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Abstract
Accumulating evidences have shown that the deregulation of circRNA has close associ-
ation with many human cancers. However, these experimental verified circRNA–cancer
associations are not collected in any database. Here, we develop a manually curated
database (circR2Cancer) that provides experimentally supported associations between
circRNAs and cancers. The current version of the circR2Cancer contains 1439 associa-
tions between 1135 circRNAs and 82 cancers by extracting data from existing literatures
and databases. In addition, circR2Cancer contains the information of cancer exacted from
Disease Ontology and basic biological information of circRNAs from circBase. At the
same time, circR2Cancer provides a simple and friendly interface for users to conve-
niently browse, search and download the data. It will be a useful and valuable resource
for researchers to understanding the regulation mechanism of circRNA in cancers.

Database URL: http://www.biobdlab.cn:8000

Introduction

Circular RNA (circRNA) is a special class of noncoding
RNA that differs from traditional linear RNAs (contain-
ing 5′ ends and 3′ ends) (1). The molecular structure of
the circRNA is a closed loop, i.e. the 3′ and 5′ ends nor-
mally present in the circular RNAs are joined together.
This feature confers many properties on the circular RNA,
many of which have only recently been identified. In addi-

tion, circRNA is not affected by RNA exonuclease, and
its expression is more stable and less prone to degrada-
tion (2). According to recent studies, circRNAs are rich
in microRNA (miRNA) binding sites and act as miRNA
sponges in cells. Therefore, the circRNAs can abolish the
inhibition of miRNAs on their target genes and increase the
expression of target genes which are known as the compet-
itive endogenous RNA (ceRNA) mechanism (3). In recent
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years, with the development of high-throughput sequencing
techniques, the dysregulated circRNAs have been widely
detected in a wide range of cancers, including gliomas
(4), esophageal cancer (5, 6), liver cancer (7, 8) and so
on. In addition, circRNA is characterized by universal-
ity, tissue/cell specificity, conservation and stability, and is
easily detected in human blood or saliva (9). Therefore, cir-
cRNA is becoming an ideal molecular biomarker for cancer
diagnosis and treatment (10–13).

Several circRNA-related databases have been estab-
lished to store circRNA-related data such as CircBase,
CircNet, starBase, CircInteractome, PlantCircNet and
TSCD, etc. Among them, CircBase provides users with
a common and reliable circRNA data set to query and
download, in which users can search for circRNAs by
circRNA ID, sequence or by identifier, gene description
and location (14). CircNet is the first public database
to store circRNA-miRNA-gene regulatory networks and
tissue-specific circRNA expression profiles which provides
users with miRNA-target gene networks and expression
of circRNA subtypes spectrum (15). TSCD is an online
database that provides information on the characteris-
tics and function of tissue-specific circRNA to explore
the application of new RNA biomarkers in organ devel-
opment (16). CircInteractome is an online knowledge
base that provides users with associations between circR-
NAs and miRNAs or circRNAs and RNA-binding pro-
teins (RBPs) (17). StarBase is an open source platform
that provides users with a large number of high-quality
RNA–RNA and protein–RNA interaction networks from
CLIP-Seq (18). PlanCircNet is a repository which pro-
vides users with plant circRNA-related networks (19). In
addition to the above circRNA-related databases, CIR-
Cpedia V2 (20), Circ2Traits (21), circRNADb (22), cir-
cBank (23), CircFunBase (24), PlantcircBase (25) and the
existing circRNA–disease association databases (such as
circRNADisease (26), circR2Disease (27), Circ2Disease
(28), Circad (29)) also provide researchers with reliable
circRNA-related data. All the databases mentioned above
are shown in Table 1. Although these databases can pro-
vide users with a large amount of reliable circRNA-related
data. However, a database that can provide a large num-
ber of high-quality cancer-related circRNA data is still
rare. Therefore, in order to meet the needs of relevant
researchers, it is necessary to develop a database with a
large number of reliable and cancer-related circRNAs.

In order to address this gap, we develop a manu-
ally curated database (circR2Cancer) to provide a com-
prehensive and high-quality resource by retrieving pub-
lished literatures and integrating available circRNA-related
databases. The current version of circR2Cancer contains
1439 experimentally supported associations between 1135

Figure 1. The data collection process of circR2Cancer.

