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Abstract

Background Breast cancer is a lethal malignancy affecting females worldwide. It has been reported that upregulated cen-
tromere protein A (CENPA) expression might indicate unfortunate prognosis and can function as a prognostic biomarker in
breast cancer. This study aimed to investigate the accurate roles and downstream mechanisms of CENPA in breast cancer
progression.

Methods CENPA protein levels in breast cancer tissues and cell lines were analyzed by Western blot and immunohistochem-
istry assays. We used gain/loss-of-function experiments to determine the potential effects of CENPA and phospholipase A2
receptor (PLA2R1) on breast cancer cell proliferation, migration, and apoptosis. Co-IP assay was employed to validate the
possible interaction between CENPA and DNA methyltransferase 1 (DNMT1), as well as PLA2R1 and hematopoietically
expressed homeobox (HHEX). PLA2R1 promoter methylation was determined using methylation-specific PCR assay. The
biological capabilities of CENPA/PLA2R1/HHEX axis in breast cancer cells was determined by rescue experiments. In
addition, CENPA-silenced MCF-7 cells were injected into mice, followed by measurement of tumor growth.

Results CENPA level was prominently elevated in breast cancer tissues and cell lines. Interestingly, CENPA knockdown
and PLA2RI1 overexpression both restrained breast cancer cell proliferation and migration, and enhanced apoptosis. On the
contrary, CENPA overexpression displayed the opposite results. Moreover, CENPA reduced PLA2R1 expression through
promoting DNMT1-mediated PLA2R1 promoter methylation. PLA2R1 overexpression could effectively abrogate CENPA
overexpression-mediated augment of breast cancer cell progression. Furthermore, PLA2R1 interacted with HHEX and
promoted HHEX expression. PLA2R1 knockdown increased the rate of breast cancer cell proliferation and migration but
restrained apoptosis, which was abrogated by HHEX overexpression. In addition, CENPA silencing suppressed tumor growth
in vivo.

Conclusion CENPA knockdown restrained breast cancer cell proliferation and migration and attenuated tumor growth
in vivo through reducing PLA2R1 promoter methylation and increasing PLA2R1 and HHEX expression. We may provide
a promising prognostic biomarker and novel therapeutic target for breast cancer.
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Introduction

Breast cancer is a lethal malignancy affecting females
worldwide [1]. Its incidence and mortality rates are
increasing rapidly in recent decades [2]. Breast cancer
exhibits an insidious clinical manifestation in the begin-
ning phase, so that numerous patients are diagnosed at the
advanced stage [3]. Traditionally, breast cancer in females
has been assumed to be driven by genetic, environmental,
and lifestyle factors. Environmental factors are thought
to be responsible for roughly 70% of malignant tumors,
whereas 90-95% of breast cancer cases fall into this cat-
egory. Genetic variation and aberrant expression induced
by environmental pollutants are particularly helpful for
tumorigenesis, tumor metastasis, and drug resistance
[4-6]. Although rapid development in the clinical thera-
peutic approaches for breast cancer has been achieved [7,
8], the curative efficiency for breast cancer remains unsat-
isfactory because of high postoperative recurrence and
inevitable drug side effects. Thus, it is essential to explore
comprehensive mechanistic insights into its pathogenesis
and explore more effective treatment strategies.

Centromere protein A (CENPA) functions as a critical
centromere protein. Centromere dysfunction can lead to
aneuploidy, which is a well-established feature of human
cancers [9], thus implying that CENPA may be functioned
in the development of human cancers. Indeed, exten-
sive prior studies have illustrated that abnormal CENPA
expression was prominently related to malignant cancer
progression and it has been identified as a prognostic indi-
cator in human cancers. For instance, CENPA mRNA was
significantly overexpressed in the tumor tissues of hepato-
cellular carcinoma, and thus it might act as an oncogenic
molecule as well as predictive factor in hepatocellular car-
cinoma development [10]. An integrated bioinformatics
analysis also demonstrated that high CENPA expression
exhibited a worse prognosis in chromophobe renal cell
carcinoma [11]. CENPA overexpression was found to pro-
mote renal cancer cell proliferation and metastasis, which
may serve as an independent marker [12]. Moreover, it
was previously reported that upregulated CENPA expres-
sion might be intimately related to the shorter disease-free
survival in breast cancer, thereby indicating its potential
to be a prognostic biomarker [13]. However, the biologi-
cal capabilities of CENPA in breast cancer have not been
illuminated in detail.

