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Abstract: Background: Disruption of the cell process by inappropriate modifications at the epigenetic level, together with 

chromatine rearrangements and mutations result in abnormal regulation of gene expression in cancer. Collection and inte-

gration of molecular data related to cancer onset and development should improve the understanding of oncogenesis as 

well as facilitate prevention and risk assessment. The aim of this work is to complement existing database and data mining 

provision on human pathology epigenetics, by supporting access to colon cancer-related knowledge from both phenotype 

and molecular phenomena association viewpoints.  

Description: We developed StatEpigen: an integrated and highly specific web-based resource predominantly based on 

manual annotations, that provides users with information on associations between epigenetic phenomena and other crucial 

molecular events, such as abnormal gene expression and mutation, in colon cancer-related phenotypes. The main charac-

teristic of the resource is access to frequencies of occurrence of molecular events, or associations of these, for a wide 

range of detailed colon cancer-specific phenotypes, with a particular interest on cancer initiation. The resource integrates 

data from published references and provides access to annotated information through a query, data visualisation and inte-

gration interface, with statistical features designed to highlight molecular event associations that may be significant at cer-

tain stages of oncogenesis. 

Conclusion: The integrated resource presented here is a detailed and focused framework of curated data targeting colon 

cancer. Capturing knowledge on how epigenetic phenomena are associated with other important molecular features of co-

lorectal cancer, the resource can be seen as a novel add-on to the large scale database provision in this area. It is available 

at the following URL: http://statepigen.sci-sym.dcu.ie. 
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BACKGROUND 

 Links to epigenetic signatures, such as DNA methylation, 
histone modifications and changes in chromatin, have been 
established in cancer [1-7], in autoimmune disorders [8] and 
neuropsychiatric disorders [9, 10], in response to stress [11-
14] and also in the ageing processes [1, 2, 8]. Epigenetic 
signatures match often to differential or abnormal gene ex-
pression profiles, with epigenetically triggered silencing or 
over-expression of genes described in recent work [15-19]. 
Of particular interest are epigenetic phenomena and related 
molecular features which occur during very early stages of 
disease initiation, since understanding these improves poten-
tial for developing strategies for early diagnosis [20, 21]. 

 Colon cancer is one of the most common malignancies 
worldwide, particularly prevalent in the western world. As it 
is a pathology that usually develops very slowly, in a step-
wise manner [3], data are available for a whole series of in-
termediary stages of the disease, providing insight on the 
developmental dynamics. These data are particularly valu-
able for risk assessment and early diagnosis, as there is 
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no curative treatment for all stages of colorectal cancer [22]. 
Recent research [18, 19] shows that epigenetic abnormalities 
(such as DNA methylation) play a very important role in 
colon carcinogenesis. While large amounts of epigenetic data 
are becoming available on colon cancer, systematic synthesis 
of these is lacking. Clearly, with growing knowledge on mo-
lecular processes in disease epigenomes, complexity of ma-
nipulation and interpretation increases, and formal represen-
tation, straightforward computational access and improved 
ability to systematically manipulate and analyse this infor-
mation is vital [23]. 

 Efforts to meet these needs are ongoing and several can-
cer epigenetics-oriented resources already exist. MethCan-
cerDB [24] focuses on gene-centred CpG island information 
and experimental design in order to assist researchers in as-
say planning. MethyCancer [25] integrates data on CpG is-
land clones and global CpG island predictions, DNA methy-
lation and gene expression data (from CGAP

1
 and UniGene 

[26]). PubMeth [27] focuses on methylation frequency of 
cancer samples based on automatic, followed by manual, 
annotation without systematically distinguishing between 
cancer subphenotypes.  

