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          10.1   Introduction    

 Bile is a  fl uid that helps us to digest food and its main func-
tion is to break down fats in food. Bile is made by the liver 
and stored in the gall bladder. Bile ducts are tubes that carry 
bile and they connect the liver and the gall bladder to the 
duodenum and the small intestine. In people who have had 
their gall bladders removed, bile  fl ows directly from the liver 
into the duodenum and the small intestine. The bile ducts and 
gall bladder are known as the biliary system (Fig.  10.1 ). 
Cholangiocarcinoma (CC) is a malignant tumor arising from 
the bile duct epithelium. They start in mucus glands that line 
the bile ducts. If cancer starts in the part of the bile ducts 
within the liver it is known as intra-hepatic. If it starts in bile 
ducts outside the liver it is known as extra-hepatic. It may 
arise from the right and left hepatic ducts at or near their 
junction (hilar cholangiocarcinoma) which are considered as 
carcinoma of the extrahepatic bile ducts (for a review, please 
see Refs.  [  1–  8  ] ). Cancers of the biliary system are almost 
always adenocarcinomas. The incidence of cholangiocarci-
noma reveals wide geographic variations: the highest inci-
dence is reported in areas suffering from endemic infestation 
with liver  fl uke. The liver  fl ukes,  Opisthorchis viverrini  and 
 Clonorchis sinensis , which induce cholangiocarcinomas, are 
common in Africa and Asia, especially in Thailand and 

Laos in Southeast Asia, and in some parts of China. 
Intrahepatic cholangiocarcinoma is the second most preva-
lent intrahepatic primary cancer. Hilar cholangiocarcinoma 
is the fourth most common gastrointestinal malignancy.   

    10.2   Molecular Carcinogenesis 
of Cholangiocarcinoma 

 The development of cholangiocarcinoma, similar to other 
types of cancer, can be divided into at least three stages, 
namely, Initiation, Promotion and Progression  [  9,   10  ] . 
A molecular scheme of cholangiocarcinoma development, 
and the various factors that affect the development of cholan-
giocarcinoma are shown in Fig.  10.2 . The etiological factors 
of cholangiocarcinoma can be broadly divided into genetic/
epigenetic factors and environmental factors. The Initiation 
stage of carcinogenesis involves damages and genetic/epige-
netic alterations of the genome. Increased carcinogenic 
nitroso-compounds as a result of regional dietary factors or 
environmental contaminants, are thought to produce genetic 
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changes including mutations in DNA of the normal biliary 
epithelial cells. The mutations are “ fi xed” in the genome by 
subsequent rounds of DNA replication or repair, which can 
occur as the bile duct cells are stimulated to divide and pro-
liferate. This becomes the second step of the carcinogenic 
process, the Promotion stage, which may proceed further as 
a result of chronic in fl ammation of the tissues. At this stage, 
dysplastic/hyperplastic biliary epithelium may develop from 
normal epithelial cells. Liver  fl uke infestation causes chronic 
in fl ammation and enhances susceptibility of the bile duct 
epithelium to carcinogens/free radicals, leading to genetic 
and epigenetic changes in cells.  

 Hepatolithiasis, the presence of stones in the bile ducts of 
the liver, is associated with a high-risk for intrahepatic cho-
langiocarcinoma because of recurrent bacterial infections 
and bile stasis. It is more frequently seen in East Asian than 
in Western countries. Hepatitis virus infection has also been 
reported as a risk factor for cholangiocarcinoma. Infection 
by hepatitis virus may contribute to the stage of promotion 
by inducing chronic in fl ammation, cell-death and cell- 
proliferation. However, the relationship between HBV/HCV 
and cholangiocarcinoma formation is not unequivocally 
established. Recent reports indicated that hepatitis C and 
hepatitis B nucleic acids as well as viral proteins are present 
in intrahepatic cholangiocarcinomas  [  11–  13  ] . 

 In addition, primary sclerosing cholangitis (PSC), 
another risk factor, is a chronic liver condition producing 
progressive in fl ammation and scarring of the bile ducts of 
the liver  [  6  ] . The in fl ammation impedes  fl ow of bile to the 
gut, which can ultimately lead to liver cirrhosis, liver failure 
and liver cancer. The underlying cause of in fl ammation is 
believed to be due to autoimmunity. Patients with primary 
sclerosing cholangitis have a tendency to develop bile duct 
carcinoma. Moreover, in fl ammatory bowel disease (IBD), 
such as ulcerative colitis, is a chronic in fl ammatory bowel 
condition. People with this disease are also at an increased 

risk of developing cholangiocarcinoma. It is of interest to 
note that patients with congenital abnormal bile duct dis-
eases, such as choledochal cysts, Caroli’s disease and con-
genital hepatic  fi brosis, are more at risk of developing 
cholangiocarcinoma. Other genetic/epigenetic defects that 
may contribute to the development of cholangiocarcinoma 
include drug detoxi fi cation defect (MGMT), DNA repair 
defect (hMLH1) and excessive production of pro-
in fl ammatory cytokines. 

