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Online Databases and Non-coding
RNAs in Cardiovascular Diseases
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Abstract

Cardiovascular disease is characterized by its
highest morbidity and mortality. One of the
main pathological basis of this disease is the
dysregulation of gene expression. Non-coding
RNA (ncRNA) is a kind of functional RNA,
which is transcript from DNA but not trans-
lated into proteins. More and more studies
have established the important roles of
ncRNAs, including transcription, RNA matu-
ration, translation, protein degradation, and
their involvement in the pathogenesis of dis-
eases such as cancer and cardiovascular dis-
eases. This chapter will focus on the biological
functions of ncRNAs and their advances in
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cardiovascular disease. With the development
of sequencing and computer technology, more
and more databases can be easily obtained on
the internet. In another part of this chapter, we
will summarize some commonly used non-
coding RNA databases, which can be easily
and quickly used for relevant research.
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1 Introduction

Cardiovascular disease was one of the diseases
with the highest morbidity and mortality in the
world. However, the basic research on cardiovas-
cular disease was still limited [1, 2]. In-depth
basic research could provide a guiding direction
for new methods in treating cardiovascular dis-
eases [3]. Therefore, exploring the molecular and
cellular mechanisms in the pathogenesis of car-
diovascular disease could help us understand the
disease process, discover new biomarkers, and
find new therapeutic targets [4, 5]. Over the past
decade, the development of high-throughput
sequencing technologies given us an opportunity
to expand our understanding of human transcrip-
tomes [6, 7]. Previous studies have suggested that
proteins are the main regulators of cardiovascular
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disease [8, 9]. However, with the understanding
of the complexity human transcriptomes, it was
revealed that most human genomes can transcribe
RNA, of which more than 98% were untranslated
proteins [10]. The number of non-coding RNAs
was far exceeds the amount of mRNA encoding
proteins [11, 12].

Although the expression level of ncRNAs
were generally low and did not encode proteins,
they could show strong tissue specificity and
express abnormalities in various human diseases
and biological processes such as organ develop-
ment, internal and external environmental stimu-
lation and disease occurrence [13, 14, 15]. So far,
more and more studies have shown the important
regulatory functions of ncRNAs in participate in
biosynthetic steps such as transcription [16],
RNA maturation [17], translation [18], protein
degradation [19], and found ncRNAs play an
important role in pathological processes such as
tumors and cardiovascular diseases [20]. Based
on their size, these non-coding RNAs were clas-
sified into microRNAs (miRNAs, <200 nucleo-
tides), and long non-coding RNAs (IncRNAs,
>200 nucleotides), in which IncRNAs can also
exhibit a circular shape called circular RNAs
(circRNAs). In this section, we will illuminate
the important role of non-coding RNAs in the
development of cardiovascular diseases through
their special biological function. The main clas-
sification of non-coding RNA and its formation
in the cell is shown in Fig. 3.1.

2 miRNAs in Cardiovascular
Diseases

A miRNA was an endogenous non-coding
RNA, typically 18-25 nucleotides, which regu-
lated the expression of a target gene by binding
to the 3'UTR of the mRNA and inhibiting its
translation. The precursor of the miRNA first
existed in the nucleus. Then after the transcrip-
tion and subsequently matured by several enzy-
matic reactions, mRNAs transferred to the
cytoplasm to exert their biological functions.
miRNAs exerted their regulatory functions by
recruiting specific silencing proteins to form an

RNA-induced silencing complex (RISC). It was
speculated that about 60% of mRNA will be
target by miRNA, while a miRNA may target
more than 100 mRNAs in human. Specific
miRNAs have significantly different expression
levels in cardiac tissue and cardiovascular, and
played as regulators of cardiovascular function,
including cardiovascular cell differentiation,
growth, proliferation and apoptosis, angiogen-
esis and cell contractility regulation.
Meanwhile, the pathological changes in the
cardiovascular system always accompanied
with some specific miRNAs changes. These
miRNAs changes have been confirmed to be
associated with cardiovascular diseases such as
arrhythmia, cardiac hypertrophy, fibrosis, myo-
cardial infarction and heart failure. Recent
studies indicated that miRNAs with specific
changes in the progression of heart valve dis-
ease play key role in the processes of disease
progression, such as fibrosis, calcification,
matrix degradation remodeling, and inflamma-
tion. In addition, some miRNAs could also reg-
ulate extracellular body through exosomes and
participate in circulation in the exocrine [21-—
23]. Further studies revealed that these miR-
NAs can be wused as biomarkers for
cardiovascular diseases for clinical diagnosis
and personalized medicine.

