MEDICAL
SCIENCE

DATABASE ANALYSIS

e-ISSN 1643-3750
© Med Sci Monit, 2021; 27: €931102
DOI: 10.12659/MSM.931102

L

MONITOR

e oot 051 Epithelial Splicing Regulatory Protein 1 Is
Available online: 2021.04.20

Published: 2091.07.15 Overexpressed in Breast Cancer and Predicts
Poor Prognosis for Breast Cancer Patients

Authors’ Contribution: ABCE 1 Xinyu Liu 1 School of Basic Medicine, College of Medicine, Qingdao University, Qingdao,
Study Design A i Shandong, PR China
Data Collection B B2 Q.Ia.ngShan Wang 2 Jiaozhou Maternal and Child Health Hospital, Qingdao, Shandong, PR China
Statistical Analysis C B 1 Slql Song 3 Institute for Translational Medicine, The Affiliated Hospital of Qingdao University,
Data Interpretation D B1 Manman Feng College of Medicine, Qingdao University, Qingdao, Shandong, PR China
Manuscript Preparation E B 1 Xiaoya Wang
Literature Search F . .
Funds Collection G B 1 Llng Li

B 1,3 Ying Liu
BeG 1 Chunying Shi

Corresponding Authors: Ying Liu, e-mail: liuying_hero@163.com, Chunying Shi, e-mail: schy1116@163.com
Source of support: This study was supported by the National Natural Science Foundation of China (31670989), Key R&D Program of Shandong
Province (2019GSF107037), and Science and Technology Project of Qingdao, China (18-6-1-88-nsh)

Background: Epithelial splicing regulatory proteins (ESRPs), including ESRP1 and ESRP2, are important proteins for alterna-
tive splicing of mRNAs and are reported to promote or inhibit the progression of some tumors. However, the
effects of ESRPs in breast cancer are still unknown.

Material/Methods: In this study, we detected the transcriptional level and alterations of ESRP1 in patients with breast cancer
based on the Oncomine, Gene Expression Profiling Interactive Analysis, Gene Expression-Based Outcome for
Breast Cancer Online, and cBioPortal databases. Using immunohistochemistry and quantitative polymerase
chain reaction, the expression pattern of ESRP1 in breast cancer was analyzed. Analysis of the clinicopatholog-
ical characteristics and function of ESRP1 in breast cancer were actualized through the University of Alabama
Cancer database and Database for Annotation, Visualization and Integrated Discovery. Using the Kaplan-Meier
plotter, the prognostic values of ESRP1 in patients with breast cancer were analyzed. The Encyclopedia of RNA
Interactomes database was used to predict miRNAs that regulated ESRP1.

Results: We found that ESRP1 was significantly overexpressed in patients with breast cancer, compared with patients
without breast cancer, and had statistically significant clinicopathological characteristics. Kaplan-Meier plot-
ter analysis indicated that the elevated expression of ESRP1 was associated with poor prognosis in patients
with breast cancer. Furthermore, hsa-miR-181c-5p was identified to be potentially involved in the regulation
of ESRP1.

Conclusions: These results suggest that ESRP1 is a valuable target for the precise treatment of breast cancer and a poten-
tial biomarker for the prognosis of patients with breast cancer.
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Material and Methods

It has been reported that breast cancer (BC), a common type
of cancer in women, had a worldwide incidence in 2018 of
11.6% among all cancer types, second only to lung cancer [1].
According to a report in the UK, approximately 31% of women
will have BC during their lifetime [2]. BC mortality in countries
of Europe and North America has declined since 1990 owing
to the development of early diagnostic methods and effective
cancer treatments [3]. However, BC mortality is increasing in
many Asian, African, and Latin American countries and regions.
BC morbidity and mortality are predicted to increase substan-
tially in developing countries, with an estimated 55% and 58%
increase, respectively, over the next 20 years [3,4]. At present,
the combination of surgery, chemotherapy, and radiation thera-
py is still the criterion standard for the treatment of BC; howev-
er, a series of individualized treatments are being explored [5].

Currently, cancer stem cells are considered to be closely asso-
ciated with the occurrence and maintenance of multiple can-
cers [6]. BC stem cells cause the overgrowth of tumor cells
and distant metastases, which are involved in the increase in
BC-related diseases, recurrence, and mortality. It was reported
that the activation of BC stem cells is correlated with the up-
regulation of the epithelial-mesenchymal transition (EMT) in
human epithelial breast cells [6]. EMT is the process of trans-
formation of cells from an epithelial phenotype to a mesen-
chymal phenotype, which can cause BC epithelial cells to leave
the primary niche, metastasize to distant regions, and resist
chemotherapy and radiation [7-9]. During this process, epi-
thelial splicing regulatory proteins (ESRPs) play an important
role. ESRPs are considered to be epithelial-specific pre-mRNA
alternative splicing factors. They are members of the heteroge-
neous nuclear ribonucleoproteins (hnRNP) family of RNA-binding
proteins, including ESRP1 and ESRP2, which regulate splicing
events associated with epithelial phenotypes [10]. The ESRP
protein family regulates EMT-related activities, including cell
movement, cytoskeletal dynamics, and intercellular adhesion,
which involve other splicing factors [10-12]. Reports suggest
that the high expression of ESRP1 can promote the progres-
sion of many cancers, including colorectal cancer [13], estrogen
(ER)-positive BC [14], and ovarian cancer [15,16]. However, its
homologue ESRP2 is described as a tumor suppressor in oth-
er malignancies such as prostate cancer [17].

