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The effect of centromere protein U silencing by
lentiviral mediated RNA interference on the
proliferation and apoptosis of breast cancer
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Abstract. Centromere protein U (CENPU) is a novel transcrip-
tional repressor that is associated with different types of cancer.
However, its function in breast cancer is poorly understood. In
the present study, it was identified that CENPU was highly
expressed in breast cancer tissues compared with expression
in normal breast tissues (P=0.001). Furthermore, the CENPU
mRNA level in tumors was often elevated, compared with the
matched adjacent normal breast cancer tissue specimens in
the dataset from The Cancer Genome Atlas database (n=106;
P<0.001). Tounderstand the function of CENPU inhuman breast
carcinogenesis, its effects on the proliferation, apoptosis and
cell cycle progression of MDA-MB-231 cells were examined
using the lentiviral-mediated CENPU knockdown approach.
The RNA and protein expression levels in the transfected
cells were monitored using reverse transcription-quantitative
polymerase chain reaction and western blotting, respectively.
The mRNA and protein expression levels of the CENPU gene
were significantly lower in the CENPU-shRNA transfected
cells than in the control (P<0.01), indicating successful gene
expression knockdown. Post-transfection, cell counting and
MTT analysis revealed that the proliferation activity was
significantly suppressed in CENPU knockdown cells relative
to the control (P<0.01). Additionally, fluorescence activated
cell sorting analysis revealed that the (G2+S) phase fraction
was significantly declined in CENPU knockdown cells relative
to the control; while the G1 phase fraction was significantly
increased (P<0.01) and the percentage of the apoptotic
cells was significantly increased (P<0.01). In conclusion,
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downregulation of CENPU gene expression may inhibit cell
proliferation and cell cycle progression, and increase the
apoptosis of the breast cancer cells. These results suggested a
possible function of this protein in breast cancer pathogenesis
and prognosis.

Introduction

Breast cancer is one of the most common human neoplasms,
accounting for ~1/4 of cases of cancer in females worldwide and
27% of cancer cases in developed countries (1). Breast cancer can
also occur in men; however, it is more common in women (2).
It is the leading cause of mortality in women with a global
incidence of >1,000,000 cases annually (3). It typically has a
poor prognosis due to due to the majorty of diagnoses ocuring
at an advanced stage of disease (4). As a complex disease,
alteration of cellular signals serves important functions in
breast cancer development. In order to reduce the mortality rate
of breast cancer, molecular-targeted therapy is emerging as an
alternative treatment (5). In previous decades, efforts have been
concentrated on the discovery of molecular targets; numerous
molecular targeted therapies approved by the Food and Drug
Administration (FDA), have demonstrated remarkable clinical
success in the treatment of breast cancer (6). However, breast
cancer associated incidence and mortality has been steadily
increasing from 2000 through to 2011 (7,8). Studies to identify
molecular targets that may improve therapeutic strategies and
clinical outcomes are required.

Centromere protein U (CENPU) encodes for a putative
transcriptional repressor whose deregulation has been associ-
ated with the development of several types of cancer, including
glioblastoma, and prostate and luminal breast cancer (9-12). It
is localized to human chromosome 4q35.1 and is expressed in
the nuclei and cytoplasm of the cells of a number of tissues,
including fetal liver, bone marrow, thymus and testicular
tissue (13). The function and mechanism of CENPU deregula-
tion in breast cancer is poorly understood. In the present study,
CENPU expression was examined in human breast cancer
tissue and cell lines. Using the lentiviral mediated RNA inter-
ference approach; the effects of CENPU expression inhibition
on the cell proliferation, apoptosis and cell cycle progression
of breast cancer MDA-MB-231 cells were investigated.
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Materials and methods

Patients and tissue samples. Paired tumor and normal breast
tissue specimens were obtained from 15 patients with breast
cancer who were surgically treated at Zhejiang Hospital
(Hangzhou, China) between January 2016 and December
2017. Written informed consent was obtained from each of the
patients, in compliance with the Declaration of Helsinki, and
the study was approved by the Medical Ethics Committee of
Zhejiang Hospital (approval no. 2017-19K). The normal breast
tissues were removed a distance of >3 cm from the tumor
margin. All specimens were fixed in 10% neutral formalin at
room temperature for 24-36 h prior to analysis.

