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ABSTRACT

In this article, we describe a long-non-coding
RNA (IncRNA) and disease association database
(LncRNADisease), which is publicly accessible
at http://cmbi.bjmu.edu.cn/Incrnadisease. In recent
years, a large number of IncRNAs have been
identified and increasing evidence shows that
IncRNAs play critical roles in various biological
processes. Therefore, the dysfunctions of IncRNAs
are associated with a wide range of diseases. It thus
becomes important to understand IncRNAs’ roles in
diseases and to identify candidate IncRNAs for
disease diagnosis, treatment and prognosis. For
this purpose, a high-quality IncRNA-disease associ-
ation database would be extremely beneficial. Here,
we describe the LhncRNADisease database that col-
lected and curated approximately 480 entries of
experimentally supported IncRNA-disease associ-
ations, including 166 diseases. LncRNADisease
also curated 478 entries of IncRNA interacting
partners at various molecular levels, including
protein, RNA, miRNA and DNA. Moreover, we
annotated IncRNA-disease associations with
genomic information, sequences, references and
species. We normalized the disease name and the
type of IncRNA dysfunction and provided a detailed
description for each entry. Finally, we developed a
bioinformatic method to predict novel IncRNA-
disease associations and integrated the method
and the predicted associated diseases of 1564
human IncRNAs into the database.

INTRODUCTION

A surprising finding in human transcriptome analysis is
that protein-coding sequences only account for a small
portion of the genome transcripts (1). The majority of
the human genome transcripts are non-coding RNAs, in
particular, long-non-coding RNAs (IncRNAs) (2).
Normally, IncRNAs tend to be less conserved across
species and often show low expression levels and high
tissue specificity (3—5). Thus, at the time they were first
found, IncRNAs were often considered to be transcrip-
tional noise (5). In recent years, accumulating studies
have revealed that a number of IncRNAs are not tran-
scriptional noise but have important functions, for
example, affecting gene transcription, targeting RNA
polymerase 11, regulating splicing and taking part in epi-
genetics (6). Moreover, according to the theory of
competing endogenous RNA (7), IncRNAs may function-
ally interact with a broad range of RNA molecules
through  competitively  binding with  microRNA
(miRNAs), suggesting that IncRNAs may have critical
roles in a wide range of biological processes. Previous
studies produced a large amount of IncRNA-related
data, including sequences, expression profiles and func-
tions. Therefore, arranging and annotating these data
are important to better understand IncRNAs. Several
databases for IncRNAs indeed provide helps in studying
IncRNAs (8-10). For example, NRED is a database for
IncRNA expression data (10). The IncRNAdb database
provides detailed IncRNA information, including se-
quences, functions, expressions, associated proteins and
cellular locations (8). Although the NONCODE
database is not specific to IncRNA, it curates the se-
quences, functions, expressions and cellular location of
IncRNAs in the third version (NONCODE v3.0) (9).
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Figure 1. Statistics and distributions of diseases (A) and dysfunction types (B) of IncRNAs in the LncRNADisease database.

More recently, researchers have attempted to under-
stand the relationships between IncRNAs and diseases.
Studies have reported that IncRNA dysfunctions are
associated with a broad range of diseases (5), including
cancers (11), cardiovascular diseases (12) and neurodege-
neration diseases (13). For example, IncRNA PCA3 is a
highly prostate cancer-specific molecules and a PCA3
score has the potential to be a biomarker for prostate
cancer aggressiveness (14). The up-regulation of the
IncRNA HOTAIR is an independent prognostic factor
of tumor recurrence in hepatocellular carcinoma patients
after liver transplantation (15). A study confirmed the
high specificity and sensitivity of IncRNA UCAI from
urinary sediments in the diagnosis of bladder cancer, sug-
gesting that UCAI is a potential biomarker for bladder
cancer diagnosis (16). Godinho et al. (17) revealed that
the IncRNA BCAR4 can be a potential target for
antiestrogen-resistant breast cancer treatment because its
forced expression in breast cancer cells leads to cell pro-
liferation in the presence of various antiestrogens and in
the absence of estrogen. The above studies indicate that
IncRNAs may help to understand diseases and help to find
potential molecules in disease diagnosis, treatment and
prognosis. Therefore, the study of IncRNA-disease asso-
ciations is becoming one of the most important topics of
IncRNAs and diseases. For this reason, a high-quality
IncRNA-disease association database will be helpful in
studying the roles of IncRNAs in diseases but is still
not available. To build such a database, we manually
curated IncRNA-disecase relations  experimentally
reported in the literature and created a database,
LncRNADisease. We included detailed annotation infor-
mation for each entry. Moreover, we curated and
annotated experimentally supported IncRNA interacting
partners. In addition, we developed a bioinformatic
method to predict novel IncRNA—disease associations
and integrated this method and its predicted results into
the database.

DATA SOURCES AND IMPLEMENTATION

First, we downloaded PubMed data, information on
non-protein-coding RNA genes, and data on gene—
PubMed associations from the National Center for
Biotechnology Information. Second, we curated the data
manually and retrieved IncRNA-disease pairs. All

IncRNA-disease pairs were double-checked by different
researchers. Hyperlinks to the original articles in
PubMed database were provided. We also annotated the
sequence and species information. We further normalized
the names of IncRNAs and diseases. In total, we curated
166 diseases, of which cancer (39.8%), cardiovascular
disease (10.8%) and neurodegeneration disease (8.4%)
were the top three classes (Figure 1A). Moreover, we
provided detailed descriptions for the associations of
IncRNAs and diseases and curated the dysfunction type
for each entry. For example, if an entry’s dysfunction
evidence is derived from expression data, the dysfunction
type of this entry will be considered as ‘Expression’. The
distribution of the dysfunction type is shown in Figure 1B.
Aside from IncRNA-disease association data, we also
curated experimentally supported IncRNA interactions
and cataloged the interactions according to the interacting
molecules and the characteristics of the interactions. For
example, at the RNA level, IncRNAs may interact with
proteins (18), RNAs (19), IncRNAs (20) and miRNAs
(21). Their interactions may be binding, regulation and
co-expression. At the DNA level, promoters of IncRNA
genes may bind with transcription factors (TFs) and be
regulated by TFs (22).