 There is, to our knowledge at the current time, no re-
source, which incorporates information on epigenetic events, 

                                                
1http://cgap.nci.nih.gov/ 
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such as loss of imprinting and histone modifications. Addi-
tionally, current literature on genetic-epigenetic interactions 
is growing steadily, but remains largely qualitative, “patchy” 
and widely dispersed, lacking in systematic organisation. 
Relationships between epigenetic and genetic events are 
largely undefined within existing knowledge systems, but are 
crucial to understanding the dynamics and the cause/effect 
mechanisms of pathology initiation [28]. In evaluating mark-
ers for early detection and prognosis, it is important to know 
what factors may affect the accuracy of a marker and in 
which subpopulations the marker may be more accurate [20]. 
Thus, many references which describe frequencies of occur-
rence of molecular events, also describe frequencies of oc-
currence of an event in subpopulations, defined by the pres-
ence of another molecular event. Direct access to this kind of 
information via on-line resources is important. Furthermore, 
articles on sample epigenomes, reporting variability accord-
ing to various subphenotypes (based on histologies, subhis-
tologies and clinicopathological factors) are becoming in-
creasingly common. Without this being captured in computa-
tional resources, these datasets remain fragmented and have 
limited potential for future exploitation. 

 Epigenetic models for pathologies such as colon cancer 
are essential to pinpoint underlying biological process 
mechanisms and predicting disease behaviour. The StatEpi-
gen idea stemmed from the need for a clean set of data, 
needed to drive dynamic probabilistic models, at a molecular 
level, of cancer onset and progress. After investigation of 
data sources available, it became clear that published genetic 
/ epigenetic quantitative interaction data existed mostly as 
primary literature and, consequently, was largely inaccessi-
ble for computational investigation. Thus, StatEpigen was 
designed to complement existing resources, such as PubMeth 
[27], MethCancerDB [24], MethyCancer [25], COSMIC 
[29], specifically with respect to gaps highlighted above. The 
system is based on a collection of epigenetic and genetic 
statistical information on colon cancer and associated pheno-
types. Data on other cancers are also gradually being incor-
porated. The resource focuses predominantly on early stages 
of disease, investigating occurrence of abnormal molecular 
events in such early phenotypes as premalignant mucosa, 
aberrant crypt foci, adenomas, polyps and others. The inter-
est is on how epigenetic events (such as CpG island hyper- 
and hypomethylation, various histone modifications, loss of 
heterozygocity etc.) are correlated with: 

- each other. 

- other molecular events such as gene expression, vari-
ous types of mutations and polymorphisms. 

- more complex molecular signatures such as MSI (Mi-
crosatellite Instability), CIMP (CpG Island Methyla-
tor Phenotype) and others. 

- simultaneous molecular events; i.e. combinations of 
event types (as above), which occur simultaneously in 
the same samples. 

For this reason, we have targeted the following types of 
datasets: 

- molecular events and their frequency of occurrence, 
given the phenotype of the analysed samples. 

- molecular events and their frequency of occurrence in 
sample subsets, characterised by another distinct mo-
lecular event which occurs in all analysed samples of 
a subset of given phenotype. These records are re-
ferred to as “Conditional Events” and are an impor-
tant feature in this resource. 

CONSTRUCTION AND CONTENT 

Scientific Literature Curation and Annotation 

 Manual annotation is currently recognised as a major 
component of the gold standard in biological annotation. 
References containing data of interest for StatEpigen are first 
selected from PubMed using a keyword search. The query 
involves 4 categories of keywords: (i) related to the organs 
affected, (ii) related to colon cancer-associated phenotypes 
(histologies, subhistologies, type of cell abnormalities and 
possible pre-existent conditions), (iii) related to epigenetics 
(including aberrant methylation, histone modifications, 
chromatine abnormalities) and (iv) indicative that the refer-
ence may contain statistical information on both epigenetic 
alterations and associations between epigenetic alterations 
and other molecular features related to oncogenesis. The 
PubMed query is based on a preliminary colon cancer litera-
ture study and retrieves ~ 180 abstracts per year. This num-
ber has the tendency to increase slightly each year (e.g. 194 
hits in 2008 versus 180 hits in 2007). The retrieved abstracts 
are manually examined and 60% on average are found rele-
vant for this specific database. The selected papers are then 
assigned a curation priority index. Papers containing novel 
information or very rich in relevant information are given 
high curation priority indexes and assigned to a rapid cura-
tion queue (~ 35% of all abstract-selected papers). The pa-
pers with lower curation indexes are assigned to a slower 
curation queue. At present, StatEpigen contains information 
from about 270 papers belonging to the high interest group 
and having been published between 2000 and 2010. Nor-
mally, information is added to the database in a year-wise 
manner. For example, manually curated information from 
papers published in 2009 is included in the public database 
in 2010. Work on the slow curation group papers continues.  

