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Abstract

Background: Circular RNAs (circRNAs), covalently closed single-stranded non-coding RNAs 
(ncRNAs), play pivotal roles in development and progression of breast cancer (BC). Although 
the roles of hsa_circ_0013958 and hsa_circ_0003028 in some malignancies have been explored, 
their function and expression in breast tumors are still unknown. This study was aimed to bio-
informatically and experimentally evaluates the expression and potential function of hsa_
circ_0013958 and hsa_circ_0003028 in BC. Materials and Methods: The quantitative re-
al-time PCR method was used to determine the expression of hsa_circ_0013958 and hsa_
circ_0003028 in 50 tumor samples and matched adjacent non-cancerous tissues. Besides, we 
used bioinformatic approaches to identify potentially important competing endogenous RNA 
(ceRNA) networks that are regulated by these circRNAs using some databases and software 
tools. Results: The hsa_circ_0013958 was significantly down-regulated in breast tumors com-
pared with adjacent normal tissues, while the hsa_circ_0003028 had an upregulated pattern. 
Interestingly, it is found the higher expression of hsa_circ_0013958 showed association with a 
lack of use of hair dye as well as age at menarche ≥14 years in subjects. On the other hand, 
hsa_circ_0003028 expression was meaningfully related to age at first full-term pregnancy, an-
tiperspirants use, and regular menstruation.  Next, we found that these two circRNAs can poten-
tially regulate some circRNAs-mediated miRNA sponge regulatory networks. Conclusion: The 
current work indicated that the hsa_circ_0013958 and hsa_circ_0003028 had reverse expres-
sion patterns in breast tumors, and it seems that they play key roles in the physiopathology of 
this cancer through potential key regulatory ceRNA functions. However, further functional 
studies are needed to validate these bioinformatically observed roles. [GMJ.2021;10:e2064] 
DOI:10.31661/gmj.v10i0.2064
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Introduction

Breast cancer (BC), a frequent malignant 
tumor, emerges as the secondary highest 

mortality among all tumors in women world-
wide [1]. Although previous studies have 
exhibited that abnormal expression of many 
genes are involved in the pathobiology, detec-
tion, development, invasion, and metastasis of 
BC, it remains a challenging topic yet [2, 3]. 
Therefore, it is critical to recognize the under-
lying mechanisms associated with initiation 
and progression of BC as well as uncover 
effective therapeutic targets for BC patients. 
Latterly, studies have shown that various 
types of non-coding RNAs (ncRNAs) play 
key roles in BC development and progression 
[4].
Much of the human genome (at least 75%) 
could create active and functional products 
that only 2% of them are protein-coding tran-
scripts and rest of them are ncRNAs, made 
up of long noncoding RNAs (lncRNAs), mi-
croRNAs (miRNAs), and circular RNAs (cir-
cRNAs) [5]. 
CircRNAs, covalently closed single-strand-
ed RNAs, are ncRNAs discovered recently, 
which are originated from precursor mRNA 
(pre-mRNA) via back splicing events [6]. 
CircRNAs are more resistant than their linear 
forms to digestion by exonucleases or RNase 
R, due to absence of 5′ caps and 3′ poly (A) 
tails [7]. 
The growing amount of data indicated that 
circRNAs could take part in various disease 
including cancers through different mecha-
nisms, such as regulating the tumor progres-
sion by post-transcriptional mechanisms, bind 
to specific proteins, act as transcriptional reg-
ulators, translation, and alternative splicing [8, 
9]. In  recent years, circRNAs have got a lot 
of attentions due to acting as miRNA spong-
es and consequently result in upregulating the 
expression of miRNA-related target genes as 
well as the development and progression of 
diverse cancers [10].
In the case of BC, several reports have re-
vealed the essential acts of circRNAs in 
various processes, such as proliferation, mi-
gration, invasion, apoptosis, and give a new 
perspective for the diagnosis and treatment of 
BC [11].

hsa_circ_0013958 is located at 1q14 on the 
plus strand with 816 nucleotides in length 
and is derived from the lysophosphatidic acid 
phosphatase 6 (ACP6) gene [12]. It is demon-
strated that hsa_circ_0013958/miR-134/
CCND1 axis developed cell proliferation and 
invasion and impeded cell apoptosis in lung 
adenocarcinoma (LAC) [13]. 
hsa_circ_0013958 has been recently identified 
to be upregulated in ovarian cancer (OC) and 
could act as an oncogene in this cancer [14]. 
hsa_circ_0003028 (also known as cicFUT8, 
hsa_circRNA_101368) was introduced as 
an inhibitor of the migration and invasion in 
bladder cancer through miR-570-3p sponging 
and subsequently promoted the expression of 
Krupple-like Factor 10 (KLF10) [15]. This 
circRNA originated from exon 3 of FUT8 
gene located at chr14:66028054 [12]. 
It is suggested that hsa_circ_0003028 act-
ed as an oncogene by modulating HMGB1/
RAGE signaling pathway in hepatocellular 
carcinoma (HCC) [16]. Since miR-134 and 
its target CCND1, and miR-570-3p and its 
targets HMGB1/RAGE are implicated in the 
development of BC and on the other hand 
hsa_circ_0013958 and hsa_circ_000308 
could sponge off these miRNAs respectively 
[17-20], these two circRNAs might play a role 
in BC.
However, to our knowledge, hsa_
circ_0013958 and hsa_circ_0003028 expres-
sion and their roles in BC is unknown yet.
Hence, in the present study, we compared the 
expression of hsa_circ_0013958 and hsa_
circ_0003028 between paired breast tumor 
and tumor's adjacent normal tissue samples 
as well as evaluation of their expression with 
demographic and clinicopathological features 
of BC patients.  
In addition, since there is evidence that cir-
cRNAs can regulate expression of their target 
mRNAs of the different coding genes through 
sponging of their regulatory miRNAs in com-
peting endogenous RNA (ceRNA) networks 
as circRNA-miRNA-mRNA axes, and on the 
other hand, deregulation of these networks 
have been repeatedly reported in tumorigen-
esis [21]. 
We analyzed and constructed a circRNA-miR-
NA-mRNA network for these two circRNAs 
to find potential ceRNA roles in BC.
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Materials and Methods