Although the ESRP family has been shown to play important
roles in many cancers, its bioinformatics analysis in BC has not
been systematically explored. In this study, we systematically
analyzed ESRPs based on online databases and demonstrated
the expression level, clinicopathological characteristics, func-
tional annotation, and prognostic value of ESRP1 in BC. Our
report suggests that ESRP1 is a potential biomarker and pre-
cise therapeutic target for BC.

Oncomine Analysis

The Oncomine [18] database (https://www.oncomine.org/re-
source/login.html) is related to cancer research and has more
than 700 independent datasets, of which some data is publicly
available. The Oncomine database can analyze the expression
characteristics of gene families and members in different types
of cancer. Therefore, we analyzed the expression characteristics
of the ESRP family in various subtypes of BC. In this research,
the P value was set to 1E-4 and the fold change was set to 2.

Cancer Cell Line Encyclopedia Analysis

The Cancer Cell Line Encyclopedia (CCLE) [19] database (https://
portals.broadinstitute.org/ccle) is a public online database con-
taining data from 947 cancer patients’ cell lines, which can be
used for genomic data research, copy-number variation stud-
ies, and mutation data studies. The expression levels of ESRP1
in different cancer cell lines were detected by CCLE.

Cell Culture and Quantitative Polymerase Chain Reaction
Detection

MCF-7 cells (human BC cells) were acquired from the Shanghai
branch of the Chinese Academy of Sciences and grown in cul-
ture medium consisting of RPMI-1640 and 10% fetal bovine
serum. MCF-10A cells (human normal breast epithelial tissue
cells) were purchased from Shanghai Biotechnology Co., Ltd.,
enzyme research and grown in culture medium consisting of
DMEM/F12 and 5% horse serum, 10 mg/mL insulin, 20 ng/mL
EGF, 0.5 mg/mL hydrocortisone, and 100 ng/mL cholera tox-
in. We also bought reagents from Shanghai Biotechnology Co.,
Ltd., enzyme research. The cell culture conditions were 37°C
and 5% carbon dioxide.

The total RNA of the MCF-7 and MCF-10A cell lines was ex-
tracted with a TRIzol™ Plus RNA Purification Kit (Invitrogen,
12183555). RNA was reverse-transcribed into cDNA using
a SuperScript™ Il First-Strand Synthesis SuperMix kit for
reverse transcription-polymerase chain reaction (RT-PCR)
(Invitrogen, 11752050). Next, real-time quantitative PCR (qPCR)
was performed using a SYBR Green gPCR SuperMix-UDG
kit (Invitrogen, 11733046). The primers used in qPCR for
human ESRP1 (GeneBank accession No. NM--001034915)
were forward 5’-CATGTACGTTGCTATCCAGGC-3’ and reverse
5’-CTCCTTAATGTCACGCACGAT-3’ (synthesized by Sangon Tech).

Immunohistochemistry

This research was approved by the Academic Committee of
Qingdao University (QYFYWZLL 26028) and was conducted in
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accordance with the principles of the Declaration of Helsinki.
All samples were approved for use in our research.

Immunohistochemistry samples were prepared as follows.
The paraffin was removed from the 5-mm paraffin sections.
Next, microwave antigen retrieval was performed following
routine methods. The sections were treated with 3% H,0, at
room temperature for 10 min to inactivate endogenous en-
zymes and then were blocked with goat serum for 20 min at
room temperature. Next, commercial rabbit polyclonal antibod-
ies against ESRP1 (No. D164372-0025 from Sangon Biotech)
were incubated at 1/100 dilution overnight at 4°C. After rins-
ing sections with phosphate-buffered saline (PBS), the goat
anti-mouse IgG (IgG/Bio) was incubated for 30 min at 37°C.
Next, after rinsing sections with PBS, streptavidin-horserad-
ish peroxidase was incubated at 37°C for 30 min. Lastly, after
rinsing sections with PBS, 3,3-diaminobenzidin was used to la-
bel the ESRP1-positive tissues for 3 min at room temperature,
and hematoxylin was used to label the cell nuclei.

University of Alabama Cancer Database Analysis

The University of Alabama Cancer (UALCAN) [20] database
(http://ualcan.path.uab.edu/cgi-bin/TCGAExResultNew2.
pl?genenam=ESRP1&ctype=BRCA) is a comprehensive and
interactive web resource for analyzing cancer data, which can
be used to analyze the expression characteristics of genes in
different types of cancer and can be combined with other da-
tabases such as The Cancer Genome Atlas (TCGA) database. We
used the UALCAN database to analyze the expression of ESRP1
in BC samples compared to that of normal tissue samples.