Phospholipase A2 receptor (PLA2R1) belongs to the
mannose receptor family [14] and plays essential roles in
different inflammatory and autoimmune diseases, such as
idiopathic membranous nephropathy [15] and asthma [16].
In addition, recent studies have uncovered that PLA2R1
functions as a tumor suppressor gene by facilitating certain
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tumor suppressive responses, such as apoptosis, senes-
cence, and cell transformation inhibition [14]. PLA2R1
was also found to induce DNA damage and repress aging-
induced spontaneous tumor formation [17]. PLA2RI1
expression was reported to be markedly decreased in renal
cell carcinoma tissues, and PLA2R1 knockdown promoted
the in vivo tumor growth [18]. More importantly, PLA2R1
downregulation and promoter hypermethylation were
observed in different breast cancer subtypes, which were
related to aggressive tumor subtypes and considered as a
promising therapeutic target [19]. However, the biologi-
cal capabilities of PLA2R1 in breast cancer have not been
completely understood.

Our study confirmed that the potential biomarker,
CENPA, was conspicuously upregulated in both breast
cancer. Thereafter, we investigated the potential biological
effects and downstream regulatory mechanisms of CENPA
in breast cancer cell progression, with an aim to furnish a
promising treatment strategy.

Materials and methods
Clinical samples

We recruited breast cancer patients aged 34-66 years N old
(=30) at the First Affiliated Hospital of Jinzhou Medical
University. We harvested breast cancer tissues and matched
paracancerous tissues during surgery. Informed consent was
signed by all patients, and the experiments were performed
after review and approval by the ethics committee of the
First Affiliated Hospital of Jinzhou Medical University.

Cell culture and transfection

Breast cancer cell lines (MDA-MB-231, MCF-7, BT-474,
and BT-579) and control cell line MCF-10A were acquired
from ATCC. The cells were cultured in DMEM (Solarbio,
Beijing, China) containing 10% fetal bovine serum (FBS)
in 5% CO, at 37 °C. Gene overexpression vectors pcDNA-
CENPA, pcDNA-PLA2R1, and pcDNA-HHEX, and short
hairpin RNAs (sh-CENPA and sh-PLA2R1) were purchased
from RiboBio (Guangzhou, China). When cell confluence
reached approximately 70-80%, breast cancer cells were
transfected with expression vector or shRNA (50 nM) utiliz-
ing Lipofectamine 3000 reagent (Invitrogen, USA) referred
to the reported method [20].

Western blot assay
The various intracellular proteins were isolated by lysing

RIPA solution. After separating on 10% SDS-PAGE, pro-
teins (30 ug) were transferred to PVDF membranes, blocked
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with 5% nonfat milk, and then incubated with the following
primary antibodies (Abcam, USA) overnight at 4 °C and sec-
ondary antibody for 2 h. ECL solution was used to visualize
the protein signal. The protein level was analyzed by ImageJ
1.8.0 software and normalized with GAPDH. The various
primary antibodies used were as follows: CENPA (1:1000,
ab45694), PLA2R1 (1:1000, ab211573), HHEX (1:1000,
ab34222), and GAPDH (1:2500, ab9485).

Immunohistochemistry (IHC) assay

Immunohistochemistry (IHC) staining was conducted
according to the standard method previously [21]. The 4-pm
tissue sections underwent microwave heating in 10 mM
sodium citrate solution, and inactivated by 3% H,0O, for
10 min. Thereafter, the goat serum-blocked sections were
incubated with the primary antibodies overnight at 4 °C and
secondary antibody for 1 h at 37 °C. Finally, the section
signals were stained with a diaminobenzidine chromogen
(Dako North America, Carpinteria, USA). Images were
obtained under a light microscope (Olympus, Tokyo, Japan)
and analyzed by ImageJ 1.8.0 software.

