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Motivation and Objectives

The rapid expansion of the biomedical knowl-
edge encoded in the scientific literature is prov-
ing to be a maijor bottleneck for the progress
of biomedical sciences. It is increasing difficult
even for the best experts to keep frack of all rel-
evant information pertinent to their domain of
interest. It is becoming therefore imperative o
explore solutions based on advanced text min-
ing technologies in order to identify and extract
the most relevant nuggets of information from
the vastness of the literature.

Methods

The OntoGene system (http://www.ontogene.
org/) is an advanced NLP-based pipeline capa-
ble of efficiently processing large quantity of tex-
fual documentation and extracting from it spe-
cific items of information, and in particular the
biomedical entities of interest to the user, and
their relationships.

Biomedical terminological resources can be
leveraged for construction of large-scale knowl-
edge bases. One example is KOBOB (Knowledge
Base of Biology), a large RDF store based upon
17 prominent biomedical databases (Bada et al,
2011). Similar kinds of infegrafed data networks
can be used for knowledge discovery purposes
through usage of semantic web technologies
(Chen et al, 2009). In our own work we have used
such databases as knowledge sources for the
process of semi-automated information extrac-
fion. In the rest of this section we describe the
OntoGene Text Mining pipeline which is used to
(a) provide all basic preprocessing (e.g. tokeni-
zation) of the target documents, (b) identify all
mentions of domain entities and normalize them
to database identifiers, and (c) extract candi-
date interactions.

We use in particular the following resources
as terminology sources: UniProt Knowledge base
(proteins), NCBI Taxonomy (species), Proteomics
Standards  Inifiative  Molecular  Interactions
Ontfology (experimental methods), Cell Line
Knowledge Base (cell lines), UMLS (diseases), etc.

Terms, i.e. preferred names and synonyms, are
automatically extracted from the original data-
base and stored in a common internal format,
together with their unique identifiers (as obtained
from the original resource). An efficient lookup
procedure is used to annotate any mention of
a term in the documents with the ID(s) to which it
corresponds. A term normalization step is used to
take into account a number of possible surface
variations of the terms. The same normalization is
applied to the list of known terms atf the begin-
ning of the annotation process, when it is read
infto memory, and to the candidate terms in the
input text, so that a matching between variants
of the same term becomes possible despite the
differences in the surface strings (Rinaldi et al,
2008).

The system combines mentions of relevant
domain entities (and their corresponding unique
identifiers) from the same syntactic contfext in
order to create candidate interactions. An initial
ranking of the candidate relations can be gener-
ated on the basis of frequency of occurrence of
the respective entities only. This ranking is further
refined using a syntax-based approach, which is
based upon an accurate parsing of all the sen-
tences of the tfarget document, and a machine
learning approach which makes use of a maxi-
mum entropy classifier to boost candidate enti-
fies and interactions on the basis of the global
distribution of information in the original data-
base (Rinaldi, Schneider, et al, 2012).

Results and Discussion

The results of the text mining system are presented
to the user through an intuitive and user-friendly
interface, called ODIN (OntoGene Document
Inspector). The ODIN interface allows the user to
inspect entities and relationships identified by the
text mining system, and see them in the context
where they were originally found.

For example, the figure below shows an im-
plementation of ODIN customized for curation
of the Comparative Toxicogenomics Database
(CTD, Mattingly et al, 2006). The left panel shows
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Cyclophosphamide enhances anti - tumor effect of wild - type p53 -
specific CTL .

Abstract The _tumor suppressor protein p53  is overexpressed in up to 50 % of all
human malignancies , both in solid tumors as well as hematological malignancies
and is therefore an attractive target for immunotherapy . We have recently shown that
cytotoxic T lymphocytes (| _CTL_ ), raised in _p53  gene deficient ( p53 -/ -) _mice
and recognizing a murine wild - type { wt_ ) p53 peptide , were able to eradicate a
mutant _p53 - induced  and overexpressing turmor in p53 +/+ nude _mice .
These CTL also prevented the outgrowth of a_more aggressive p53 -
overexpressing tumor in immunocompetent C57BL / & mice . Importantly , this
occurred in the absence of demonstrable damage to normal tissue . Possibly due to the
aggressive nature of the latter tumor , adoptive transfer of wtp53 - specific CTL  did
not result in the eradication of established tumors |, eitherin _nude or
immunocompetent _mice . Therefore , we explored whether the cytotoxic drug
cyclophosphamide { _CY ) could potentiate the therapeutic activity of wtp53 - specific
CTL_.We show here that CY_acts synergistically with adoptively transferred wtp53 -
specific CTL in controlling the growth of an aggressive mutant p53 - induced  and
overexpressing tumor . Previously described mechanisms underlying the synergism
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between CY_ and immune T cells were evaluated , but were not found to be
operational in this model .
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Figure 1: ODIN: the OntoGene curation interface in the CTD application.

the original document, with entities underlined
and color-coded (green: chemicals, yellow: dis-
eases, blue: genes). The right panel shows the
candidate relationships identified by the system.
Selecting one of the interactions will highlight in
the document the information that was used by
the system to propose that interaction.

The results (interactions in this case) are pre-
sented according to a ranking which is based
upon a score reflecting the confidence of the
system in a given proposed interaction, thus al-
lowing the user o stop inspecting them at an op-
fional confidence threshold. The user can with a
simple click then confirm or reject a candidate
interaction. Additionally, all entities are easily ed-
itable, allowing correction of annotation errors.

The OntoGene pipeline has been applied to
several Information Extraction tasks. In the con-
text of the BioCreative challenges (Krallinger et
al 2008), the system was capable of achieving
the best results in extracting mentions of protein-
protein interactions (2009) and mentions of ex-
perimental methods for protein interaction de-
tection (2006).

Recently the systemm has been adapted
for an experiment in assisted curation for the
PharmGKB database (Klein et al 2001). This
experiment, conducted in collaboration with
PharmGKB curators, has lead to interesting re-

sults showing the reliability and usability of the
system (Rinaldi, Clematide, et al, 2012).

In the “triage” task of BioCreative 2012 (rank-
ing of documents according to relevance for
the curation process of the CID database),
once again the OntoGene system obtained
the best overall results among the participants
(Rinaldi et al, 2013).
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