Gene Expression-Based Outcome for Breast Cancer Online
Analysis

By uploading the corresponding Affymetrix probes to the
Gene Expression-Based Outcome for Breast Cancer Online
(GOBO) [21] database (http://co.bmc.lu.se/gobo/gsa.pl), the
transcription level of ESRP1 was analyzed. The GOBO Gene
Set Analysis Tumors module allows a user to investigate the
expression pattern of single genes or sets of genes across a
large set of BCs analyzed by Affymetrix U133A arrays. The tu-
mor dataset consists of 1881 samples with the following char-
acteristics: All tumors (n=1881), ER-positive tumors (n=1225),
ER-negative (n=395), untreated tumors (n=927), and tumor-
associated macrophages-treated tumors (n=326).

Search Tool for the Retrieval of Interacting Genes/Proteins
Database Analysis

The Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) [22] database (https://string-db.org/cgi/network?task
Id=bBFI2KUwm2K4&sessionld=bCWnxnWN8ki0) can research
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for known and predicted protein networks and analyze the
indirect or direct effects of protein-protein interactions. The
STRING database was used to construct a text-mining gene
network related to ESRP1.

Survival Analysis

The Kaplan-Meier plotter [23] (https://kmplot.com/analysis/)
can assess the effects of 54 000 genes on the survival rate of
21 cancer types, and its primary objective is to accomplish the
discovery and validation of surviving biomarkers based on me-
ta-analysis. We used this tool to analyze the role of ESRP1 in
BC and the impact of ESRP1 on patient survival.

Gene Expression Profiling Interactive Analysis

The Gene Expression Profiling Interactive Analysis
(GEPIA) [24] database (GEPIA, http://gepia.cancer-pku.cn/de-
tail.php?gene=ESRP1) is an interactive web server that uses
standard processing pipelines to analyze the RNA sequenc-
ing expression data of many tumors and many normal sam-
ples from the TCGA and Genotype-Tissue Expression (GTEXx)
databases. We used GEPIA to analyze the expression level of
ESRP1 in BC tissues.

Gene Ontology Enrichment Analysis

The Database for Annotation, Visualization and Integrated
Discovery (DAVID) [25] database (https://david.ncifcrf.gov/)
is a biological information database that integrates biolog-
ical data and analysis tools. Functional annotation of DAVID
was used to analyze ESRP1 and text-mining genes to identify
enriched biological themes, particularly Gene Ontology (GO)
terms (biological processes, cellular components, and molecu-
lar functions), and visualize genes on the Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway maps.

Breast Cancer Genome Atlas Analysis

The Invasive Breast Carcinoma database (METABRIC, Nature
2012 & Nat Commun 2016, including 2509 samples) was se-
lected to construct The Cancer Genome Atlas of ESRPs, based
on the cBioPortal [26] database (https://www.cbioportal.org).
Selected genomic profiles were as follows: mutations, putative
copy-number alterations from DNAcopy, and mRNA expression
(microarray) z-Scores relative to diploid samples.

Encyclopedia of RNA Interactomes Analysis

The Encyclopedia of RNA Interactomes (ENCORI) [27] data-
base (http://starbase.sysu.edu.cn/index.php) can analyze
many interaction relationships, including miRNA-mRNA, miR-
NA-ncRNA, miRNA-mRNA, ncRNA-RNA, RNA-RNA, Rbiological
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process-ncRNA, and Rbiological process-mRNA interactions
from CLIP-seq, degradome-seq, and RNA-RNA interactome
data. In our study, ENCORI was used to predict miRNAs that
regulated ESRP1 and showed the expression level of miRNAs.
The options used in this study were as follows: CLIP data: me-
dium stringency (>3); Degradome data: with or without data;
Pan-Cancer: 1 cancer type.

Statistical Analysis

The comparison of mRNA expression of the ESRP family be-
tween BC and normal samples was detected using the t test.
Using the 2(-AAC(T)) method, the calculation of gRT-PCR was
performed to find the relative expression level of ESRP1 in hu-
man BC and normal breast cells. The ANOVA method was used
to reveal the ESRP1 expression profile, based on the GEPIA da-
tabase, and the related parameters were: |Log2FC| cutoff: 1;
g-value cutoff: 0.01. The ESRP1 expression box plot was also
drafted based on GEPIA, and the related parameters were:
|Log2FC| cutoff: 1; P value cutoff: 0.05. Survival curves of var-
ious subtypes in patients with BC with different expression
levels of ESRP1 were drafted using the log-rank test and haz-
ard ratio (HR) of the Kaplan-Meier plotter. P<0.05 was consid-
ered to be statistically significant.