Cell counting kit-8 (CCK-8) assay

CCK-8 proliferation assay was carried out using the stand-
ard method [22]. The cells (5x 103, 200 uL/well) were first
inoculated in 96-well plates at 37 °C in 5% CO,. 10 uL/well
of CCK-8 solution (Dojindo, Japan) was added for 2 h incu-
bation after 0, 24, 48, and 72 h of culture. The absorbance
at 450 nm was measured using a microplate reader (Thermo
Fisher, USA).

EdU assay

EdU proliferation assay was conducted as formerly reported
[22]. Cancer cells (2x 10° cells/well) were incubated with
50 pM EdU solution (Beyotime, China) for 2 h at 37 °C.
Next, cells were fixed with 4% paraformaldehyde for 15 min
and then incubated with click reaction solution (100 pL)
for 30 min in the dark environment. Thereafter, cells were
observed under a fluorescence microscopy (Olympus,
Tokyo, Japan).

Transwell migration assay

A Transwell chamber (8-pm; Millipore Corporation, USA)
was used for analysis of migration ability. 200 uL of breast
cancer cells (5x 10%) suspended in DMEM were added to
upper chamber. DMEM containing 10% FBS (600 uL) was
placed at lower chamber. Thereafter, the migrating cells
were stained after 48 h of culture, and subsequently imaged

under a microscope. The images were analyzed using ImageJ
1.8.0.

Flow cytometry analysis

Flow cytometry was employed for cell apoptosis detection
[23]. After indicated treatment, the cell suspension (4 X 10°
cells/mL) was treated with 10 pL Annexin V-FITC and 5 pLL
PI for 15 min of staining in dark condition. Flow cytometry
(BD Biosciences, NJ, USA) was employed for apoptosis
evaluation.

RT-qPCR

Total RNA was extracted using Trizol reagent. The
iScriptcDNA synthesis kit (Bio-Rad, USA) was used to
obtain cDNAs. RT-qPCR was conducted using SYBR green
SuperReal Premix Plus (Tiangen Biotech, Beijing, China)
and ABI 7500 Fast Real-Time PCR System (Applied Bio-
systems, USA). PLA2R1 mRNA expression was calculated
by 2724€T method and normalized to GAPDH.

Co-immunoprecipitation (Co-IP) assay

Co-IP assay was utilized to assess protein interactions in
reference to the reported approach [24]. MCF-7 cell lysates
were incubated with various indicated antibodies for 30 min
at 4 °C, and subsequently incubated with protein A/G beads
(100 pL; Takara, Dalian, China) overnight at 4 °C. Finally,
immunoprecipitated products were analyzed using the West-
ern blot assay.

Methylation-specific PCR (MSP)

MSP assay was employed to assess gene methylation [25].
The genomic DNAs were isolated and bisulfite modified
with an EZ DNA Methylation kit (Zymo Research, Beijing,
China). MSP assay was performed using the EpiTect Methyl
IT DNA Restriction Kit (Qiagen, USA) and analyzed via RT-
gPCR using SYBR green SuperReal Premix Plus.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was employed with reference to a reported
method [26]. MCF-7 cells were fixed with 1% formalde-
hyde for 15 min to generate DNA—protein crosslink, fol-
lowed by 0.125 M glycine inactivation. Thereafter, the cell
lysates were sonicated with several pulses for 3 min to obtain
200-1000 bp chromatin fragments, which were then immu-
noprecipitated with anti-DNMT1 antibody and ChIP-grade
protein A/G magnetic beads. The precipitated products were
eluted and then determined by RT-qPCR assay.
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In vivo studies

Female BALB/c nude mice (4-5 weeks old, 16-20 g) were
obtained from the experimental animal center of Jinzhou
Medical University. Mice were maintained in a standard
SPF-grade experiment environment. Xenograft tumor model
was established as previously reported [27]. MCF-7 cells
transfected with sh-CENPA or sh-NC (1 x 10°, 200 pL) were
subcutaneously injected into the right axilla of mice (n=38
per group). Tumor volume was recorded every 7 days. The
mice were euthanized 28 days later, and we excised the com-
plete tumors and recorded the weights. The Ethics Com-
mittee of the First Affiliated Hospital of Jinzhou Medical
University gave its approval to all animal experiments.