 Manual data curation is performed using a specifically 
implemented curation editor (password protected

2
). The tar-

get curation unit is the molecular event with its associated 
frequency of occurrence. After examination of the informa-
tion in full text, the phenotypic, epigenetic and genetic data 
are extracted and checked against the database via the editor 
to verify if currently present in the system. If the information 
is absent, the editor is used to allocate internal accession 
numbers for new objects such as genes, various types of mo-
lecular events and phenotypes. Genetic information is sys-
tematically mapped to stable identifiers from public data-
bases UniProtKB [30] and Ensembl [31]. These data and 
sample-related information are then used to create the main 
records of the system, i.e. frequencies of Simple and Condi-
tional Molecular Events. 

 The choice of manual annotation, as opposed to auto-
matic annotation, is due to the complexity of data-types re-
searched on the one hand (correlation of a molecular altera-
tion of interest with other molecular alterations), as well as 

                                                
2Request for access can be obtained on an application. 
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the current limitations of text-mining algorithms on the 
other. For example, the main information targeted here - 
conditional molecular events - are given in various formats, 
usually in tables, which differ from one reference to another. 
Also, a large amount of information is in display form, e.g. 
figures and photos of gels corresponding to assays. This in-
formation is only amenable to manual curation.  

Database Provision 

 The curated data are incorporated in a purpose-designed 
database, implemented in MySQL, which follows a rela-
tional schema, generated according to an expert assessment 
of the data structures encountered in the literature. Efforts 
have been made to design a data model, which supports ex-
tension and refinement, in order to incorporate additional 
details as new data are published. The knowledge base is 
necessarily designed to be robust, to support the variable 
data classifications from the published literature, and to al-
low for evolution of others. For example, StatEpigen sup-
ports quantitative data, obtained using various methods of 
methylation quantifying.  

Web-Based User Interface 

 A web-based user interface http://statepigen.sci-
sym.dcu.ie provides fast data access and dissemination, as 
well as straightforward querying and result display facilities. 
The user interface for StatEpigen employs a design, imple-
mented in PHP, Javascript, HTML and CSS.  

Data Structures in StatEpigen 

 While the entity-relationship diagram of the database is 
given as supplementary material, two data structures of 
StatEpigen are looked at more closely here. 

Frequencies of Molecular Events 

 At the core of the data model are the molecular events 
themselves (epigenetic and genetic) with their associated 
frequencies in various samples. Based on these, two main 
data structures are derived:  

- Simple Molecular Event records: the incidence of a mo-
lecular event for a given phenotype.  

- Conditional Molecular Event records: the incidence of a 
molecular event (the measured feature) in a subset of sam-

ples of specified phenotype, characterised by another mo-
lecular event (the condition feature).  

 A Simple Event record contains information about the 
molecular event itself, such as: name, name of the associated 
gene (where appropriate), event details (specification). Fur-
ther, the record gives statistical information related to the 
event, including the number of samples analysed, event oc-
currence in the samples, any qualitative or quantitative in-
formation available on the event, and phenotype-related in-
formation. The status of the event refers to qualitative infor-
mation about it and is determined by the assay used (as de-
scribed in the specific reference). For example, a paper may 
describe only the detection or give semi-quantitative details 
about an event, such as whether its intensity of methylation 
is high or low. Other articles give extensive quantitative de-
tails on the analysed molecular events. This is dealt with by 
the fields "Quantified" and "Units", giving the quantification 
of the event and its respective units (which depend on the 
assay). Finally, the record fields also give the phenotype of 
the samples (see next section), and the PubMed ID of the 
reference. Fig. (1) shows an example of three Simple Event 
records, for three different sets of colon adenoma samples, 
which have been verified for adenomatous polyposis coli 
(APC) promoter hypermethylation. 

 A Conditional Molecular Event record is very similar to 
that for a Simple Molecular Event, but incorporates a further 
condition, based on another event, known to take place in all 
analysed samples. As for a Simple Event, a Conditional 
Event record gives qualitative and/or quantitative informa-
tion on an event (measured feature), its frequency, the num-
ber of samples analysed, information about the phenotype of 
the analysed samples and the PubMed ID of the reference. 
The only difference in this case is that all the samples are 
characterised by another molecular event (condition feature), 
hence all information about this feature is also incorporated 
and displayed.  