Immunohistochemical analysis. All tissues were formalin-fixed
and paraffin-embedded. Tissues were sectioned into 4-ym
slices. Then the sections were deparaffinized in xylene and
rehydrated in a descending ethylalcohol series (100, 95, 85
and 75%) followed by distilled water. Immunohistochemical
staining was performed using an enhanced labeled polymer
method (14). In brief, tissue sections were subjected to a boiling
antigen retrieval procedure in Ethylene Glycol Tetraacetic
Acid buffer (EGTA, pH 9.0) for 25 min. Following blocking
of endogenous peroxidase activity with 3% hydrogen peroxide
(Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China) at room temperature for 10 min, the sections were
incubated overnight at 4°C with a polyclonal rabbit anti-human
CENPU antibody (dilution, 1:50; cat. no. ab117078; Abcam,
Cambridge, UK). Negative control sections were treated with
PBS (Zhongshan Golden Bridge Biotechnology Co., Ltd)
instead of the primary antibody. Following incubation with
the EnVision System-Horseradish Peroxidase (PV-8000,
Zhongshan Golden Bridge Biotechnology Co., Ltd) at 37°C for
20 min, the reaction products were visualized by 3,3'-diamino-
benzidine staining (Zhongshan Golden Bridge Biotechnology
Co.Ltd) and counterstaining with hematoxylin at room temper-
ature for 1 min. Immunohistochemical scoring was analyzed
by Carl Zeiss Microscope (at x400 and x200 magnification),
and this was conducted by two pathologists by consensus
without knowledge of the clinicopathological information.
CENPU expression levels were scored semi-quantitatively
by assessing the intensity of staining (0, no staining; 1, mild
staining; 2, moderate staining; and 3, strong staining) and by
the percentage of positively stained cells (0, <30%; 1, 30-49%;
2, 50-69%; and 3, =70%). The index sum was the result of
totaling the staining intensity and percentage scores. Based on
the results of previous studies (15,16), a specimen with a final
score >4 was considered as positive, while the others were
considered to be negative.

Cell culture. The normal breast MCF-10A cell line was
purchased from the cell bank of GuanDao Biotechnology
(http://shgdbio.company.lookchem.cn/; Shanghai, China), and
the breast cancer MDA-MB-231 cell line was obtained from
the American Type Culture Collection (Manassas, VA, USA)
and the T-47D cell line was obtained from the cell bank of
the Chinese Academy of Sciences (Shanghai, China). The cells
were cultured and passaged in Dulbecco's modified Eagle's
medium (DMEM) (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% Fetal Bovine
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Serum (FBS; Thermo Fisher Scientific, Inc.) at 37°C in a
95% relative humidified atmosphere containing 5% CO,. The
medium was changed every 2 days for all cell lines.