Study population 
In this study, 50 tumor tissues and paired ad-
jacent non-cancerous tissues were collected 
from Shahid Faghihi hospital, Shiraz, Iran 
between 2017 and 2019. All BC patients who 
engaged in the present study did not receive 
radiotherapy and chemotherapy before sur-
gery. Fresh tissue samples were promptly fro-
zen in liquid nitrogen and preserved in -80°C 
for further use. The study protocol conforms 
to the ethical guidelines of the 1975 Declara-
tion of Helsinki and was approved by the local 
ethical committee at the Kerman University 
of Medical Sciences (KMU) (assigned ethical 
code: IR.KMU.REC.1398.565). All the con-
tributors signed a written informed consent 
accepting to use their clinical information and 
breast samples. In addition, a questionnaire 
was used to get the demographic and repro-
ductive data together. Clinicopathological and 
demographic features of the patients are listed 
in Table-1 and Table-2.   

RNA extraction and cDNA synthesis
Total RNA was extracted from fresh tumors 
and adjacent normal tissues by using the 
TRIzol isolation reagent (Invitrogen, Ther-
mo Fisher) according to the manufacturer’s 
procedures. The quality and integrity of RNA 
was evaluated by gel electrophoresis and sub-
sequently, the quantity and concentration of 
extracted RNA was measured by spectropho-
tometer. Then, complementary DNA (cDNA) 
synthesis was done using Thermo ScientificTM 
First Strand cDNA Synthesis Kit (Fermentas, 
Cat.No: K1622) in agreement with the manu-
facturer’s instructions.

Real Time PCR
Real-time PCR was executed using RealQ 
Plus 2x Master Mix Green with High ROzTM 
(Ampliqon, Cat.No: A325402-25). β2-mi-
croglobulin (B2M) gene was applied as an 
internal control to normalize the data. cir-
cRNAs sequences were obtained from Cir-
cInteractome. The divergent primers included 
hsa_circ_0013958: GTCAGAAAGAAGG-
TAGAGTGGAAC (forward) and CAG-
GGTGGTCTCATGGTATTG (reverse); 

hsa_circ_0003028: GAATCTCTCCG-
CATGTAGAGC (forward) and CAGGT-
GAATAGACTTCTGTTGTTTC (reverse); 
and housekeeping gene (B2M) primers were 
AGATGAGTATGCCTGCCGTG (forward) 
and GCGGCATCTTCAAACCTCCA (re-
verse).  1 µl of cDNA, 0.75 µl of each primer, 
5 µl DNase-free dH2O and 7.5 µl master mix 
were used to perform a 15 µl volume reaction, 
under thermal-cycling conditions involving 
45 cycles of 95°C for 20 seconds, and then 
60°C for 30 seconds. All reactions were done 
in duplicate. The values were measured by 
2-ΔΔCT (fold change) method. 

Statistical Analysis
The data were presented by mean and stan-
dard deviation for ΔΔCt, and median for fold 
change. The comparison of ΔΔCt and fold 
change between tumors and normal adjacent 
tissues were made by Paired sample t-test 
and Wilcoxon test. Mann–Whitney and Krus-
kal-Wallis tests were applied to assess the as-
sociation between the expression of circRNAs 
with clinicopathologic and demographic fac-
tors.  According to median, fold changes were 
divided into 2 groups of high and low expres-
sions, and the comparison analyses among 
these groups were conducted by chi-square 
test and independent t test. P-value fewer than 
0.05 was regarded as a statistical significance. 
Statistical analyses were performed in IBM 
SPSS 26 software. 