Results

Transcription Levels of ESRPs in BC

To date, 2 members of the ESRP family (ESRP1 and ESRP2)
have been reported in different types of cancer. However, lit-
tle is known about the role of ESRP1 and ESRP2 in BC. To de-
tect whether the ESRP family is involved in the progression
of BC, the Oncomine database was used to compare the ex-
pression of ESRP1 and ESRP2 of BC samples and normal sam-
ples. A total of 369 unique analyses of ESRP1 and 386 unique
analyses of ESRP2 were included in the Oncomine database
(Figure 1A). Oncomine analysis showed that the mRNA expres-
sion level of ESRP1, but not that of ESRP2, was significantly
elevated in 9 different BC datasets among different types of
cancer. The mRNA expression level of ESRP1 in patients with
BC was significantly upregulated in 9 datasets. Ma et al [28]
reported that the mRNA expression level of ESRP1 was overex-
pressed in invasive ductal breast carcinoma and ductal breast
carcinoma in situ epithelia (Figure 1B). The TCGA data (Table 1)
showed that ESRP1 expression was significantly upregulated
in intraductal cribriform breast adenocarcinoma, mixed lobu-
lar and ductal breast carcinoma, invasive lobular breast carci-
noma, invasive breast carcinoma, and invasive ductal breast
carcinoma (Figure 1C). Richardson et al [29] found that the
mRNA expression of ESRP1 was significantly upregulated in
ductal breast carcinoma (Figure 1D). In addition, Zhao et al [30]
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reported that the mRNA expression of ESRP1 was significantly
upregulated in invasive ductal breast carcinoma (Figure 1E).
However, the mRNA expression level of ESRP2 was not signif-
icantly elevated in BC (Figure 1F).

Upregulation of ESRP1 Expression Was Closely Associated
with BC

Using the Oncomine database, a meta-analysis of ESRP1 ex-
pression in BC was performed to confirm the significantly el-
evated expression of ESRP1 in general cases of BC, including
770 samples from 9 datasets (Figure 2). The pooled meta-anal-
ysis demonstrated that ESRP1 mRNA levels were prominently
upregulated in 9 clinical cohorts (P=1.21E-13), indicating that
the upregulation of ESRP1 expression was remarkably associ-
ated with BC. To demonstrate that ESRP1 was highly expressed
in BC samples compared to normal samples, the verification
of cells and tissues was performed. As shown in Figure 3A,
the transcription level of ESRP1 mRNA in the BC cell line was
overexpressed. The mRNA expression level of ESRP1 in MCF7
cells (human BC cells) was higher than that in MCF-10A cells
(human normal breast epithelial tissue cells), as observed by
gPCR (Figure 3B). In the GOBO analysis based on BC cell lines,
the expression of ESRP1 in the basal-A and Luminal subtypes
was higher than that in the basal-B subtype of BC, and the
hormone receptor (HR)-sensitive and human epidermal growth
factor receptor 2 (Her-2) subtypes expressed higher levels
of ESRP1 than did the triple-negative subtype (Figure 3C).
Furthermore, increased expression of ESRP1 in BC tissues was
observed using the GEPIA database (Figure 4A, 4B), and we
performed immunohistochemistry to verify that ESRP1 expres-
sion was upregulated in BC tissues. As shown in Figure 4C,
we found that ESRP1 was overexpressed in BC tissues com-
pared to normal tissues.

Analysis of ESRP1 Expression Pattern in BC Patients with
Different Clinical Characteristics

Because the expression level of ESRP1 was significantly up-
regulated in BC, the UALCAN database was used to analyze
the extent of ESRP1 expression patterns in patients with BC
with different clinical characteristics.

As shown in Figure 5A-5E, we found that ESRP1 expression was
significantly different based on age, sex, menopause status,
race and lymph node metastasis status. Moreover, the mRNA
expression levels of ESRP1 increased significantly among all
stages of BC compared to those of normal samples, indicat-
ing that ESRP1 might play a crucial role in the occurrence and
progression of BC (Figure 5F). As shown in Figure 5G, a signifi-
cantly high expression of ESRP1 was observed in different sub-
types of BC, such as Luminal, Her-2-positive, and triple-nega-
tive subtypes. In addition, ESRP1 expression was significantly
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Figure 1. The mRNA expression patterns of ESRP members in different types of cancer. (A) The figure shows the mRNA expression of a
statistically significant target gene compared to a normal tissue sample in different types of cancer based on the Oncomine
database (https://www.oncomine.org/resource/login.html). The threshold setting: P value, 1E-4; fold change, 2. The number
in each cell indicated the number of datasets that met the requirements of this type of cancer analysis. The more data,
the more valuable it is. Cell color is determined by the best gene rank percentile for the analyses within the cell. Red color
indicates an increased mRNA expression of the gene and blue color refers to decreased mRNA expression of the gene. The
gene rank was analyzed by percentile of target gene in the top of 10% of genes measured in every research. The mRNA
expression of ESRP1 in (B) Ma Breast, (C) TCGA Breast, (D) Richardson Breast, and (E) Zhao Breast. (F) The mRNA expression
of ESRP2 in breast cancer.
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Table 1. The significant changes of ESRPs expression in transcription level between different types of breast cancer and normal breast
tissues (Oncomine database).