3 IncRNAs in Cardiovascular
Diseases

IncRNAs were the heterogeneous RNA tran-
scripts, which contain more than200 nucleotides
in length. IncRNAs could be classified into sense,
antisense, intron, genomic and divergent
IncRNAs based on their relative genomic loca-
tion. IncRNAs were involved in many biological
processes, such as chromatin structural changes,
transcription, post-transcriptional —processing,
intracellular trafficking, and regulation of enzyme
activity.

IncRNA could also regulate other endogenous
ncRNAs, particularly miRNAs, through competi-
tive binding. Compared to miRNAs, IncRNAs
were less conserved, suggesting that these RNA
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Fig. 3.1 The main classification of non-coding RNA and its formation in the cell

molecules have a species-specific effect.
Although the dysregulation of IncRNAs was
associated with various human diseases, their
mechanism of action still remained unclear. To
date, it has been reported that IncRNAs dysregu-
lation was detected in many cardiovascular dis-
eases such as myocardial infarction, myocardial
fibrosis, cardiac hypertrophy and heart failure.

4 circRNAs in Cardiovascular
Diseases

Circular RNAs (circRNAS) transcripts were first
identified in the early 1990s, but knowledge of
these species has remained limited, due to their
difficult study through traditional methods of
RNA analysis. circRNAs were a peculiar group
of RNAs, consisting of at least a few hundred
nucleotides and relatively stable in their circular
state. circRNAs were involved in a wide range of
biological processes, that expression disorder of
circRNAs might lead to abnormal cellular func-
tions and disease. However, the regulation of cir-
cRNAs in cardiovascular diseases remains largely

unexplored. As the develop of RNA-Seq studies,
large number of different circRNAs were detected
to be expressed in cardiac tissues from human
and rodents.

As the roles of non-coding RNAs in cardio-
vascular diseases were gradually unearthed, a
large amount of data was reported every year,
including non-coding RNA sites, regulatory
mechanisms, etc. Document summarization and
data induction became a daunting task when
summarizing the rules and guiding the direction
of the next step. With the development of elec-
tronic computer hardware and software such as
artificial intelligence and cloud computing, many
non-coding RNAs databases have been estab-
lished. These databases summarized the existing
research data of miRNAs and IncRNAs with the
combination of bioinformatics analysis. These
gave us a way to generalize the functions reported
by miRNAs and IncRNAs and predict other pos-
sible sites of their effects. The rational use of
these databases could significantly improve the
efficiency of our researchers. Below we will
introduce some of the more mature online
databases.
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5 miRNA Database

5.1 deepBase v1.0

deepBase v1.0 [24] can be used to annotation and
discovery miRNAs, IncRNAs and circRNAs
sequencing, view the expression of various non-
coding RNAs, and downloadable data. Searching
for miRNA expressions in web pages can be
retrieved by gene names and symbols. This func-
tion was very useful tool for us to select new
genes. Although there were many choices of
IncRNA that were specifically expressed in a cer-
tain tissue, we could analyze the conservation of
a non-coding RNA in the evolution option
through this database.

5.2 miRBase

miRBase [25] was an online miRNA database,
which was developed by researchers at the
University of Chester. The database contained
more than 200 species and close to 40,000 miR-
NAs. It was the most comprehensive miRNA
database in which we can do species specific par-
ticular miRNA search and browses, such as the
numbering of the precursor miRNA, the relative
expression, the starting position of the miRNA
precursor on the chromosome, and gives confi-
dence to judge. miRbase also assigned names to
newly discovered miRNAs, which provided a
convenient and fast communication platform for
researchers.

5.3 microRNA.org

microRNA.org [26] was a comprehensive
database of miRNA target prediction and
expression. The target predictions provided by
the website were implemented by the MiRanda
algorithm, which combined current research
reports on miRNAs and provided data from a
large number of mammalian tissue synthesis
sequencing projects. Through the latest algo-
rithms, users could search for genes that may

be regulated by a particular miRNA, or search
for a variety of miRNAs that regulate the cer-
tain gene, as well as the expression profiles of
various miRNAs. The database included
human, mouse, rat and other species, by com-
bining with 250 miRNA libraries, provided
miRNA function prediction functions during
the study of miRNA in cardiovascular-related
diseases.

