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Background: Adenosine triphosphatase H+ transporting accessory protein 2 (ATP6AP2),
also known as (pro)renin receptor, is implicated in tumorigenesis and the progression of
several types of cancer. This study investigated the role of ATP6AP2 in breast cancer.
Methods: UALCAN and ONCOMINE datasets were utilized to compare transcript levels of
ATP6AP2 in breast cancer and normal tissues. GOBO datasets were applied to examine
ATP6AP2 expression in different breast cancer cell lines. We used the cBioPortal website to
explore the gene alterations and copy number alterations of ATP6AP2 in breast cancer. Cell
Counting Kit-8 and transwell assays were conducted to evaluate ATP6AP2 function in MCF-
7 breast cancer cells. Finally, we used the cBioPortal website to establish the interaction
network of ATP6AP2 in breast cancer and performed functional enrichment analysis based
on Gene Ontology terms and Kyoto Encyclopedia of Genes and Genomes pathways.
Results: ATP6AP2 was overexpressed in breast cancer tissues and breast cancer cell lines in
the UALCAN, ONCOMINE, and GOBO datasets. The major type of ATP6AP2 alteration
was mRNA upregulation. Moreover, ATP6AP2 was most highly expressed in luminal type
breast cancer. Finally, ATP6AP2 knockdown reduced MCF-7 cell proliferation, invasion and
migration. Functional enrichment analysis suggested that ATP6AP2 regulates several cancer-
related pathways, especially the Wnt/B-catenin signaling pathway.

Conclusion: Applying multi-dimensional analytical methods, we demonstrate that
ATP6AP2 is upregulated in breast cancer and may promote its development and progression.
Keywords: breast cancer, ATP6AP2, PRR, bioinformatics analysis

Introduction
Breast cancer is common all over the world and the incidence is continuously
increasing. According to the statistics of International Agency for Research on
Cancer (IARC), 567,233 new cases of breast cancer occurred worldwide in 2018,
accounting for 5.1% of all cancer types in women.' Although the molecular
mechanisms underlying breast tumorigenesis have been well studied in recent
years, the prognosis for different breast cancer types is still unsatisfactory.
Currently, cancer-targeting therapies are promising treatments for cancer. These
therapies target at blocking the growth and spread of cancer by interfering with
specific molecules. However, these molecules which are involved in the growth,
progression and metastasis of breast cancer are limited. Thus, it is of great impor-
tance to find novel biomarkers contribute to clinical decision-making.

Adenosine triphosphatase H+ transporting accessory protein 2 (ATP6AP2), also
known as (pro)renin receptor (PRR), encodes a protein associated with adenosine
triphosphatases (ATPases),” which play important roles in energy conservation,
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secondary active transport, acidification of intracellular
compartments, and cellular homeostasis. ATP6AP2 is
able to interact with several signaling pathways and mole-
cules which include mitogen-activated protein kinase path-
and 2,
phosphoinositide 3 kinase, transforming growth factor

way, extracellular signal-regulated kinase 1
Bl, and Wnt/B-catenin signaling.® Previous studies have
shown that ATP6AP2 is implicated in tumorigenesis and
the progression of several types of cancer.*”’ One study
with 69 sample sizes found that ATP6AP2 was upregu-
lated in breast cancer tissues and could trigger prolifera-
tion of breast cancer cells.® However, other functions of
ATP6AP2 were not explored and the mechanism is
unclear. As ATP6AP? is associated with several important
pathways related to cancer, the role of ATP6AP2 in breast
cancer deserves further research.

With the development of microarray and deep sequen-
cing technology, biological and biomedical studies have
been revolutionized.” There are thousands of gene expres-
sion data online, which provide an easy access to retriev-
ing and exploiting these data. Therefore, in our study, we
combined bioinformatics analysis and experimental
approaches to explore the role of ATP6AP2 in breast
cancer.

Materials and Methods

UALCAN Analysis

The UALCAN website (http://ualcan.path.uab.edu) is
a comprehensive web resource for analyzing cancer
omics data.'® We used the website to examine ATP6AP2
mRNA expression in breast cancer. We also evaluated the

associations of ATP6AP2 expression with clinicopatholo-
gic characteristics of breast cancer patients.