Type of breast ca.ncer Yersus normal -breast tissue Fold change P Value Source and/or
reference invasive breast carcinoma reference

ESRP1 Invasive ductal breast carcinoma epihelia 2.250 3.79E-6 6.423 Ma breast [28]
 Ductal breast carcinoma in situ epithelia 2337 10465 6140 | Ma breast [28]
Intraductal cribriform breast adenocarcinoma 4225 809E-16 12178 TCGAbreast
 Mixed lobular and ductal breast carcinoma 2985  356E6 6452 TCGA breast
Invasive lobular breast carcinoma 3120 1216 8525 TCGAbreast
Invasive breast carcinoma 3144 265E15 9426 TCGAbreast
Invasive ductal breast carcinoma 3933 532619 12204 TCGAbreast
Ductalbreast carcinoma 3178 1726 6230  Richardson breast [29]
Invasive ductal breast carcinoma 239 36765 7168 Zhao breast [30]
""" SR NA_NA NA  NA  NA

NA - not available; TCGA — The Cancer Genome Atlas.

Comparison of ESRP1 across 9 analyses Over-expression
Median rank p-Value Gene
383.0 1.21E-13 ESRP1

1T 5 10 25 2510 5 1

. ._DDDD. D Not measured
-+ % >

1. Ductal breast carcinoma in situ epithelia vs normal 6. Invasive ductal breast carcinoma vs normal

Ma breast 4, Breast Caner Res, 2009 TCGA breast, No Associated Paper, 2011

2. Invasive ductal breast carcinoma epithelia vs normal 7. Invasive lobular breast carcinoma vs normal

Ma breast 4, Breast Caner Res, 2009 TCGA breast, No Associated Paper, 2011

3. Ductal breast carcinoma vs normal 8. Mixed lobular and ductal breast carcinoma vs normal
Richardson breast 2, Cancer Cell, 2006 TCGA breast, No Associated Paper, 2011

4. Intraductal cribriform breast adenocarcinoma vs normal 9. Invasive ductal breast carcinoma vs normal

TCGA breast, No Associated Paper, 2011 Zhao breast, Mol Biol Cell, 2004

5. Invasive breast carcinoma vs normal
TCGA breast, No Associated Paper, 2011

Figure 2. Meta-analysis of ESRP1 expression profile in breast cancer. The Oncomine database was used for meta-analysis of the
expression profile of ESRP1 in breast cancer. The threshold setting: P value, 1E-4; fold change, 2. The rank for a gene is
the median rank for that gene across each of the analyses and is presented by a different color. The intensity of the color
indicates the corresponding level of ESRP1 expression compared to that of normal tissue. Red indicates an increase in the
expression level of ESRP1 mRNA, whereas blue indicates a downregulation.
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Figure 3. Analysis of ESRP1 expression in breast cancer cell lines and different molecular subtypes. (A) Analysis of mRNA expression
level of ESRP1 in different types of cancer cell lines based on the Cancer Cell Line Encyclopedia (CCLE). (B) The mRNA
expression level of ESRP1 in MCF-7 was higher than that in MCF-10A; * P<0.05. (C) The expression of ESRP1 in basal-like
and Luminal A subtype were significantly higher than that of the Luminal B subtype of breast cancer, and the HR-sensitive
subtype expressed higher level of ESRP1 than did triple-negative and Her-2 clinical subtypes (Gene Expression-Based
Outcome for Breast Cancer Online, GOBO).
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Figure 4. Analysis of ESRP1 expression in breast cancer tissue. (A) The expression profile of ESRP1 in 33 types of cancer tissues was
analyzed by the Gene Expression Profiling Interactive Analysis (GEPIA) database. (B) The box plot was generated by GEPIA to
show the expression of ESRP1 in breast cancer. Matched normal data: Matched The Cancer Genome Atlas (TCGA) normal and
Genotype-Tissue Expression (GTEx) data. Tumor color, red; normal color, gray. * P<0.05. (C) The Expression of ESRP1 in breast
cancer tissue compared to that in normal breast tissue by immunohistochemistry.
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Figure 5. Association of ESRP1 expression with clinicopathological characteristics in breast cancer. University of Alabama Cancer
(UALCAN) analysis showed the mRNA level of ESRP1 in breast cancer patients with distinct clinicopathological characteristics
included (A) age, (B) sex, (C) menopause status, (D) race, (E) nodal metastasis status, (F) individual cancer stages,

(G) subtypes, and (H) TP53 mutation status. * P<0.05, ** P<0.01, *** P<0.001.
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Figure 6. Analysis of ESRP1 prognostic value in breast cancer. The association of ESRP1 mRNA expression with relapse free survival
was analyzed by the Kaplan-Meier plotter in (A) all patients with breast cancer, and different subtypes of BC, including
(B) estrogen receptor-positive (ER-positive), (C) ER-negative, (D) basal-like, (E) Luminal A, (F) Luminal B, (G) lymph node-
positive, (H) human epidermal growth factor receptor 2 (Her-2)-negative, and (I) Her-2-positive subtypes.
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Figure 7. Alteration patterns and protein interactions of ESRP1 in breast cancer. (A) cBioPortal analysis showed the alteration patterns
of ESRP1 in breast cancer. (B) The protein interaction network of ESRP1 was drawn by STRING analysis. The colored nodes in

the network represent ESRP1 and its interactions.

elevated in TP53 mutation status and TP53 nonmutation sta-
tus (Figure 5H).