 Fig. (2) gives an example of three Conditional Event re-
cords. Here, the frequency of APC hypermethylation (meas-
ured feature) is verified in three different subsets of adeno-
mas, for which other molecular events, such as MGMT, 
CDKN2A p14 and p16 promoter hypermethylation (condi-
tion feature options) are known to take place in all analysed 
samples. Note how APC hypermethylation takes place more 

 

 

 

 

 

 

 

 

Fig. (1). Example of Simple Molecular Event records: APC promoter hypermethylation. All phenotypes are colon adenomas with various 

subhistologies. The annotation ‘sporadic, -’ for the origin field means that the adenomas are either sporadic, or have unspecified pre-existing 

conditions. The records have been obtained by performing an “Advanced Search”, filtering by early tumours such as adenomas, and the APC 

gene. Only the first three rows of the search result have been illustrated here and the empty columns have been eliminated from the figure for 

convenience. 
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often in these samples than in those presented in Fig. (1), 
showing how the occurrence of APC promoter hypermethy-
lation is biased by other molecular signatures in the cell. 

Phenotypes 

 An important feature of this resource is visualisation of 
molecular events in the context of various intermediary 
stages of disease; hence, an appropriate detailed phenotype 
classification is specified. A phenotype is described here by 
the following components: histology, subhistology, dyspla-
sia, origin, type of cancer. While most of these characteris-
tics are straightforward, some clarification on what is meant 
by “origin” may be needed. Given the cancer context, it is 
useful to distinguish different ways that a tumour originates. 
For example, while most colon tumours are sporadic, others 
are associated with previously existing conditions, such as 
hereditary manifestations [32], Peutz-Jeghers Syndrome 
[33], Ulcerative Colitis [34, 35] and others. The “origin” 
field captures this information, when available. Both disease 

and normal phenotypes are included in StatEpigen. Related 
to normal phenotypes, the resource distinguishes samples 
from healthy organs and healthy-appearing tissues adjacent 
to tumours. This distinction is important since epigenetic 
profiles from healthy samples may differ from those in ap-
parently healthy samples surrounding tumours [35, 36], a 
phenomenon known as “field effect” [37].  

 In addition, data on more than 100 cancer cell lines are 
available in StatEpigen. Each distinct cell line is considered 
as a separate phenotype. Work is also in progress to annotate 
StatEpigen with existing ontologies. Further details are given 
in the Discussion section. 

UTILITY 

Querying Interfaces 

 StatEpigen queries can be formed in a number of ways, 
which are schematically represented in Fig. (3). 

 

 

 

 

 

 

 

 

 

Fig. (2). Example of Conditional Molecular Events: APC promoter hypermethylation given that another event takes place in all analysed 

samples. All-sample events are: MGMT, p14 and p16 promoter hypermethylation, respectively. The given records have been obtained from 

the search used to obtain the records from Fig. (1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. (3). Diagram representing the types of search available in StatEpigen. 
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Advanced Search 

 The main querying feature of StatEpigen is “Advanced 
Search”. This search allows filtering both by colon cancer 
phenotype and also by genes and molecular events (Fig. 4). 
Browsing is performed by selecting from a number of tabs, 
including origin, histology, subhistology, dysplasia, clinico-
pathological factors and genes / molecular events. This al-
lows filtering by tumour origin and by histology / subhistol-
ogy: the interface here contains both common and less com-
mon histologies and subhistologies. In addition, this search 
permits verification of promoter methylation in stool, serum 
and other biological samples [5, 38-42]. This kind of analy-
sis is valuable, allowing methylated genes to be explored as 
markers for improving screening for colorectal cancer [38]. 
In Fig. (4), filtering is carried out according to origin in the 
first tab of the “Advanced Search” interface, and can then be 
refined by histology / subhistology choices, (tabs 2 and 3). 
The user can also decide to filter only the records, which 
have been analysed according to clincopathological factors, 
(tab 4). Most studies on molecular determinants of cancer 
verify whether the clinicopathological factors separate a 
sample in subsets with different molecular event frequencies. 
For example, Lee et al. [43] found that separating samples, 
according to colon location, shows a significant difference in 
the frequencies of the methylation of DAP-kinase, E-
cadherin and CDKN2A (p14) genes. For this reason, we 
have annotated data according to clinicopathological factors, 
and have implemented this as a separate querying option. 
When an “Advanced Search” query is performed and the 
“Clinicopathological Factors” option is checked, data not 
containing clinicopathological factor annotations are ex-
cluded, to prevent biased summary and statistics computing 
downstream.  

