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Abstract. Cholangiocarcinoma (CCA) is a relatively rare type of primary liver cancer that originates in the bile duct epithelium.
It is an aggressive malignancy typified by unresponsiveness to chemotherapy and radiotherapy. Despite advances in radiologic
techniques and laboratory diagnostic test, the diagnosis of CCA remains highly challenging. Development in molecular tech-
niques has led to go into the possible use of serum markers in diagnosing of cholangiocarcinoma. This review summarizes the
principal characteristics of serum markers of cholangiocarcinoma. The tumour markers used frequently such as Carbohydrate
antigen 19-9 (CA 19-9), Carcinogenic Embryonic antigen (CEA), and Cancer Antigen 125 have shown sufficient sensitivity and
specificity to detect and monitor CCA. In particular, the combination of these tumour markers seems to increase their efficiency
in diagnosing of cholangiocarcinoma. New markers such as Soluble fragment of cytokeratin 19 (CYFRA 21-1) Mucins, Tumour
Markersz pyruvate-Kinase (TuMz_ PK) and metalloproteinase-7 (MMP-7) have been recently shown to help in the diagnosis of

CCA, with in some cases a prognostic value.
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1. Introduction

Cholangiocarcinoma (CCA) is a primary malig-
nancy which originates from bile duct epithelial cells.
CCA approximates 10 to 25% of all liver cancers and
the incidence of this disease has increased over the last
three decades [1,2]. The vast majority of malignant tu-
mours of the bile ducts presents with painless obstruc-
tive symptoms, which include pale stools, dark urine
and jaundice. Right upper quadrant abdominal pain,
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fever and rigors are indicative of superimposed cholan-
gitis [3]. CCA is a slow-growing but highly metastatic
tumor, which is often detected at an unresectable stage;
therefore, most patients have a poor prognosis with
a median survival of 6-12 months [4]. CCA is in-
sensitive to chemotherapy, immunotherapy, radiother-
apy and and curative surgical resection is currently the
only effective therapy [5,6]. In recent decades, the in-
cidence and the mortality from intrahepatic cholangio-
carcinoma (ICC) has progressively increased, whilst
being stable for extrahepatic cholangiocarcinoma [7].
The median of patients affected by ICC who do not
undergo surgery is 6 months, while the 5- year sur-
vival rate for patients following complete resection be-
ing only 20-40% [8,9].
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The Liver Cancer Study Group of Japan (LCSGJ)
has distinguished three macroscopic growth types for
intrahepatic cholangiocarcinoma: mass-forming type,
periductal-infiltrating type, and intraductal-growth
type [10]. The most common form of intrahepatic
cholangiocarinoma is mass-forming type, definited as
a mass located in the liver parenchyma [11]. It tends
to invade the hepatic parenchyma via the portal venous
system and through lymphatic vessels in advanced
stages [12].

Several imaging modalities are being used in the
evaluation of primary hepatic masses [13] CT and MRI
are both helpful but have low specificity [14].

The sensitivity of PET for the detection of mass-
forming intra-hepatic cholangiocarcinoma of > 1 cm
diameter has been reported as 85-95%, with a sensi-
tivity of 100% and its sensitivity and specificity for de-
tection of nodal and distant metastatic disease is 100%
and 94%, respectively [15]. In problematic cases, de-
termination of the serum markers can be helpful too.

2. Markers
2.1. Carbohydrate antigen 19-9 (CA 19-9)

The CA 19-9 is a sialylated Lewis blood group anti-
gen targeted by the monoclonal antibody 116 NS 19-9.
It was described in 1979 as a tumour associated antigen
in a colorectal cancer cell line [16].

Carbohydrate antigen 19-9 (CA19-9) is an estab-
lished serum marker for the diagnosis of cholangiocar-
cinoma, although it is reported to have a wide variation
in sensitivity (50-90%) and specificity (54-98%) [17-
19], and is often falsely elevated in benign biliary dis-
ease and/or cholangitis, with levels falling after relief
of biliary obstruction and sepsis.