Bioinformatics analysis Investigation of miR-
NAs and mRNAs related to circRNAs
CircRNA-miRNA interaction was download-
ed from database Circinteractome (https://
circinteractome.nia.nih.gov). DIANA-miR-
Path (http://diana.imis.athena-innovation.gr/
DianaTools/index.php?r=mirpath) and Tar-
getScan (http://www.targetscan.org/vert_72/) 
databases were used to predict the interaction 
between microRNAs and mRNAs. But pre-
vious data didn’t specify the technique used 
for its predictions, so, we used mirTarBase 
(http://miRTarBase.mbc.nctu.edu.tw/) data-
base that had validation methods and selected 
the targets related to miRNAs with strong ev-
idence. In the last update mirTarBase, MTIs 
(miRNA–target interactions) validated by 
experimental data. To date, the database has 
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Table 1. Association of hsa_circ_0013958 and hsa_circ_0003028 Expression W
ith D

em
ographic and C

linicopathological Features in BC
 Patients. 

Features
                  hsa_circ_0013958 level

               hsa_circ_0003028 level

M
ean

SD
M

edian
P-value

N
M

ean
SD

M
edian

P-value

A
ge

<50
22

224.951
1051.217

0.110
0.358

22
6.636

11.692
3.097

0.171
≥50

28
0.527

0.636
0.337

28
555.352

2915.148
1.922

Tum
or size

<2.5
31

0.461
0.638

0.156
0.466

31
500.633

2770.754
2.019

0.430
≥2.5

19
260.494

1131.129
0.200

19
9.276

15.372
3.092

E
strogen receptor

N
egative

1
1.171

0
1.171

0.225
1

5.891
0

5.891
0.386

Positive
49

101.275
704.404

0.156
49

320.204
2203.519

2.209

Progesterone receptor
N

egative
2

1.344
1.825

1.344
0.729

2
2.464

0.903
2.464

0.921
Positive

48
103.354

711.706
0.163

48
326.894

2226.334
2.292

H
E

R
2

N
egative

33
150.237

858.316
0.200

   0.311
33

472.696
2685.097

2.119
0.735

Positive
17

0.344
0.485

0.102
17

5.699
10.781

2.520

N
uclear grade

1
6

0.475
0.677

0.246

0.919

6
2.775

2.369
1.831

0.295
2

36
137.434

821.834
0.149

36
432.134

2571.047
2.069

3
8

1.649
3.608

0.129
8

15.300
22.235

4.328

Lym
ph node m

etastasis
Yes
N

o   
1535

1.198
141.306

2.647
833.499

0.289
0.156

   0.427
1535

1038.019
3.588

3981.427
3.945

3.407
2.019

   0.153

Type of invasive carcinom
a

ILC
1

0.360
0

0.360
0.652

1
9.373

0
9.373

0.200
ID

C
49

101.292
704.402

0.156
49

320.132
2203.529

2.209

A
ge at m

enarche
<14

31
0.680

1.883
0.102

0.121
31

501.805
2770.547

2.019
0.153

≥14
19

260.136
1131.214

0.314
19

7.364
12.544

3.103

A
ge at FFT

P
<25

31
159.860

885.574
0.170

0.448
31

6.168
12.512

2.019
0.055

 ≥25
13

0.410
0.544

0.156
13

1191.558
4278.087

5.670

A
ge at m

enopause
<50

14
0.248

0.319
0.145

0.092
14

3.332
3.699

1.671
0.973

≥50
21

0.598
0.705

0.360
21

739.421
3366.023

2.019

Fam
ily history of cancer

N
o

Yes
2525

0.778
197.767

2.086
986.187

0.129
0.289

0.410
2525

5.860
621.975

9.342
3085.001

2.376
2.209

0.778

B
reastfeeding duration

 0
6

0.446
0.833

0.131

0.332

6
2.399

2.635
1.435

0.642
<24

14
0.274

0.306
0.105

14
1105.747

4122.774
2.164

≥24
30

165.239
900.198

0.300
30

6.700
12.492

2.873

H
air dye use        

 N
o               

Yes 
1040

1.590
123.694

3.153
779.667

0.463
0.113

0.026*
1040

6.982
390.651

13.836
2438.901

1.927
2.365

0.611

A
ntiperspirants use 

N
o

33
0.815

1.851
0.200

0.395
33

4.163
8.043

1.692
0.022*

Yes
17

290.399
1195.975

0.100
17

915.205
3740.371

4.180

ID
C

: Invasive D
uctal C

arcinom
a; ILC

: Invasive Lobular C
arcinom

a; FFTP: First Full-Term
 Pregnancy

*P-values< 0.05 is significant. 
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Table 2. Expression Ievels of hsa_circ_0013958 and hsa_circ_0003028 and D
ifferent D

em
ographic and C

linicopathological Features of the BC
 Patients. 

