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Abstract
CoreKB is a web-based platform enabling users to search for reliable scientific facts concerning gene
expression-cancer associations over a medical Knowledge Base (KB). CoreKB provides a streamlined
interface for searching either using natural language queries or by exploiting structured facets providing
autocomplete facilities. It is designed to simplify information access and search of scientific facts targeting
healthcare stakeholders (i.e., clinicians, physicians, and researchers). CoreKB aims at presenting the user
a comprehensive overview of the scientific evidence supporting a medical fact, fully connected with
ontology-based entities and well-defined literature resources. In addition, CoreKB provides the user a
quantitative comparison of the possible gene-cancer associations related to a specific fact, thus enabling
users to assess the degree of agreement among the evidence support.
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1. Introduction

The World Health Organization has identified cancer prevention as a critical public health
challenge of the 21st century, with an estimated 32% increase in cancer cases by 20401. To
address this challenge, cancer research has increasingly relied on microarray and next-generation
sequencing technologies, generating vast amounts of experimental data on gene expression-
cancer interactions [2, 3], which is crucial for cancer diagnostics, prognosis, and therapies [4, 5].
However, the huge amounts of data and their heterogeneous nature poses hindrances to effective
analyses and secondary data re-use. In this regard, scientific literature is a critical source to
complement and validate this data. Nevertheless, extracting, combining, and interpreting
multiple scientific claims to produce an explanatory overview concerning a fact is a challenging
and time-consuming task [6]. Yet, it is crucial to shed a light on the subject and provide useful
insights – thus simplifying its comprehension, providing deeper understanding, and making it
more accessible.
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In this context, efficient and reliable methods to store and organize knowledge from various
sources have become increasingly important, and KBs have emerged as essential resources for
cancer researchers [7, 8]. KBs are designed to arrange structured information that can be used
to support data-driven research. To this aim, a graph-based representation is usually adopted;
it consists of nodes representing concepts/entities whereas the edges represent relationships
among them. Specifically, the Resource Description Framework (RDF) format can be used to
provide an accessible, interoperable, and machine-readable representation of the underlying
data that can be queried with SPARQL [9]. However, searching within KBs can be a challenging
task for multiple reasons. First, KBs may lack a fixed schema, making it difficult to comprehend
the organization of data and formulate SPARQL queries to extract the required information.
Furthermore, the absence of a fixed schema may result in uncertainty and confusion while
interpreting search results. Secondly, even for expert users, looking for specific information in
a KB via SPARQL queries can be cumbersome and time-consuming [10].

Moreover, the massive amount of information contained in a KB can pose hindrances in
locating and extracting specific data of interest. This is compounded by the technical nature
of the queries needed to retrieve the desired information, resulting in an additional layer of
complexity, especially for non-technologically savvy users [10, 11, 12].

Cancer research also relies on specialized KBs adopting domain-specific jargon, ontologies,
and terminologies resources with a large presence of complex terms, acronyms, and morphosyn-
tactic variants, thus making query formulation and effective search even more challenging [13].

As a consequence, researchers may encounter difficulties when attempting to retrieve infor-
mation of interest from KBs, thus limiting effective data discovery, re-use, and new insights.
Therefore, there is an urgent need for intuitive and user-friendly search applications [10] that
can facilitate and speed up the retrieval of relevant data over KBs.

To address these issues, we propose CoreKB, an easy-to-use web-based search platform
that builds upon one of the largest KBs containing fine-grained facts about gene expression-
cancer associations [14]. The KB comprises over 230,000 reliable and unreliable facts extracted
semi-automatically from the scientific literature by mining PubMed.

CoreKB is publicly available at http://gda.dei.unipd.it along with a demonstration video
(http://gda.dei.unipd.it/static/videos/demo.mp4) presenting its features. The platform provides
a streamlined interface for searching and exploring knowledge about gene expression-cancer
associations. CoreKB allows users to query the system using either natural language queries
or facets, enabling search for both entities and facts easily. In this regard, CoreKB provides
several features (e.g., infometrics and entity cards) to support specialized users, such as medical
researchers and clinicians, who are interested in searching for knowledge about gene expression-
cancer associations quickly and without requiring the exact terminology or entity identifiers.