All data were organized in the ‘LncRNADisease’
database using SQLite, a lightweight database manage-
ment system. The website was developed based on
Django, a Python web framework. The database is
available at http://cmbi.bjmu.edu.cn/Incrnadisease.

PREDICTING NOVEL LNCRNA-DISEASE
ASSOCIATIONS

LncRNADisease was designed not only as a resource for
experimentally supported IncRNA-disease association
data, but also as a platform for predicting novel
IncRNA-disease associations. In this study, we present a
method to predict novel IncRNA-—disease associations
based on the genomic context of a given IncRNA. We
previously showed that miRNAs located closely to each
other in the genome (particularly miRNAs within 2 kb)
and tend to be associated with similar diseases (23,24).
Here, we investigated whether or not IncRNAs tend to
be associated with a similar disease as their genomic
neighbor genes. Thus, we identified the protein-coding
genes and miRNAs within 2kbnts of any IncRNA with
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Figure 2. Significance of IncRNAs sharing a common disease with
their neighbor genes/miRNAs. Blue triangles indicate the distributions
of numbers of IncRNAs associated with the same disease as their
neighbor genes/miRNAs in random cases. The red arrow indicates
the real number of IncRNAs associated with the same disease as
their neighbor genes/miRNAs.

reported disease associations. We then identified the
IncRNAs with the same associated disease as the
neighbor genes/miRNAs. We found 33IncRNAs
associated with the same disease as their neighbor genes/
miRNAs. To evaluate the significance, we randomly
re-permuted the disease associated with the IncRNAs for
10000 times and counted the number of IncRNAs
associated with the same associated disease as their
neighbor genes/miRNAs. As a result, none of the counts
was greater than 33 and the expected number was 9,
indicating that IncRNAs and their neighbor genes/
miRNAs tend to be associated with the same disease
(P<1x107* randomization test; Figure 2). This result
suggests that we can predict potential-associated disease
for IncRNA through the disease associated with its
neighbor genes/miRNAs. Based on the above observation,
we developed a tool to predict novel IncRNA—disease as-
sociations and identified potential-associated diseases for
all IncRNAs identified in the human genome using this
tool. Finally, we integrated the tool and the predicted
results into the LncRNADisease database.

QUERYING THE DATABASE

We provide wusers several ways to query the
LncRNADisease database. First, users can browse the
LncRNADisease by IncRNA names or disease names.
When clicking one IncRNA or disease in the ‘Browse’
page, LncRNADisease will return a list of matched
entries. Second, we provide a ‘fuzzy search’ function for
the entries by the full or partial names of IncRNAs or
diseases in the ‘Search’ page. The ‘Search’ is case insensi-
tive. We also provide a page for tools to predict novel
IncRNA-disease associations. Moreover, all data in the
database, including IncRNA-disease associations, pre-
dicted IncRNA-disease associations and IncRNA inter-
actions, can be downloaded. The users can also submit
novel data into the database. In addition, a detailed
tutorial for the usage of the database is available in the
‘Help’ page.
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FUTURE EXTENSIONS

The LncRNADisease database represents the first step in
this project. Further extensions will be developed. The
LncRNADisease database will update the experimentally
supported IncRNA-disease association data every 2
months. Meanwhile, some new tools for analyzing
IncRNA—disecase association data is being developed and
will be integrated into the LncRNADisease database in
the future. For example, we are developing expression
profile- and interacting partner-based methods to predict
novel IncRNA-disease associations and expect to inte-
grate these methods into the database in the near future.

DISCUSSION AND CONCLUSION

Increasing studies have shown that IncRNAs have import-
ant functions and are associated with a broad range of
diseases. LncRNAs are becoming novel potential mol-
ecules for disease diagnosis, treatment and prognosis. In
this article, we describe an IncRNA and disease associ-
ation database, LncRNADisease. The LncRNADisease
database integrated several types of data, such as experi-
mentally supported IncRNA—disease association data, ex-
perimentally supported IncRNA interaction data and
predicted IncRNA-disease association data. Moreover,
we developed a bioinformatic method to predict poten-
tial-associated disease for a novel IncRNA based on its
genomic context and integrated this method into
LncRNADisease.

The important roles of IncRNAs in disease are attract-
ing more biomedical researchers. Therefore, more experi-
mentally supported IncRNA-disease associations are
expected to be published in the future and these data
will be integrated into the LncRNADisease database.
More importantly, although thousands of IncRNA have
been identified, only a limited number of IncRNAs have
been reported to be associated with diseases. It is increas-
ingly needed to predict potential-associated diseases for
IncRNAs through bioinformatic methods. Therefore,
another major aim of LncRNADisease is to develop and
integrate more bioinformatic methods for analyzing and
predicting IncRNA-disecase associations. Finally, we
believe that LncRNADisease is useful for the studies of
IncRNAs and diseases, and will provide more helps in this
topic when it integrates more data and tools in the future.
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