54 miRNAMap

miRNAMap [27] validated miRNA target genes
by collecting experimentally validated miRNAs
in human, mouse, rat and other mammalian
genomes. Three algorithms include miRanda,
RNAhybrid and TargetScan were used to validate
miRNA targets in the 3’-UTR of the gene as well
as known miRNA targets. By using filtration of
multiple algorithms to speculate the target site of
the miRNA in order to reduce the probability of
predicting false positives in the miRNA target
site prediction.

55 Cupid

Cupid [28] was an online database that validated
the high-throughput validation analysis in breast
cancer cell lines by simultaneously predicting
miRNA-target interactions and their mediated
endogenous RNA interactions. The database
publisher verified the accuracy of the interaction
of 500 miRNAs with the target to make sure the
accuracy of this database.

5.6 TargetScan

TargetScan [29] was a website for predicting
miRNA target genes, which contained human,
orangutan, macaque, mouse, rat and other spe-
cies. The website could display the prediction
after inputting the gene name or the ENST label.
This website also predicted target genes’ possible
role through miRNAs.
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5.7 miRTarBase

miRTarBase [30] was a manually collected,
experimentally validated miRNA target gene
database, which provided a variety way to search,
such as miRNA ID, target genes, KEGG path-
ways, validated methods, or diseases. The data-
base was incubated with a unique miRNA-target
interactions (MTS) number for each miRNA tar-
get gene. miRTarBase not only provided highly
reliable miRNA target gene information, but also
provided information on miRNA and diseases
that were reported in the literature.

5.8 Diana-microT-CDS

Diana-microT-CDS [31] was an online database,
which provided computer simulations of miRNA-
mRNA interactions with a good user interface.
This database provided sufficient information on
predicting miRNA target genes, such as global
scores of interactions and visualized results.
microT-CDS was the only miRNA target predic-
tion algorithm available online that was specifi-
cally designed to identify miRNA targets in the
3'UTR and CDS regions. The database contained
miRNA target information in the mRNA
sequences of human, mus musculus, drosophila
melanogaster and C. elegans, which contained a
wealth of tooltips and convenient menu options
that were easy to use. In addition, the new system
that combined advanced workflows also sup-
ported massive data analysis from Next
Generation Sequencing (NGS).

5.9 miRecords

miRecords [32] was an online database that pro-
vided animal miRNA-target gene prediction. The
database consisted of two parts, one was a proven
large, high-quality database, which also includeed
artificially screened miRNA targets. The other
one was an online target gene prediction algo-
rithm, which the algorithm provided by the data-
base emphasized experimental data support of
miRNA targets.

5.10 PicTar

PicTar [33] database used a certain algorithm to
identify the target of a microRNA. The search-
able website provided detailed predictions of
microRNA targets from the following species,
including: vertebrate, seven drosophila species,
three nematode species, and human non-
conserved but co-expressed microRNA targets
(e.g.: Express microRNA and mRNA in the
same tissue).

5.11 TarBase

TarBase [34] was a database of miRNA target
genes prediction website that was supported by
experimental data. After 10 years of data compi-
lation, the database provided information on
miRNA target genes in various species such as
humans and mice. For each target gene data,
such as the relevant literature, organization type,
and test method were given. In TarBase, each
experimental evidence was divided into two cat-
egories, low and high. Low represented the tradi-
tional experimental method. Compared with the
high-throughput sequencing analysis, the reli-
ability of the result was higher. We can filter the
miRNA target supported through the low method
in order to obtain a high-quality miRNA target
gene data set.

5.12 miRWalk

miRWalk [35] was a comprehensive miRNA tar-
get gene database containing miRNA target gene
information from human, mouse and other spe-
cies. It was an integrated database that integrated
information from miRDB, TargetScan, miRTar-
Base and other databases. The regulation network
between the miRNAs and the target genes visual-
ized the function of graph and gene set enrich-
ment, supported the enrichment analysis and the
analysis of reactive pathway, KEGG pathway,
and gene ontology. The miRNA databases URLs
and related information listed above are shown in
Table 3.1.
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Table 3.1 microRNA databases