Figure 2. The statistics information of CircR2Cancer. It contains 1439 known
associations, 1135 circRNAs and 82 cancers.

circRNAs and 82 cancers. We hope that circR2Cancer
can serve as useful resource for researchers to explore the
regulation mechanism between circRNAs and cancers.

Data collection and database content

The circR2Cancer is a database for storing experimentally
validated circRNA–cancer associations. The data colla-
tion process of circR2Cancer is shown in Figure 1. The
data of this database are mainly derived from two parts.
First, we searched the keywords ‘circRNA Cancer’ and
‘circRNA neoplasm’ on the PubMed database, and finally
obtained the abstract of 1324 published articles. Then,
874 experimentally verified circRNA–cancer associations
were obtained by manual method. Further, in order to
enrich the circR2Cancer, we selected circRNA–cancer asso-
ciations from the existing circRNA–disease associations
database to enrich circR2Cancer. Finally, the circR2Cancer
contains 1439 experimentally validated circRNA–cancer
associations, including 1135 circRNAs and 82 cancers.
The statistical information of circR2Cancer is shown in
Figure 2.

In addition, circR2Cancer provides users with high-
quality basic information of circRNA and cancer, respec-
tively. The basic information of circRNA and cancer were



Database, Vol. 00, Article ID baaa085 Page 3 of 8

Ta
b
le

1.
T
h
e
ci
rc
R
N
A
-r
el
at
ed

d
at
ab

as
es

.

D
at
ab

as
e

Sa
m
pl
e

D
es
cr
ip
ti
on

U
R
L

R
ef
er
en
ce

ci
rc
B
as
e

H
om

o
sa
pi
en
s,

M
us

m
us
-

cu
lu
s
an

d
C
ae
no

rh
ab

di
ti
s

el
eg
an

s

T
hi
s
da

ta
ba

se
co
nt
ai
ns

co
m
pr
eh
en
si
ve

ci
rc
R
N
A

in
fo
rm

at
io
n
an

d
pr
ov

id
es

a
va
ri
et
y
of

ci
rc
R
N
A

re
tr
ie
va
lm

et
ho

ds

ht
tp
://
w
w
w
.c
ir
cb
as
e.
or
g/

(1
4)

ci
rc
R
2D

is
ea
se

H
om

o
sa
pi
en
s

T
hi
s
da

ta
ba

se
co
nt
ai
ns

73
9
sa
m
pl
es

w
it
h
66

1
ci
rc
R
N
A
an

d
10

0
di
se
as
es

ht
tp
://
bi
oi
nf
o.
sn
nu

.e
du

.c
n/
C
ir
cR

2D
is
ea
se
/in

de
x.
as
px

(2
7)

C
ir
cR

N
A
D
is
ea
se

H
om

o
sa
pi
en
s

T
hi
s
da

ta
ba

se
co
nt
ai
ns

35
4
sa
m
pl
es

w
it
h
33

0
ci
rc
R
N
A
an

d
48

di
se
as
es

ht
tp
://
cg
ga
.o
rg
.c
n:
90

91
/c
ir
cR

N
A
D
is
ea
se
/

(2
6)

ci
rc
2D

is
ea
se

H
om

o
sa
pi
en
s

T
hi
s
da

ta
ba

se
no

t
on

ly
pr
ov

id
es

ci
rc
R
N
A
an

d
di
se
as
e
re
la
ti
on

sh
ip

da
ta

bu
t
al
so

pr
ov

id
es

m
iR
N
A
an

d
m
iR
N
A
ta
rg
et

re
la
ti
on

sh
ip

da
ta

ht
tp
://
bi
oi
nf
or
m
at
ic
s.
zj
u.
ed
u.
cn
/C
ir
c2
D
is
ea
se
/in

de
x.
ht
m
l
(2
8)