One of the most important infection of intrahepatic
bile ducts is primary sclerosing cholangitis.

Primary sclerosing cholangitis is the most common
known predisposing condition for cholangiocarcinoma
in Western countries [20]. It is a chronic cholestasis
syndrome of unknown etiology characterized by fi-
brosing inflammatory destruction of the intra end ex-
trahepatic bile ducts; for this reason it represents an
important risk factor for ICC.

The CA 19-9 is used as a screening tool for cholan-
giocarcinoma in patients with primary sclerosing cho-
langitis (PSC). Ramage et al. [21] in a retrospective
study involved 74 patients with PSC, 15 with asso-
ciated cholangiocarcinoma. In that study, a value >

200 U/ml had sensitivity and specificity of 60% and
90% respectively, in differentiating PSC versus PSC
with CCA.

Chalasani [17] performed a case-control study in-
volving 26 patients with PSC but no cholangiocarci-
noma. A CA 19-9 > 100 U/ml had a sensitivity of 75%
and specificity of 80% in diagnosing cholangiocarci-
noma.

Several studies found that CA19-9 expression was
prevalent in ICC [20]. Shen et al. analyzed 429 patients
with ICC and have found elevated CA19-9 serum lev-
els (> 37 U/mL) in 57.5% of ICC patients. Further
analyses showed a correlation between CA19-9 posi-
tivity and gender, age, tumor size, cirrhosis, and HB-
sAg expression. Logistic regression analysis indicated
that expression of CA19-9 was significantly associated
with cirrhosis and lymph node metastases too, in fact
ICC patients with elevated CA19-9 (> 37 U/mL) pre-
sented a higher incidence metastases [22].

Multiple stuides have also demonstred that elevated
serum concentrations of CA19-9 is significantly re-
lated with the prognosis in patients with ICC.

However, sensitivity and specificity of CA 19-9 are
62% and 63% respectively for diagnosing of intrahep-
atic cholangiocarcinoma and should, therefore, only be
used for further confirmation [23]. The sensitivity and
specificity grows up if CA 19-9 is used in combination
with other tumor markers.

Although studies demonstrated a higher sensitivity
of CA 19-9 than CEA in diagnosing cholangiocarci-
noma, it was also noted that the combination of these
two tumour markers increased the sensitivity and the
specificity.

2.2. Carcinogenic embryonic antigen (CEA)

Carcinoembryonic antigen (CEA) is a glycoprotein
tumour marker with the immunodeterminant present
on the protein moiety of the molecule. It is used as
marker of a lot of tumours such as the cancer of stom-
ach, colon and pancreas [24,25] but serum CEA levels
have been also examined in patients with cholangio-
carcinoma. Immunohistochemical studies [26,27] have
shown that the biliary epithelial cells are characterized
by the expression of carbohydrate antigens, therefore
their serum levels alteration are correlated with biliary
tract diseases.

CEA could be useful for the prognosis of patients
with resectable and unresectable intrahepatic cholan-
giocarcinoma. Li et al. [28] showed that using at the
same time pre-operative serum levels of CEA, CA 19-
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9 we might obtain a better prognosis of intrahepatic
cholangiocarcinoma patients.

Serum CEA levels have been examined in four stud-
ies. These studies found that a raised pre-operative
CEA had no significant relationship with survival [29].

2.3. Cancer antigen 125

The tumour marker CA 125 can be elevated in
cholangiocarcinoma. However it is no specific and
can be increased in other gastrointestinal or gynaeco-
logic malignancies or cholangiopathies [30]. Around
2000, CA 125 was identified as MUC16 and in partic-
ular as MUC16/M11 where the antibody M11 recog-
nizes a mucin-like glycoprotein expressing the CA125
epitope [31-33]. The increment of MUC16/M11 and
therefore of CA125 is correlated to poor survival in
patients with intrahepatic cholangiocarcinoma mass
forming type tissues, representing an independent
prognostic factor of poor survival [34].

