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ABSTRACT

Objective: This study aimed to assess the expression of NCAPH in human breast cancer, and to investigate
its effects on breast cancer cells. Methods: Bioinformation analysis was performed to analyze the expression
of NCAPH in human breast cancer tissues and normal tissues in TCGA database. qPCR and Immunoblot
assays were performed to clarify the expression of NCAPH in breast cancer tissues and cell lines,
respectively. CCK-8, colony formation, FCM, transwell, and immunoblot assays were performed to reveal
the effects of NCAPH on breast cancer proliferation, cell cycle, motility and EMT of breast cancer cells.
Additionally, immunoblot assays were performed to investigate the effects of NCAPH on the PI3K/AKT
pathway in breast cancer. Results:We found that NCAPH was highly expressed in human breast cancer cell
lines. The depletion of NCAPH suppressed the viability of breast cancer cells. Further, we noticed that its
downregulation restrained breast cancer cell migration as well as invasion, and the EMT process. Me-
chanically, we noticed that NCAPH mediated the PI3K/AKT pathway, and therefore contributed to breast
cancer progression. Conclusion: In summary, NCAPH has the potential to serve as a breast cancer target.
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INTRODUCTION

Breast cancer is one of the three most common cancers worldwide [1]. In recent years, the
incidence of breast cancer (BC) has been increasing, and the onset age is getting younger, posing
a serious threat to women’s health [1, 2]. The etiology of breast cancer is not completely clear
[3, 4]. With the development of medical science, the prognosis of breast cancer has improved,
but the incidence of breast cancer is still increasing [5]. In view of the lack of obvious symptoms
of early breast cancer, some breast cancer patients are often in the advanced stage when they
seek treatment, and breast cancer often develops metastases [6]. Conventional treatments, such
as surgical excision and radiation and chemotherapy, are ineffective in treating advanced breast
cancer [7]. To further improve the prognosis of patients, research on the pathogenesis of BC is
urgently needed to develop more effective therapeutic drugs by means of targeted therapy, and
to identify the key therapeutic targets [8]. In addition, epithelial-mesenchymal transformation
(EMT) is a biological process in which epithelial cells are transformed into mesenchymal
phenotypes through a specific procedure, which plays an important role in breast cancer pro-
gression and metastasis.

NCAPH, also known as BRRN1, maintains the stability of the agglutinin protein complex
and ensures accurate separation of the sister chromatids during the mitosis process [9]. The role
of NCAPH in the progression and metastasis of cancers has been widely reviewed [9, 10]. The
earliest study found that NCAPH expression was significantly increased in advanced melanoma
[11]. High expression of NCAPH was also associated with poor prognosis in patients with lung
cancer, prostate cancer, and ovarian cancer [12, 13].

In addition, down-regulation of NCAPH significantly suppressed the proliferation and
motility of colon cancer and liver cancer, and affected cervical cancer progression via regulating
the activation of the PI3K/AKT/SGK pathway [14, 15]. Notably, upregulation of NCAPH in
breast cancer indicated poor prognosis [16]. However, the function of NCAPH and the un-
derlying molecular mechanisms in breast cancer remain unclear.

In this study, we investigated the possible effect of NCAPH on the progression of breast
cancer and explored its mechanism. Our data confirmed the high NCAPH expression in human
BC cells, and indicated that its depletion suppressed the proliferation and motility of BC cells via
targeting the PI3K/AKT pathway. Therefore, it has the potential to be explored as a BC target.

MATERIALS AND METHODS

Antibodies and plasmids

NCAPH antibody (1:500 dilution, ab154105, Abcam), E-cadherin antibody (1:500 dilution,
ab212059, Abcam), N-cadherin antibody (1:1000 dilution, ab76011, Abcam), Vimentin (1:500
dilution, ab92547, Abcam), ZO-1 antibody (1:500 dilution, ab221547, Abcam), p-PI3K antibody
(1:1000 dilution, ab278691, Abcam), PI3K antibody (1:500 dilution, ab32089, Abcam), p-AKT
antibody (1:500 dilution, ab38449, Abcam), AKT antibody (1:500 dilution, ab8805, Abcam), and
beta-actin antibody (1:2000 dilution, ab8226, Abcam) were obtained from the indicated
company.
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The NC (negative control) siRNAs and two NCAPH siRNAs were bought from Riobio. The
sequence of NCAPH siRNA was #1: 50-GAGUUCAGGAGCUGGAAGG-30. #2: 50-ACCA-
CAGGGAAGCUGGAAA-30.