C
ir
cN

et
H
om

o
sa
pi
en
s

T
hi
s
da

ta
ba

se
no

t
on

ly
pr
ov

id
es

ba
si
c
in
fo
r-

m
at
io
n
ab

ou
t
ci
rc
R
N
A
,b

ut
al
so

pr
ov

id
es

ci
rc
R
N
A
ex
pr
es
si
on

pr
ofi

le
da

ta
an

d
ce
R
N
A

re
gu

la
to
ry

ne
tw

or
k

ht
tp
://
w
w
w
.r
na

-s
eq
bl
og

.c
om

/c
ir
cn
et
-a
-

da
ta
ba

se
-o
f-
ci
rc
ul
ar
-r
na

s-
de
ri
ve
d-
fr
om

-
tr
an

sc
ri
pt
om

e-
se
qu

en
ci
ng

-d
at
a/

(1
5)

st
ar
B
as
e
V
2.
0

H
om

o
sa
pi
en
s

A
co
m
pr
eh
en
si
ve

da
ta
ba

se
of

m
iR
N
A
in
fo
rm

a-
ti
on

th
at

pr
ov

id
es

no
t
on

ly
th
e
in
te
ra
ct
io
ns

be
tw

ee
n
m
iR
N
A
s
an

d
pr
ot
ei
ns

bu
t
al
so

th
e

re
la
ti
on

sh
ip
s
be
tw

ee
n
m
iR
N
A
s
an

d
ot
he
r

no
nc
od

in
g
R
N
A
s

ht
tp
://
st
ar
ba

se
.s
ys
u.
ed
u.
cn
/s
ta
rb
as
e2
/in

de
x.
ph

p
(1
8)

C
ir
cI
nt
er
ac
to
m
e

H
om

o
sa
pi
en
s

T
hi
s
da

ta
ba

se
m
ai
nl
y
in
cl
ud

es
ba

si
c
in
fo
rm

a-
ti
on

of
ci
rc
R
N
A
,R

B
P
re
la
te
d
to

ci
rc
R
N
A
an

d
ta
rg
et

ce
ll
si
te
s
of

m
iR
N
A

ht
tp
s:
//c
ir
ci
nt
er
ac
to
m
e.
ni
a.
ni
h.
go

v/
in
de
x.
ht
m
l

(1
7)

Pl
an

tC
ir
cN

et
Pl
an

t
T
hi
s
da

ta
ba

se
pr
ov

id
es

pl
an

t-
re
la
te
d
ci
rc
R
N
A

in
fo
rm

at
io
n
an

d
ci
rc
R
N
A
ex
pr
es
si
on

pr
o-

fil
e
da

ta
as

w
el
la

s
th
e
ci
rc
R
N
A
-m

iR
N
A
-g
en
e

re
gu

la
to
ry

ne
tw

or
k

ht
tp
://
bi
s.
zj
u.
ed
u.
cn
/p
la
nt
ci
rc
ne
t/
in
de
x.
ph

p
(1
9)

T
SC

D
H
om

o
sa
pi
en
s

an
d
m
ou

se
T
hi
s
da

ta
ba

se
co
nt
ai
ns

in
fo
rm

at
io
n
ab

ou
t
ti
ss
ue
-

sp
ec
ifi
c
ci
rc
R
N
A
s.

ht
tp
://
gb

.w
hu

.e
du

.c
n/
T
SC

D
/

(1
6)

C
IR
C
pe
di
a
v2

A
ni
m
al
s

C
IR
C
pe
di
a
V
2
is
a
co
m
pr
eh
en

si
ve

da
ta
ba

se
co
nt
ai
ni
ng

ci
rc
R
N
A
an

no
ta
ti
on

in
fo
rm

at
io
n

fo
r
m
or
e
th
an

18
0
R
N
A
-s
eq

da
ta

se
ts
fr
om

6
di
ff
er
en
t
sp
ec
ie
s

ht
tp
s:
//w

w
w
.p
ic
b.
ac
.c
n/
rn
om

ic
s/
ci
rc
pe
di
a/

(2
0)

C
ir
c2
T
ra
it
s

H
om

o
sa
pi
en
s

C
ir
c2
T
ra
it
s
is
a
co
m
pr
eh
en

si
ve

da
ta
ba

se
of

10
5

di
se
as
es

an
d
19

51
ci
rc
R
N
A
s

ht
tp
://
gy
an

xe
t-
be
ta
.c
om

/c
ir
cd
b/

(2
1)