High Expression of ESRP1 Was Closely Correlated to Poor
Prognosis in BC Patients

We further evaluated the prognostic value of ESRP1 in BC.
High expression of ESRP1 mRNA was found to be significant-
ly related to shorter relapse-free survival in all patients with
BC (HR=1.73, P=4.4e-12) (Figure 6A). In particular, the analy-
sis of different BC subtypes showed that the high expression
of ESRP1 mRNA was significantly correlated with ER-positive
(HR=1.57, P=0.0024) (Figure 6B), basal (HR=1.75, P=0.00076)
(Figure 6D), Luminal A (HR=1.47, 0.0024) (Figure 6E), Luminal
B (HR=1.38, P=0.04) (Figure 6F), and positive lymph node sta-
tus (HR=1.44, P=0.004) (Figure 6G) subtypes of BC as well as
with Her-2-negative (HR=1.85, P=6.2e-05) (Figure 6H). However,
overexpression of ESRP1 had no significant correlation with
survival of the ER-negative (HR=1.2, P=0.27) (Figure 6C) and
Her-2-positive (HR=0.99, P=0.98) (Figure 6l) subtypes of BC.

The Predictive Function and Pathways of ESRP1 and Its
Frequently Altered Text-Mining Genes in Patients with BC

Using the cBioPortal database, the alterations of ESRP1 ex-
pression in BC were analyzed. As shown in Figure 7A, ESRP1

expression was altered in 563 (26%) of the 2173 BC samples.
ESRP1 was mainly amplified and highly expressed in BC. As
shown in Figure 7B, we then established a text-mining net-
work for ESRP1, and the 40 most frequently altered genes
(genes without text-mining relationships) were excluded. The
functions of ESRP1 and the text-mining genes related to ESRP1
were predicted by GO and KEGG analyses in DAVID. Based on
the GO terms of biological process, cellular component, and
molecular function, we predicted the potential functions of tar-
get genes using GO enrichment analysis. We found that GO:
0006397 (MRNA processing), GO: 0008380 (RNA splicing), GO:
0008543 (fibroblast growth factor receptor signaling pathway),
GO: 0043484 (regulation of RNA splicing), GO: 0043518 (neg-
ative regulation of DNA damage response, signal transduction
by p53 class mediator), GO: 0000380 (alternative mRNA splic-
ing, via spliceosome), GO: 0045944 (positive regulation of tran-
scription from RNA polymerase Il promoter), and GO: 0000398
(mRNA splicing, via spliceosome) were the biological processes
significantly regulated by ESRP1 alterations in BC (Figure 8A).
GO: 0005634 (nucleus), GO: 0005654 (nucleoplasm), and GO:
0005737 (cytoplasm) were the cellular components affected
by changes in ESRP1 expression; and GO: 0000166 (nucleo-
tide binding), GO: 0003723 (RNA binding), GO: 0044822 (poly
A RNA binding), GO: 0003729 (mRNA binding), GO: 0003676
(nucleic acid binding), GO: 0043565 (sequence-specific DNA
binding), GO: 0001227 (transcriptional repressor activity, RNA
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Figure 8. The functions of ESRP1 and text-mining genes significantly associated with ESRP1 alterations. The functions of ESRP1
and interaction genes significantly related to ESRP1 alterations were predicted by the analysis of Gene Ontology (GO)
by Database for Annotation,Visualization and Integrated Discovery (DAVID). GO enrichment analyses were performed to
predict the roles of target host genes based on 3 aspects, including (A) biological processes, (B) cellular components, and
(€) molecular functions. (D) Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis defined the pathways associated
with the functions of ESRP1 alterations and the frequently altered interaction genes.

polymerase Il transcription regulatory region sequence-spe-
cific binding), GO: 0003714 (transcription corepressor activ-
ity), GO: 0044212 (transcription regulatory region DNA bind-
ing), and GO: 0005515 (protein binding) were the molecular
functions that were significantly controlled by ESRP1 altera-
tions (Figure 8B, 8C).