The plasmids including pcDNA3.1-vector and pcDNA3.1-control were constructed in our
lab. LY294002 was bought from Sigma.

Cell culture and transfection

The human breast cell line MCF-10A and breast cancer cell line MCF-7 and T47D were
purchased from ATCC. The cell lines were maintained in Dulbecco’s modified Eagle medium
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and maintained in a 5% CO2 incubator at
37 8C.

siRNAs and plasmids were purchased from RioBio (Guangzhou, China) and addgene
(USA), respectively, and transfected into cells using Lipofectamine® 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.). A total of 13 105 cells were seeded into six-well plates and 5 μL siRNAs
or 1 ug plasmid were used for transfection. The cells were transfected using 10 μL Lipofect-
amine® 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) in each well. Cells were cultured for
4 h with Lipofectamine®/plasmid mix at 37 8C and the transfection was completed. Subse-
quent assays were performed after 24 h. LY294002 (10 μM) was used and the cells were treated
for 24 h.

Quantitative PCR assays

The study was approved by the ethical committee of the First Affiliated Hospital, and the
College of Clinical Medicine of Henan University of Science and Technology, and informed
consent was provided by all patients. Total RNA was extracted from cells using Trizol reagent
(15596-018, Invitrogen). Quantitative PCR was subsequently conducted via SYBR mixture
(RR420A, Takara). Total RNA was reverse transcribed into cDNA at 42 8C for 1 h using M-MLV
reverse transcriptase (cat. no. M1701; Promega Corporation, includes M-MLV 5X Reaction
Buffer 5 μL, dNTP, 10 mM 1.25 μL, Recombinant RNasin® Ribonuclease Inhibitor 25 units,
M-MLV RT 200 units, and Nuclease-Free Water to final volume 25 μL). NCAPH mRNA levels
were normalized to GAPDH. PCR primer sequences of NCAPH were: forward, 50-AAA-
CAACCTCAATGTCTCCGAAG-30 and reverse, 50-ACAACCTAACTCT GGCAACTCG -30.
The following thermocycling conditions were used: Initial denaturation at 95 8C for 3 min;
followed by 30 cycles of denaturation at 95 8C for 30 s, annealing at 58 8C for 30 s and extension
at 72 8C for 30 s. The 2-ΔΔCq method was used to quantify the results.

Immunoblot assay

Samples were lysed by the use of RIPA buffer (Beyotime, China). The BCA kit was used for
protein concentration determination, after which proteins were separated (20 μg per lane) by
10% SDS-PAGE, then transferred onto PVDF membranes. Then membranes were blocked with
5% fat-free milk. All membranes were subsequently incubated with the indicated primary an-
tibodies for 1.5 h. Subsequently the membranes were treated with secondary antibodies for 1 h.
Signals were visualized using an ECL kit (Beyotime Institute of Biotechnology). ImageJ (version
1.8.0; National Institutes of Health) was used for densitometry.
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CCK-8 assay

Breast cancer cells were plated into the 96-well plates (1000 cell/well) and maintained for 48 h.
Cells were then incubated with CCK-8 for 4 h and the OD 450 value was measured.

Colony formation assay

Breast cancer cells were re-seeded into 6-well plates with a density of 1000 cells in each well and
maintained for 14 d. Colonies were considered to consist of >100 cells. Then colonies were fixed
with PFA for 10 min and stained with 0.1% crystal violet for 30 min. Colonies were then
photographed.

Cell cycle assay

The cells were fixed using 70% ethyl alcohol for 24 h at �20 8C and incubated with 100 μg mL�1

PI at 37 8C for 20 min; subsequently the assays were conducted by the flow cytometer. The
percentages of cells at different phases were compared.

Transwell assays

Breast cancer cells transfected with the indicated plasmids were plated into the upper chamber
with 20% matrigel (Transwell-invasion) or without matrigel (Transwell-migration). Then,
medium (10% FBS) was added into the bottom chambers to stimulate invasion or migration.
After 24 h, the remaining cells were stained with 0.1% crystal violet for 20 min.

Statistics

GraphPad 5.0 software was used for the statistical analysis. Data were represented as mean ±
SEM. The results in this study were analyzed by the use of one-way ANOVA followed by
Turkey’s post hoc test when multiple groups were compared, and P < 0.05 was considered as
significant.

RESULTS

NCAPH was expressed at high level in breast cancer

To uncover the effects of NCAPH on BC progression, we first analyzed the expression of
NCAPH in human breast cancer tissues through the TCGA database. We noticed that the TPM
of NCAPH in tumor tissues (n 5 1085) was higher than normal (n 5 291), suggesting high
expression (Fig. 1A). qPCR assays were conducted to confirm the mRNA levels of NCAPH in
BC tissues and adjacent tissues collected. Consistently, increased levels of NCAPH mRNA were
determined in breast cancer tissues (Fig. 1B).