As a distinctive trait, CoreKB embraces a fact-oriented approach, which aims at providing
users with a comprehensive overview of the key information concerning each fact. The overview
provided consists of aggregated data including (i) the gene class distribution among the sentences
extracted from the scientific literature; (ii) the number of supporting and conflicting sentences
(iii) and the number of supporting publications per year, enabling users to assess the consensus
supporting a fact. In summary, CoreKB offers a powerful platform for comprehensive knowledge
discovery in precision medicine.

http://gda.dei.unipd.it
http://gda.dei.unipd.it/static/videos/demo.mp4


2. Related Work

Despite the importance of providing a fact-level overview for a scientific claim – i.e., showing
aggregated information describing a scientific fact overall, by combining data coming from
several scientific publications and resources – most of the state-of-the-art methods and tools
only focuses on providing point-wise sentence-level information – thus not presenting the
big-picture understanding. CoreKB aims to fill this gap by providing a comprehensive, literature-
supported overview for each scientific fact. In this way, CoreKB differs from the approaches
described below.

DEXTER [15], a text mining method for extracting associations from scientific literature,
offers a basic search endpoint that requires users to search for gene-cancer pairs and does not
support natural language queries. OncoMX [16] provides a unified and user-friendly interface for
various datasets, but its literature mining capabilities are limited. OncoSearch [17] enables users
to search for sentences that mention gene expression changes in cancer and offers advanced
faceted search features. However, it lacks natural language search and does not provide entity
cards or infometrics to support evidence. DisGeNET [18] has a well-designed faceted navigation
system, but it only returns gene-disease associations at the sentence level, making it difficult
to establish reliable associations for gene-disease pairs at the fact level. Finally, BioKB [19]
provides access to the semantic content of biomedical literature but does not support natural
language search and focuses on exploring and visualizing the structure of the underlying KB.

3. COREKB Search Platform

Figure 1 shows, on the left side, the Knowledge Base Construction (KBC) system used to build
the large-scale KB on gene expression-cancer associations, whereas, on the right side, the
CoreKB architecture along with its components.

3.1. Knowledge Base Construction

To construct the KB that serves as the foundation for CoreKB, we employed a system that
collects text from scientific literature and processes it to obtain sentences. These sentences then
undergo Named Entity Recognition and Disambiguation (NERD) annotation, which identifies
gene-cancer pairs. The NERD annotations are then subjected to bootstrapping and deployment
processes. During bootstrapping, fine-grained relationships between entities are manually
annotated and used to (i) train Relation Extraction (RE) methods and (ii) populate the KB. In
the deployment process, the trained RE methods are used to automatically extract facts from
sentences and populate the KB.

Each fact in the KB is associated with a probability distribution that reflects the likelihood
of a specific gene-cancer association. These probabilities are used to perform reliability tests,
which determine whether facts are reliable or unreliable based on the quantity and level of
consensus of collected evidence. By adopting a probabilistic approach, the system can capture
the inherent uncertainty in scientific discourse and help users understand the strength of the
evidence supporting a particular gene-cancer association. The KB contains 23,879 genes and



Knowledge Base

Index

SERP

Researchers & Clinicians

Publish Search

Search 
Component

Business Logic
REST
API

CoreKB

Request Response

NERD + RE Reliability Testing + KB 
population

CORE System

Figure 1: A schematic representation of the KBC system (left side) together with the CoreKB’s archi-
tecture and its components (right side). The image was originally presented in [1].

11,530 cancer diseases, encompassing a total of 230,000 fine-grained facts. These facts are
supported by 1,037,845 sentences taken from 251,038 research articles [14].