 Finally, one can filter according to a gene and/or molecu-
lar event of interest, (tab 5).  

 By clicking on “Validate Selection”, the query is submit-
ted and the number of available Simple and Conditional 
Events are displayed to the terminal. At this point, two op-
tions are possible, (Fig. 5): 

i. To Consider the Retrieved Data 

 The user can choose to visualise the data in details by 
clicking buttons “See Simple Events” and/or “See Condi-

tional Events”, (Fig. 5). This allows tables of database re-
cords to be displayed, sorted by column (according to the 
gene, name of molecular event, histology etc.), selected / 
unselected for downloading and pipelined for subsequent 
analysis. The retrieved data format is as given in Fig. (1) for 
Simple and Fig. (2) for Conditional Events. The “Summary 
and Statistics” button provides access to a page allowing to 
summarise the retrieved results and to visualise the results of 
further statistical comparisons between molecular event oc-
currences in different sample types.  

ii. To Refine the Query 

 Revert to the querying form(s). The previous filtering 
choices are memorised by the system and visible to the user.  

 For example, suppose that the user is interested in the 
behaviour of the APC gene in early pre-invasive colon le-
sions. It is widely known that APC mutation is an early event 
in colorectal tumorigenesis [44]. As the occurrence of muta-
tions in various genes is known to be inter-related with epi-
genetic disregulations [45], all events and possible correla-
tions will be searched for the APC gene. Thus, filtering by 
both phenotypes and genes is necessary. An advanced search 
is performed for adenomas and polyps (in samples with no 
associated pre-existing condition

3
) and the APC gene. Fig. (1 

and 2) are table extracts from the retrieved results. 

Search by Cell Lines 

 Data on more than 100 colon cancer cell lines are avail-
able in StatEpigen, permitting good integrated profiles of 
cell line cancer-related pathways to be visualised, using the 
option “By Individual Cell Lines”.  

Summary and Statistics Tools  

 Each time a colon cancer focused search is performed, 
data summarisation and statistics options are available, (Fig. 
5). For example, results on occurrence of a molecular event 
in a given phenotype are often available from more then one 
source. Of potential interest, especially when each individual 
set of samples is small, is to compute the occurrence of the 

                                                
3These include the following: i) specifically sporadic samples, ii) datasets where 
samples associated with pre-existing conditions were explicitly excluded from the 

study by the authors, iii) samples for which the reference does not specifically mention 
any associated pre-existing conditions.  

 

 

 

 

 

 

 

 

 

 

 
Fig. (4). Illustration of the StatEpigen menu displaying the available search options (left) and the “Advanced Search” tabular interface 

(right). 
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event, taking into consideration a number of available sets of 
samples. The “Summary and Statistics” option is intended to 
summarise and group together all records which give infor-
mation on a unique event, in order to help the user with data 
visualisation. This brings together results from a list of 
sources, (which are easy to trace back), allowing for pooled 
frequencies of the molecular events to be computed for phe-
notypes of choice. The option also enables statistical tests to 
be carried out, to ascertain potentially correlated molecular 
events and significant differences in frequencies of event 
occurrence across phenotypes.  

 The options “Advanced Search” and “Summary and Sta-
tistics” are used to best advantage together, when focused on 
a particular molecular event/gene. For example, Simple and 
Conditional Events, related to the APC gene, are retrieved in 
both early non-invasive lesions (adenomas here) and carci-
nomas of colon. Clicking on “Summary and Statistics” will 
first give the listing of all phenotypes present in the retrieved 
results (Fig. 6). At this point, the user can (i) first pool avail-
able phenotypes into classes and then “See Summary” and 
see the pooled records for each molecular event by each 
newly defined phenotype class, or (ii) click “See Summary” 
and display the pooled records for each molecular event by 
each phenotype in the table (Fig. 5). 

