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Background/Aims: Multiple genes have been implicated in cholangiocellular carcinoma (CCC) development. However,

the overall neoplastic risk is likely associated with a much lower number of critical physiological pathways.

Methods: To investigate this hypothesis, we extracted all published genetic associations for the development of CCC

from PubMed (genetic association studies, but also studies associating genes and CCC in general, i.e. functional studies
in cell lines, genetic studies in humans, knockout mice etc.) and integrated CCC microarray data.

Results: We demonstrated the MAPK pathway was consistently enriched in CCC. Comparing our data to genetic asso-

ciations in HCC often successfully treated by a multityrosine kinase inhibitor, sorafenib, we demonstrated a similar over-

representation of MAPK. In contrast, most cancer-related genetic studies focusing on genes related to transcription and

cell cycle control, we consistently found genes coding for products in the extracellular environment to be significantly

enriched. Thus, CCC must be regarded as developing in the context of an altered extracellular environment.

Conclusions: Our study suggests the liver microenvironment holds essential functions and structures key to CCC pro-

gression. Furthermore, we identified the MAPK signaling pathway consistently enriched, pointing towards a critical role
in CCC development. These data may provide a rationale for treatment of CCC with sorafenib.

� 2009 Published by Elsevier B.V. on behalf of the European Association for the Study of the Liver.
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1. Introduction

Cholangiocellular carcinoma (CCC) is a compara-
tively rare cancer arising from the bile ducts. However,
rates of cholangiocellular carcinoma have been rising
worldwide over the past several decades, particularly
rates of intrahepatic CCC [1,2].

Known risk factors account for only a few cases of CCC.
Highest incidences of CCC were documented among
patients with primary sclerosing cholangitis (PSC) [3]. Fur-
thermore, particularly in Asia, infection with parasitic liver
flukes causes a significant number of CCC [4].

Therapeutic options for CCC currently remain very
limited. Besides surgery, the use of chemotherapy is still
a matter of intense debate with many arguing for best
supportive care as the standard of treatment [5].
Recently, targeted therapies have become novel thera-
peutic options in a variety of diseases. For example
the multityrosine kinase inhibitor sorafenib was the first
drug to significantly improve overall survival in hepato-
cellular carcinoma (HCC), previously regarded as resis-
tant to conventional chemotherapeutic strategies [6].
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Numerous individual genes have been studied with
respect to their level of expression in liver tissue. How-
ever, the overall picture is still undefined and general
rules or factors regulating gene expression in the liver
have not yet been established [7]. A vast number of
genes have been reported to be involved in cancer devel-
opment [9]. With this sheer number of genes the overall
neoplastic risk has been suggested to be influenced
rather by a much lower number of essential (physiolog-
ical) pathways [8,10]. Thus, we performed a genome-
wide analysis of genetic factors involved in CCC
development.

2. Material and methods

2.1. Data aquisition and accessibility

In order to establish a comprehensive dataset on genetic associa-
tions of CCC, the complete PubMed database, currently containing
approximately 17 million publications, has initially been searched by
means of MeSH terms for abstracts containing the terms ‘‘CCC”, ‘‘bil-
iary tract cancer”, ‘‘gallbladder cancer”, ‘‘cholangiocellular carci-
noma” and ‘‘cholangiocarcinoma”. Subsequently, the extracted
abstracts were searched for the official gene names of the Human Gen-
ome Organiszation (HUGO, http://www.hugo-international.org/)
including all alias gene names obtained from the NCBI Gene Website
as well as the corresponding murine gene names also from NCBI [11].
This strategy revealed 13710 abstracts assumed to potentially describe
genetic associations in CCC development. Subsequently, these publica-
tions were individually and manually validated for genetic associa-
tions, leaving 236 confirmed potential genetic associations for CCC
development. Publications included not only genetic association stud-
ies (case-control studies), but studies associating genes and cholangio-
carcinoma in general, i.e. functional studies in cell lines, genetic studies
in humans, knockout mice etc. These genes as well as the genes regu-
lated in the microarray experiment by Obama et al. [12] were desig-
nated ‘‘CCC associated” in this paper. Finally, validated information
was stored in our publicly available database, Library of Genetic
Associations (http://www.medicalgenomics.org/databases/loga/news,
Fig. 1).

2.2. Microarray data

Microarray data were obtained from the microarray experiment by
Obama et al. as published (http://www.interscience.wiley.com/jpages/
0270-9139/suppmat/index.html, [12]). Of these, 51 upregulated and
324 downregulated genes could be assigned an individual gene ID
and thus were then available for automated analysis. Genes/EST not
being assigned an Entrez Gene ID were mostly EST of unknown func-
tional relevance.

2.3. Automated analysis

As for many genes multiple alias names exist, we had to address
each gene with the gene-ID provided by the NCBI Entrez website
[11]. For some genes, generally uncharacterized genes, unique IDs have
not yet been assigned. Thus, after matching individual Entrez-Gene-
IDs to the individual genes we obtained a gene set of 601 genes for fur-
ther automated analysis, 592 of which were available for WebGestalt
(see [13]) analysis as they had an individual gene name assigned and
the associaton with CCC was found in human tissue. As for those
genes not having an Entrez-Gene-ID, no functional information was
available, we did not expect the removal of a few genes from the gene
set to be critical for our further functional analysis.

2.4. Gene set analysis

Gene set analysis of the PubMed isolated gene sets and microarray
gene sets as well as the complete data set were performed using the Web-
Gestalt Toolkit [13]. For comparison to reference collectives, we selected
the human reference gene set ‘‘WEBGESTALT_HUMAN”. For statis-
tical testing choice was left on ‘‘no preference”. Due to the strictly human
reference gene set, we discarded genes that had only been demonstrated
in mouse or rat to be associated with CCC from this analysis. As these
were only four genes confirmed in rat 3 in mouse, and 1 in hamster we
did not expect this to be critical to the analysis.

2.5. Analysis of genetic association with hepatocellular

carcinoma (HCC)

In order to be able to investigate genetic associations for hepatocel-
lular carcinoma, we repeated the same selection strategy as for CCC.
MeSH terms were ‘‘Hepatocellular” [MeSH] OR ‘‘hepatocellular carci-
noma” OR ‘‘HCC” OR ‘‘hepatoma” OR ‘‘liver cancer” OR ‘‘primary
liver cancer” OR ‘‘liver tumor” OR ‘‘liver carcinoma” OR ‘‘primary
liver cancer” OR ‘‘hepatic tumor”. We identified 608 confirmed human
potential genetic associations for HCC. The validated associations
were stored in our publicly available database (www.medicalgenom-
ics.org/databases/loga/news).

Microarray data were provided by Lee et al. and had previously
been published [14,15].

3. Results

3.1. Chromosomal distribution

To identify genetic hotspots we analyzed the chromo-
somal distribution of the genes associated with CCC.
Looking at the complete list of genes, these were found
to be evenly distributed. An exception to this was the
Y-chromosome which contained only two of these
genes. Also at Chromosome 17 a regional accumulation
of CCC associated genes was observed. However, none
of these genes were neighbouring one another. This gen-
eral distribution pattern was observed in all three sub-
groups of the complete list, the PubMed extracted
genes and the array of up/downregulated genes (Fig. 2).
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Fig. 1. Schematic drawing of the data acquisition process. Identified

potential genetic associations to CCC development were made publicly

available through the LoGA data base (www.medicalgenomics.org/

databases/loga/news). [This figure appears in colour on the web.]
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