2.4. Serum total sialic ACID

Sialic acid (SA) presents as components of soluble
and cell surface glycoconjugates in animal cells and
tissues, has been shown to be involved in cell regula-
tion and in malignant transformations [35]. Increased
levels on serum total sialic acid (TSA) concentrations
have been reported in various types of tumours [36—
38].

Several different mechanisms are assumed to under-
lie the elevated SA concentrations in various cancers.
Increased activity of sialyltransferase, leading to an in-
creased amount of SA on the cell surface and the spon-
taneous release or shedding of aberrant SA containing
cell surface glycoconjugates [39], may cause excess
amounts of SA penetration into the plasma.

An increased serum TSA concentration in CCA pa-
tients in some studies yielded a high sensitivity, speci-
ficity and positivity predictive value, its clinical utility
for screening cancer patients is limited because of its
apparent non specificity to a given disease. SA mark-
ers might serve as adjuncts when combined with other
markers, in CCA screening, progression follow- up and
in monitoring response to treatment [40].

2.5. C-reactive protein (CRP)
C-reactive protein belongs to the family of acute-

phase protein. Its concentration changes in response
to injury, infection, and neoplasia. It is up-regulated

by cytokines, such as interleukin-8 and interleukin-6.
In vitro studies have identified I1-6 to be an autocrine
growth factor of cholangiocarcinoma cell lines [41,
42]. Moreover IL-6 is elevated in the serum of pa-
tients with cholangiocarcinoma and falls sharply after
resection [43]. The serum level of CRP at diagnosis is
identified as an independent prognostic indicator in pa-
tients with cholangiocarcinoma. CRP has been shown
to be of prognostic value in many malignancies [44]
found an elevated CRP to be an independent predic-
tor of worse survival. In ICC patients the increase of
CRP can be due a complicated tumour induced stric-
ture and the development of cholangitis. In generally,
increased CRP levels in malignant disease are an in-
flammatory response to tumour invasion [45]. If the in-
flammatory state is low, we have a better prognosis.
Saisho et al. [46] found that a CRP < 1.0 mg/dl is
a favourable prognostic factor in patients with biliary
tract cancers receiving chemotherapy.

2.6. Serum cytokeratin 19 fragment (CYFRA 21-1)

Cytokeratins (CK) are intermediate filament which
are part of the cytoskeleton of the epithelium. Previ-
ous studies identified and catalogued 20 different CK
polypeptides and divided them into type I (acidic) and
type II (neutral to basic) [47,48]. Normal epithelia con-
tain characteristic CK pairs of one type I and one type
II.

Serum CYFRA 21-1 is a useful marker developed to
measure a soluble fragment of cytokeratin (CK) 19 in
serum. CYFRA 21-1 has a high sensitivity in non small
cell lung cancer and is an useful marker in the clin-
ical monitoring during and following treatment [49—
51]. CYFRA 21-1 has been reported to be a prognostic
factor for various cancers [52-54].

No established tumor markers, such as carcinoem-
bryonic antigen (CEA) and carbohydrate antigen (CA)
19-9, have sufficient sensitivity and specificity to de-
tect and monitor ICC [55-60]. Serum cytokeratin-
19 fragment (CYFRA 21-1), has been reported to
have higher specificities than CA 19-9 for intrahepatic
cholangiocarcinomain a limited number of studies, but
is not in routine use [23,61,62].

The serum CYFRA21-1 concentration had high sen-
sitivity for ICC and reflected differences in tumor bur-
den, suggesting applicability to staging and follow-
up [61].

In some studies CYFRA 21-1 is a useful marker
not only for detecting intrahepatic cholangiocarcinoma
(ICC) early but also for distinguishing ICC from hep-
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atocellular carcinoma (HCC). In fact hepatocytes con-
tain CK 8 and 18 while bile duct cells contain CK 7,
8, 18 and 19 [63] and the cytokeratin pattern is usu-
ally maintained during malignant transformation. The
CYFRA 21-1 concentrations varied according to tu-
mour size, vascular invasion and number of tumours.
The high serum CYFRA 21 concentration is associated
with tumour progression and poor postoperative out-
comes in patients with CCA.

