoma.
Clin Cancer Res, 12, 4257-64.
Tangkijvanich P, Thong-ngam D, Theamboonlers A, et al (2004).
Diagnostic role of serum interleukin 6 and CA 19-9 in
patients with cholangiocarcinoma. Hepatogastroenterology,
51, 15-9.
Tao LY, Cai L, He XD, Liu W, Qu Q (2010). Comparison of
serum tumor markers for intrahepatic cholangiocarcinoma
and hepatocellular carcinoma. Am Surg, 76, 1210-3.
Tempero M, Takasaki H, Uchida E, et al (1989). Co-expression
of CA 19-9, DU-PAN-2, CA 125, and TAG-72 in pancreatic
adenocarcinoma. Am J Surg Pathol, 13, 1, 89-95.
Thuwajit P, Chawengrattanachot W, Thuwajit C, et al
(2008). Enhanced expression of mucin 6 glycoprotein in
cholangiocarcinoma tissue from patients in Thailand as a
prognostic marker for survival. J Gastroenterol Hepatol,
23, 771-8.
Tocchi A, Costa G, Lepre L, et al (1998). The role of serum and
gastric juice levels of carcinoembryonic antigen, CA19.9
and CA72.4 in patients with gastric cancer. J Cancer Res
Clin Oncol, 124, 450-5.
Tolek A, Wongkham C, Proungvitaya S, et al (2012). Serum
alpha1beta-glycoprotein and afamin ratio as potential
diagnostic and prognostic markers in cholangiocarcinoma.
Exp Biol Med (Maywood), 237, 1142-9.
Tsunezuka Y, Kinoh H, Takino T, et al (1996). Expression of
membrane-type matrix metalloproteinase 1 (MT1-MMP)
in tumor cells enhances pulmonary metastasis in an
experimental metastasis assay. Cancer Res, 56, 5678-83.
Uenishi T, Kubo S, Hirohashi K, et al (2003). Cytokeratin-19
fragments in serum (CYFRA 21-1) as a marker in primary
liver cancer. Br J Cancer, 88, 1894-9.
Uenishi T, Yamazaki O, Tanaka H, et al (2008). Serum
cytokeratin 19 fragment (CYFRA21-1) as a prognostic
factor in intrahepatic cholangiocarcinoma. Ann Surg Oncol,
15, 583-9.
Watanabe H, Enjoji M, Nakashima M, et al (2003). Clinical
significance of serum RCAS1 levels detected by monoclonal
antibody 22-1-1 in patients with cholangiocellular
carcinoma. J Hepatol, 39, 559-63.
Weiland F, Martin K, Oehler MK, Hoffmann P (2012).
Deciphering the Molecular Nature of Ovarian Cancer
Biomarker CA125. Int J Mol Sci, 13, 10568-82.
Woessner JF, Jr. (1994). The family of matrix metalloproteinases.
Ann NY Acad Sci, 732, 11-21.
Wongkham S, Boonla C, Kongkham S, et al (2001). Serum total
sialic acid in cholangiocarcinoma patients: an ROC curve
analysis. Clin Biochem, 34, 537-41.
Wongkham S, Sheehan JK, Boonla C, et al (2003).
Serum MUC5AC mucin as a potential marker for
cholangiocarcinoma. Cancer Lett, 195, 93-9.
Xu H, Inagaki Y, Tang W, et al (2008). Elevation of serum
KL-6 mucin levels in patients with cholangiocarcinoma.
Hepatogastroenterology, 55, 2000-4.
Yamauchi H, Nitta A, Kakizaki K, et al (1993). Different
distribution of CA19-9 in carcinomas arising in the papilla
of Vater. An immunohistochemical study. Tohoku J Exp
Med, 170, 235-44.
Yang XQ, Chen C, Hou JX, et al (2011). Preoperative serum

DOI:http://dx.doi.org/10.7314/APJCP.2012.13.KKSuppl.17
Serum Markers for Detection of Cholangiocarcinoma
carbohydrate antigen 242 is a useful predictive and prognostic
marker in colorectal cancer. Hepatogastroenterology, 58,
377-82.
Yang XQ, Chen C, Peng CW, Liu SP, Li Y (2012). Carbohydrate
antigen 242 highly consists with carbohydrate antigen 19-9
in diagnosis and prognosis of colorectal cancer: study on
185 cases. Med Oncol, 29, 1030-6.
Yeh CN, Pang ST, Wu RC, et al (2009). Prognostic value of
MUC4 for mass-forming intrahepatic cholangiocarcinoma
after hepatectomy. Oncol Rep, 21, 49-56.
Yeh YC, Sheu BS, Cheng HC, et al (2010). Elevated serum
matrix metalloproteinase-3 and -7 in H. pylori-related gastric
cancer can be biomarkers correlating with a poor survival.
Dig Dis Sci, 55, 1649-57.
Yue T, Maupin KA, Fallon B, et al (2011). Enhanced
discrimination of malignant from benign pancreatic disease
by measuring the CA 19-9 antigen on specific protein
carriers. PLoS One, 6, 29180.
Zohny SF, Fayed ST (2010). Clinical utility of circulating matrix
metalloproteinase-7 (MMP-7), CC chemokine ligand 18
(CCL18) and CC chemokine ligand 11 (CCL11) as markers
for diagnosis of epithelial ovarian cancer. Med Oncol, 27,
1246-53.

Asian Pacific Journal of Cancer Prevention, Vol 13, 2012

27