We further detected NCAPH in the normal cell line MCF10A and in breast cancer cell lines
MCF-7 and T47D. Through immunoblot assays, we found high NCAPH levels in BC cell lines
MCF-7 and T47D, compared to the normal breast cell line MCF10A (Fig. 1C). Taken together,
we detected high expression of NCAPH in BC.
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NCAPH promotes the proliferation of breast cancer cells

In view of the high expression of NCAPH in BC, we then investigated the role of NCAPH in
breast cancer cell proliferation. Two NCAPH siRNAs and pcDNA3.1-NCAPH plasmids,
respectively, were used and transfected into MCF-7 and T47D cells to alter the expression of
NCAPH in breast cancer cells. We detected decreased expression of NCAPH after trans-
fection with its siRNA, and found the obvious high expression after the transfection of
pcDNA3.1-NCAPH plasmids in MCF-7 and T47D cells (Fig. 2A, S1A). Through CCK-8
assays, we further found that downregulation of NCAPH suppressed the proliferation of
MCF-7 and T47D cells, with decreased OD value at 450 nm, and its overexpression promoted
cell proliferation (Fig. 2B, S1B). Similarly, we found that knockdown of NCAPH restrained
MCF-7 and T47D cell proliferation, whereas its overexpression promoted proliferation
(Fig. 2C, S1C). Through FCM assays, we further found that downregulation of NCAPH
suppressed the cell cycle in both MCF-7 and T47D cells (Fig. 2D, S1D). Therefore, NCAPH
promoted BC proliferation.

Fig. 1. NCAPH was expressed at high level in breast cancer tissues and cell lines
(A). GEPIA was used to analyze the data in the TCGA database, which showed the levels of transcript per
million (TPM) in 1085 tumor tissues compared to 291 normal tissues. (B) qPCR assays showed the mRNA
levels of NCAPH in breast cancer tissues and normal tissues. (C). Immunoblot assays showed the mRNA
levels of NCAPH in normal cell line MCF-10A, and 2 breast cancer cell lines, MCF-7 and T47D. Data are

presented as mean ± SD. ppP < 0.01, pppP < 0.001. Each experiment was performed in 3 replicates.
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Fig. 2. NCAPH ablation suppressed the viability of breast cancer cells and stimulated apoptosis
(A). Immunoblot showed the expression of NCAPH in MCF-7 cells upon transfection with control or
NCAPH siRNA (#2) or plasmids. (B). CCK-8 assays showed the OD value at 450 nm wavelength of MCF-7
cells upon transfection with control or NCAPH siRNAs or plasmids. (C). Colony formation assays showed
the colony number of MCF-7 cells upon transfection with control or NCAPH siRNAs or plasmids. (D).
Flow cytometry (FCM) assays showed the apoptosis percentage of MCF-7 cells upon transfection with

control or NCAPH siRNAs or plasmids. Data are presented as mean ± SEM, siNCAPH vs siNC,
pp P < 0.01, ppp P < 0.001. pcDNA3.1-NCAPH vs pcDNA3.1, ## P < 0.01, ### P < 0.001. NC, negative

control. Each experiment was performed in 3 replicates.
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NCAPH stimulates the motility of breast cancer cells in vitro

Since NCAPH could regulate the proliferation of breast cancer cells, we further investigated its
effects on the motility of breast cancer cells through transwell assays. We observed that
knockdown of NCAPH dramatically restrained the migration of BC cells, resulting in decreased
stained cell number, whereas NCAPH overexpression increased cell number, suggesting that
NCAPH stimulated the migration of breast cancer cells (Fig. 3A). Subsequently we performed

Fig. 3. NCAPH knockdown inhibited the migration as well as invasion of breast cancer cells
(A, B). Transwell-migration assays showed the wound healing degree of MCF-7 and T47D cells upon
transfection with control or NCAPH siRNAs or plasmids. Representative images are shown in (A). Cell
number is analyzed in (B). (C, D). Transwell-invasion assays showed the invasive MCF-7 and T47D cells
upon transfection with control or NCAPH siRNAs or plasmids. Representative images are shown in
(C). I Invasive cell number is shown in (D). Data are presented as mean ± SEM, siNCAPH vi siNC,
p P < 0.05, pp P < 0.01. pcDNA3.1-NCAPH vs pcDNA3.1, ## P < 0.01. NC, negative control. Each

experiment was performed in for 3 replicates.
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transwell-invasion assays, and the results revealed that NCAPH knockdown suppressed breast
cancer cell invasion, whereas overexpression of NCAPH promoted the invasion (Fig. 3B–D).
We therefore concluded that NCAPH stimulated the motility of BC cells in vitro.