Features
                  hsa_circ_0013958 level

               hsa_circ_0003028 level

L
ow

H
igh

P-value
L

ow
H

igh
P-value

N
%

N
%

N
%

N
%

A
ge

<50
14

63.6%
8

36.4%
0.087

9
40.9%

13
59.1%

0.254
≥50

11
39.3%

17
60.7%

16
57.1%

12
42.9%

A
ge at m

enarche
<14

19
61.3%

12
38.7%

0.041*
18

58.1%
13

41.9%
0.145

≥14
6

31.6%
13

68.4%
7

36.8%
12

63.2%

R
egular m

enstruation 
N

o
4

80.0%
1

20.0%
0.157

5
100.0%

0
0.0%

0.018*
Yes

21
46.7%

24
53.3%

20
44.4%

25
55.6%

A
ge at m

enopause
<50

7
50.0%

7
50.0%

0.486
8

57.1%
6

42.9%
1.000

≥50
8

38.1%
13

61.9%
12

57.1%
9

42.9%

B
M

I
≤25

8
40.0%

12
60.0%

0.477
11

55.0%
9

45.0%

0.826
25-29

12
54.5%

10
45.5%

10
45.5%

12
54.5%

≥30
5

62.5%
3

37.5%
4

50.0%
4

50.0%

A
ge at FFT

P
<25

15
48.4%

16
51.6%

0.741
18

58.1%
13

41.9%
0.034*

≥25
7

53.8%
6

46.2%
3

23.1%
10

76.9%

B
reastfeeding duration

0
3

50.0%
3

50.0%
0.433

4
66.7%

2
33.3%

0.476
<24

9
64.3%

5
35.7%

8
57.1%

6
42.9%

≥24
13

43.3%
17

56.7%
13

43.3%
17

56.7%

N
um

ber of abortions
0

19
52.8%

17
47.2%

0.179
17

47.2%
19

52.8%

0.801
1

4
33.3%

8
66.7%

7
58.3%

5
41.7%

>1
2

100.0%
0

0.0%
1

50.0%
1

50.0%

Tum
or size

<2.5
16

51.6%
15

48.4%
0.771

17
54.8%

14
45.2%

0.382
≥2.5

9
47.4%

10
52.6%

8
42.1%

11
57.9%

E
strogen receptor

N
egative

0
0.0%

1
100.0%

0.312
0

0.0%
1

100.0%
0.312

 Positive
25

51.0%
24

49.0%
25

51.0%
24

49.0%

Progesterone receptor
 N

egative
1

50.0%
1

50.0%
1.000

1
50.0%

1
50.0%

1.000
Positive

24
50.0%

24
50.0%

24
50.0%

24
50.0%

H
E

R
2

N
egative

15
45.5%

18
54.5%

0.370
18

54.5%
15

45.5%
0.370

Positive
10

58.8%
7

41.2%
7

41.2%
10

58.8%
B

M
I: Body M

ass Index; FFTP: First Full-Term
 Pregnancy

*P-values< 0.05 is significant. 
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Figure 1. The 220 pathways regarded the hsa_circ_0003028 
and 110 pathways belong to the hsa_circ_0013958. The Venn 
diagram showing that 39 molecular pathways related to hsa_
circ_0003028 and hsa_circ_0013958.

collected >13404 validated MTIs from 11021 
articles by adopting a scoring system. 

Construction of circRNA-miRNA-mRNA Net-
work
CeRNA network was constructed based on 
circRNA-miRNA pairs, miRNA-mRNA pairs, 
and mRNA-mRNA pairs. PPI (protein-pro-
tein interaction) network of mRNAs obtained 
from database STRING (https://string-db.
org). Then, the networks were visualized us-
ing Cytoscape 3.7.2 software (https://cytos-
cape.org/).  

Investigation of pathways Correlated mRNAs 
In order to explore the molecular pathways in-
volved in mRNAs toppgene (https://toppgene.
cchmc.org/) database, it was used to predict. 
The Venn diagram demonstrated the common 
pathways associated with mRNAs related to 
hsa_circ_0013958 and hsa_circ_0003028 
(Figure-1, Supplementary file-1). Then, the 
possible pathways associated with BC and 
their relationship with demographic factors 
were evaluated. Investigation of gene Gene 
properties Properties involved Involved in 
network Network 
   
Transcription factors
Transcription factors are proteins that bal-
ance the rate of gene transcription and bind 
to enhancers and silencers (DNA-regulatory 
sequences), commonly localized in the 5'-up-
stream region of target genes [22]. The TF2D-
NA (http://fiserlab.org/tf2dna_db//search_
genes) database is used to check the genes are 
transcription factors.

Survival analysis
Overall survival (OS) was used to predict 
prognosis of patients with BC. GEPIA (http://
gepia.cancer-pku.cn/) database was used to 
assess gene survival analysis based on gene 
expression and uses Log-rank test. 

Results

The expression of  hsa_circ_0013958 and 
hsa_circ_0003028 in tumors and adjacent 
Non-cancerous tissuesTissues
After determining the expression levels of 

the target circRNAs in both tumor and nor-
mal samples, the Wilcoxon signed ranks test 
was used to compare these circRNAs relative 
expressions between tumors and adjacent 
normal tissues. The results showed that hsa_
circ_0013958 expression was significantly 
lower in tumors (Median= 0.163) than paired 
adjacent normal tissues (Median= 1.057), 
(P-value<0. 001, Figure-2a,  and 2c). In addi-
tion, we observed that the hsa_circ_0003028 
is overexpressed in tumors (Median= 2.292) 
compared with adjacent non-cancerous tis-
sues (Median= 0.867) (P-value=0.045, Fig-
ure-2 b,  and 2d).   