Name Weblink Data content
deepBase http://biocenter.sysu.edu.cn/ | A platform containing evolution and expression patterns of diverse
deepBase/ ncRNAs across 19 species from 5 clades.
miRBase http://www.mirbase.org/ A searchable database of published miRNA sequences and
annotation.
microRNA http://www.microrna.org/ Predict microRNA targets & target downregulation scores.
Experimentally observed expression patterns.
miRNAMap http://mirnamap.mbc.nctu. Collect experimental verified microRNAs and their target genes in
edu.tw/ human, mouse, rat, and other metazoan genomes.
Cupid http://cupidtool.sourceforge. | A method for simultaneous prediction of miRNA-target
net/ interactions and their mediated competitive endogenous RNA
interactions.
TargetScan http://www.targetscan.org/ Predict biological targets of miRNAs by searching for the presence
vert_72/ of conserved 8mer, 7mer, and 6mer sites that match the seed region
of each miRNA.
miRTarBase http://mirtarbase.mbc.nctu. Accumulated more than 360,000 miRNA-target interactions
edu.tw/php/index.php (MTIs).
Diana- http://diana.imis.athena- Specifically trained on a positive and a negative set of miRNA
microT-CDS | innovation.gt/ Recognition Elements (MREs) located in both the 3’-UTR and
CDS regions.
miRecords http://c1.accurascience.com/ | Hosts 2705 records of interactions between 644 miRNAs and 1901
miRecords/ target genes in 9 animal species.
PicTar https://pictar.mdc-berlin.de/ | An algorithm for the identification of microRNA targets.
TarBase http://carolina.imis. Containing more than 1,000,000 miRNA-gene interactions.
athena-innovation.gr
miRWalk http://mirwalk.umm. Stores predicted data obtained with a machine learning algorithm
uni-heidelberg.de/ including experimentally verified miRNA-target interactions.

6 IncRNA Databases

6.1

LNCipedia

IncRNAs and their biological functions.
IncRNAdb provided users with plenty informa-
tion of IncRNAs, including IncRNA sequences,
struction, genomic context and so on. Users

LNCipedia [36-38] was a comprehensive human
IncRNA database that integrated IncRNA records
from multiple databases and articles and gave
them a uniform ID or named new reported
IncRNA. The database summarizes IncRNAdb,
Broad Institute, Ensembl, Gencode, Refseq,
NONCODE, FANTOM and other IncRNA
databases.

6.2 IncRNAdb

IncRNAdb [39, 40] was available at the website
http://www.Incrnadb.org/. In order to make it
easy for the users to compile and update the
information of IncRNAs, researchers estab-
lished this database containing comprehensive

could search for the published IncRNA names
and sequences species, associated protein-cod-
ing genes. Also, this database was linked to the
UCSC Genome Browser and Noncoding RNA
Expression Database, making various sources of
IncRNAs. With 4 years development, there
existed version 2.0 IncRNAdb. This new version
contained 287 eukaryotic IncRNAs, and a more
accessible interface for users to search the
sequence information and expression data.
There were some new features of the version
2.0, including the nucleotide sequence informa-
tion and an easier way for users to export the
information they searched. With deeper study of
IncRNAs, there will be more IncRNAs adding to
this database and make it better for the future
research.
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6.3 LncRNAWiKi

LncRNAWiki [41] database integrateed the
sequences and annotation information of human
IncRNAs in GENCODE, NONCODE, and
LNCipedia databases. It now has 105,255 non-
redundant IncRNAs, of which 103 have full
annotation and biological function tests. The
database was also an editable public platform that
not only allowed users to annotate, update, and
organize existing IncRNAs, but also open a per-
mission for all user to share their new detected
IncRNAs. This database was an open platform
for human IncRNA information.

6.4 MONOCLdb

MONOCLdb [42] fully called the Mouse Non-
Code Lung interactive database, which was avail-
able at https://www.monocldb.org/. The IncRNAs
from this database were based on the mice
infected by influenza and SARS-CoV
viruses.5329 of 20,728 mouse IncRNAs genes
showed differently expressed after infected by
these two viruses. In this database, developers
annotated the difference of the expression by two
computational methods, module-based and rank-
based, so that users can retrieve the annotations,
expression profiles and the functional enrichment
of IncRNAs. Also, via MONOCLJdD, users could
generate the expression heatmaps and the func-
tional enrichment results on-the-fly. This data-
base provided users with association scores
between IncRNAs and pathogenicity variables
MONOCLdb was an integrative and interactive
database containing abundant IncRNAs in order
to make convenience for the researchers to learn
more about their role during the viruses
infection.