i. Visualise Pooled Results by Phenotype Classes 

 StatEpigen uniquely defines each phenotype by its com-
ponents: origin, histology, subhistology, dysplasia and can-
cer type. Thus, e.g. tubular dysplastic adenoma is a different 
phenotype to villous dysplastic adenoma, because the “sub-
histology” component is different. However, clinical re-
searchers may wish to define their own phenotype classes, 
e.g. to compare all adenoma types against all carcinomas. In 
Fig. (6), all carcinomas (both poorly and well differentiated) 
have already been merged to a class (id=10) and all early 
non-invasive tumours are selected for merging. A new phe-
notype class, which includes finer-grained phenotypes such 
as tubular, serrated, villous and other adenomas, is obtained 
by clicking “Merge Checked Phenotypes”. The newly de-
fined class is given an id, from the first row of the list of the 
merged phenotypes. Hence, in merging the early-invasive 
tumours from Fig. (6), the new phenotype class receives the 
id 39, resulting in two final classes: 10 (carcinomas) and 39 
(adenomas).  

 Fig. (7) illustrates how Simple Events related to the APC 
gene have been pooled, both for adenomas and carcinomas. 
For example, APC abnormal methylation occurs slightly 
more often (46%) in early non-invasive tumours than in

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Data visualisation and analysis flow diagram. Data can be downloaded in comma separated format and Cytoscape format (for sum-

marisation data only). Cytoscape [46] is used to graphically represent static gene interaction, molecular pathways and protein interaction as 

networks. It can also be used to represent associations between molecular events. More details and an example are provided in the “Help” 

section of the website. 
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Fig. (6). List of distinct phenotypes for early non-invasive colon tumours (adenomas), found by advanced search, as described in example 

from the text. The rows are checked in order to merge into one composite phenotype. The un-checked row was obtained after merging three 

distinct phenotypes of carcinomas (poorly differentiated, well differentiated and with unspecified subhistology). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). Pooled records, sorted by gene and phenotype. Shown are the 7 rows of the integrated records table, obtained with two composite 

phenotypes: id=39 – colon adenomas and id=10 – colon carcinomas. The p-values relate to comparison of frequencies of occurrence of mo-

lecular events in the two different phenotypes and are obtained applying the 2

1
 test. To show for which pairs of rows, (hence couples of phe-

notypes), the p-values are calculated, comments such as “1 & 3” (row labelled “1” compared to row labelled “3”) are given. As new data are 

continuously added to the database, the values for the pooled event frequencies are expected to slightly vary. 

carcinomas (35.4%), ( 2

1
 test, p=0.001). APC mutation is an 

early event too (~52,7%), but it seems to occur even more 
often in carcinomas

4
 (~64.3%), p=0.032. Loss of heterozy-

                                                
4Ideally, in order to perform statistical tests on pooled data, experiments using the same 
technology should be performed under the same conditions. The disadvantage of the 

present version is that it does not store assay methodology. However, here the data are 

pooled on the basis that most are obtained, using similar well-known methods, e.g. 
PCR-based techniques using bisulfite conversion, (predominantly MS-PCR), for meth-

ylation detection). These methods have good sensitivity and specificity; drawbacks are 
connected with the possibility of contamination of the analysed sample and obtaining 

false-positive results [21, 47]. As techniques to detect and quantify molecular events 
develop further, annotating records for assay methodology is likely to become impor-

tant, in order to support refined data pooling in future. This upgrade to StatEpigen is 
now being considered. 