The Cancer Genome Atlas (TCGA) gene expression data
analysis. Public data of CENPU gene expression for patients
with breast cancer were obtained from the Cancer Genome
Atlas Project (TCGA; http://cancergenome.nih.gov/) and the
Firebrowse dataset (http:/firebrowes.org/) (17). The matched
tumor and non-tumor specimens were available for a total of
106 patients.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). RNA of all three cell lines
was extracted using a TRIzol® kit (Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. RNA purity
and concentration were assessed using a NanoDrop 2000c
spectrophotometer (Thermo Fisher Scientific, Inc.). Reverse
transcription was performed with the M-MLV RTase cDNA
Synthesis kit (Promega Corporation, Madison, WI, USA).
First, 2.0 ug total RNA and 1 ul Oligo dT (0.5 p#g/ul; Shanghai
Sangon, China) were added to a PCR vial, and then RNA-free
H,O was added to reach a total vial volume of 10 pgl. The vial
was mixed gently, instantaneously centrifuged, placed in a
70°C warm bath for 10 min and then immediately transferred to
an ice-water bath (0°C). Then, a RT reaction system, including
5xRT buffer (4.0 ul), RNA-free H,O (2.6 ul), 10 mM dNTPs
(2.0 pl; Promega, USA), RNasin (0.4 ul) and M-MLV-RTase
(1.0 pl), was run for 1 h at 42°C, then transferred to a 70°C
water bath for 10 min to inactivate the RTase. The RT-qPCR
cDNA product was placed at -20°C for use. PCR was performed
using 1.0 1 cDNA with SYBRGreen PCR Master mix kit
(Takara Bio, Inc., Otsu, Japan), according to the manufac-
turer's protocol. The RT-qPCR product was detected using an
Agilent MX3000p qPCR system (Agilent Technologies, Inc.,
Santa Clara, CA, USA) with GAPDH as an internal control.
The primer sequences were as follows: CENPU forward,
5-ATGAACTGCTTCGGTTAGAGC-3' and reverse, 5-TAT
TTCGCAGATGGCTTTCGG-3"; and GAPDH forward,
5" TGACTTCAACAGCGACACCCA-3' and reverse, 5'-CAC
CCTGTTGCTGTAGCCAAA-3". The PCR reaction was
performed with an initial denaturation step of 95°C for 15 sec,
followed by 45 cycles of 95°C for 5 sec and 60°C for 30 sec.
Following all the cycles, 95°C denaturation was performed
for 1 min, followed by cooling at 55°C for 30 sec. Next, from
55°C, the temperature was increased in 0.5°C increments and
maintained for 4 sec at each step for absorbance readings until
a final temperature of 95°C was achieved. The relative mRNA
expression was calculated using the 244% method (18), with
GAPDH mRNA expression being used for normalization.

ShRNA expression lentiviral vector construction and cell
transfection. A short hairpin RNA targeting CENPU
sequences (5'-CAGGTATGAGCTATAATAA-3") and a control
with scrambled non-silencing RNA (5-TTCTCCGAACGT
GTCACGT-3") were designed and synthesized by Shanghai
Genechem Co., Ltd., (Shanghai, China). The synthesized frag-
ments at a final concentration of 100 M were inserted into the
lentiviral vector GV115 at the Agel/EcoRI sites to form the
recombinant lentiviral CENPU shRNA expression vector and
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Table I. CENPU expression in paired breast cancer and adjacent normal tissues.
Samples N CENPU expression (%) x> P-value
Breast cancer 15 14 (93.30) 11.627 0.001
Normal breast tissues 15 5(33.30)

CENPU, centromere protein U.

Figure 1. Immunohistochemical staining for CENPU. (A) Positive CENPU is immunostaining results in breast cancer tissue (magnification, x400). (B) Negative
CENPU immunostaining results in normal tissues (magnification, x200). CENPU, centromere protein U.

its control vector. The accuracy of the constructed vectors was
verified via DNA sequencing. The verified lentiviral vectors
carrying CENPU shRNA and non-silencing RNA were
packaged by co-transfecting with Helper 1.0 and Helper 2.0
plasmids (Shanghai Genechem Co., Ltd., Shanghai, China)
in 293(T) cells. The resulting recombinant lentiviruses were
then harvested by centrifugation (4°C, 10 min, 4,000 x g) and
purification after 48-h cell culture and designated shCENPU
and shCtrl. For lentivirus transfection, the MDA-MB-231
cell culture in the logarithmic phase was treated with trypsin
(0.25%, pH=8.0, Shanghai Chemical Reagent Co., Ltd.,
Shanghai, China) at 37°C for 1-2 min and then re-suspended
in DMEM (Gibco; Thermo Fisher Scientific, Inc.). The cell
suspension (3-5x10* cells) was seeded onto a six-well plate
and incubated at 37°C in 5% CO, until it reached 30% conflu-
ence. A total of 2x10° TU/ml lentivirus was then added to
the wells according to the multiplicity of infection (obtained
from a preliminary experiment). The transfection efficiency
was measured by green fluorescent protein (GFP) fluorescence
(Shanghai Genechem Co., Ltd., Shanghai, China), and CENPU
gene expression of the transfected cells was evaluated using
RT-qPCR for mRNA and western blotting for protein 3 days
after the transfection.