Knockdown of NCAPH suppressed EMT in breast cancer cells

Having shown the effects of NCAPH on BC cell viability and migration, we then investigated its
role in the EMT process of breast cancer cells. We detected the expression of several EMT
markers. Through immunoblot assays, we found that NCAPH knockdown increased the protein
levels of E-cadherin and ZO-1, and downregulated the expression of N-cadherin and Vimentin
in BC cells, whereas its overexpression decreased the protein levels of E-cadherin and ZO-1, and
upregulated those of N-cadherin and Vimentin (Fig. 4). Therefore, downregulation of NCAPH
suppressed the EMT process in BC cells.

NCAPH activates the PI3K/AKT pathway in breast cancer cells

Several studies have shown that the PI3K/AKT signaling pathway was widely involved in the
regulation of cancer cell proliferation and migration. We next tested whether NCAPH promoted
BC via this pathway.

Through immunoblot assays, NCAPH overexpression was shown to increase the phos-
phorylation levels of PI3K and AKT in BC cells (Fig. 5A). Additionally, downregulation of
NCAPH suppressed the levels of PI3K and AKT phosphorylation in both MCF-7 and T47D cells
(Fig. 5B), further confirming the regulation of NCAPH by this pathway. Interestingly, our data
revealed that treatment with LY294002, an inhibitor of PI3K/AKT pathway could rescue acti-
vation of the PI3K/AKT pathway in breast cancer cells caused by NCAPH overexpression
(Fig. 6A), confirmed by immunoblot assays. CCK-8 and colony formation assays further
confirmed that LY294002 treatment rescued the promotion of cell proliferation caused by
NCAPH overexpression in BC cells (Fig. 6B and C). In addition, FCM assays also revealed that
LY294002 reversed the suppression of BC cell apoptosis caused by NCAPH overexpression
(Fig. 6D). Therefore, NCAPH activates the PI3K/AKT signaling pathway in BC cells.

DISCUSSION

Breast cancer ranks first in the incidence of female malignant tumor [17]. The incidence of BC is
increasing, with more than 300,000 women diagnosed with BC each year [18]. The pathogenesis
of BC is still unclear, and a variety of high-risk factors have been proved to promote the
occurrence and development of breast cancer [18]. Although commonly used treatments, such
as surgical resection and chemoradiotherapy improve patients’ prognosis to some extent, they
are still ineffective for patients with advanced BC [18]. Recently, targeted therapy has attracted
extensive attention, and many targeted therapy drugs have been successfully used in the clinical
treatment of breast cancer, achieving a series of positive effects [19]. Our data confirmed that
NCPAH contributed to the viability, motility and EMT of breast cancer cells.

Through a series of in vitro assays, such as CCK-8, colony formation, FCM, immunoblot,
and transwell, we found that NCPAH promoted the cellular processes of breast cancer cells, such
as proliferation, motility, and EMT. Our data confirmed the promoting effects of NCPAH on
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breast cancer progression. Similarly, the findings of the paper by T. Ogura et al. (2021) indi-
cated the effects of NCAPH on the proliferation and cell cycle of breast cancer cells, suggesting
that NCAPH could serve as a promising target of breast cancer. Since there are several subtypes
of breast cancer, we should next clarify whether NCAPH affects all types of breast cancer. In
addition, the effects of NCAPH on different types of tumors have been widely reported. For

Fig. 4. NCAPH promoted the EMT process in breast cancer cells
Immunoblot assays showed the expression of E-cadherin, N-cadherin, Vimentin, and ZO-1 in MCF-7 and T47D
cells upon transfection with control or NCAPH siRNAs or plasmids. Data are presented as mean ± SEM,
siNCAPH vi siNC, p P < 0.05, pp P < 0.01, ppp P < 0.001. pcDNA3.1-NCAPH vs pcDNA3.1, # P < 0.05,

## P < 0.01, ### P < 0.001. NC, negative control. Each experiment was performed in 3 replicates.
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example, NCAPH contributed to the proliferation of bladder cancer cells via the MEK/ERK
pathway, which was similar to our finding [9]. However, these authors also described the effects
of NCAPH on the apoptosis of bladder cancer cells. The effects of NCAPH on breast cancer
apoptosis need further study [9]. Another study indicated that NCAPH mediated the pro-
gression of gastric cancer via affecting DNA damage response [10]. NCAPH was negatively
correlated with Mcl-1 expression in lung cancer [20]. Importantly, another study showed that
NCAPH was required for the viability and motility of lung cancer cells, similar to our study [12].
In addition, NCAPH was also correlated with lymphangiogenesis and drug resistance in oral
cancer, and mediated mature chromosome condensation as well as DNA damage in pancreatic
cancer (PDAC) cells [21, 22]. All these studies confirmed that NCAPH could affect the pro-
gression of multiple types of tumors.