2.7. Transforming growth factor 3 (TGF- [3)

TGF-  is a multifunctional cytokine that regulates
the growth and the differentiation of several cellular
types [64]. TGF-/ plays an important role in cellular
matrix formation and inhibition of hepatocytes prolif-
eration [65]. In fact it has been shown to induce cell ar-
rest and fibrosis in hepatocytes [66,67]. Cellular apop-
tosis is involved in carcinogenesis induced by growth
factor deficiency or positive signals related to TGF-53
and FAS system [68]. Normally TGF-3 expression is
low in intrahepatic biliary cells, but, during inflamma-
tion o because of obstructive lesions of bile duct, it in-
creases [69,70]. Many malignant tumours harbour de-
fects in TGF- [3 signalling and are resistant to TGF- 3
mediated growth suppression. A close correlation be-
tween disruption of the TGF-signalling pathway and
deregulated growth of cancer cells has been demon-
strated in cancers, including biliary tract carcinoma.
There are contrasted data about the cancerogenesis ef-
fect of TGF-(; its mechanism and its function remain
poorly understood. Previous studies demonstrated the
resistance of ICC cells to growth inhibitory effect of
TGF-beta [71,72] but Shimizu et al. [73] noted TGF-
(1 stimulation in ICC resulted in cellular proliferation
rather than resistance to the innate mitoinhibition [73].
The study has shown that TGF-3 accelerates ICC cell
proliferation by an autocrine fashion and, at the same
time, stimulates the secretion of IL-6 that seems can in-
duce itself the proliferation of ICC cells by a functional
interaction with TGF-$ [72-74].

Yasumori Sato et al. demostrated that human cholan-
giocarcinoma cells underwent Epithelial-Mesenchy-
mal Transition (EMT) by TGF-51/Snail activation,
which was accompanied by the activation of invasive
potential. Snail, in fact, is a trascriptional regulator
that, when is activated, represses the gene expression
of E-cadherin. Therefore, the Snail expression signifi-
cantly correlated with the lymph node metastasis and
a poor survival rate of the patients. The studies were
conducted in vitro and in vivo. In vivo 16% of cholan-
giocarcinoma cases showed marked immunoreactivity
of Snail in their nuclei [75].

2.8. Chromogranin A (CGA)

Chromogranin A is an acidic glycoprotein contained
in secretor granules of neuroendocrine cells [76].
Serum levels can be augmented in HCC and in cir-
rhotic patients [77,78] but, generally they are increased
in patients with neuroendocrine tumours such as carci-
noids and endocrine pancreatic tumours [79].

In the last years pathological similarities of ICC to
pancreatic carcinoma have been proposed [80,81]. In
rare cases adenocarcinomas are accompanied by a neu-
roendocrine component positive for chromogranin A.
Histologically, the adenocarcinoma is usually located
at the surface of the tumor and the majority of the stro-
mal invasion involves the neuroendocrine component.
Usually, the neuroendocrine component has a low or
an high grade malignacy [82].

Neuroendocrine differentiation has been shown to
be of prognostic importance in several malignan-
cies [83].