Western blotting. The transfected shCENPU cells and shCtrl
cells were harvested and lysed in 2X SDS Lysis buffer
(Shanghai Chemical Reagent Co., Ltd.). The protein deter-
mination was performed following the BCA Protein assay
kit (Shanghai Beyotime Biotech Co., Ltd.) Equal amounts of

protein (20 pg) were separated using 10% SDS-PAGE and
electrotransferred onto polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA), according to the
standard operating procedure (19-21). The membranes were
then blocked with 5% dry skimmed milk in Tris-buffered
saline with Tween-20 (0.1%) at room temperature for 1 h and
incubated with a primary rabbit anti-human CENPU poly-
clonal antibody (dilution, 1:500; cat. no. ab117078; Abcam,
Cambridge, UK) at 4°C overnight. A mouse anti-GAPDH
monoclonal antibody (dilution, 1:2,000; cat. no. sc-32233;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) was used
as the loading control. Subsequent to washing with TBST
(Shanghai Chemical Reagent Co., Ltd.) at room tempera-
ture for 8 min for 4 times, the membranes were incubated
with a horseradish peroxidase-conjugated goat-anti rabbit
or goat anti-mouse secondary antibody (dilution, 1:2,000;
cat. no. sc-2004, 2005, Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) and visualized using an Enhanced
Chemiluminesence Western Blotting Substrate kit (Pierce;
Thermo Fisher Scientific, USA).

Cell proliferation assay. The transfected sh\CENPU and shCtrl
cells were plated in five 96-well plates at equal cell densities
(2,000 cells/100 ul in each well) and cultured at 37°C with
5% CO, for 24 h. The plates were then analyzed for GFP
expression in each well using the Celigo Imaging Cytometer
(Nexcelom Bioscience, Lawrence, MA, USA) over a 5-day
period. Statistical data mapping and construction of cell
proliferation curves were then performed on the dataset by
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Table II. Analysis of the expression of CENPU genes in breast cancer and adjacent normal tissues from The Cancer Genome
Atlas data.

CENPU expression
Samples N Upregulated  Unchanged Downregulated  P-value FC
Paired breast cancer and adjacent normal tissues 106 89 (84%) 17 (16%) 0 (0%) <0.001 4.630

P-values were determined by the generalized linear model using the edgeR software package and P<0.05 is considered to indicate a statistically
significant difference. CENPU, centromere protein U; FC, fold-change. The FC value was calculated as the cancer sample count divided by the
adjacent normal sample count. Sample-unchanged: The number of samples with no significant difference in the original data (defined as the FC
value of cancer counts relative to adjacent normal sample counts) was between 0.5 and 2 (i.e., 0.5<FC<2). Sample-upregulated: The number of
samples with raw data increased (the definition of upregulation is that the cancer sample counts is equal to or more than twice the counts of the
adjacent normal sample, i.e., FC=2). Sample-downregulated: The number of samples with raw data downregulated (downregulation is defined

as cancer sample counts <50% of the adjacent normal sample counts, i.e., FC=<0.5).
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Figure 2. Reverse transcription-quantitative polymerase chain reaction
results on CENPU mRNA expression. CENPU mRNA expression varied
across the three cell lines, MCF-10A, T-47D and MDA-MB-231. GAPDH
was used as an internal control. “P<0.01. CENPU, centromere protein U.