Statistical analysis

SPSS 22.0 was utilized to perform the data analysis. Data
from independent triplicate experiments were presented
as mean + standard error of mean (SEM). The sample
size was n =6 for cell experiments and n =38 for animal

experiments. Student’s ¢ test was employed to compare
differences between the two groups, and one-way analysis
of variance (ANOVA) was for comparisons among groups.
P <0.05 was defined statistically significant.

Results

CENPA was substantially upregulated in breast
cancer

We found that CENPA was substantially upregulated in
breast cancer via the GEPIA database (Fig. 1A). Subse-
quently, we evaluated CENPA protein level in the tumor
tissues from the recruited breast cancer patients, and find-
ings demonstrated that CENPA protein level was markedly
elevated in tumor tissues (Fig. 1B-D). Besides, CENPA
was also upregulated in breast cancer cell lines (Fig. 1E,
F). Thus, we hypothesized that CENPA might participate
in breast cancer progression.
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Fig.1 CENPA level was substantially upregulated in breast cancer
tissues and cell lines. A GEPIA database illustrated that CENPA was
upregulated in breast cancer tissues. B, C CENPA protein levels in
the tumor tissues and matched paracancerous tissues were analyzed
by Western blot assay (N=30). D CENPA protein levels in tumor tis-
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CENPA silencing restrained proliferation
and migration and enhanced apoptosis in breast
cancer cells

First, the biological functions of sShRNA-mediated CEPNA
silencing in breast cancer cells were evaluated. It was
implicated that transfection of sh-CENPA reduced CENPA

protein level in MCF-7 and MDA-MB-231 cells (Fig. 2A,
B). Moreover, CENPA silencing remarkably restrained
breast cancer cell proliferation (Fig. 2C, D). In addition,
EdU assay showed the similar results (Fig. 2E-G). CENPA
silencing inhibited breast cancer cell migration (Fig. 2H,
I). Besides, it was illustrated that CENPA silencing could
significantly augment cell apoptosis (Fig. 2J, K).
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Fig.2 CENPA silencing inhibited proliferation and migration and
augmented apoptosis in breast cancer cells. A, B CENPA protein
level was analyzed by Western blot assay. C, D CCK-8 and E-G EdU
assay were employed to test the cell proliferation. H, I Cell migra-

tion was measured using Transwell assay. J, K Cell apoptosis was
examined with flow cytometry. N=6. The data have been presented
as mean + SEM. **P <0.01
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CENPA overexpression augmented proliferation
and migration and diminished apoptosis in breast
cancer cells

We then examined CEPNA overexpression-mediated pos-
sible effects on breast cancer cell behaviors. Western blot
assay implicated that pcDNA-CENPA transfection sub-
stantially increased CENPA protein level (Fig. 3A, B).

Thereafter, results of CCK-8 assay illustrated that CENPA
overexpression obviously intensified breast cancer cell
proliferation (Fig. 3C, D). EdU assay data also showed
that CENPA overexpression facilitated cell proliferation
(Fig. 3E-G). Furthermore, CENPA overexpression pro-
moted cell migration (Fig. 3H, I). Moreover, we observed
that CENPA overexpression diminished cell apoptosis
(Fig. 37, K).
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Fig.3 CENPA overexpression intensified breast cancer cell prolifera-
tion and migration and diminished apoptosis. A, B CENPA protein
level was examined by Western blot assay. C, D CCK-8 and E-G
EdU assay were employed to test the cell proliferation. H, I Cell
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migration was measured using Transwell assay. J, K Cell apoptosis
was examined with flow cytometry. N=6. The data have been pre-
sented as mean+ SEM. **P <0.01
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CENPA inhibited PLA2R1 expression
through facilitating PLA2R1 promoter methylation