3.2. Architecture

CoreKB consists of several components including (i) a React-based web interface for the front-
end; (ii) a Django-based business logic for the back-end providing support for REST APIs and
services; (iii) a PostgreSQL database aligned with an instance of the Virtuoso RDF triple store for
storing the KB data; (iv) a Redis server broker for efficient in-memory data store and access and
(v) a Python-based search component that performs NERD on entity mentions in user queries
and then performs a structured search in the database to retrieve the matching facts and the
related information. To this end, the search component relies on a Redis in-memory dictionary
of entities returning for each entity name and synonyms the corresponding unique identifier.

When a user-provided query is entered in the system, the search component assigns a score to
each entity that is maximum in case of an exact match or proportional to the number of matching
terms in case of a partial match. To avoid favoring long-named entities at the disadvantage
of those with short names, the score is discounted proportionally to the entity name’s length.
If a single entity is recognized, all the related facts are ordered by scientific evidence support.
Similarly, if multiple entities are identified, the facts regarding the most matching gene-cancer
pairs are promoted in the ranking of results. It’s worth noting that CoreKB is not limited to
human gene-cancer pairs, instead, it contains facts regarding any living organism. Nevertheless,



Figure 2: CoreKB Search Engine Results Page (SERP) for the query “erbb2 mammary neoplasm”. The
retrieved facts are organized as cards (A) providing information about the gene (3), cancer (4), and their
relationship (2). The fact illustrated in the figure is “ERBB2 is a biomarker for Mammary Neoplasms”
(1). Regarding this fact, there are 2588 supporting sentences and 868 conflicting sentences (7). The
supporting sentences indicate ERBB2 as a biomarker for Mammary Neoplasms whereas the conflicting
ones propose two different gene classes: oncogene (623 sentences in favor) and tumor suppressor (245
sentences in favor). Since the majority of the scientific evidence available propose ERBB2 as a biomarker,
the fact is considered reliable. Note that the gene ERBB2 is a human gene, as indicated between
parentheses (9).

human-specific genes are ranked on top.

3.3. User Interaction and Interface features

The CoreKB platform enables users to search for factual information related to gene-cancer
associations supported by scientific literature, as well as entities such as genes and cancer
diseases. Users can search using free-text or structured search facilities with autocomplete
features. The interface allows users to switch between the two search modes via the settings
menu and provides clickable sample queries to demonstrate the system’s capabilities. The search
results are presented in cards that display gene class, cancer label, statistics on supporting and
conflicting sentences, key examples of supporting and conflicting sentences, and bibliometrics



Figure 3: Landing page for the gene ERBB2. The interface consists of two cards; the first (A) reports
gene-specific information, while the second (B) shows the sentences where ERBB2 is involved, according
to the user-specified column filters and sorting. In the figure, only the sentences where BRAF is involved
as a biomarker are shown due to the filtering on the Gene class column (13). Gene/cancer mentions
are highlighted in the sentence text respectively in blue and orange. For each sentence, it is shown
information about the publication from which it is extracted, such as the PubMed URL, the journal
name (14), and the publication year (15).

on the number of supporting publications per year. The reliability of the fact is indicated by
a circle that is colored differently according to the informativeness and reliability of the fact -
i.e., green for reliable facts, gray for facts missing proper support, and red for unreliable facts.
On the right side of each fact card, specific information about the gene and cancer involved is
presented, including links to the corresponding entries in the National Center for Biotechnology
Information (NCBI)2 and Linked Life Data3 platforms. Users can access additional quantitative
and aggregated information on dedicated landing pages, including related facts and supporting
and conflicting sentences. The landing page for a particular gene displays all the available
information about the gene, including its symbol, full name, type, synonyms, designations,
summary, and gene class distribution for different cancer diseases. The sentences involving the
gene are presented in a table that users can filter and sort arbitrarily. Action buttons enable
users to expand or collapse each card and choose the columns to be shown in the sentence table.