The relation between hsa_circ_0013958 ex-
pression and demographic and clinicopatho-
logical characteristics Characteristics 
In another step of our analyses, Mann–Whit-
ney test revealed that hsa_circ_0013958 had 
a significantly higher expression in patients 
who did not use hair dye than women used it 
(P-value=0.026, Figure-3a, Table-1). 
In the next phase, patients were divided into 2 
groups of high and low expressions according 
to median for hsa_circ_0013958 (Table-2). 
High expression level of hsa_circ_0013958 
was observed in the group of participants 
with the age at menarche ≥14 years (P-val-
ue=0.041). We did not identify any significant 
association between this circRNA expression 
and clinicopathological features.
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Figure 2. The expression of hsa_circ_0013958 and hsa_circ_0003028 in tumors and adjacent non-cancerous tissues. A: Lower expres-
sion of hsa_circ_0013958 in tumor tissues compared with adjacent normal tissues. B: Overexpression of hsa_circ_0003028 in tumor 
tissues compared with adjacent normal tissues.  C,D: Line charts for comparison of hsa_circ_0013958 and hsa_circ_0003028 expression 
between tumor samples and paired adjacent normal tissues, according to ΔΔCt.
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The relation between hsa_circ_0003028 ex-
pression and demographic and clinicopatho-
logical characteristics
The hsa_circ_0003028 expression level was 
meaningfully higher in the participants with 
the age at FFTP of ≥25 years compared with 
those with the age at FFTP of <25 years 
(P-value=0.055, Figure-3b). Furthermore, 
the elevated expression of hsa_circ_0003028 
demonstrated a significant association with 
antiperspirant use (P-value=0.022, Fig-
ure-3c). The details of the analyses are shown 
in Table-1. Additionally, according to medi-
an, fold changes were divided into 2 groups 
of high and low expressions (Table-2). The 
high expression of hsa_circ_0003028 was 
meaningfully related to regular menstruation 
(P-value=0.018). In addition, Chi-square test 
demonstrated that hsa_circ_0003028 is over-
expressed in the women with higher age at 
FFTP (P-value=0.034). We did not observe 
any significant associations between hsa_
circ_0003028 expression and clinicopatho-
logical variables of the patients.

Potential circRNAs-mediated sponge regula-
tory network
CeRNA networks were generated using Cy-
toscape software as circRNA-miRNA, miR-
NA-mRNA, and PPI (protein-protein inter-
action). According to the results of in silico 
investigation and significant nodes in these 
networks, the potential hsa_circ_0003028/
miRNA/mRNA and hsa_circ_0013958/miR-
NA/mRNA regulatory network were predict-
ed. The hsa_circ_0013958/miRNA/mRNA 
network was formed based on 1 circRNA, 6 
miRNAs, and 13 mRNAs (Figure-4). We ob-
served that the most interactions are between 
the mRNAs KRAS, AKT1, SNAI2, and miR-
NAs including hsa-mir-637, hsa-mir-622, and 
hsa-mir-545 in this network. The vital role 
of these mRNAs and miRNAs hsa-mir-637, 
hsa-mir-622 in BC has been previously re-
vealed [23-27]. The hsa_circ_0003028/
miRNA/mRNA network also contained 1cir-
cRNA, 22 miRNAs, and 78 mRNAs (Fig-
ure-5). The mRNAs SMAD4, MUC1, EZH, 
SP1, XIAP, NOTCH1, CASP3, VEGFA, 
TERT, FGF2, BCL2L1, NOTCH2, IGF1R, 
ERBB2, GLI1, CCND1, CDH1, HIF1A, 
ATM, BRCA1, FOXO1, BRCA2, RELA, 
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Figure 3. The association of hsa_circ_0013958 and hsa_
circ_0003028 expression with demographic characteristics of BC 
patients. A: The relation between hsa_circ_0013958 expression 
and hair dye use. B: The relation between hsa_circ_0003028 
expression and age at FFTP. C: The relation between hsa_
circ_0003028 expression and antiperspirant use. 
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and DNMT1 had the most interactions in this 
network, whose dysregulation in BC have 
been previously reported. On the other hand, 
the hsa-mir-498, hsa-mir-421, hsa-mir-330-
5p, and hsa-mir-383 showed the most inter-
actions with hsa_circ_0013958 and related 
mRNAs in the predicted network. Of note, 
the hsa_circ_0003028/miRNA/mRNA net-
work had 22 circRNA-miRNA pairs, 44 miR-
NA-mRNA pairs, and 356 PPI pairs, while 
hsa_circ_0013958/miRNA/mRNA network 
contained 7 circRNA-miRNA pairs, 13 miR-
NA-mRNA pairs, and 18 PPI pairs. Interest-
ingly, it was found that these circRNAs-related 
ceRNA axes regulate the important biologi-
cal pathways whose dysregulation occur in 
BC was. In this regard, our gene interaction 
results revealed three major molecular path-
ways including, PI3K-Akt signaling pathway, 
EGFR tyrosine kinase inhibitor resistance, 

and HIF1 alpha transcription network.  