 The third stage of development of cholangiocarcinoma 
is the Progression stage, which involves the transition of 
dysplastic/hyperplastic biliary epithelium to become carci-
noma of the bile-duct. At this stage, many critical genes that 
have been altered can be detected, especially the proto-
oncogenes and tumor suppressor genes, for example, p53 
 [  14–  16  ] , p16 INK4A   [  17–  22  ] , ErbB-1, erbB-2, VEGF  [  23–  27  ] , 
K-ras  [  28–  31  ] , cMet, p120, Cadherin and many Cell-cycle 
genes. Induced serum markers such as ALP, GTT, biliru-
bin, Ca19-9, CA125, CEA, MUC5AC are found. 
Cholangiocarcinomas can arise in the absence of any known 
etiological factors.  

    10.3   “Yin-Yang” Negative- 
and Positive-Control Hypothesis of 
Cholangiocarcinoma Cell Development 

 Similar to other kinds of cancer including hepatocellular car-
cinoma  [  9  ] , the development of cancer cells of the bile-duct 
epithelium may be considered as Yin-Yang or negative-posi-
tive control of cell-growth and cell-death. As shown in 
Fig.  10.3 , the “Yang” factors usually refer to the growth fac-
tors, receptors, cellular signal transducers and nuclear tran-
scriptional factors which are mostly proto-oncogenes that 
promote cellular proliferation and survival. On the other hand 
the “Yin” factors are molecules that suppress  cell-growth 
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  Fig. 10.2    A molecular scheme 
of cholangiocarcinoma 
development. The various factors 
that affect the development of 
cholangiocarcinoma are presented. 
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of cholangiocarcinoma 
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developmental process can be 
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and facilitate cell-death including apoptosis. It is the delicate 
interplay and regulation of expression and action of these 
positive and negative modulators that result in the control-
growth of a normal cell. Mutations and/or altered expression 
in proto-oncogenes and suppressor genes lead to aberrant 
functions of proteins, which in turn may induce abnormal 
growth and differentiation of the cells.   

    10.4   Molecular Markers 
of Cholangiocarcinoma 

 The histology of cholangiocarcinoma with H and E staining 
is shown in Fig.  10.4a, b . Figure  10.4a  shows a typical cho-
langiocarcinoma (glandular type with numerous  fi brous 
stromal-regions), and Fig.  10.4b  shows a papillary type with 
mucous and intraluminal papillary masses. The expressions 
of several important molecular markers such as K-ras 
(Fig.  10.4c ), CK19 (Fig.  10.4d, e ), and tumor suppressor 
p16INK4A (Fig.  10.4f ), are also shown  [  21  ] .   

    10.5   Tumor Suppressor Gene P53 Mutation 

 The wild-type p53 plays an important role in the regulation 
of the cell cycle process, cell growth, and apoptosis in the 
event of DNA damage. It is also known as the gate-keeper 
for these important cellular events. P53 encodes a phospho-
rylated protein with a molecular weight of 53 kD. It is the 
most commonly mutated tumor suppressor gene associated 
with human cancer, being abnormal in over 50 % of known 
human cancers  [  14–  16  ) . The suppressor p53 protein is 
involved in many pathways by interacting with many gene 
products including transcription, DNA repair, cell cycling 
and genomic stability. DNA damages stabilize p53 which 
binds to p53 control elements in genes and activate transcrip-
tion. These p53 modulating genes include cell-cycle genes 
such as p21CIP/WAF1, a cyclin kinase inhibitor, BAX and 
Fas for apoptosis, and GADD45 for DNA repair. Alternatively, 
p53 may form protein-protein complexes with proteins of 
DNA synthesis and repair such as RPA, topoisomerase I and 
XPD helicase. Mutated p53 is also more stable and render 
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  Fig. 10.3    “Yin-Yang” Negative- and positive-control hypothesis of cholangiocarcinoma cell development. The development of cancer cells of the 
bile-duct epithelium may be considered as Yin-Yang or negative-positive control of cell-growth and cell-death       
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cells to escape from cell-cycle arrest, delay in S-phase syn-
thesis, and apoptosis. 