KEGG analysis defined the pathways associated with the al-
tered function of ESRP1 and frequently altered text-mining
genes. KEGG analysis revealed 2 pathways related to the al-
tered function of ESRP1 in BC (Figure 8D), including microR-
NAs in cancer and adherens junction pathways involved in the
tumorigenesis and pathogenesis of BC (Figure 9).
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Identification of Regulatory miRNA and Their Effects on
Prognosis in BC

A total of 60 miRNAs were predicted by the ENCORI platform
to regulate ESRP1 (Table 2). Among them, 31 miRNA-ESRP1
pairs were negatively correlated. However, only 1 miRNA-ES-
RP1 pair predicted good prognosis for patients with BC. As
shown in Figure 10A, the high expression of hsa-miR-181c-
5p was closely associated with longer overall survival in BC.
Collectively, hsa-miR-181c-5p may exert its anti-tumor func-
tion in BC by targeting ESRP1 in BC (Figure 10B), indicating
the great potential of the hsa-miR-181c-5p-ESRP1 axis as a
prognostic biomarker and therapeutic target of BC.
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Figure 9. MicroRNAs and adherens junction regulated by ESRP1 alteration in BC. (A) microRNAs in breast cancer and (B) adherens
junction pathways regulated by the ESRP1 alteration in breast cancer were analyzed by cBioPortal.

Discussion

BC is one of the most common cancers in women [31]. At pres-
ent, personalized treatment of BC is being highly recommend-
ed in clinical practice. Both ER and Her-2 have been identified
as therapeutic targets for BC, and numerous patients with BC
have received targeted therapy and recovered from the dis-
ease [32-35]. However, the problem is that ER and Her-2 are
currently the only identified biomarkers for clinical treatment
[34,35]. For the treatment of BC and its various subtypes, the
exploration of other valuable biomarkers is urgently needed.
Fortunately, biomedical researchers have established different
bioinformatics databases, such as Oncomine [36] and TCGA
[37], and a series of potential biomarkers were predicted and
identified as valuable therapeutic targets [38].

Recently, it has been reported that ESRP1 can promote tumor
progression in cancers including colorectal cancer [14], ER-
positive BC [15], and ovarian cancer [16,17]. However, ESRP2
can exert a tumor suppressive effect. For example, Mizutani et
al demonstrated that ESRP2 inhibited the progression of clear
cell renal cell carcinoma through the Arkadia-ESRP2 axis [39].
Our research showed that ESRP1 expression was significantly
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overexpressed in BC compared to in normal samples, which sug-
gested the specific role of ESRP1 in BC, but not that of ESRP2.
It has been reported that the occurrence of BC involves the
activation of BC stem cells [40-43], which regulate EMT in hu-
man epithelial breast cells through the Ras-MAPK pathway [6].
Interestingly, ESRPs play important roles in EMT. The GEPIA da-
tabase and immunohistochemistry analysis demonstrated that
the ESRP1 mRNA expression level was significantly upregulat-
ed in BC. By grouping patients by clinicopathological charac-
teristics, we further studied the expression patterns of ESRP1
in patients with BC and observed that the mRNA expression
of ESRP1 was significantly upregulated in patients with BC by
stage, sex, age, race, menopause status, subtypes, nodal me-
tastasis status, and TP53 mutant.

Survival analysis indicated the prognostic value of ESRP1 in
BC. Highly expressed ESRP1 was associated with poor prog-
nosis in patients with BC. The research of Ishimoto et al. sup-
ports our results [44]. In patients with ER-positive, basal-like,
Luminal A, Luminal B, and Her-2-negative subtypes of BC, and
lymph node-positive status of BC, the high expression level of
ESRP1 was related to poor prognosis, suggesting that ESRP1
might be a potential target for diagnosis and treatment in these
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Table 2. Correlation between miRNA-ESRP1 pairs identified by the Encyclopedia of RNA Interactomes (ENCORI) database.

No. miRNA Coefficient-R P value No. miRNA Coefficient-R P value

1 hsa-miR-15a-5p -0.056 6.49E-02 31 hsa-miR-873-3p -0.011 7.23E-01
2 hamiR103a3p 004  188E01 32 hsamRieSp 025 710817
3 hsamiRi8laSp 0141 331606 33 hsamRisasp 0184  105E09
4 hamiR181bSp 0057 620802 34  hsamR253p 0181 187609
5 hsamR8lcsp 0091  271E03 35 hsamR32Sp 0109 30304
6 hsamR204Sp 0239 146B15 36 hsamiR33asp 0272 83920
7 hamR2115p 0057 59302 37 hsamR9a3p 0228 31314
8 hamR2143p 0168 25108 38  hsamRi07 0054  776E02
9 hsamR1243p 0045 13801 39 hsamiRisbsp 0216 611613
10 hsamR1 0107 a17E0s 90 hsamRosp 0183 128E09
1 hsamRisasp 0077 117E02 s hamiRisssp 0099 10803
12 hsamRiossp o111 24308 92 hamiR200a3p 0272 685E20
13 hsamR3633p oo 720801 $3 hsamiR4asp 009 30903
14 hamiR376c3p 0161 102607 44 hamiRisbsp 0062 427602
15 hsamiR374asp 0051  927E02 45 hsamiR497Sp 0006 842601
16 hsamR3813p 0244 413816 46  hsamiRsaasp 0026  394E01
17 hsamiR4s7a3p 0155 298E07 &7 hamiRso3sp 0001 263£03
18 hsamR181dSp 0067 276602 48 hsamR92b3p 0105 55304
19 hsamiRass 0057 627E02 9  hamRs/esp 02% 331615
20 hsamR520d5p 0048 117601 50 hsamiRsss 0068 25302
21 hsamRs0s3p 0025  417E0l 51 hsamR33%bop 0281 345E21
22 hamiRS4a3p 0092 24903 52 hsamR802 0064  346E02
23 hsamRis4sp 0087 39603 53 hsamRSol3p 0208  501E12
24 hsamR4s0bSp 014 378606 54 hsamRS023p 0074 148802
25 hsamiR8s93p 0245 268616 55 hsamRessp 0256 93318
26 hsamRoss 0201 225611 56 hsamR8775p 0208  465E12
27 hsamiR12525p 0018 557601 57 hsamiR374bSp 0047 121801
28 hsamR197 0135  806E06 58 hsamRi26 0131 156E05
29 hsamiR26813p 005 997602 59 hsamR1278 0018 s46E01
30 hsamiR4s24asp 0069 229602 60  hsamiR4s6lSp 0220 243814
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Figure 10. Effect of hsa-miR-181c-5p on prognosis of breast cancer patients and ESRP1 expression. (A) The association of hsa-miR-
181c-5p with overall survival was analyzed by the Kaplan-Meier plotter in patients with breast cancer. (B) Model of hsa-