6.5 NONCODE

NONCODE [43, 44], located at the web server
http://www.bioinfo.org/noncode/, was a database
which showed complete collection of the
IncRNAs. Based on the third-generation sequenc-

ing method, developers could get plenty correct
annotations and establish this database.
NONCODE contained 527,336 IncRNAs from
16 different species, including 167,150 human
IncRNAs and 130,558 mouse IncRNAs.
Compared with other database, NONCODE
really had a large number of IncRNAs. Except
the large number, NONCODE contained three
unique features, including a conservation annota-
tion of the IncRNAs, a relationship annotation
between IncRNAs and diseases, and a platform
for users to choose the high-quality datasets. This
database decided to show the relationship
between the IncRNAs and diseases to make a sys-
tematic network about the noncoding regions and
the diseases. Also, it made more convenient for
the disease study users to get their interested
information. Although there still existed some
uncleared things in the development of this data-
base, the developers will attempt to solve the
problem and make NONCODE a better database
for the users.

6.6 IncRNome

IncRNome [45] was a comprehensive database
that integrated lots of significant annotations for
IncRNAs, and now became one of the largest
database of IncRNAs in the world. It was avail-
able at the website http:/genome.igib.res.in/
IncRNome/. In IncRNome, each IncRNA has its
own page including the information about the
annotation sets. Through the links on this page,
users could easily get other information of this
IncRNA including the sequence, structure, inter-
actions, variations and so on. There existed 937
quadruplex and 40 hairpins motifs, 3716 miRNA
binding sites and more than 10,000 binding sites
for proteins on the IncRNA in IncRNome. Also,
IncRNome provided 345,351 genomic variations
associated with IncRNAs and 11,790 epigenetic
marks in the promoters of IncRNAs. Furthermore,
this database has multiple options for users to
search for the IncRNAs, such as thename or
known targets. In addition, the representative of
the available associated genomic annotations was
also one of the features of this database.
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6.7 C-lt-Loci

C-It-Loci [46] was an database that allowed users
to browse the transcripts specific in tissue from
human, mouse and zebrafish. It was an available
and free web server, which was established in
2015. User can used through the website
http://c-it-loci.uni-frankfurt.de/. C-It-Loci made
it easier for users to identify ncRNAs and protein-
coding genes from various tissues. Not only nor-
mal IncRNAs, but also the housekeeping genes
and its housekeep IncRNAs were contained in
this database. To make convenience for the users
with limited knowledge, C-It-Loci allowed users
to see the different types of transcripts C-It-Loci
had a quick search function on the page, which
made it easy for users to compare the difference
of two transcripts. C-It-Loci also offered a dia-
gram for the users to analyze the conserved
regions and explore the detailed information of
the IncRNA they searched. Compared with other
databases, C-It-Loci had the latest human
genomic assembly, and defined IncRNAs with
three organisms. Furthermore, C-It-Loci was the
only database that has both protein-coding genes
and IncRNAs transcripts. There would be a great
prospect to study on IncRNAs through this
database.

6.8 MiTranscriptome

MiTranscriptome [47] was a database about
genome-wide IncRNA expression, constructed
by Matthew K Iyer and his colleagues in 2015.
The web server of this database is http://www.
mitranscriptome.org/. In order to build this data-
base, they curated 7256 RNA-seq from tumors,
normal tissues and cell lines, which was compris-
ing from 25 independent studies. Finally, they got
a transcriptome of 91,013 expressed gene, 68%
was IncRNAs. Interestingly, 79% of them were
unannotated in previous study. Then they used
non-parametric differential expression test to fil-
trate and finally got 7942 IncRNAs that were
associated with disease or cancer. These IncRNA
could be valuable for the further study of cancer
and the development of biomarker. Therefore,

MiTranscriptome provided a foundation for
IncRNA genomics, biomarker development and
the delineation of cancer.