 The p53 gene is resided on the short arm of chromosome 
17 (17p13.1). Inactivation of the p53 gene by missense or 
nonsense mutations and by loss of chromosome 17p, induces 
disruption of critical growth-regulating mechanisms and 
may have a crucial role in carcinogenesis. The reported inci-
dence of p53 mutation is 11–37 % in intrahepatic cholang-
iocarcinomas  [  14  ] . It has been reported that loss of 

chromosome 17p was present in 38 % of intrahepatic cho-
langiocarcinomas  [  9  ] . It has also been documented that 
there are over 90 different types of p53 mutations found in 
cholangiocarcinoma p53 database, by the International 
Agency for Research on Cancer (IARC). The codon 
 distribution and mutation pattern is described in Figs.  10.5  
and  10.6 . The spectrum of mutations for p53 apparently is 
speci fi c for the populations in different regions and presum-
ably for the carcinogens. Over 50 % of mutated p53 in 
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  Fig. 10.4    The histology and molecular markers of cholangiocarci-
noma H and E staining and markers of cholangiocarcinoma are shown. 
Cholangiocarcionoma ( a ,  b : H&E), ( a ) is an adenocarcinoma with 
numerous  fi brous stromal regions, and ( b ) is a papillary cholangiocarci-

noma with intraluminal papillary masses. The expressions (immunohis-
tochemical stainings) of K-ras ( c ), CK19 ( d ,  e ), and p16 ( f ) are also 
shown  [  21  ]        
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Thailand were G:C to A:T transitions at CpG sites, while in 
Korea, it was only 17 %  [  14  ] . Alkylating agents such as 
N-nitroso compounds, tend to induce G:C to A:T transitions 
in genes via the formation of O-6-methylguanine. Mutation 
in p53 is apparently dependent on environmental factors and 
carcinogens exposed, which may vary in different popula-
tions and locations. Figure  10.5  shows the mutation distri-
bution of p53 in cholangiocarcinoma. The codon distribution 
of p53 single base substitutions in cholangiocarcinoma 
 indicates that the mutation hotspots are at codons 175, 179, 
245, 248, 273 and 282 respectively  [  14  ] . In Fig.  10.6 , the 
mutation pattern of the 92 reported p53 mutations in cholan-
giocarcinoma is shown. This is the proportion of the differ-
ent types of p53 mutations as reported, which is the number 
of mutations of each type divided by the total number of 

mutations  [  14  ] . The most commonly reported type of muta-
tion is at CpG sites (29.3 %), which was found in over 50 % 
of p53 mutations in Thai patients. Alkylating agents such as 
N-nitroso compounds tend to induce G:C-A:T transitions in 
p53 via the formation of O-6-methylguanine  [  14  ] . It is 
apparently dependent on environmental factors including 
differences in nature or dose of exposure, which vary in dif-
ferent populations.    

    10.6   Tumor Suppressor P16 INK4A  
Alteration and Methylation 

 p16 INK4A  is a regulatory protein in the cell cycle and a 
cyclin-dependent kinase (cdk4/cdk6) inhibitor. The tumor 
suppressor gene p16 is commonly inactivated in many 
neoplasms. Three distinct mechanisms of p16 inactivation 
have been reported in biliary neoplasms: deletion and 
point mutations of the p16 gene, and hypermethylation of 
5 ¢  regulatory regions of p16  [  17–  22  ] . As shown in 
Fig.  10.7 , the  methylation pattern of the promoter region 
of p16 shows increased methylation in the tumor tissues 
as compared to the non- tumor tissues. The increased 
methylation is a mechanism for down-regulating the 
expression of the gene. A study of intrahepatic cholangio-
carcinomas reports that no p16 gene mutations are present 
but alterations of p16 gene are frequent: methylation of 
CpG island is present in the 5 ¢  region of the gene (54 %), 
allelic loss at the p16 locus on chromosome 9p21 (20 %), 
and homozygous deletion (5 %). Therefore, the p16 gene 
may possibly be crucial for intrahepatic biliary carcino-
genesis and progression. This is somewhat similar to 

7

6

5

4

3

2

1

0
158

175

%
 o

f s
in

gl
e 

ba
se

 s
ub

st
iu

tio
ns

248

179

Condon number

245

282

273

14 22303848546270788894104115126137148160171182193204215227238249260271282293305318327338349360372383394

  Fig. 10.5    Tumor suppressor gene P53 mutation distribution in cholan-
giocarcinoma. Codon distribution of p53 single base substitutions in 
cholangiocarcinoma. The bar chart shows the proportion of all reported 

single base substitutions at each codon of p53 in cholangiocarcinoma 
which is the number of single base substitutions at each codon divided 
by the total number of single base substitutions  [  14  ]        
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  Fig. 10.6    Tumor suppressor gene P53 mutation pattern in cholangio-
carcinoma. Mutation pattern of the 92 reported p53 mutations in cho-
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the different types of p53 mutations as reported, which is the number of 
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HCCs as we had reported which contain multiple p16 
alternations including deletions and methylations  [  22  ] .   