2.9. Tumour Markers pyruvate-kinase (TUM>-PK)

A recently identified serum tumour marker, TuMs-
PK has appeared to be of interest for the diagnosis
of cholangiocarcinoma. The enzyme pyruvate Kinase
plays a key role in the glycolitic pathway with four
organ-specific isoforms: type L in the kidney; type R
in erythrocytes; type M1 in muscles heart and brain
and type M2 in lung, undifferentiated and prolifera-
tive tissues [84—87]. The isoenzyme M2 is active as
a tetramer in proliferating non tumour cells [88]. It is
also expressed in all cells with a high rate of nucleic
acid synthesis which include all proliferating cells and
tumor cells in particular. During embryogenesis there
is a shift and the pyruvate kinase M2 is converted in the
isoform specific for the respective tissue. Within the tu-
morigenesis a lot of cells assume undifferentiated state
therefore respective tissue specific isoenzymes disap-
pear and PKM?2 is over-expressed [88—93]. It has been
demonstrated that the amount of type My pyruvate ki-
nase extracted from neoplastic tissues increases with
tumour size and metastasis [94]. TuM5-PK is released
from tumour cells in body fluid. It detects a metabolic
state specific for cancer cells and it can be easily mea-
sured in blood, the results are highly reproducible.

TuM3-PK concentrations were found increased sig-
nificantly in patients with cholangiocarcinoma. More-
over, the diagnostic performance of TuMy-PK was
higher than that of CA 19-9 with a sensitivity of 84.2%
and a specificity of 90% against 68.4% and 75%,
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respectively of CA19-9 [95]. Another advantage of
TuM,-PK is that its concentration in blood is found
to be correlated with stage of tumour. TuMs-PK can
be used with good sensitivity and high specificity as a
valuable diagnostic marker for cholangiocarcinoma.

2.10. Mucins

Mucins are large protein synthesised by epithe-
lial cells in many organs. Mucins constitute the ma-
jor component of mucus [96,97]. They form a het-
erogeneous group of high molecular mass, polydis-
perse, highly glycosylated macromolecules. Mucins
are O-glycosilated proteins mainly expressed by ductal
and glandular epithelial tissues. Human mucin genes
are designated according to their distinct structures
and functions as transmembrane mucins or secreted
gel-forming mucins. Mucin genes are expressed in
cells and tissues, specific manner Muc2 and Muc3 in
bowel [98], Muc5SAC and Muc 6 in gastric tissue [99].
In many human carcinomas, the expression profile of
mucins is altered; certain mucins are up-regulated,
whereas others are down-regulated [100,101].

MUCI is a transmembrane glycoprotein found in
the developing intrahepatic bile ducts in fetal liver [102]
but not in the normal adult intrahepatic biliary tract [103,
104]. MUC1 apomucin is proposed as an oncofetal
antigen in the intrahepatic biliary tree [102] and its ele-
vated expression is an independent risk factor for poor
outcome of patients with ICC [105,106].

In particular Boonla et al. found a significant corre-
lation between high levels of MUCI and vascular inva-
sion in patients affected by ICC. Whereas high expres-
sion of MUC 5AC significantly correlated with neural
invasion and advanced ICC stage [107]. The poor prog-
nosis of ICC patients is also due to neural metastasis
and mucin SAC plays a role in the late stage carcino-
genesis. It can be considered to be excellent biomark-
ers in tumour progression [108].

Also other mucins can be useful in the diagnosis
of intrahepatic cholangiocarcinoma. Zhao et al. noted
that immunoprofile of mucins can help in the differen-
tiation between ICC and metastatic colorectal adeno-
carcinoma to liver. The immunophenotype of MUC2-
/MUC6-/CK7+/CK20- indicates the diagnosis of intra-
hepatic cholangiocarcinoma, while MUC2+/MUC6+/
CK7-/CK20+ suggests the possibility of metastatic
colorectal adenocarcinoma [109].

2.11. Metalloproteinase-7 (MMP-7)

Tumour cells invade the basement membrane secre-
ting enzymes that digest the extracellular matrix pro-

teins. These enzymes are metalloproteinase (MMPs).
The last are zinc-dependent endopeptidase and are in-
volved in the turnover and degradation of the extracel-
lular matrix (ECM) components and basement mem-
branes [110]. Unlike most MMPs are expressed by
stromal cells, MMP-7 is principally expressed by ep-
ithelial cells [111]. The serum MMP-7 level is ele-
vated in many cancers that originate from epithelial
cells such as colorectal, ovarian and renal cancer [112,
113]. Many studies have demonstrated cholangiocar-
cinoma specimens frequently express MMP-7 [114]
and the serum MMP-7 level is higher in cholanciocar-
cinoma patients than benign biliary tract disease pa-
tients. MMp-7 can be useful for the clinical diagnosis
of cholangiocarcinoma especially in patients with ob-
structive jaundice. Moreover it is considered a indica-
tor of poor postoperative prognosis in cholangiocarci-
noma patients [114] but further studies are need to con-
firm this possible role of MMP-7.