6.9 sincky Evolution Browser

sincky Evolution Browser [48] was developed in
2016. The website of this database was https://
scripts.mit.edu/~jjenny/. slncky was a tool for
searching conserved IncRNAs through a sensi-
tive noncoding aligning method. This database
could be efficiently used to produce high quality
IncRNAs from RNA-sequencing data. It could
separateed IncRNAs accurately from coding
genes, pseudogenes, assembly artifacts, and also
identify novel proteins including small peptides.
On the basis of this tool, they develop the data-
base called slncky Evolution Browser. Through
this database, they list 233 constrained IncRNAs
out of the currently annotated transcripts. With
the powerful tool like slncky, this database would
contain more valuable IncRNAs which will do a
lot to the research of cancer and relative diseases.
The IncRNA databases URLs and related infor-
mation listed above are shown in Table 3.2.

7 circRNA Databases

7.1 starBase

starBase [49, 50] (http://starbase.sysu.edu.cn/)
was established for the researchers to identify the
interaction networks of RNAs systematically.
The data of the circRNAs in starBase came from
108 CLIP-Seq datasets in 37 studies. Totally
9000 miRNA-circRNAs, 16,000 miRNAs pseu-
dogene and 285,000 protein-RNA relationships
wereidentified in this database. With the updated
version, starBase V2.0 began to provide users
with miRNA-mRNA and miRNA-IncRNA inter-
action networks. In this new version, developers
also identified 10,000 ceRNA pairs and devel-
oped miRNA and ceRNA Functions, which made
it easier for users to predict the function of the
RNAs, which drafted the first interaction maps
between miRNAs and circRNAs. Through this
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Table 3.2 Long non-coding RNA databases

Name Weblink Data content
LNCipedia https://Incipedia.org/ A public database for long non-coding RNA (IncRNA) sequence
and annotation, contains 127,802 transcripts and 56,946 genes.
IncRNAdb http://Incrnadb.com/ Database that provides comprehensive annotations of eukaryotic
long non-coding RNAs.
LncRNAWiki http://Incrna.big.ac.cn/ Contains 106,063 human long non-coding RNAs.
index.php
MONOCLdb https://www.monocldb. | 20,728 mouse IncRNA genes.
org/
NONCODE http://www.noncode.org/ | An integrated knowledge database of non-coding RNAs from 17
species.
IncRNome http://genome.igib.res. Over 17,000 long non-coding RNAs in human.
in/IncRNome/
C-It-Loci http://c-it-loci. Including the expression profiles of yet-to-be-characterized long
uni-frankfurt.de/ non-coding RNAs (IncRNAs).
MiTranscriptome http://mitranscriptome. Contains over 91,000 genes.
org/
sincky Evolution https://scripts.mit. Contains alignments and evolutionary metrics of conserved
Browser edu/~jjenny/ IncRNAs.

database, users could get more information about
the interaction between miRNAs and circRNAs.
With the development of technology, the star-
Base continued to update their data service for
searching. Furthermore, this database will to add
RNA data about cancer to improve the under-
standing the network of circRNAs and miRNAs.

7.2 circBase

circBase [51], a database that you can browse and
download the datasets of circRNAs and their
expression supporting evidence, also it provided
users with the sequencing data of uncovered and
novel circRNAs. The available website for this
database was http://www.circbase.org/. Before
construct this database, developers put forward
some expectation on this database, for example,
it should provide the genomic context and the
available expression of the circRNAs,should
summarize the existence and expression for each
circRNA. To achieve this goal, they putted
together all the datasets from other different labo-
ratories. For the current version of circBase, it
contained the simple search interface, various
methods of data retrieval and unifying, merging
and annotating published datasets. There were
three main ways to search for the circRNAs in

circBase, including the simple search, list search
and table browser. Through these three methods,
users could extend their information of circRNAs
from this database. However, circBase doesn’t
support users to submit the new circRNA data by
themselves right now. With the update of cir-
cBase, it will be more useful to the researchers in
the study of circRNAs.

7.3 CircNet

CircNet [52] was constructed by 464 RNA-seq
samples using transcriptome sequencing, which
could be available on http://circnet.mbc.nctu.edu.
tw/. This database was established by the purpose
of extending the catalog of reported circRNAs.
CircNet provided lots of information of the cir-
cRNAs, including novel circRNAs, integrated
miRNA targets, expression profiles of circRNAs
etc. When clicked on any of the circRNAs, it will
display the complete information of the entire
circRNA, including its position on the chromo-
some, length and sequence information. CireNet
was the first database that provided circRNA
expression profiles specific in tissue and
circRNA-miRNA-gene regulatory networks.
CircNet not only contained the latest circRNAs,
but also provided a comprehensive analysis


http://www.circbase.org/
http://circnet.mbc.nctu.edu.tw/
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between the reported circRNAs and the novel
RNAs. Meanwhile, it made a regulatory network
that illustrates the regulation between circRNAs,
miRNAs and genes. All in all, this database was a
convenient tool for the users to get the informa-
tion they need easily.