http://www.circbase.org/
http://bioinfo.snnu.edu.cn/CircR2Disease/index.aspx
http://cgga.org.cn:9091/circRNADisease/
http://bioinformatics.zju.edu.cn/Circ2Disease/index.html
http://www.rna-seqblog.com/circnet-a-database-of-circular-rnas-derived-from-transcriptome-sequencing-data/
http://www.rna-seqblog.com/circnet-a-database-of-circular-rnas-derived-from-transcriptome-sequencing-data/
http://www.rna-seqblog.com/circnet-a-database-of-circular-rnas-derived-from-transcriptome-sequencing-data/
http://starbase.sysu.edu.cn/starbase2/index.php
https://circinteractome.nia.nih.gov/index.html
http://bis.zju.edu.cn/plantcircnet/index.php
http://gb.whu.edu.cn/TSCD/
https://www.picb.ac.cn/rnomics/circpedia/
http://gyanxet-beta.com/circdb/


Page 4 of 8 Database, Vol. 00, Article ID baaa085

Ta
b
le

1.
(C
o
n
ti
n
u
ed

)

D
at
ab

as
e

Sa
m
pl
e

D
es
cr
ip
ti
on

U
R
L

R
ef
er
en
ce

ci
rc
R
N
A
D
b

H
om

o
sa
pi
en
s

C
ir
cR

N
A
D
b
is
a
sp
ec
ia
liz
ed

da
ta
ba

se
th
at

st
or
es

th
e
ba

si
c
in
fo
rm

at
io
n
of

32
91

4
ex
on

ic
ci
rc
R
N
A

ht
tp
://
re
pr
od

.n
jm

u.
ed
u.
cn
/c
gi
-

bi
n/
ci
rc
rn
ad

b/
ci
rc
R
N
A
D
b.
ph

p
(2
2)

ci
rc
B
an

k
H
om

o
sa
pi
en
s

C
ir
cB

an
k
is
a
sp
ec
ia
liz
ed

da
ta
ba

se
fo
r
st
or
-

in
g
ba

si
c
in
fo
rm

at
io
n
ab

ou
t
ci
rc
R
N
A
,w

hi
ch

pr
ov

id
es

us
er
s
w
it
h
no

t
on

ly
ba

si
c
in
fo
rm

a-
ti
on

ab
ou

t
14

0
00

0
ci
rc
R
N
A
s
bu

t
al
so

a
la
rg
e

nu
m
be
r
of

ci
rc
R
N
A
–m

iR
N
A
in
te
ra
ct
io
ns

ht
tp
://
w
w
w
.c
ir
cb
an

k.
cn
/in

de
x.
ht
m
l

(2
3)

Pl
an

tc
ir
cB

as
e

Pl
an

t
Pl
an

tc
ir
cB

as
e
is
a
co
m
pr
eh
en
si
ve

da
ta
ba

se
of

pl
an

t-
re
la
te
d
ci
rc
R
N
A
s.
T
hi
s
da

ta
ba

se
in
cl
ud

es
no

t
on

ly
77

59
5
ci
rc
R
N
A
s
as
so
ci
at
ed
,b

ut
al
so

13
35

ci
rc
R
N
A
-m

iR
N
A
-m

R
N
A
re
gu

la
to
ry

ne
tw

or
ks

ht
tp
://
ib
i.z
ju
.e
du

.c
n/
pl
an

tc
ir
cb
as
e/

(2
5)

C
ir
cF

un
B
as
e

H
om

o
sa
pi
-

en
s
an

d
M
us

m
us
cu
lu
s,
et
c.

T
hi
s
da

ta
ba

se
pr
ov

id
es

no
t
on

ly
70

00
ci
rc
R
N
A

fu
nc
ti
on

al
in
st
an

ce
s
bu

t
al
so

a
la
rg
e
nu

m
be
r
of

ci
rc
R
N
A
–m

iR
N
A
as
so
ci
at
io
ns

ht
tp
://
bi
s.
zj
u.
ed
u.
cn
/C
ir
cF

un
B
as
e/
in
de
x.
ph

p
(2
4)

C
ir
ca
d

H
om

o
sa
pi
-

en
s
an

d
M
us

m
us
cu
lu
s,
et
c.