    10.7   Epidermal Growth Factor Receptor 
(EGFR) Family ErbB-1 and ErbB-2 

 This is the family of the avian erythroblastic leukemia viral 
(v-erb-b) oncogene homolog. They are members of the 
Epidermal growth factor receptor subfamily (EGFR), which 
are typeItyrosine kinase receptors, and can bind EGF and 
TGF- a . ErbB-1 (HER1) and ErbB-2 (HER2) share approxi-
mately 40 % homology in their extracellular binding domains. 
On the other hand, ErbB-2 has no ligand binding domain of 
its own and therefore cannot bind growth factors. However, 
it does bind tightly to other ligand-bound EGF receptor fam-
ily members to form a heterodimer, stabilizing ligand bind-
ing and enhancing kinase-mediated activation of downstream 
signalling pathways. Ampli fi cation and overexpression of 
c-erbB-2 are frequently seen in cancers of the biliary tract 
 [  23–  26  ] . It has been reported that a high incidence of cholan-
giocarcinomas (intrahepatic and extrahepatic) and gallblad-
der cancers developed in transgenic mice overexpressing 
ErbB-2. Reported values of the frequency of tumors overex-
pressing ErbB-2 varies from 0 to 73 %. 

 In another report, 44 % of intrahepatic cholangio-
carcinoma are ErbB-1-positive and that ErbB-1 expres-
sion is correlated with grade and proliferative index  [  26  ] . 
Immunohistochemical expression of these molecules was 
assessed retrospectively in 236 cases of cholangiocarci-
noma, as well as the associations between the expression of 
these molecules and clinicopathological factors or clinical 
outcome. The proportions of positive cases for EGFR and 
HER2 overexpression were 27.4, and 0.9 % in intrahepatic 
cholangiocarcinoma (IHCC), and 19.2 and 8.5 % in extra-
hepatic cholangiocarcinoma (EHCC), respectively. EGFR 
overexpression was associated with macroscopic type 
( P  = 0.0120), lymph node metastasis ( P  = 0.0006), tumor 
stage ( P  = 0.0424), lymphatic vessel invasion ( P  = 0.0371), 

and perineural invasion ( P  = 0.0459) in EHCC, and 
 multivariate analysis showed that EGFR expression was a 
signi fi cant prognostic factor [hazard ratio (HR), 2.67; 95 % 
con fi dence interval (CI), 1.52–4.69;  P  = 0.0006] and also a 
risk factor for tumor recurrence (HR, 1.89; 95 % CI, 1.05–
3.39,  P  = 0.0335) in IHCC. These results strongly indicate 
that EGFR expression is associated with tumor progression 
in cholangiocarcinoma. The immunohistochemical staining 
of EGFR family members in cholangiocarcinoma is shown 
in Fig.  10.8 . Figure  10.8a  is EGFR, Fig.  10.8b  is HER2, 
and Fig.  10.8c  is VEGF. In addition, Fig.  10.8d  shows 
Epidermal growth factor receptor tends to be expressed in 
the poorly differentiated component while Fig.  10.8e  shows 
Human epidermal growth factor receptor 2, which is prefer-
entially expressed in more differentiated areas such as the 
glandular or papillary component  [  26  ] . Figure  10.9  shows 
the EGFR expression and survival in cholangiocarcinoma. 
Survival curves of EGFR-positive and -negative expression 
in (Fig.  10.9a ), IHCC and (Fig.  10.9b ), EHCC. The outcome 
of EGFR-positive cases was signi fi cantly worse than that of 
EGFR-negative cases in both IHCC and EHCC  [  26  ] .    

    10.8   Vascular Endothelial Growth 
Factor (VEGF) 

 This gene is a member of the PDGF/VEGF growth factor 
family and encodes a protein that is often found as a disul fi de 
linked homodimer. This protein is a glycosylated mitogen 
that speci fi cally acts on endothelial cells and has various 
effects, including mediating increased vascular permeability, 
inducing angiogenesis, vasculogenesis and endothelial cell 
growth, promoting cell migration, and inhibiting apoptosis. 
VEGF plays an important role in inducing endothelial cell 
growth and in promoting angiogenesis. 

 VEGF which has been considered as potential thera-
peutic targets in cholangiocarcinoma and immunohis-
tochemical expression was assessed retrospectively in 236 
cases of cholangiocarcinoma, and the associations between 
clinicopathological factors or clinical outcome were deter-
mined  [  26  ] . The proportions of positive cases for VEGF 
were 53.8 % overexpression in intrahepatic cholangiocar-
cinoma (IHCC), and 59.2 % in extrahepatic cholangio-
carcinoma (EHCC), respectively. Clinicopathologically, 
VEGF  overexpression was related to intrahepatic metasta-
sis ( P  = 0.0224) in IHCC. These results suggest that VEGF 
expression may be involved in haematogenic metastasis in 
cholangiocarcinoma. Another report showed that VEGF A 
expression was more frequently encountered in peripheral 
cholangiocarcinoma (69 % vs. 25 %,  P  < 0.0001) and cor-
related with increased vascular density  [  27  ] . Thus, VEGF 
is a potentially useful marker in predicting metastasis and 
angiogenesis in cholangiocarcinoma.  
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  Fig. 10.7    Tumor suppressor p16 INK4A  methylation in cholangiocarci-
noma. Methylation analysis of p16 promoter region in normal, non cho-
langiocarcinoma. Methylation speci fi c PCR results are expressed as 
unmethylated p16 speci fi c bands ( U ) and methylated bands ( M )  [  21  ]        
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  Fig. 10.8    EGFR immunohistochemical staining in cholangiocarci-
noma. Immunohistochemical staining of ( a ) EGFR, ( b ) HER2, and ( c ) 
VEGF in cholangiocarcinoma. ( d ) Epidermal growth factor receptor 

tends to be expressed in the poorly differentiated component. ( e ) Human 
epidermal growth factor receptor 2 is preferentially expressed in more 
differentiated areas such as the glandular or papillary component  [  26  ]        
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    10.9   Proto-Oncogene K-ras Mutation 