Transcription factor products of the mRNA 
member of the evaluated circRNA/miRNA/
mRNA networks
We found that the mRNAs with having the 
transcription factor role involved in the pre-
dicted regulatory hsa_circ_0013958/miRNA/
mRNA network were SNAI2 and SP7. Fur-
thermore, the mRNAs acting transcription fac-
tor in the hsa_circ_0003028/miRNA/mRNA 
network included DNMT1, FOXO1, HIF1A, 
TWIST1, RELA, GLI1, SP1, IRF1, SMAD4, 
FOXO4, MECP2, BRCA1, and KLF9.

Survival Analysis
In another bioinformatic evaluation, we per-
formed survival analysis of all genes in-
volving in the two networks. In this way, a 
significant result observed for PVT1 in the 
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Figure 4. The potential hsa_circ_0013958-mediated sponge regulatory network based on experimentally validated and bioinformatically 
predicted interactions. The blue ellipse shows hsa_circ_0013958, the orange octagon nodes and green triangles present miRNAs and 
mRNAs, respectively.



hsa_circ_0003028/miRNA/mRNA network. 
By GEPIA web server analysis and overall 
survival of BRCA, it was indicated that the 
percent overall survival of patients with low 
level of PVT1 expression was significantly 
higher in BRCA (Logrank p= 0.04) compared 
to patients with elevated level of PVT1 ex-
pression (Figure-6). 

Discussion 

Emerging hotspot evidence demonstrates that 
deregulation of circRNAs play a broad impact 
on clinical phenotypes of the BC through their 
multifaceted biological roles. These ncRNAs 
via acting as transcriptional regulators, miR-
NA sponges, protein sponge, and translation-
al regulator, behave oncogene or tumor sup-

pressor [10, 8, 9, 10] for controlling the cell 
growth, proliferation, invasion, migration, 
and apoptosis of tumor cells in human various 
cancers, including BC [11, 28]. 
Additionally, studies have highlighted that 
due to their high stability, conservation, and 
tissue-specific expression, circRNAs are po-
tential diagnostic and prognostic RNA mark-
ers in oncology. Herein, our results indicated 
that hsa_circ_0013958 was down-regulated in 
BC whereas expression of hsa_circ_0003028 
was significantly higher in tumors compared 
to the paired adjacent normal tissues. A num-
ber of studies have revealed the key roles of 
these two circRNAs in regulating the different 
pathological aspects of various cancers [13, 
15,- 16, 14]. In the case of hsa_circ_0013958, 
our data showed that it could act as a potential 

10 GMJ.2021;10:e2064
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Figure 5. The potential hsa_circ_0003028-mediated sponge regulatory network based on experimentally validated and bioinformatically 
predicted interactions. The blue ellipse shows hsa_circ_0003028, the orange rectangle nodes and green diamonds present miRNAs and 
mRNAs, respectively.  
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tumor suppressor circRNA in BC. Howev-
er, this finding is inconsistent with results of 
the previous studies regarding its oncogenic 
role in other cancers. For example, Zhu et al. 
showed that hsa_circ_0013958, is upregulat-
ed and overactivated in LAC, and through 
sponging the miR-134 leads to overexpres-
sion of the CCND1 oncogene and in turn, 
promotes cell proliferation and invasion while 
inhibits cell apoptosis in LAC [13]. Moreover, 
in OC, hsa_circ_0013958 is overexpressed 
in malignant tissues as an oncogene and by 
intensifying the signaling of epithelial-mes-
enchymal transition (EMT) dictates malig-
nant biological behavior to tumor cells. And 
mechanistically, its silencing suppressed the 
proliferation, migration, and invasion of OC 
cells and inversely promotion of their apop-

tosis [14]. 
Interestingly, our bioinformatics analysis in-
dicated that the hsa_circ_0013958 can poten-
tially act as a sponge for some miRNAs (hsa-
mir-637, hsa-mir-622, hsa-mir-545) through 
given ceRNA networks for regulating its tar-
get mRNAs including KRAS, AKT1, SNAI2. 
In addition, there is clear evidence that these 
mRNAs and miRNAs play key roles in the 
physiopathology of BC [23-27]. Therefore, 
such observations point to the role of hsa_
circ_0013958 in BC and the tumor-related 
function of this circRNA in BC may be the 
opposite of its roles which has been observed 
in these cancers. And this regard, there is evi-
dence that a circRNA may play different roles 
in various tumors, due to its different regula-
tory targets, especially via acting in several 

Roles of hsa_circ_0013958 and hsa_circ_0003028 in Clinopathophysiology of Breast Cancer Firoozi Z , et al.