7.4 Circ2Traits

Circ2Traits [53] was a database of circRNAs,
which was available on http://gyanxet-beta.com/
circdb/. This database was the first comprehen-
sive database containing with the circRNAs of
diseased human, which classified the circRNAs
by their potential association with diseases. By
analyzing the interaction of circRNAs with dis-
eases associated miRNAs they established the
association between circRNAs and the diseases.
Till now the Circ2Traits contains 1951 human
circRNAs with the association of 105 human dis-
eases. What’s more, this database contained the
complete miRNA-circRNA-mRNA-IncRNA
interaction network, in order to help users see the
interaction table of each disease clearly.
Meanwhile, the ceRNA regulatory network of
circRNA was also constructed in this database to
further analyze circRNA regulatory pathways.
According to the searched circRNA, you could
not only get the normal information of that cir-
cRNA, but also know its interaction sites SNPs.

7.5 CircBank

CircBank [51] database contained more than
140,000 annotated human circRNAs from many
different source, which was a comprehensive
database of human circRNA. The available web-
site for this database iwas http://www.circbank.
cn/. This database was publicly available with a
lot of service, including circRNA modification,
circRNA conservation etc. Despite the simple
information, there were many new features in this
database, including the predicted binding
miRNA, circRNA mutation and circRNA meth-
ylation. Furthermore, CircBank also put forward

a new nomenclature system based on the host
gene name, start position and end position, so
that researchers will not be bothered with the ID
of circRNA right now. With CircBank, it could be
easier for researchers to get enough information
of circRNAs they need.

7.6 exoRBase

exoRBase [54], containing circRNA, IncRNA
and mRNA, which were derived from RNA-seq
data analyses of human blood exosomes. It was
established by Prof. Li from Fudan University,
who aimed to collect and demonstrate all long
RNA species in human blood exosomes.
Researchers can visit this database through the
website http://www.exoRBase.org/. The first ver-
sion of this database contained 58,330 circRNAs,
15,501 IncRNAs and 18,333 mRNAs, based on
the RNA-seq data from normal samples and dis-
ease patients. This database also provided
researchers with the annotation, expression level
and possible original tissues of the circRNAs.
What’s more, there were 77 experimental valida-
tions from the published articles included in
exoRBase. Through the website, users could con-
veniently browse and download the information
of the circRNAs. Different from other database,
exoRBase allowed researchers to submit new
profiles of the RNAs in human blood exosomes,
which will help researchers identify new exo-
some biomarkers and find their influence on
human diseases.

7.7 circRNADb

circRNADDb [55] was a diversified-source cir-
cRNA database, which built for further study of
the circRNAs and its related functions. It con-
tained 32,194 human exonic circRNAs. It was
free for the researchers to search the circRNAs
they need by the web server at http://reprod.njmu.
edu.cn/circrnadb. They could get various kinds of
detailed information of the circRNAs, including
genomic information, exon splicing, genome
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sequence, internal ribosome entry site and open
reading frame. The raw circRNAs dataset were
collected from related literatures, and only
included the circRNA which was supported more
than twice. Now there were 16,328 annotated cir-
cRNAs with a longer than 100 amino acids open
reading frame, and 7170 of them had internal
ribosome entry site elements. CircRNADb was
designed to be a comprehensive and interactive
database, providing advanced search, resource
download and many other functions for the users.
It could do a lot to the circRNA studies by pro-
viding users with the detailed genomic and
protein-coding information of each cir-
cRNA. Furthermore, developers will update the
newly identified circRNAs with their detailed
information to the database, in order to build cir-
cRNADb a powerful information platform for
circRNAs.