ONCOMINE Analysis

ONCOMINE is an online cancer microarray database
(www.oncomine.org), allowing us to explore the expres-

sion difference of genes between cancer samples and nor-
mal samples.'’ To validate the results obtained from the
ULCAN dataset, we further explored the expression of
ATP6AP2 in breast cancer using this database.

Gene Expression-Based Outcome for

Breast Cancer Online (GOBO) Analysis

GOBO (http://co.bmc.lu.se/gobo/) is an online tool that
allows rapid assessment of gene expression levels in an
1881-sample breast cancer data set.'> In addition, GOBO

allows us to investigate gene expression levels in breast
cancer subtypes and breast cancer cell lines. We analyzed
ATP6AP?2 transcript levels in breast cancer cell lines by
using GOBO database.

Cell Culture and Si-RNA Transfection
MCF-7 breast cancer cell lines were obtained from the
Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China) and cultured in
Roswell Park Memorial Institute 1640 medium (Gibco,
USA), containing 10% heat-inactivated fetal bovine
serum at 37°C in a humidified 5% CO2 atmosphere.
Human PRR small interfering (si)RNA (target sequences:
GGATCATTCTCCTGATTTA) and non-targeting control
siRNA (NC-siRNA) were designed and synthetized by
Ribobio company (Guangzhou, China). MCF-7 cell lines
were transfected with either human PRR siRNA (20 pmol)
or NC-siRNA (20 umol) as controls for 48h by using the
Lipofectamine™ 3000 transfection reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instruc-
tions. Then, the effect of the siRNA transfection was
verified by reverse transcription PCR, and cells were col-
lected for further analysis.

RNA Extraction and Quantitative
Real-Time (qRT)-PCR

Total RNA was extracted using TRIzol reagent (Sigma,
St. Louis, MO, USA), and reverse transcription reactions
were performed using an All-in-One synthesis kit
(GeneCopoeia, USA) according to manufacturers’ recom-
mendations. qRT-PCR was performed on a CFX PCR
detection system (Bio-Rad, Hercules, USA). Relative
gene expression levels were calculated using the AACt
method and normalized to that of the GAPDH. Primers
used for qRT-PCR are listed in Supplemental Materials.

Western Blotting

MCF-7 breast cancer cells were homogenized and lysed in
RIPA buffer containing protease and phosphatase inhibi-
tors (cOmplete™ Protease Inhibitor Cocktail, Roche,
Shanghai, China). We measured the protein concentration
of the homogenized sample using a bicinchoninic acid
assay kit (Invitrogen), according to the manufacturer’s
recommendations. The samples were boiled for 10min in
a water bath. We separated the protein in the extracts using
10%SDS-PAGE and transferred them to nitrocellulose
membranes. Subsequently, membranes were blocked with
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3% BSA, washed in 1xTBST and incubated overnight
with primary antibodies. The primary antibodies are listed
in Supplemental materials. The blots were scanned using

an Infrared Imaging System (Odyssey, LI-COR) and quan-
titatively analyzed using Image J software.

Cell Growth Assay

Breast cancer cell growth ability was assessed by Cell
Counting Kit-8 assay (CCK-8, Dojindo, Japan). The cells
were suspended in complete medium 24, 48, or 72 h after
transfection and seeded into a 96-well plate at a concentration
of 1x 10* cells (100 pL) per well. Absorption (optical density
[OD] value) was measured at 450 nm using a microplate
spectrophotometer (Molecular Devices, USA).

Cell Invasion and Migration Assay

For migration and invasion assays, 8 um pore size trans-
well inserts (BD Biosciences, USA) were used. Uncoated
and Matrigel-coated transwell inserts were used to exam-
ine MCF-7 cell migration and invasion, respectively. We
added 1x10° cells in 100 pL to the upper chamber and 500
puL complete medium to the bottom chamber. Migrating or
invading cells were washed and fixed in 4% paraformal-
dehyde for 10 min, followed by crystal violet indicator
(Sigma, USA) staining. Five visual fields were selected
randomly using an IX53 inverted microscope (Olympus,
Japan) at 200x magnification.