 K-ras is a proto-oncogene of GTP-GDP binding protein fam-
ily with GTPase activity. The K-ras proto-oncogene is 
thought to exert control over the mechanisms of cell growth 
and differentiation. This gene is converted to an active onco-
gene by point mutations, signi fi cantly concentrated in codons 
12, 13 or 61, similar to the H-ras mutations in other tumors. 
The reported rates of K-ras mutations in intrahepatic cholan-
giocarcinomas vary widely  (  28–  32  ] . Variations are caused 
by racial and geographic variations, and the use of different 
assay techniques, for example, a mutation rate of 50–56 % 
was found in Japanese patients versus 0–8 % in Thai patients. 
It has been reported that mutation rates are higher in periduc-
tal and spicular-forming tumors than mass-forming ones. 
The expression of K-ras in cholangiocarcinoma is shown in 
Fig.  10.4c .  

    10.10   Reduced Expression of P120 Catenin 
and Cadherin 

 P120-catenin is a member of the Armadillo (ARM)/ b -catenin 
gene family and is essential for mesenchymal cadherin- 
mediated regulation of cell motility and invasiveness. Altered 
expression of beta-catenin was reported in intrahepatic cho-
langiocarcinoma  [  32  ] . On the other hand, Cadherin, one of 
the transmembrane cell-cell adhesion receptors involved in 
development, and morphogenesis of intrahepatic cholangio-
carcinoma (ICC), is necessary and suf fi cient for P120 target-
ing cell-cell junctions. P120 is to stabilize cadherins at the 
cell membrane by regulating cadherin turnover and degrada-
tion. P120 may stabilize cell junctions or regulate membrane 
traf fi cking machinery. Down-regulated expression of 
E-cadherin and P120 occurs frequently in ICC which may 
contribute to the progression and development of tumor  [  33  ] . 
Both of them may be valuable biologic markers for predicting 
tumor invasion, metastasis and patients’ survival, and P120 is 
an independent prognostic factor for ICC  [  34  ] . In Fig.  10.10 , 
reduced E cadherin (A–C) and p120 catenin (D–F) expres-
sion by immunohistochemistry in cholangiocarcinoma is 
shown. Figure.  10.10a, d  are the preserved type, while 
Fig.  10.10b, e  are the reduced type, and Fig.  10.10c, f  are the 
complete absent type  [  33  ] . Figure  10.11  shows the correlation 
of survival of patients against the expression of p120 catenin 
(Fig.  10.11a ) and E-cadherin (Fig.  10.11b ). Increased surviv-
als were found in the positive cases, vs. the negative cases.    

    10.11   Up-Regulated Expression 
of the Multi-Functional 
Receptor Annexin A2 (ANXA2) 
and its Ligand Tenascin 

 In one recent study, membrane protein was extracted from 
four cholangiocarcinoma (CC) cell lines with different 
tumor forming capabilities  [  35  ] . Two-dimensional-PAGE 
followed by MALDI-TOF-MS was used to identify differ-
entially expressed proteins. Among 20 up-regulated mem-
brane proteins identi fi ed in the CC cell lines was ANXA2, a 
participant in tumor invasion and metastasis in other can-
cers. ANXA2 expression was veri fi ed in human subjects by 
probing, using monoclonal antibody and a tissue microarray 
of CC (301 diagnosed cases), where it was found to associ-
ate with one of several tumor progression stages as re fl ected 
by lymphatic invasion ( P  = 0.014) and metastasis ( P  = 0.026). 
Patients with high expressions of ANXA2 had a signi fi cantly 
shorter survival time ( P  = 0.011). ANXA2 expression in 
tumors may be useful for predicting the poor outcome of 
CC patients. We also had found that the expression of 
ANXA2 was up-regulated in hepatocellular carcinoma 
(Chan et al., unpublished data). These results indicated that 
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  Fig. 10.9    EGFR expression and survival in cholangiocarcinoma. 
Survival curves of EGFR-positive and -negative expression in ( a ), 
IHCC and ( b ), EHCC. The outcome of EGFR-positive cases was 
signi fi cantly worse than that of EGFR-negative cases in both IHCC and 
EHCC  (  26  ]        

 