The BioGRID database (http://thebiogrid.org/) indicated
that CENPA could potentially interact with DNA methyl-
transferase 1 (DNMT1). We found that DNMT1 protein
could be immunoprecipitated by CENPA antibody (Fig. 4A).
Meanwhile, CENPA protein could be immunoprecipitated
by DNMT1 antibody (Fig. 4B), thus indicating that CENPA
could directly interact with DNMT1 in MCF-7 cells. Moreo-
ver, CENPA overexpression facilitated DNMT1 expression,
whereas CENPA silencing reduced DNMT 1 expression in
MCF-7 cells (Fig. 4C, D). PLA2R1 hypermethylation has
been previously reported in breast cancer tissues [19]. MSP
assay suggested that CENPA overexpression increased

PLA2R1 methylation level, and CENPA silencing decreased
PLA2R1 methylation level (Fig. 4E). ChIP assay verified
that CENPA overexpression augmented DNMT1 enrichment
in PLA2R1 promoter (Fig. 4F). In addition, CENPA over-
expression could substantially decrease PLA2R1 expression
(Fig. 4G-I) in breast cancer cells, whereas CENPA silencing
displayed the opposite results.

PLA2R1 overexpression restrained proliferation
and migration and augmented apoptosis in breast
cancer cells

Thereafter, the potential capabilities of PLA2R1 were ana-
lyzed. Western blot results indicated that pcDNA-PLA2R1
transfection facilitated PLA2R1 protein expression
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Fig.4 CENPA inhibited PLA2R1 expression through facilitat-
ing PLA2R1 promoter methylation. A, B The potential interaction
between CENPA and DNMT1 was validated by Co-IP assay. C, D
PLA2RI protein level was determined with Western blot assay. E
MSP assay was employed to examine PLA2R1 methylation in MCFE-7

cells. F ChIP assay was used to measure DNMT1 enrichment on
PLA2R1 promoter. G-I PLA2R1 mRNA and protein levels were
examined by RT-qPCR and Western blot analysis. N=6. The data
have been presented as mean+SEM. **P <0.01
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Fig.5 PLA2R1 overexpression inhibited proliferation and migration
and augmented apoptosis in breast cancer cells. A, B PLA2R1 pro-
tein level was examined with Western blot assay. C, D CCK-8 assay
and E-G EdU assay were employed to test MCF-7 cell proliferation.

(Fig. 5A, B). Subsequently, results of CCK-8 (Fig. 5C, D)
and EdU (Fig. SE-G) assays demonstrated that PLA2R1
overexpression conspicuously suppressed breast cancer
cell proliferation. Furthermore, PLA2R1 overexpression
remarkably restrained cell migration (Fig. SH, I). Besides,
PLA2R1 overexpression could markedly augment cell
apoptosis (Fig. 5J, K).
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H, I MCF-7 cell migration was measured using Transwell assay. J,
K MCEF-7 cell apoptosis was determined with flow cytometry. N=6.
The data have been presented as mean + SEM. **P < (.01

CENPA facilitated breast cancer development
through inhibiting PLA2R1 expression

We performed rescue experiments to investigate the pos-
sible biological effects of CENPA and PLA2R1. Western
blot results illustrated that the transfection of pcDNA-
CENPA prominently downregulated PLA2R1 expression,
whereas transfection of pcDNA-PLA2RI1 increased PLA2R1
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Fig.6 CENPA inhibited breast cancer progression by suppressing
PLA2RI expression. A, B Western blot assay was used to examine
PLA2RI protein level. C CCK-8 and D, E EdU assay were employed
to test MCF-7 cell proliferation. F, G MCF-7 cell migration was

expression in MCF-7 cells (Fig. 6A, B). As reflected by
CCK-8 (Fig. 6C) and EdU (Fig. 6D, E) results, CENPA
overexpression enhanced proliferation in MCF-7 cells, and
PLA2R1 overexpression abrogated these effects. Moreover,

measured using Transwell assay. H, I MCF-7 cell apoptosis was
examined with flow cytometry. N=6. The data have been presented
as mean +SEM. **P < (.01

CENPA overexpression promoted migration, which was
abolished by PLA2R1 overexpression (Fig. 6F, G). Besides,
CENPA overexpression repressed cell apoptosis in MCF-7
cells, which was abrogated by PLA2R1 overexpression
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(Fig. 6H, I). We revealed that CENPA facilitated breast can-
cer progression by regulating PLA2R1 expression.