Functional Enrichment Analysis
The cBio Cancer Genomics Portal (cBioportal) (http://
www.cbioportal.org) is an online platform for exploring

cancer genomics data.'> The cBioPortal breast invasive
carcinoma datasets (TCGA, PanCancer Atlas) containing
1084 samples were selected to explore the gene altera-
tions and functions of ATP6AP2 in breast cancer. Using
cBioportal, we constructed a network to show ATP6AP2
in the context of biological interactions derived from
public pathway databases. Next, we applied
clusterProfiler package'® in R language to perform Gene
Ontology (GO) analysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis on the
genes in the network. GO terms of biological process
(BP), cellular components (CC) and molecular functions

(MF), and KEGG pathways with a false discovery rate

Statistical Analysis

All experiments were repeated three times. Statistical
analysis was performed using GraphPad Prism
(GraphPad Software Inc, San Diego, CA). Data are
expressed as mean + standard deviation. The Student’s
t-test was used to compare two groups for the results of
the Western blot, CCK-8, cell migration, and cell inva-
sion assays. P values of 0.05 or less were considered
statistically significant.

Results
ATP6AP2 is Overexpressed in Breast

Cancer

Based on the UALCAN data, ATP6AP2 mRNA expres-
sion was upregulated in breast cancer tissue
(Figure 1A). The expression of ATP6AP2 in breast
cancer samples at any age stages was higher than that
in normal samples (Figure 1B). Patients in the age stage
of 61-80 years owed the highest expression of
ATP6AP2. ATP6AP2 was upregulated in samples with
infiltrating ductal carcinoma (IDC), infiltrating lobular
carcinoma (ILC) and mixed histology (Figure 1C).
Whatever the status of menopause is, ATP6AP2 was
higher in cancer samples than in normal samples
(Figure 1D). Breast cancer with luminal type showed
significantly higher expression of ATP6AP2 compared
with other types of breast cancer (Figure 1E).

Validation of ATP6AP2 Expression in

Breast Cancer by ONCOMINE Analysis
As ATP6AP2 was significantly overexpressed in ductal

breast cancer through UALCAN analysis, we further
validated ATP6AP2 mRNA expression levels in ductal
by wusing ONCOMINE database.
ATP6AP2 was significantly overexpressed in breast

breast cancer
cancer tissues in four datasets (Figure 2). In the Ma
breast 4 dataset,15 ATP6AP2 was 2.061 fold elevated in
breast cancer samples as compared with normal tissues
(P = 6.31e-05). In the Radvanyi breast dataset,'¢
ATP6AP2 was 2.339 fold higher in breast cancer sam-
ples than in normal tissues (P = 0.003). In the Zhao
breast dataset'” and Richardson breast 2 dataset,'®
ATP6AP2 was also upregulated in ductal breast cancer

<0.05 were considered significant and visualized as bub- ~ samples with fold changes of 1.283 and 1.193,
ble diagrams. respectively.
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Figure | mRNA expression of ATP6AP2 in breast cancer and relationship with clinicopathologic characteristics (UJALCAN). (A) ATP6AP2 is more highly expressed in
breast cancer tissue than in normal tissue. (B) Age stage. (C) Histologic subtypes. (D) Menopause status. (E) Breast cancer subclass. **P < 0.01, ***P < 0.001.
Abbreviation: N, normal tissues.
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ATP6AP2 is Overexpressed in Luminal

Type Breast Cancer Cell Lines
In GOBO analysis, ATP6AP2 expression was higher in lumi-
nal type breast cancer cell lines than in basal-A or basal-B

type breast cancer cell lines (Figure 3A). Breast cancer cell
lines with positive hormone receptor (HR) had the highest
expression levels of ATP6AP2 (Figure 3B). ATP6AP2

expression in each cell lines is shown in Figure 3C.
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Figure 3 mRNA expression of ATP6AP2 in breast cancer (GOBO). (A) ATP6AP2 is more highly expressed in luminal type breast cancer cell lines than in basal-A or basal-B
type breast cancer cell lines. (B) Breast cancer cell lines with positive hormone receptor (HR) had the highest expression level of ATP6AP2. (C) ATP6AP2 expression in each
cell lines represented by different colors. Red, triple-negative breast cancer cell lines; gray, basal B type breast cancer cell lines; blue, luminal type breast cancer cell lines.
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ATP6AP2 Gene Alterations in Breast