miR-181c-5p-ESRP1 axis on breast cancer progression.

BC subtypes. However, the meaningful roles of ESRP1 in ER-
negative and Her-2-positive BC subtypes were not predicted.

We found that ESRP1 was mainly amplified and overexpressed
in BC. To explore the mechanism of ESRP1 in BC, we construct-
ed a gene text-mining network and performed GO enrich-
ment analysis to find possible target proteins that interacted
with ESRP1. MicroRNAs in cancer indicated that alterations
of ESRP1 regulated CD44 to play an important role in BC. The
basic mechanism for achieving functional genomic diversi-
ty is alternative RNA splicing, and the dysregulation of alter-
native splicing is increasingly involved in various human dis-
eases, especially in cancer progression and survival [45-48].
Alternative splicing plays an extremely important role in EMT
[49,50]. It has been reported that EMT is abnormally activated
in cancer cells to mediate tumor recurrence and distant me-
tastasis [51,52]. Alternative splicing of CD44 can lead to EMT
and BC metastasis [9,49,53,54], and the regulatory mecha-
nism of CD44 alternative splicing is related to 2 splicing fac-
tors, including heterologous ribonucleoprotein M (hnRNPM)
and ESRP1, of which, hnRNPM is widely expressed and func-
tions in a mesenchymal cell state-specific manner to adjust
CD44 alternative splicing. This function of hnRNPM is regulat-
ed by competition with ESRP1, which is expressed in epithe-
lial tissues but not in mesenchymal tissues [10,12,55]. ESRP1
and hnRNPM and have common guanine-uridine binding sites
[8,56], and the activity of hnRNPM is inhibited by ESRP1 bind-
ing to the same guanine-uridine-rich cis-elements near CD44
variable exons [41]. It has been reported that the expression
of ESRP1 leads to increased expression of CD44V isoforms. In
addition, CD44V interacts with the xCT subunit of the gluta-
mate-cystine transporter and makes it more stable, which re-
sults in the increased uptake of cysteine and the synthesis of

glutathione [57]. Moreover, glutathione is considered as an an-
tioxidant and confers the ability of resisting reactive oxygen
species on cells. Therefore, the expression of ESRP1 increas-
es the content of glutathione, which contributes to strength-
ening the proliferation of cancer cells [34].

It has been reported that microRNA expression is related to tumor
occurrence, development, and treatment, indicating that these
macromolecules may become potential diagnostic, prognostic,
and predictive biomarkers [58]. We identified miRNAs that could
negatively regulate ESRP1 by bioinformatics methods, thereby
establishing that the miRNA-ESRP1 regulatory network may be
a potentially prognostic biomarker and therapeutic target in BC.

Conclusions

In this study, we systematically analyzed the expression level,
clinicopathological characteristics, function, and prognostic value
of ESRP1 in BC. The mRNA expression level of ESRP1, but not of
ESRP2, in BC tissue samples was significantly upregulated com-
pared to that in normal samples. In addition, we established a
gene text-mining network and performed GO enrichment anal-
ysis to explore the biological process, cellular component, and
molecular function. KEGG analysis defined pathways related to
the altered functions of ESRP1 and frequently altered text-min-
ing genes. Furthermore, survival analysis predicted that ESRP1
overexpression was associated with poor prognosis in patients
with BC. In addition, we identified that the hsa-miR-181c-5p-
ESRP1 regulatory network may be a potential prognostic bio-
marker and therapeutic target for patients with BC. We believe
our results suggest that ESRP1 is a potential and valuable bio-
marker and a crucial prognostic factor in BC.
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