PLA2R1 interacted with HHEX in breast cancer cells

It was implicated that hematopoietically expressed home-
obox (HHEX) was a potential breast cancer suppressor [28].
It was observed that HHEX was a potential interacting pro-
tein of PLA2R1 though the Genemania website (Fig. 7A).
Thereafter, we performed Co-IP assay to explore their rela-
tionship in breast cancer cells. The results suggested that
HHEX could be immunoprecipitated by PLA2R1 antibody
(Fig. 7B), and PLA2R1 also could be immunoprecipitated
by PLA2RI1 antibody (Fig. 7C). The results indicated that

PLA2R]1 could directly interact with HHEX in breast cancer
cells. Thereafter, it was observed that PLA2R1 overexpres-
sion remarkably promoted HHEX expression in MCF-7
cells, and PLA2R1 silencing restrained HHEX expres-
sion (Fig. 7D, E). In addition, we also found that PLA2R1
(Fig. 7F, G) and HHEX (Fig. 7H, I) levels were also down-
regulated in tumor tissues obtained from breast cancer
patients (Fig. 7F-I).

PLA2R1 knockdown facilitated breast cancer
progression by inhibiting HHEX expression

MCF-7 cells were transfected with sh-PLA2R1 and
pcDNA-HHEX. Western blot results demonstrated that
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Fig.7 PLA2RI1 interacted with HHEX in breast cancer cells. A The
potential interacting proteins of PLA2R1 were predicted from the
Genemania website. B, C Co-IP assay was employed to validate the
interaction between PLA2R1 and HHEX. D, E HHEX expression
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was tested by Western blot assay. F-I PLA2R1 and HHEX levels in
the tumor tissues and matched paracancerous tissues were accessed
with immunohistochemistry assay. N=6. The data have been pre-
sented as mean +SEM. **P <0.01
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Fig.8 PLA2R1 knockdown facilitated breast cancer progression by measured using Transwell assay. H, I MCF-7 cell apoptosis was
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to test MCF-7 cell proliferation. F, G MCF-7 cell migration was

sh-PLA2R1 transfection markedly inhibited HHEX  cells (Fig. 8F, G), while HHEX overexpression abrogated
expression, whereas pcDNA-HHEX transfection aug-  this effect. Moreover, PLA2R1 knockdown decreased
mented HHEX expression (Fig. 8A, B). PLA2R1 knock-  MCF-7 cell apoptosis, which was abolished by HHEX
down augmented MCF-7 cell proliferation, and HHEX  overexpression (Fig. 8H, I). Thus, it was concluded that
overexpression reversed this effect (Fig. 8C-E). Thereaf-  PLA2R1 knockdown facilitated breast cancer progression
ter, PLA2R1 knockdown facilitated migration in MCF-7 by inhibiting HHEX expression.
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CENPA silencing suppressed tumor growth of breast
cancer

We further established a xenograft tumor mouse model
to determine the in vivo function of CENPA. It was
observed that CENPA silencing could markedly decrease
the both tumor volume and weight (Fig. 9A—-C). Moreo-
ver, compared with sh-NC group, CENPA protein level
was downregulated and PLA2R1 and HHEX protein levels
were upregulated in tumor tissues of sh-CENPA group
(Fig. 9D, E). THC staining demonstrated that CENPA
silencing markedly decreased the protein level of prolifera-
tion marker Ki67 (Fig. 9F, G). Collectively, these results
revealed that CENPA silencing could significantly sup-
press breast cancer tumor growth under in vivo settings.
We summed our results in a graphical abstract (Fig. 10).