Figure 6 .  Overall survival curve of PVT1 in the hsa_circ_0003028/miRNA/mRNA network.  The red and blue line indicate the sample with 
high and low gene expression, respectively. Statistically significant was P≤0.05.
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ceRNA networks [21]. 
On the other hand, hsa_circ_0003028 (circ-
FUT8) has been recently identified as a tumor 
suppressor circRNA in bladder cancer. And 
functionally, hsa_circ_0003028 suppressed 
the migration and invasion features of blad-
der cancer cells through inhibiting oncogen-
ic miR-570-3p via circFUT8/miR-570-3p/
KLF10 axis to remove its inhibitory effect on 
the tumor suppressor gene KLF10 [15]. 
However, the reported data has shown that this 
circRNA could act as an oncogene ncRNA in 
HCC by stimulating the migration of the HCC 
cells via miR-200a sponging and activating of 
HMGB1/RAGE signaling [16]. 
Again, this circRNA appears to play a dual 
role in inhibiting and stimulating tumor devel-
opment in various cancers, and like its func-
tion in HCC cancer, it may have oncogenic 
activity in BC. 
Bioinformatically, we predicted 24 pro-
tein-coding genes (SMAD4, MUC1, EZH, 
SP1, XIAP, NOTCH1, CASP3, VEGFA, 
TERT, FGF2, BCL2L1, NOTCH1, IGF1R, 
ERBB2, GLI1, CCND1, CDH1, HIF1A, 
ATM, BRCA1, FOXO1, BRCA2, RELA, 
DNMT1) and 4 miRNAs (hsa-mir-498, hsa-
mir-421, hsa-mir-330-5p, hsa-mir-383) in 
the ceRNA networks with ceRNA activity 
of hsa_circ_0003028. According to our net-
work analysis, hsa-mir-498 was a microRNA 
having strong interactions with other RNAs, 
which has been prior revealed as a potential 
oncomiR by targeting the tumor suppressor 
gene PTEN in BC [29].
The hsa-mir-421 acts as a major tumor sup-
pressor miRNA in BC by targeting MTA1 [30]. 
It is noteworthy that among the above proteins 
involved in predicted hsa_circ_0003028/miR-
NA/mRNA ceRNA networks, thirteen mem-
bers were key transcription factors (TFs) with 
known roles some of them in BC, including 
the DNMT1, FOXO1, HIF1A, TWIST1, 
RELA, GLI1, SP1, IRF1, SMAD4, FOXO4, 
MECP2, BRCA1, and KLF9. This suggests 
that the deregulation of hsa_circ_0003028 
hsa_circ_0003028 may play a crucial role in 
the development of BC through defects in var-
ious molecular networks.
At another level, the present study showed that 
a higher expression of the hsa_circ_0013958 
is occurred in the tumor of participants with 

an age at menarche ≥14 years compared with 
women age of menarche <14. Also, compared 
to women with no regular menstruation, an 
elevated expression of hsa_circ_0003028 was 
significantly observed in women who experi-
enced regular menstruation in their life. It is 
well-known that reproductive factors such as 
age at menarche and menstruation status are 
related to the risk of BC through hormonal 
mechanisms [31, 32]. 
Early age at menarche is linked to the high 
risk of BC, due to increasing the number of 
ovulatory cycles and earlier exposure to ovar-
ian hormones [33, 34]. Furthermore, there are 
some reports that the increased risk of BC has 
been also associated with regular menstrual 
cycles via hormonal effects [32]. Mechanis-
tically, clinical and epidemiological evidence 
have strongly shown that ovarian hormones, 
estrogens, and progesterone, affect normal 
breast cell proliferation and development, and 
increased exposure to these hormones leads 
to greater random genetic errors, and subse-
quently occurrence of breast malignancy [35]. 
Interestingly, the results of previous studies 
have indicated that some of these factors are 
associated with changes in the expression of 
ncRNAs in breast tissue [34, 36]. 
Therefore, these findings may indicate that 
one of the possible protective mechanisms of 
older age at menarche against BC in wom-
en is an increase in the expression of hsa_
circ_0013958, which the present study re-
vealed that its expression decreases in breast 
tumors. 
On the other hand, the mechanism of increased 
risk of this cancer by regular menstruation 
may be upregulation of hsa_circ_0003028, 
which is highly expressed in breast tumors. 
Another interesting finding of this study was 
that the hsa_circ_0003028 had a significantly 
higher expression in the women with age at 
FFTP of ≥25 years than those with the age at 
FFTP of <25 years. Based on numerous find-
ings from previous studies, the younger the 
age of the first pregnancy, the lower the risk 
of BC, and the later the age of the first preg-
nancy, the higher the risk of BC in women. 
FFTP age can affect the risk of BC through 
hormone-dependent morphological and dif-
ferentiation changes in breast tissue by de-
creased estrogen and prolactin [37-39]. 
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Some studies indicated that circRNAs could be 
involved in reproductive development and en-
docrine-related pathways, and have potential-
ly regulatory roles during oogenesis [40, 41]. 
Cheng et al. revealed that circRNA_103827 
and circRNA_104816 were overexpressed 
with maternal aging, and there is a negative 
correlation between the expression of these 
circRNAs and embryo numbers. Moreover, 
circRNA_103827 and circRNA_104816 are 
involved in ovarian steroidogenesis [42]. 
Thus, these data suggest that circRNA hsa_
circ_0003028 with potential oncogenic func-
tions may be influenced by hormone-related 
BC risk factors including older FFTP, and in 
turn, is involved in BC initiation and develop-
ment possibly by estrogen-related pathways. 
Nevertheless, the possible link between estro-
gen-related pathways and hsa_circ_0003028 
is still unknown and more studies are needed. 
In this study, our results also showed that the 
expression of hsa_circ_0013958 was sig-
nificantly higher in patients who did not use 
hair dye than women used it. Hair dye com-
pounds contain of some mutagenic and en-
docrine-disrupting chemicals (EDC) such as 
aromatic amines, 4-aminobiphenyl (4-ABP), 
and P-Phenylenediamine (PPD), which may 
play a role in several human cancers [43, 44]. 
4-ABP is carcinogenic to human, could dis-
rupt the estrogen-related pathways, and in-
creased the risk of BC [45].  
EDCs could affect BC risk through interfer-
ing with endocrine system and subsequently, 
changed the mammary gland development 
[46], causing epigenetic changes that influ-
enced on chromatin integrity and gene ex-
pression [47], disrupting the steroid hormones 
synthesis or metabolism, and acting directly 
on steroid hormone receptors as either ago-
nists or antagonists [48]. EDC may also affect 
the expression of ncRNAs in BC; for exam-
ple, it could upregulate miR-21 expression 
and downregulate its target genes, PDCD4 
and PTEN, in BC cell lines [49], and also ln-
cRNA HOTAIR expression was induced by 
endocrine-disrupting chemicals in BC [50]. 
This is the first study which evaluated the 
relation between a circRNA expression and 
hair dye use, but further studies are need-
ed to demonstrate the association between 
endocrine-disrupting chemicals and hsa_