11910 Molecular Markers of Cholangiocarcinoma

a

d

e f

b

c

  Fig. 10.10    Reduced p120 and cacherin expression in cholangiocarcinoma. Immunostaining of E-cadherin and p120 catenin in intrahepatic cho-
langiocarcinoma. ( a ,  d ) Preserved type, ( b ,  e ) reduced type, and ( c ,  f ) completely absent type  [  33  ]        
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ANXA2 could be a useful biomarker for different kinds of 
hepatic malignancies. In addition, one of the ligands of 
ANXA2, Tenascin, has been shown to express strongly at 
the invasive front of IHCC which was associated with 
poor prognosis in intrahepatic cholangiocarcinoma  [  36  ] . 
Figure  10.12  shows the enhanced ANXA2 expression in 
cholangiocarcinoma. The immunohistochemical staining of 
Annexin A2 (ANXA2) in normal liver tissue is shown in 
(Fig.  10.12A ), in bile duct hyperplasia tissue (Fig.  10.12B ), 
and in cholangiocarcinoma (CCA) tissues (Fig.  10.12C, D ). 
Annexin A2-positive cells were clustered within bile duct 
hyperplasia (B) and CCA tissues (C and D), but not detected 
or expressed at very low levels in stroma, normal liver and 
bile duct cells (A). Annexin A2 was preferably membranous 
(D) in location of CCA tissues, although some cytoplasmic 
staining (C) was observed  [  35  ] .   

    10.12   Cytokeratin 19 (CK19) 

 The keratins are intermediate  fi lament proteins responsible 
for the structural integrity of epithelial cells. CK19 is also 
involved in the organization of myo fi bers and together with 
KRT8, it helps to link the contractile apparatus to dystrophin 

at the costameres of striated muscle  [  37,   38  ] . Cytokeratin 
immunostaining forms the bedrock of the immunohis-
tochemical evaluation of tumors. CK19 belongs to a family 
of keratins, which are normally expressed in the lining of the 
gastroenteropancreatic and hepatobiliary tracts  [  37  ] . CK19 
has been shown to be an independent prognostic factor for 
pancreatic neuroendocrine tumors, especially the insulin-
negative tumors. CK19 positive tumors are associated with 
poor outcomes irrespective of the established pathologic 
parameters such as size, mitoses, lymphovascular invasion, 
and necrosis. CK19 is useful in the work-up of pancreatic 
endocrine tumors. CK19 is also positive in most neuroendo-
crine tumors occurring in the rest of the GIT, except rectal 
tumors, which are negative. 

 In the liver, CK19 is of prognostic value in hepatocellular 
carcinomas and is of use in distinguishing cholangiocarci-
noma from hepatocellular carcinomas. It can also be used to 
highlight native ductules in the liver and helps separate con-
ditions such as focal nodular hyperplasia from hepatic ade-
noma. The vast majority of adenocarcinomas in the GIT and 
pancreas are CK19 positive. In a study of the differences 
between hepatocellular carcinoma (HCC) and peripheral 
type of cholangiocarcinoma (CC) using cytokeratin (CK) 
and carcinoembryonic antigen (CEA) expressions, 50 % of 
HCCs were positive for CEA, presenting a canalicular stain-
ing pattern  [  38  ] . For CK7, all but one (which was focally 
positive), or 80 % of CHCs were diffusely positive, whereas 
only two HCCs were positive. For CK19, 80 % of CCs were 
diffusely positive, while all but two HCCs (a moderately and 
a poorly differentiated tumor) were negative. For CK, 8/18, 
or 70 % of HCCs were diffusely positive, whereas only 20 % 
of CHCs were positive. For CK17, 60 % of CHCs were posi-
tive, while all HCCs were negative. 80 % of CHCs were 
positive for AB1 anti-CKs complex, whereas only 50 % of 
HCCs were positive. Thus, CKs and CEA might be consid-
ered helpful, in addition to other diagnostic criteria, for the 
differential diagnosis of primary carcinomas of the liver, 
especially in dif fi cult cases.  

    10.13   Other Molecular Markers 

 Other markers for cholangiocarcinoma that showed altera-
tions are DNA repair proteins and repair defects such as 
Methyguanine methyl transferase  [  39  ] , mismatch repair pro-
teins MSH2, MLH1  [  40,   41  ] , and RAD51 associating pro-
tein-1  [  42  ] , oxo-dihydro-dG  [  43  ] , nitrative and oxidative 
DNA damage  [  44  ] , hTERT mRNA  [  45  ] , microsatellite insta-
bility, stem cell factor and c-Kit  [  46  ] , Cox-2 and PE2  [  47  ] , 
other epigenetic alteration  [  48  ] , hedgehog ligand  [  49  ] , 
Galectin-3  [  50  ] , Maspin and Bax  [  51  ] , p27  [  52  ] , TGF-beta 
type II receptor  [  40  ] , angiogenesis and lymphangiogenesis 
 [  5  ] . However, Glycine-N-methyltransferase was shown to be 
a favorable factor for cholangiocarcinoma  [  53  ] .  
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  Fig. 10.11    Correlation of p120 cadherin expression and survival in 
cholangiocarcinoma. ( a ) Survival curve of p120-catenin positive and 
negative cholangiocarcinoma. ( b ) Survival curve of E-cadherin positive 
and negative cholangiocarcinoma  [  33  ]        
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    10.14   Chromosomal Alteration 

 In intrahepatic cholangiocarcinoma, losses of heterozygosity 
at chromosomal loci 3p13-p21, 5q35-qter, 8p22, 17p13, and 
18q have been reported  [  8  ] . These chromosomal alterations 
may contain other unidenti fi ed proto-oncogenes or tumor 
suppressor genes.  