Figure 3 shows the landing page for a given entity, that is, in this case the human gene ERBB2.
The interface comprises two major cards (A, B). The first card (A) displays comprehensive
information about the gene, including its symbol (1), full name (3), type (4), synonyms (5),
designations (6), last modified date (7), summary (8), and the gene class distribution – i.e., the
role of the gene in a specific gene-cancer association which can assume one of alternatives

2https://www.ncbi.nlm.nih.gov/gene/
3http://linkedlifedata.com/

https://www.ncbi.nlm.nih.gov/gene/
http://linkedlifedata.com/
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Figure 4: (A) Pop-up reporting the information concerning the sentence clicked in the table in Figure 3.B
by the user. (B) Landing page for the sentence corresponding to the permanent link identifier clicked by
the user.

oncogene, biomarker, tumor suppressor gene – for several cancer diseases presented both as a
textual statement (9) and depicted also in a horizontal bar chart (10). It is worth noting that all
the numbers reported in the textual statement are clickable and allows the users to visualize
on a new tab the specific gene-cancer associations of interest (e.g., for which cancer diseases
the ERBB2 gene is indicated to be an oncogene). To save space on the interface, long textual
information such as the gene summary is truncated by default, but it can be expanded or
collapsed by clicking on the dedicated button after the ellipsis.

The second card (B) provides a list of sentences related to the gene. The sentences are pre-
sented in a dynamic table that allows users to filter and sort them according to their preferences.
For instance, in Figure 3, only the sentences where ERBB2 is reported as a biomarker are dis-
played because of the user-provided value biomarker for the Gene class column (13). In case of
long sentences, users can either (i) resize columns; (ii) going over with the mouse on a sentence
to view the full sentence text in a small tool-tip or (iii) click on the sentence to visualize it in a
separate pop-up. Moreover, there are two buttons reported on the top-right corner of each card
so that users can expand/collapse each card alternatively to fit the full-screen size (2, 12) and
choose the columns to be shown in the sentence table (11).



Most of the information reported in the sentence table of Figure 3.B are clickable, including
(i) the sentence; (ii) the scientific fact; (iii) the gene; (iv) the disease; (v) the PubMed link to the
publication from which the sentence has been extracted and (vi) the publication journal. When
the user clicks on a sentence, a pop-up appears to show all the relevant information concerning
the sentence such as the sentence identifier, its textual content, the gene, the cancer disease,
and their relationship. Figure 4 shows the informative pop-up for the sentence’s fact “ERBB2 is
a biomarker for Stomach Carcinoma”, which is reported on top of the window card. Then the
pop-up reports other information concerning the sentence, the gene, the cancer disease, and
their association in separated collapsible menus. Each sentence and fact in CoreKB is univocally
identified with a permanent URL enabling point-wise access to the information specific for
an individual resource. Indeed, when the user clicks on the sentence identifier in Figure 4.A
the corresponding landing page for the sentence is shown, as depicted in Figure 4.B. Note that
in the landing page, users can access provenance information about the sentence, that is, the
PubMed URL to the original publication and a link to the corresponding journal entry in the
SCImago Portal4. Similarly, when users click on a fact the corresponding landing page for the
scientific claim is shown providing a holistic perspective enabling to assess overall the literature
consensus among the supporting/conflicting evidences.

4. Conclusions

CoreKB is a web-based search platform designed to provide users with reliable scientific facts on
gene expression-cancer associations. The platform offers natural language query support as well
as structured facet search features integrated with autocomplete facilities. As a distinguishing
feature, CoreKB focuses on presenting fact-oriented information rather than adopting a sentence-
level approach, where only single, independent results are presented. To this end, CoreKB
combines multiple aggregated information from several literature resources either supporting
or conflicting with the scientific claim of interest. This approach offers a comprehensive
overview of the scientific evidence associated with a given fact. Moreover, CoreKB provides
users with a quantitative comparison of the possible gene-cancer associations, making it easier
to determine if there is a consensus on a specific gene’s role. Although CoreKB focus is on gene
expression-cancer associations, its model can be adapted and reused to accommodate other
types of relationships with the appropriate modifications.

The platform aims to support clinicians and researchers by providing fast search, access,
and consultation of reliable scientific findings along with validating literature evidence. Hence,
simplifying knowledge discovery and promoting a serendipity-oriented perspective. As future
work, we plan to improve CoreKB according to the requisites and feedback of clinicians, which
we plan to collect by conducting a user study.
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