Notably, ectopic expression of NCAPH mediated the progression of cervical carcinoma via
the PI3K/AKT axis. Importantly, we also found that NCAPH mediated this pathway in breast
cancer cells. The PI3K/AKT pathway can promote the progression of multiple cancer types [23].

Fig. 5. NCAPH mediated the AKT/PI3K pathway in breast cancer cells
Immunoblot assays showed the expression of p-AKT, AKT, p-PI3K, and PI3K in BC cells upon the

indicated treatment. Data are presented as mean ± SEM, NCAPH vi Control, pp P < 0.01. siNCAPH vs
siControl, # P < 0.05, ## P < 0.01, ### P < 0.001. NC, negative control. Each experiment was performed

in 3 replicates.
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The PI3K/AKT pathway has been revealed to affect the proliferation and motility of tumors as
well as EMT progression [24]. Multiple proteins or drugs affect breast cancer progression via
this pathway [24]. Andrographolide could suppress proliferation in bladder cancer cells by
interfering with PI3K/AKT signaling [24]. Amorphophalli rhizoma could restrain breast cancer
cell proliferation and motility via this pathway [23]. All these studies suggest that the PI3K/AKT
pathway could serve as a BC target, and until now, several drugs targeting this pathway have
been successfully developed.

NCAPH is a protein which maintains the stability of the agglutinin protein complex and
ensures accurate separation of the sister chromatids during mitosis. The role of NCAPH in the
progression of cancers has also been revealed. In this study, we found that NCAPH stimulated

Fig. 6. AKT/PI3K pathway inhibition reversed the effects of NCAPH overexpression on breast cancer
progression

(A) Immunoblot assays showed the expression of p-AKT, AKT, p-PI3K, and PI3K in breast cancer cells
upon the indicated treatment. (B). CCK-8 assays showed the OD value at 450 nm wavelength of breast
cancer cells upon the indicated treatment. (C). Colony formation assays showed the colony number of
breast cancer cells upon the indicated treatment. (D). Flow cytometry (FCM) assays showed the percentage
of apoptosis upon the indicated treatment. Data are presented as mean ± SEM, NCAPH vi Control,
pp P < 0.01, ppp P < 0.001. NCAPHþLY294002 (10 μM) vs NCAPH, ## P < 0.01, ### P < 0.001. NC,

negative control. Each experiment was performed in 3 replicates.
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the PI3K/AKT pathway in breast cancer cells, and therefore affected the proliferation, motility,
and EMT of breast cancer cells. In fact, NCAPH is not a transcription factor, and no data
demonstrate any interactions between NCAPH and other proteins. We therefore need further
studies to show the more precise mechanism.

In summary, we found high NCAPH expression in human breast cancer cells and tissues.
NCAPH knockdown restrained the viability, motility, and EMT of BC cells. Mechanistic studies
showed that NCAPH could mediate the PI3K/AKT pathway, thus affecting BC progression.
Therefore, our study suggests that NCAPH has the potential to serve as a BC target.
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Appendix

Fig. S1. NCAPH ablation suppressed the viability of T47D cells and stimulated apoptosis
(A). Immunoblots showed the expression of NCAPH in T47D cells upon transfection with control or two
NCAPH siRNAs (#1 and #2) or plasmids. (B). CCK-8 assays showed the OD value at 450 nm wavelength of
T47D cells upon transfection with control or NCAPH siRNAs or plasmids. (C). Colony formation assays
showed the colony number of T47D cells upon transfection with control or NCAPH siRNAs or plasmids.
(D). Flow cytometry (FCM) assays showed the apoptosis percentage of T47D cells upon transfection with

control or NCAPH siRNAs or plasmids. Data are presented as mean ± SEM, siNCAPH vi siNC,
pp P < 0.01, ppp P < 0.001. pcDNA3.1-NCAPH vs pcDNA3.1, ## P < 0.01, ### P < 0.001. NC, negative

control. Each experiment was performed in 3 replicates.
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