gosity (LOH) on 5q shows a cumulative effect from ade-
noma to carcinoma (p=0.014). Fig. (8) shows the table for 
pooled Conditional Events. This table is of interest, because 
it provides statistical information on event associations. 
Rows 17 and 18 of this table clearly suggest that abnormal 
methylation constitutes a mechanism of APC gene inactiva-
tion. Further, APC abnormal methylation increases in fre-
quency in subpopulations where other promoters are also 
methylated, (namely MGMT, p14, p16): rows 30-37. Also, 
APC promoter hypermethylation appears to be associated 
with APC loss of heterozygocity (LOH) in carcinomas, 
(rows 1-2, 11-12) and as APC hypermethylation occurs early 
in tumour progression, this association applies to early tu-
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mours too. In Fig. (8) (rows 11-12), Fisher’s exact test was 
used to compare presence of 5q LOH according to APC 
promoter methylation status. Clearly, LOH on 5q occurs 
more often in samples with hypermethylated APC promoter 
(50% - see Fig. 8, row 11) than in cancer samples with un-
known APC promoter status (22.2% - see Fig 7, row labelled 
2), p-value=0.0096. The other way round can also be tested: 
rows 1-2, Fig. 8 show presence APC promoter hypermethy-
lation according to 5q LOH status. Here, APC hypermethyla-
tion occurs more rarely in samples with no 5q LOH (26,7% - 
see Fig. 8, row 2), than in cancer samples with unknown 5q 
LOH status (35.4% - see Fig. 7, row 3), p-value=0.0467. 
References [33, 48] acknowledge the association, suggesting 
that APC hypermethylation might be a second-hit mecha-
nism to silence APC on one allele after LOH silences the 
gene on the other one. Conversely, the information from 
rows labelled 13 and 14, Fig. (8), shows that APC hyper-
methylation appears very rarely together with APC muta-
tions, p-value=0.0248.  

ii. Visualise Pooled Results by Initial Phenotype Defini-

tions 

 Finally, we present an example, in which subphenotypes 
are of immediate interest, illustrating the value of defining 
fine-grained phenotypes. An “Advanced Search” on DAPK1 
promoter abnormal methylation in adenomas was performed 
and the “Summary and Statistics” option was applied with-
out merging. Fig. (9) shows values of DAPK1 promoter hy-

permethylation frequencies for carcinomas and 2 different 
subphenotypes of adenomas, according to clinicopathologi-
cal factors (left and right colon). For each distinct phenotype, 
a 

2
 test is performed to compare the frequency of the given 

samples with the samples from all the other available pheno-
types. All p-values, which are smaller than 0.1, are dis-
played. The 

2
 test confirms that the frequencies of DAPK1 

promoter hypermethylation are not uniformly distributed 
across the sample populations. Both for carcinoma and dys-
plastic low grade adenoma, the promoter of DAPK1 is sig-
nificantly more often hypermethylated in samples from right 
colon compared to samples from left colon. Also, there is no 
difference in the methylation frequencies in right colon dys-
plastic adenoma and carcinoma, suggesting that DAPK1 
methylation is an early event in the right colon. Conversely, 
hypermethylation of DAPK1 was found significantly less 
often in left colon dysplastic adenoma compared to left colon 
carcinoma (lines 2 and 5, p=0.0287), suggesting that for left 
colon, the given phenomenon even may occur later then in 
the right colon. In the case of serrated adenoma, the findings 
are different, with a high frequency of methylation in the left 
colon (line 4 - no difference to the frequencies in the right 
colon).  

DISCUSSION AND FUTURE DEVELOPMENT  

 StatEpigen, with its several thousand records from more 
than 270 references on colon cancer, together with its data 
querying, integration and visualisation interface, represents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (8). Extract from the table of integrated records for Conditional Events pooled for 2 composite phenotypes – colon adenomas (id=39) 

and carcinomas (id=10). The figure has been edited for convenience and a selection only of all existing records and columns is shown. The p-

value 1 relates to comparison of Conditional and Simple Event frequencies: e.g. frequency of APC hypermethylation in tumours with hyper-

methylated MGMT versus frequency of APC hypermethylation in general. A low p-value, highlighted in red, means that the frequency of the 

Conditional Event is significantly different to that for its Simple counterpart, (from Fig. 7). The 2

1
 test is used to compare proportions. The 

assumption of independence is respected on the basis that each Conditional Event sample is first removed from the corresponding pooled 

Simple Event record, and the test is thus performed on completely independent samples. To compare the frequencies in complementary sub-