    10.15   Serum Tumor Markers 

 For non-invasive diagnostic tests of cholangiocarcinoma, 
blood tests are probably the best at this juncture in time 
 [  54–  56  ] . Serum biochemical tests usually support the clini-
cal suspicion of CC but they are rarely diagnostic. Jaundice 
occurs if there is obstruction of the right and left hepatic 

ducts or the common bile duct. In these circumstances, ele-
vation of serum levels of bilirubin and markers of biliary epi-
thelial injury, such as alkaline phosphatase (ALP) and gamma 
glutamyltransferase (GTT) are common  [  56,   57  ] . However, 
in the presence of unilateral intrahepatic biliary obstruction, 
elevation of ALP or GTT may be present without any increase 
in the serum bilirubin level. Other abnormal laboratory 
 fi ndings include hypo-albuminemia and prolonged pro-
thrombin time, which re fl ect the combination of diminished 
hepatic synthetic function, cachexia and malabsorption of 
vitamin. 

 Other tumor markers may support the diagnosis of CC, 
although none of them is sensitive enough to be used for 
screening purposes. The commonly used markers are car-
bohydrate antigen (CA19-9), carcinoembryonic antigen 
(CEA) and CA-125. CA19-9 is the most useful of these 
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  Fig. 10.12    Enhanced ANXA2 expression in cholangiocarcinoma. 
Immunohistochemical staining of Annexin A2 (ANXA2) in normal 
liver tissue ( a ), bile duct hyperplasia tissue ( b ) and cholangiocarcinoma 
(CCA) tissues ( c ,  d ). Annexin A2-positive cells were clustered within 

bile duct hyperplasia ( b ) and CCA tissues ( c ,  d ), but not detected or 
expressed at very low levels in stroma, normal liver and bile duct cells 
( a ). Annexin A2 was preferably membranous ( d ) in location of CCA 
tissues, although some cytoplasmic staining ( c ) was observed  [  35  ]        
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three  [  57–  61  ] . CA19-9 is frequently upregulated in pancre-
atobiliary neoplasia. However, it may also be elevated in 
patients with jaundice due to biliary obstruction, but in the 
absence of a tumor, and in other non-hepato-pancreatico-
biliary conditions. Thus, these tumor markers are not very 
speci fi c as they can be elevated in the presence of other 
malignancies (e.g. pancreas and stomach) and with benign 
conditions such as cholangitis and hepatolithiasis. Serum 
CA19-9 levels above 100 U/ml in patients without PSC 
have a sensitivity of 53 % and a speci fi city of 75–90 % for 
the diagnosis of CC. In patients with PSC, serum CA19-9 
levels above 100 U/ml have a sensitivity of 75–89 % and a 
speci fi city of 80–86 % for the diagnosis of CC. In a recent 
study the optimal cutoff value for serum CA19-9 in patients 
with PSC was 20 U/ml which provided a sensitivity of 
78 %, a speci fi city of 67 %, a positive predictive value of 
23 % and a negative predictive value of 96 %  [  60  ] . 
Nevertheless, serum CA19-9 combined with either ultra-
sonography, computed tomography, or magnetic resonance 
imaging provided a sensitivity of 91, 100 and 96 % respec-
tively for CC diagnosis. The levels of CA19-9 appear to 
correlate with the stage of the disease. It was reported that 
the sensitivity of CA19-9 above 100 U/ml for the diagnosis 
of CC in patients with resectable tumors was 33 % com-
pared to 72 % in patients with unresectable tumors  [  58  ] . 
Using more than one tumor marker for patients with PSC 
may improve the detection rate of CC. Thus, CA19-9 and 
CEA are helpful devices in the management of gastrointes-
tinal malignancies and belong to clinical routine in surgical 
oncology. The validity of these parameters in terms of 
tumor extension and prognosis of bile duct malignancies 
still remains unclear. From 1998 to 2008, preoperative 
CA19-9 and CEA serum levels in 136 patients with hilar 
cholangiocarcinoma were obtained. In another correlative 
study, the tumor stage, resectability rate and survival were 
correlated with preoperative CA19-9 and CEA serum lev-
els. CA19-9 and CEA levels increased signi fi cantly with 
rising tumor stages. Patients with pre-operative serum lev-
els of CA19-9 (>1,000 U/ml) and CEA (>14.4 ng/ml) 
showed a signi fi cant poorer resectability rate and survival 
than patients with lower CA19-9 and CEA serum levels 
respectively. CA19-9 and CEA serum levels were associ-
ated with the tumor stage. If preoperatively obtained 
CA19-9 and CEA serum levels were highly elevated 
patients had an even worse survival and the frequency of 
irresectability was signi fi cantly higher. Several new mark-
ers are currently being investigated. The human mucin  fi ve, 
subtypes A and C (MUC5AC) are the most promising for 
future clinical use with a sensitivity and speci fi city of 71 
and 90 %, respectively  [  62–  64  ] . MMPs are also potentially 
useful serum makers for CC  [  65  ] . Alpha-fetal-protein is 
known to be a useful serum marker for HCC, but it can be 
expressed in intrahepatic cholangiocarcinoma as well 