T
hi
s
da

ta
ba

se
pr
ov

id
es

a
w
ea
lt
h
of

ci
rc
R
N
A
–

di
se
as
e-
as
so
ci
at
ed

da
ta

ht
tp
://
cl
in
ge
n.
ig
ib
.r
es
.in

/c
ir
ca
d/
in
de
x.
ht
m
l

(2
9)

http://reprod.njmu.edu.cn/cgi-bin/circrnadb/circRNADb.php
http://reprod.njmu.edu.cn/cgi-bin/circrnadb/circRNADb.php
http://www.circbank.cn/index.html
http://ibi.zju.edu.cn/plantcircbase/
http://bis.zju.edu.cn/CircFunBase/index.php
http://clingen.igib.res.in/circad/index.html


Database, Vol. 00, Article ID baaa085 Page 5 of 8

Figure 3. The user interface overview of circR2Cancer. (A) The home page of circR2Cancer. (B) The browse page of circR2Cancer. (C) The search page of the
circR2Cancer, where breast cancer as an example is used as input and relevant circRNA-cancer associations are obtained. (D) The download page of circR2Cancer.

extracted from the circBase (14) and the Disease Ontology
(30), respectively. The basic information of circRNA pro-
vided by circR2Cancer including circRNA name, circRNA
alias, detection method, expression pattern, gene symbol,
gene coordinates, etc. At the same time, circR2Cancer pro-
vides basic information of cancers such as cancer names,
DOID, definitions, synonyms, and Xrefs.

Based on above data, we designed a website interface
to display these data. All data are stored and managed
in the database organized by the popular open source
database (MySQL). All data on our website were available
to download. We used Django based on Python, Apache
and MySQL systems, which is a python web framework
for designing and implementing a friendly web interface

for users to browse. The circR2Cancer website is freely
available at http://www.biobdlab.cn:8000.

User interface

For the convenience of users, the circR2Cancer pro-
vides a simple and friendly interface to query, browse
and download the data. The user interface overview
of circR2Cancer is shown in Figure 3. In the ‘Home’
page, circR2Cancer provides not only an overview of the
database, but also statistics information of database. More-
over, CircR2cancer also provides users with hyperlinks to
other circRNA-related databases. In the ‘Browse’ interface,
circR2Cancer displays the circRNA–cancer association to

http://www.biobdlab.cn:8000
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Figure 4. A schematic workflow of circR2Cancer. CircR2Cancer provides three methods to search for circRNA-cancer associations. Namely, the search method
based on the cancer name, the search method based on the circRNA name and the search method based on the circRNA gene coordinates.

the user. Furthermore, the user can click on ‘Detail’ to
view the details. In order to facilitate users to query the
experimentally verified circRNA–cancer associations, the
circR2Cancer database provides users with circRNA-based
search methods and cancer-based search methods in the

‘Search’ page. The cancer-based search method requires the
user to enter a specific cancer name, and then circR2Cancer
displays the circRNA–cancer associations based on the can-
cer name entered by the user. Moreover, circR2Cancer
provides two different circRNA-based search methods.
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(i) Search for the experimentally verified circRNA–cancer
association based on the circRNA name; and (ii) search
for known associations based on coordinate. The search
method based on coordinate requires the user to select the
chromosome of circRNA, and then inputs the start and end
positions of circRNA. Finally, circR2Cancer displays the
corresponding circRNA–cancer associations according to
the user’s selection and input. The specific operations of the
three search methods provided by circR2Cancer are shown
in Figure 4.

Discussion and conclusions

Increasing studies have shown that circRNAs are related to
various human cancers such as gastric cancer (31–34), hep-
atocellular carcinoma (35–37), bladder carcinoma (38–41)
and so on. Furthermore, recent researches indicate that
circRNAs can be considered as biomarkers for cancer
diagnosis, treatment and prognosis (20). Thus, in order
to facilitate future research of the regulation mecha-
nism of circRNA in cancer, we develop a comprehen-
sive database which provides experimentally confirmed
associations between circRNAs and cancers. Specifically,
the circR2Cacner contains 1439 experimentally validated
circRNA–cancer associations including 1135 circRNAs
and 82 cancers. Meanwhile, we also provide users with
a friendly and easy-to-use web interface that allows
users to search, browse and download circRNA–cancer
associations.

Future extensions

With the increasing experimentally validated circRNA–
cancer associations, the circR2cancer database will be
updated regularly. Besides, we will add RNA-seq, func-
tion information of circRNAs and circRNA-binding pro-
tein associations. In the meantime, we will develop new
algorithms and tools for analyzing circRNA–cancer asso-
ciations in the future.
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