sets (e.g. rows 1 and 2 or 11 and 12), the two-sided exact Fisher’s test is applied, giving p-value 2. 
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an effort to apply informatics tools beyond CpG island 
methylation and gene expression studies, in order to inte-
grate and comprehend molecular pathway steps in cancer 
initiation at a phenotype level. The new and unique features 
of the resource include a detailed description of phenotypes, 
(together with the option to integrate data by user-defined 
phenotype classes), the option of querying by clinicopa-
thological factors, by stool and serum samples and by normal 
samples, including normal samples adjacent to tumours at 
various stages and of various origins. The ability to query 
and visualise frequencies of molecular events, conditional on 
occurrence of other events, is also new and represents a step 
towards defining genetic/epigenetic signatures of colon can-
cer subtypes. Downloadable data sets make this resource 
useful not only for clinicians and experimentalists, but also 
for those interested in building stochastic models and apply-
ing bioinformatics methods. One example of a similar such 
resource is COSMIC (Catalogue of Somatic Mutations in 
Cancer) [29]. This is acknowledged as critical database for 
cancer researchers. Consequently, complementing mutation 
information with that for epigenetic-genetic interactions may 
be expected to provide a valuable contribution to investiga-
tion of pathways in cancer development. 

 Although manually curated databases have the advantage 
of a lower error rate [49], no data extraction technique has 
perfect accuracy [50] and there have been contradictory re-
ports about data quality in curated biological databases [51]. 
The error rate of StatEpigen was specifically calculated. To 
do this, two datasets were selected, the first containing sim-
ple events, the second conditional events, and each compris-
ing of the order of 400 records. The records where checked 
against the original references. Records with any aberration 
from the original information were considered as errors, (and 
corrected). At present, the estimated error rate on both sim-
ple and conditional events is 5%, which is comparable to the 
error rates of other biomedical resources [52]. In order to 

improve the data quality and avoid error propagation in the 
future, existing records of StatEpigen also pass through a 
second check; the new records are edited by one curator ini-
tially and then verified, corrected and validated by another 
curator. 

 A future aim of the project is to annotate StatEpigen with 
a formal, well-principled cancer phenotype ontology based 
on Open Biomedical Ontologies (OBO) Foundry [53]. The 
specific way, in which the phenotypes are defined in the re-
source, will allow implementation of automatic mapping to 
an existing ontology. Candidates include currently available 
ontologies of disease phenotypes, (e.g. Human Disease On-
tology, Human Phenotype Ontology). Although these do not 
encompass all phenotypes available in StatEpigen, additions 
are possible. Phenotype ontology annotation of the database 
will support integration and/or cross-referencing with other 
ontologies and databases. This representation of the specific 
phenotypes will help disease modelling and support subse-
quent project objectives, namely – optimisation of the exist-
ing data-mining interfaces of the resource and development 
of new ones.  

 The American Association for Cancer Research Human 
Epigenome Task Force and the EU Networks of Excellence 
Scientific Advisory Board, have outlined the computational 
challenges for a comprehensive human epigenome project 
[23]. According to these authors, such a project requires a 
strong bioinformatics platform, for which a priority is to es-
tablish a central large-scale relational database and web in-
terface, assisted by analytical and statistical tools, to present 
data to the scientific community. On the other hand, the ad-
vantages of relatively small specific resources like the one 
presented here is that they can remain detailed and specific. 
The longer term destiny of this type of resource relies on 
work targeted to incorporate them to the larger scale provi-
sion. StatEpigen is designed in a flexible manner so that it 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9). Shows information on DAPK1 promoter hypermethylation in carcinomas and various adenomas. The search was done according to 

clinicopathological factors, with the choices on right colon and left colon. 
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can be both optimised and developed further, but also inte-
grated to a central large-scale platform. 

CONCLUSIONS  

 The StatEpigen resource has been flexibly designed and 
implemented for multiple purpose usage. As such, it offers a 
quality integrated data source and can support a number of 
key requirements such as comparison between phenotypes, 
genes and epigenetic events, profile and signature search, as 
well as a basis for modelling. Its data-mining capability of-
fers useful tools to both clinical and bioinformatics research-
ers, while the resource as a whole has the potential to help 
identify and support future research directions.  

 As new data are incorporated into StatEpigen, frequen-
cies characterising molecular events and their correlations 
are continuously being refined and, as such, increase in value 
for statistical modelling, risk assessment and predictions. In 
the present version, data for cancers other than colon cancer 
provide a basis for comparison only, but future work to ex-
tend the resource to other pathologies is anticipated. Current 
work on the project is focused on completing the existing 
database with annotations on the assays used and on the die-
tary and environmental factors correlating to the molecular 
events, expanding StatEpigen to other gastrointestinal can-
cers and improving the data visualisation and data-mining 
interface. 
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