 [  66,   67  ] , which suggests probable cancer stem cell origin 
 [  67  ] . Figure  10.13  shows the correlation of CA19-9 with 
bilirubin and the sensitivity and speci fi city. Figure  10.13a  
is a plot of total bilirubin versus CA19-9 for benign dis-
eases, while Fig.  10.13b  is a plot of total bilirubin versus 
CA19-9 for malignant diseases. Figure  10.13c  is a plot of 
sensitivity versus 1-Speci fi city for CA19-9  [  60  ] . These data 
indicate that CA19-9 is positively correlated with bilirubin 
in benign diseases while it is randomly distributed in malig-
nant diseases.   

    10.16   Molecular Markers 
as Target of Therapy 

 For therapy of cholangiocarcinoma, complete surgical resec-
tion is the only curative approach. This can be accomplished 
only in a minority of patients, since most of them present 
with an advanced disease. In addition, those patients who 
have undergone complete surgical resection experience a 
high tumor recurrence rate. Non-resectable biliary tract can-
cer is associated with a poor prognosis due to resistance of 
the tumor to chemotherapy agents and radiotherapy. It is 
essential to search for new therapeutical approaches. Clinical 
study data with molecular therapy are now starting to be 
available for this tumor  [  68–  73  ] . Inhibitors of the epidermal 
growth factor receptor (EGFR) family, such as erlotinib, 
cetuximab, and lapatinib were recently investigated  [  68  ] . 
Furthermore, bortezomib, an inhibitor of proteasome, ima-
tinib mesylate, an inhibitor of c-kit-R, bevacizumab, an 
inhibitor of vascular endothelial growth factor (VEGF), and 
sorafenib (BAY 43-9006), a multiple kinase inhibitor that 
blocks not only receptor tyrosine kinases but also serine/
threonine kinases along the RAS/RAF/MEK/ERK pathway, 
have been tried. Although early evidence of antitumor activ-
ity was seen, the results are still too early and require further 
investigations. Another report indicated that biliary cancers 
overexpress epidermal growth factor receptor (EGFR), and 
angiogenesis has been correlated with a poor outcome. 
Erlotinib, an EGFR tyrosine kinase inhibitor, and bevaci-
zumab, a vascular endothelial growth factor (VEGF) inhibi-
tor have been shown to have activity in biliary cancer. 
Patients with advanced cholangiocarcinoma or gallbladder 
cancer were treated with bevacizumab (5 mg/kg) and erlo-
tinib (150 mg). In 53 eligible patients, 6 had a con fi rmed par-
tial response while stable disease was documented in another 
25 patients (51 %)  [  69  ] . The median overall survival (OS) 
was 9.9 months, and the time to progression (TTP) was 
4.4 months. Combination chemotherapy with bevacizumab 
and erlotinib showed clinical activity with infrequent adverse 
effects. Thus, the combination of bevacizumab and erlotinib 
may be a therapeutic alternative in patients with advanced 
biliary cancer.  
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      Conclusion 

 Cholangiocarcinomas are epithelial neoplasms that origi-
nate from cholangiocytes. They can occur at any level of 
the biliary tree and they are classi fi ed into intrahepatic 
tumors, (extrahepatic) hilar tumors and (extrahepatic) dis-
tal bile duct tumors. A better understanding of the predis-
positions, risk factors and the molecular pathways for 
cholangiocarcinoma development will provide new insights 
in the management of this cancer. The environmental fac-
tors and genetic/epigenetic factors can be eliminated, neu-
tralized or avoided. The diagnosis can be established much 
earlier and accurately with new molecular markers and 
improved non-invasive imaging. Advanced cytological and 
chromosomal analysis may aid early diagnosis. Biological 
therapy basing on the molecular markers discovered 
(including proto-oncogenes and tumor suppressor genes) 
may be very useful for patients with unresectable cholang-
iocarcinoma. These, together with neoadjuvant chemo-
irradiation, can be used as therapeutic alternatives in 
patients with advanced or recurrent biliary cancers.      
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