Cancer

Based on the cBioPortal Web resource online, the gene
alterations of ATP6AP2 in breast cancer dataset (TCGA,
PanCancer Atlas) are visualized in Figure 4A. High
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mRNA of ATP6AP2 was the most alterations in IDC
and ILC, while deep deletion of ATP6AP2 was the least
alterations. As Figure 4B showed, there were more
ATP6AP2 diploid and less ATP6AP2 homozygous

deletions.
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Figure 4 Genomic alterations of ATP6AP2 in breast cancer (cBioPortal). (A) Summary of genomic alteration frequency of ATP6AP2 in different types of breast cancer. (B)
Relative expression level as a function of relative copy number of ATP6AP2 gene. Deep Deletion, homozygously deleted; Shallow Deletion, heterozygously deleted; Diploid,
two alleles present; Gain, low-level gene amplification event; Amplification, high-level gene amplification event.
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ATP6AP2 Promotes MCF-7 Breast
Cancer Cell Proliferation, Invasion and
Migration

We used the MCF-7 luminal type breast cancer cell lines for
next experiments. ATP6AP2 knockdown could significantly
reduce ATP6AP2 protein (Figure SA and B) and mRNA
levels (Figure 5C) in MCF-7 cells. We next examined the
effect of ATP6AP2 depletion on MCF-7 cell proliferation
with the CCK-8 assay, and found that the OD value of cells
transfected with PRR-siRNA was lower than that of cells
transfected with NC-siRNA at 48 and 72 h (P < 0.01; Figure
6). In transwell assays, cell invasion (P < 0.001; Figure 7A)
and migration (P < 0.05; Figure 7B) were markedly reduced
by ATP6AP2 siRNA transfection relative to control cells.
These findings indicated that ATP6AP2 knockdown inhib-

ited migration and invasion in MCF-7 cells.

Functional Enrichment Analysis

We utilized cBioPortal breast invasive carcinoma dataset
(TCGA, PanCancer Atlas) to explore the biological interac-
tion network of ATP6AP2 in breast cancer. By construction
of network based on ATP6AP2 as the seed gene, we

identified six genes connected with ATP6AP2 (Figure 8A).
So, we performed functional enrichment analysis on these
genes. CC of these genes was related to membrane. BP and
MF of these genes were related to Wnt signaling (Figure 8B).
The KEGG pathway analysis showed main enrichment in
breast cancer, gastric cancer, mTOR signaling pathway, and
Wnt signaling pathway (Figure 8C). The detailed GO and
KEGG terms are presented in Figure 8B and C.

Discussion

In this study, we exploited data from public datasets and
conducted in vitro experiments to explore the potential
functions of ATP6AP2 in breast cancer. Our study
revealed that ATP6AP2 was highly expressed in breast
cancer tissues and inhibition of ATP6AP2 reduced breast
cancer cell proliferation, invasion and migration.

The results of UALCAN and ONCOMINE analysis indi-
cated that ATP6AP2 transcript level was significantly higher
in breast cancer tissues than in normal tissues through.
Specifically, ATP6AP2 was consistently upregulated in
breast cancer regardless of age, histologic subtype and meno-
pause status. Moreover, the highest expression level was
observed in luminal type breast cancer, which was in
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Figure 6 Effect of ATP6AP2 knockdown on MCF-7 cell proliferation. OD values resulting from the CCK-8 assay in MCF-7 cells. **P < 0.01.
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(A) Representative micrograph of MCF-7 cells following ATP6AP2 knockdown and

quantification of MCF-7 cells invasion in the transwell assay. (B) Representative micrograph of MCF-7 cells following ATP6AP2 knockdown and quantification of MCF-7 cells

migration in the transwell assay. *P < 0.05, ***P < 0.001.

accordance with the results of GOBO analysis. Thus,
ATP6AP?2 is potential diagnostic biomarker for breast cancer,
although its clinical utility requires further clinical validation.