Discussion

It has been generally recognized that breast cancer, spe-
cifically metastatic breast, is a common malignant cancer
among women characterized by increasing morbidity and
mortality, as well as poor prognosis. The vast majority of
breast cancer patients continue to exhibit high risk of recur-
rence, metastasis, drug resistance, and serious side effects,
thereby hampering therapeutic efficacy and prognosis
[29]. Especially, genetic variation and aberrant expression
induced by environmental factors contribute to tumor metas-
tasis and drug resistance. Environmental factors include
ionizing radiation, chemical pollutants, hormonal therapy,
alcohol, as well as other dietary factors [30]. It was reported
that the industrial organic pollutants, polychlorinated biphe-
nyls, enhanced breast cancer migration and the development
of bone, lung, and liver metastasis in mice by activating
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Fig.9 CENPA silencing suppressed tumor growth under in vivo set-
tings. A Tumor images in sh-NC and sh-CENPA groups. B Tumor
volume and C tumor weight were analyzed. D, E CENPA and
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PLA2RI1 protein levels were examined by Western blot assay. F, G
Ki67 protein level was determined using IHC staining. N=8. The
data have been presented as mean + SEM. **P < (.01
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Fig. 10 Graphical abstract. CENPA inhibited PLA2R1 expression by
promoting DNMT1-mediated promoter methylation. PLA2R1 inter-
acted with HHEX in breast cancer cells. The upregulated CENPA
promoted breast cancer progression through inhibiting the PLA2R1/
HHEX axis

Rho-associated kinase [31]. Moreover, chemical phthalates
were found to reduce the sensitivity to tamoxifen, which
suggests a role in chemotherapeutic drug resistance [31].
A plethora of genetic alterations and multitude of molecu-
lar events are involved in breast cancer initiation and pro-
gression. Thus, in-depth studies to clarify the pathological
mechanisms in breast cancer are still needed.
Accumulating studies have suggested that CENPA might
act as a potential oncogenic molecule as well as prognos-
tic factor in several human malignant cancers and abnor-
mal CENPA expression could significantly promote cancer
development [10-12]. Silico analysis found that CENPA
was upregulated in 20 types of solid cancer, and increased
CENPA expression is involved in cancer progression and
indicated poor outcome for patients [32]. More notably,
current evidence has demonstrated that IHC expression of
CENPA is upregulated in malignant breast tissues compared
with normal tissues, and upregulated CENPA expression
was conspicuously correlated with shorter disease-free sur-
vival in breast cancer, thus indicating its potential as a poten-
tial prognostic biomarker [13]. Consistently, our Western
blot and THC assays illustrated that CENPA was substan-
tially upregulated in breast cancer tissues. Moreover, it was
previously reported that elevated CENPA level could impact
chemotherapy response and lead to poor prognosis in breast
cancer patients [33]. An integrated expression profiling
analysis identified that high CENPA level in triple-negative

breast cancer was correlated with poor prognosis, thereby
suggesting its potential clinical therapeutic applications [34].
In addition, a recent study revealed the upstream regulatory
genes of CENPA, which suggested that IncRNA MBNL1-
AS1/MBNLI1-AS1/ZFP36 axis suppressed proliferation and
cancer stem-like properties of breast cancer cells through
reducing CENPA mRNA stability [35]. Given the momen-
tous roles of CENPA in breast cancer, our study investigated
the accurate functions and downstream pathways of CENPA
in breast cancer progression. We found that CENPA silenc-
ing restrained proliferation and migration, and enhanced
apoptosis in breast cancer cells. Interestingly, CENPA
silencing retarded the tumor growth of breast cancer in xeno-
graft mouse model. Mechanistically, CENPA inhibited the
PLA2R1/HHEX axis in breast cancer cells.