7.8 CSCD

CSCD [56] (Cancer-specific circRNA database)
was a cancer circRNAs specific database, which
was developed by the researchers from Wuhan
University. It provided genomic coordinates and
gene annotation for each file of cancer-specific
circRNA. The available website for this database
was http://gb.whu.edu.cn/CSCD/. This database
now contained total 272,152 circRNAs, which
were identified from both cancer and normal cell
lines. There are 950,962 circRNAs recognized
from normal samples and 179,909 from both nor-
mal and tumor samples. What’s more, they iden-
tified many circRNAs only in CSCD, which
contained many different samples including can-
cer samples. This database also contained the
prediction of the microRNA response element
sites and RNA binding protein sites for each cir-
cRNA, which could be better used for the
researchers to understand the functional effects
of circRNAs. The developers also predicted each
splicing event in linear transcripts of the cir-
cRNAs in order to comprehend the association
between the linear splicing and the back-splicing.
As the first comprehensive cancer-specific cir-
cRNA database, CSCD provided potential open

reading frames in cancer-specific circRNAs,
which could significantly contribute to the cir-
cRNAs research in cancer.

7.9 circAtlas

circAtlas [57] was a database newly established
by Ji et al. in 2019, which was the most abundant
and comprehensive circRNAs database from nor-
mal samples. They provided many aspects of cir-
cRNAs on their circRNA Atlas web server,
including their expression patterns, genomic fea-
tures, conservations and functional annotations.
This database was available at http://circatlas.
biols.ac.cn/. Researchers could browse, visualize
and prioritize the circRNAs they need and get the
related information from this database. This data-
base enlarged our knowledge of circRNAs by
exploring the landscape of circRNAs in human,
macaque and mouse, elucidating their diversities
in various tissues. The developers also invented a
new method to prioritize disease related cir-
cRNAs, which ranked the circRNAs by consider-
ing both circAtlas networks and circRNA
conservation. As a starting point to investigate
the biological importance of circRNAs, cireAtlas
will provide a powerful foundation for circRNA
studies, and help the circRNA community to
annotate and prioritize circRNAs. The circRNA
database URLs and related information listed
above are shown in Table 3.3.

8 Conclusion

This chapter reviewed the role of ncRNAs in car-
diac pathology, which abnormally elevated or
decreased expression could lead cardiovascular
disease. Although there are a lot of reports on
these ncRNAs, but how to quickly find the infor-
mation you need from tons data was an important
issue that needs to be addressed. Therefore, we
summarized some online databases that were
currently available. These databases have power-
ful functions, such as predicting ncRNA targets,
viewing ncRNA basic information, etc.. In addi-
tion, the biological function of the currently


http://gb.whu.edu.cn/CSCD/
http://circatlas.biols.ac.cn/
http://circatlas.biols.ac.cn/

76 R.Chenetal.
Table 3.3 circRNA databases
Name Weblink Data content
starBase http://starbase.sysu.edu.cn/starbase2/ View the predicted miRNA-circRNA interactions by
mirCircRNA.php scanning circRNA sequences overlapping with

CLIP-Seq peaks for potential microRNA targets and
then output the detailed information.

circBase http://circrna.org/ Contains thousands of recently showed circular RNAs
(circRNAs) that expressed in eukaryotic cells.

CircNet http://syslab5.nchu.edu.tw/CircNet/ Provides tissue-specific circRNA expression profiles
and circRNA-miRNA-gene regulatory networks.

Circ2Traits | http://gyanxet-beta.com/circdb/ A comprehensive knowledge base on potential
association of circular RNAs with diseases in human.

CircBank http://www.circbank.cn/ A comprehensive database of human circRNAs which
included more than 140,000 annotated circRNAs from
different source.

exoRBase http://www.exorbase.org/ A repository of circular RNA, long non-coding RNA
(IncRNA) and messenger RNA (mRNA) derived from
human blood exosomes RNA-seq data analyses.

circRNADDb | http://reprod.njmu.edu.cn/circrnadb/ A comprehensive database of circular RNA molecules

circRNADb.php in humans, which contains 32,914 annotated exonic

circRNAs,

CSCD http://gb.whu.edu.cn/CSCD/# A database developed for cancer-specific circRNAs,
which contains 272,152 cancer-specific circRNAs.

circAtlas http://circatlas.biols.ac.cn circAtlas 2.0 integrates millions of circRNAs across 7
species (human, macaca, mouse, rat, pig, chicken, dog)
and a variety of tissues.

known ncRNA was only the tip of the iceberg,
and there were still many unknown functions
needed to be perfected. Therefore, based on the
summarized existing research data, new ncRNA
targets can be discovered by design algorithm.
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