We analyzed ATP6AP2 gene alterations and copy num-
ber variations to explore the mechanism underlying the
upregulation of ATP6AP2 expression in breast cancer. We
found that mRNA upregulation was the major type of
ATPO6AP2 alteration and the most common type of copy
number variations was diploid, which may account for the
high expression of ATP6AP2 in breast cancer.

Our results also showed that ATP6AP2 can stimulate the
proliferation of MCF-7 breast cancer cells. This is in line with
previous study,® in which ATP6AP2 promoted MCF-7 and
SK-BR-3 breast cancer cell proliferation. In addition to this,
we found that ATP6AP2 knockdown inhibited MCF-7 breast
cancer cell invasion and migration ability, which indicated
ATP6AP2 was capable of promoting breast cancer progres-
sion. These results suggest ATP6AP2 may serve as a potential

therapeutic target for breast cancer and deserve further clinical
research.

ATP6AP2, also known as PRR, is the member of
rennin-angiotensin system (RAS).'” Binding to prorenin
or renin, it activates RAS. Through this process, it regu-
lates blood pressure and electrolyte balance.”’ However,
our knowledge about RAS was mostly limited to its roles
in cardiovascular and renal diseases. Recently, emerging
evidence has revealed that PRR has diverse functions in
various cancers through the RAS.”?"*> More importantly,
all members of RAS including prorenin, renin, angiotensi-
nogen, angiotensin I converting enzyme, and angiotensin
receptors are aberrantly expressed in breast cancer
tissues.”> Accordingly, ATP6AP2 may function through
RAS

progression.

to influence breast cancer development or

Besides exerting RAS-related function, it can act as an
adaptor protein between vacuolar-type ATPase and Wnt
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Figure 8 Functional enrichment analysis. (A) Biological interaction network of ATP6AP2 in breast cancer. (B) Bubble diagram of gene ontology (GO) terms including
biological process (BP), cellular component (CC), and molecular functions (MF). (C) Bubble diagram of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway terms.

receptor as well.?*?> As a component of the Wnt receptor
complex, ATP6AP2 1is essential for Wnt/B-catenin
signaling.”> ATP6AP2, as reported, is involved in ductal
tumorigenesis in the pancreas through Wnt/B-catenin sig-
naling. ATP6AP2 knockdown reduced pancreatic ductal
adenocarcinoma cell proliferation and induced apoptosis
of pancreatic ductal adenocarcinoma cell.?® In colorectal
cancer, ATP6AP2 promoted colorectal cancer -cells

proliferation through Wnt/B-catenin signaling.?” In glioma,
inhibiting ATP6AP2 also reduced the proliferative capa-
city of glioma cell lines by attenuating activation of Wnt/
B-catenin signaling.® In the present study, the results of
functional enrichment analysis revealed that BP and MF of
ATP6AP2 were related to Wnt signaling pathway and the
most significant-enriched KEGG pathway was Wnt signal-
ing pathway. These results support the findings of other
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studies, in which ATP6AP2 function through Wnt/B-
catenin signaling.

Our study also identified several other important path-
ways associated with ATP6AP2 such as mTOR signaling
pathway, Hippo signaling pathway and signaling pathways
regulating pluripotency of stem cells. There are a number
of evidence that these pathways are involved in multiple
aspects of breast carcinogenesis including cell prolifera-
tion, adhesion, migration and invasion.”®?* As the versa-
tile role of ATP6AP2, in-depth studies remain need to be
conducted to explore the mechanism of ATP6AP2 in onco-
genesis and progression of breast cancer.

Admittedly, our study has some limitations because
we did not explore the real mechanism of ATP6AP2 in
breast cancer. The roles of ATP6AP2 deserve further
in vitro and in vivo studies because of its strong rele-
vance with proliferation, invasion and migration of
breast cancer.

Conclusion

ATP6AP2 is overexpressed in breast cancer. Moreover,
ATP6AP2 could promote proliferation, invasion and
migration of breast cancer cells.
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