2.12. Serotonin

Serotonin, or 5-hydroxytryptamine (5-HT), is a neu-
roendocrine hormone, synthesized in serotonergic neu-
rons in the central nervous system [115] and in en-
terochromaffin cells throughout the gastrointestinal
tract [116]. Serotonin may have a role in the G1/S
transition check point through 5-HT2 receptors. In the
liver, inhibition of the 5-HT2 receptors arrested liver
regeneration only when administered late (16 h) after
partial hepatectomy [117].

Studies have shown that liver regeneration after
partial hepatectomy was completely dependent upon
platelet-derived serotonin, as a mouse model of throm-
bocytopenia inhibited normal liver regeneration in a 5-
HT2 receptor-dependent manner [118].

In particular serotonin is involved in the pathogen-
esis of certain clinical features of cholangiopathies,
fatigue, and pruritus [119,120]. In animal models of
chronic cholestasis, this may be due to an enhanced
release of serotonin in the central nervous system
and its interactions with subtype 1 serotonin recep-
tors [120]. Cholangiocytes synthesize and secrete sero-
tonin, which is increased in proliferating rat cholangio-
cytes after bile duct ligation (BDL) [121].

Further Alpini et al., found that the expression of
the enzyme responsible for serotonin synthesis in the
gastrointestinal tract, TPH1, is upregulated in cholan-
giocarcinoma; They showed that the enzyme respon-
sible for serotonin degradation, MAO A, is markedly
decreased in cholangiocarcinoma samples and that this
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Table 1
Sensitivity and specificity of markers
Cholangiocarcinoma
Markers Sensitivity Specificity
CA 199 T T
CEA T T
CA 125 0 0
SERUM TOTAL SIALIC ACID T T
CYFRA 21-1 ™1 T
TGF 3 ) )
CGA 0 0
TUM2- PK 1 1
MUCINS ™~ ™~
MMP-7 T T
SEROTONIN 0 0

*Elevated in association with others markers; **It is a independent
prognostic indicator in patients with cholangiocarcinoma.

results in an overall increase in serotonin secretion
from cholangiocarcinoma cells and in the bile from
cholangiocarcinoma patients [122].

This study suggests that the dysregulation of sero-
tonin metabolism may be a key feature associated with
the progression of cholangiocarcinoma and modula-
tion of this metabolic pathway may result in the de-
velopment of an effective adjunct therapy to treat this
deadly disease.

3. Summary and perspective

Cholangiocarcinoma is an aggressive malignancy
that often invades and metastasises to other organs re-
sulting in a poor prognosis [123]. CCA is difficult to di-
agnose, even with the aid of modern ultrasonographic
scanning and computerized tomography.

The tumor markers could represent an help in clini-
cal practice. The marker most studied is CA 19-9 and
CEA. The concentrations of CA 19-9 could raise in
patients with benign inflammantion as well as malig-
nant disease [124—127]. The sensitivity and specificity
could be raised by combining CA 19-9 and CEA.

Only a marker in diagnosis of CCA is not enough
and the joint of multiple markers in necessary. The in-
crease of serum levels of CEA alone is not diagnos-
tic but this marker is useful in association with others
raising their sensitivity and specificity. Also the use of
different components of the same family is important,
helping in the differentiation between biliary and/or
hepatic neoplasms.

Despite the published data, till today we are still far
from the identification of the specific biomarker for de-
tection of CCA (Table 1). Further studies should fo-
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cus on disease monitoring, therapy evaluation and the
combination with new and old biomarkers of CCA.
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