circ_0013958 expression. And finally, we 
observed that the high expression of hsa_
circ_0003028 demonstrated a significant as-
sociation with antiperspirants use in subjects 
under study. Antiperspirants contain a vari-
ety of harmful chemicals, such as aluminium 
salts, that may be absorbed by the skin and 
show a genotoxic profile [51]. Aluminium 
could potentially change the activity of estro-
gen receptors in BC cells and interfere with 
the biological action of breast epithelial cells, 
thereby have a potential role in transforming 
normal cells to malignant cells and cause BC 
progression [52, 53]. Furthermore, it has been 
investigated that aluminium is involved in ox-
idative stress and DNA damaging processes 
through interfering with HIF1 transcription 
factor [54]. 
Our bioinformatics analysis also revealed that 
hsa_circ_0003028 is involved in HIF1 alpha 
transcription factor network. Together, we 
suggest that antiperspirants, which contain of 
aluminium, may affect the hsa_circ_0003028 
expression due to regulating the HIF1 alpha 
transcription factor network. 

Conclusion

In conclusion, we experimentally indicated 
that hsa_circ_0013958 was down-expressed 
and hsa_circ_0003028 was over-expressed in 
breast tumors. Moreover, we uncovered for the 
first time the significant association between 
the expression levels of hsa_circ_0013958 
and hsa_circ_0003028 and some estrogen-re-
lated risk factors as well as other risk factors 
in BC patients. And mechanistically, our bio-
informatic findings provide some clues to 
mechanisms of action of these two circRNAs 
via the circRNA-related competing endoge-
nous RNA regulatory pathways in BC patho-
genesis. Although, more researches are need-
ed to investigate the regulatory roles of these 
circRNAs in BC development. 
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Supplementary file1. List of common molecular pathways obtained from mRNAs linked with hsa_
circ_0013958 and hsa_circ_0003028. The molecular pathways regarded to each circRNA is taken from the 
toppgene database. 

1.	 Pathways in cancer
2.	 Developmental Biology
3.	 Adaptive Immune System
4.	 Breast cancer
5.	 Proteoglycans in cancer
6.	 HTLV-I infection
7.	 PI3K-Akt signaling pathway
8.	 Axon guidance
9.	 Pancreatic cancer
10.	 HIF-1-alpha transcription factor network
11.	 Focal adhesion
12.	 Endocrine resistance
13.	 AGE-RAGE signaling pathway in 

diabetic complications
14.	 Thyroid hormone signaling pathway
15.	 FoxO signaling pathway
16.	 Melanoma
17.	 EGFR tyrosine kinase inhibitor 

resistance
18.	 Prostate cancer
19.	 Apoptosis
20.	 Bladder cancer

21.	 Colorectal cancer
22.	 Central carbon metabolism in cancer
23.	 Chronic myeloid leukemia
24.	 Regulation of nuclear SMAD2/3 signaling
25.	 Small cell lung cancer
26.	 Toxoplasmosis
27.	 Measles
28.	 Hepatitis B
29.	 p53 pathway feedback loops 2
30.	 Integrins in angiogenesis
31.	 Endometrial cancer
32.	 Renal cell carcinoma
33.	 Signaling by PTK6
34.	 Prolactin signaling pathway
35.	 Integrin Signaling Pathway
36.	 AKT phosphorylates targets in the nucleus
37.	 Telomeres, Telomerase, Cellular Aging, 

and Immortality
38.	 Influence of Ras and Rho proteins on G1 to 

S Transition
39.	 S phase
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