Low PLA2R1 expression has been identified in some
malignant tumors and it was found to suppress tumor growth
by facilitating cancer cell apoptosis and inhibiting trans-
formation. It was suggested that PLA2R1 expression was
downregulated in the thyroid cancer samples, and PLA2R1
overexpression repressed proliferation and migration in thy-
roid cancer cells [36]. Moreover, PLA2R1 expression was
decreased in tissues of renal cell carcinoma, and PLA2R1
knockdown increased in vivo renal cancer cell growth [18].
In addition, recent discoveries have revealed that PLA2R1
promoter hypermethylation-induced gene expression sup-
pression could be observed in several cancer cells, including
thyroid cancer [37], leukemia [38], and renal cell carcinoma
[18]. Similarly, PLA2R1 downregulation and promoter
hypermethylation were observed in breast cancer, and it was
related to aggressive subtypes and might be a diagnostic tar-
get in breast cancer [19]. Moreover, it was also reported that
high DNA-methylation-induced PLA2R1 expression reduc-
tion were found in several breast cancer cells [39]. Impor-
tantly, PLA2R1 promoter hypermethylation was coupled to
the upregulation of DNMT1 [39]. Consistently, our study
confirmed the PLA2R1 promoter hypermethylation in breast
cancer cells. Furthermore, our results illustrated that CENPA
inhibited PLA2R1 expression through directly facilitating
DNMT1-mediated PLA2R1 promoter methylation. Besides,
PLA2R1 overexpression inhibited proliferation and migra-
tion, and enhanced cell apoptosis in breast cancer cells.
PLA2RI1 overexpression reversed the oncogenic effects of
CENPA overexpression on breast cancer cell progression.

HHEX, also known as PRH, has been reported to play
crucial roles in cancer progression. For example, Li et al.
reported that HHEX could significantly suppress cell migra-
tion and cell protrusion formation in human lung cancer
cells [40]. Moreover, HHEX was identified to be down-
regulated in thyroid cancer. HHEX knockdown could effec-
tively enhance cell proliferation, migration, and invasion,
whereas HHEX overexpression exhibited opposite effects
[41]. More notably, it was recently proposed that HHEX
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levels were downregulated in breast cancer patients, and
decreased HHEX expression indicated poor survival in
breast cancer patients [42]. Moreover, the author revealed
that HHEX overexpression substantially decreased prolifera-
tion, migration, and invasion in breast cancer cells [42]. A
mechanism research demonstrated that HHEX inhibited can-
cer cell migration and invasion partly by directly transcrip-
tional regulating Endoglin [43]. Besides, an in vivo study
suggested that HHEX overexpression inhibited the breast
tumor formation in mice [28]. Similarly, our study con-
firmed that HHEX was downregulated in the tumor tissues
of breast cancers. Mechanistically, HHEX could directly
interact with PLA2R1 and its expression was primarily
regulated by PLA2R1. HHEX overexpression abrogated
PLA2R1 knockdown-mediated promotion effects on breast
cancer progression. Thus, our results revealed that CENPA
knockdown markedly modulated breast cancer progression
through the PLA2R1/HHEX axis.

This study still has some important potential limita-
tions. We accessed to a limited sample size for breast can-
cer patients, which may have affected the generalizability
of our results. Moreover, due to time and funding con-
straints, we have insufficient experimental sample size for
statistical measurements, which may impact the accuracy
of our results. We only explored the potential mechanism
of CENPA regulating the PLA2R1/HHEX axis, and there
may be other CENPA-related molecular mechanisms in
breast cancer progression. Therefore, in our future work,
we will expand the sample size of experiments and strive to
eliminate potential bias factors to get valid research results.
Moreover, we intend to investigate other potential molecular
mechanisms of CENPA-mediated breast cancer progression.

In conclusion, our findings illustrated that CENPA level
was upregulated in breast cancer. CENPA silencing substan-
tially restrained proliferation and migration, and enhanced
apoptosis in breast cancer cells, and retarded tumor growth
in breast cancer xenograft mouse model. Mechanisti-
cally, CENPA inhibited PLA2R1 expression by promoting
DNMT1-mediated promoter methylation. PLA2R1 inter-
acted with HHEX and augmented HHEX expression in
breast cancer cells. We revealed that upregulated CENPA
promoted breast cancer progression through inhibiting the
PLA2R1/HHEX axis. We may provide a promising prog-
nostic marker and novel therapeutic target for breast can-
cer. Targeting the potential prognostic marker, reagents and
methods for early diagnosis of tumors can be developed to
improve the early detection rate of tumors. In addition, our
research provides theoretical basis for clinical breast cancer
treatment and new drug development.
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