GraphPad software (version 5.1, GraphPad Software, Inc., La
Jolla, CA, USA).

An MTT assay was conducted using a commercial assay kit
according to the manufacturer's protocol (GenView, Lausanne,
Switzerland). In brief, the shCENPU and shCtrl transfected cell
cultures were harvested from the primary cultures via trypsin
treatment (0.25%, 37°C, 1-2 min), followed by resuspension in
DMEM (Gibco; Thermo Fisher Scientific, Inc.). The cells were
seeded at equal density (2,000 cell/100 ul in each well) in five
96-well plates and incubated at 37°C in 5% CO, for continuous
detection over a 5-day period. The first plate was analyzed
after 24-h culture. The culture was terminated by adding
20 ul MTT (5 mg/ml) to each well. After 4 h incubation, the
medium was aspirated, and 100 p1 dimethyl sulfoxide (Shanghai
Pharmaceutical Group Co., Ltd., Shanghai, China) was added to
each well to dissolve the purple formazan. The plates were then
oscillated for 5 min and the optical densities at 490 nm of each
well were measured using a M2009PR microplate reader (Tecan
Group, Ltd., Mannedorf, Switzerland).

Cell cycle assay. The ShCENPU and shCtrl cell cultures
were treated with trypsin and resuspended in DMEM (Gibco;

Thermo Fisher Scientific, Inc.) after achieving 80% confluence.
Subsequent to washing with D-Hanks (Shanghai Genechem
Co., Ltd.), the cells were counted by a hemocytometer to ensure
a sufficient number of cells (=1x10%well with three wells per
experimental group) were present and pelleted via centrifuga-
tion (200 x g) at room temperature for 5 min. The cell pellet
was washed in pre-cooled D-Hanks (pH, 7.2-7.4), fixed in
70% ethanol at 4°C for 2-3 h, and stained with 0.6-1 ml prop-
idium iodide solution [40x PI liquor (2 mg/ml; cat. no. P4170;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), 100x
RNase A liquor (10 mg/ml; cat. no. EN0531; Fermentas; Thermo
Fisher Scientific, Inc., Pittsburgh, PA, USA), and 1x D-Hanks
(Shanghai Genechem Co., Ltd.)]. The suspension was then
filtered through a 300-mesh nylon mesh and analyzed by flow
cytometry using a FACS Calibur instrument (EMD Millipore)
at a flow rate of 300-800 cells/sec. Data analysis was performed
using FlowJo Version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Apoptosis detection. The shCENPU and shCtrl cell cultures
were treated with trypsin (0.25%, 37°C, 1-2 min) and resus-
pended in the DMEM (Gibco; Thermo Fisher Scientific,
Inc.) after reaching 85% confluence. Following washed with
D-Hanks (Shanghai Chemical Reagent Co., Ltd.), the apoptosis
status of the cell population was evaluated using the Annexin
V-APC Apoptosis Detection kit (eBioscience; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. In
brief, cells were resuspended in binding buffer (Shanghai
Chemical Reagent Co., Ltd., Shanghai, China) at a density of
5x10° cells/ml. A total of 200 ul of this suspension was trans-
ferred to a 5 ml tube with 10 pl of the Annexin V-APC reagent
added. Following gentle mixing, the cells were incubated at
room temperature in dark for 15 min. The cells were then
analyzed by flow cytometry using a FACS Calibur instrument
(EMD Millipore), Data analysis was performed using FlowJo
Version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Statistical analysis. Statistical analysis was performed using
SPSS software (version 19; IBM Corp., Armonk, NY, USA).
Bar graphs represent the mean of the data from triplicate
experiments with error bars indicating standard deviations
(mean + standard deviation). Data analysis for multiple pairs
of samples was performed using the generalized linear model
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Figure 3. Reverse transcription-quantitative polymerase chain reaction and western blot analysis on CENPU expression in MDA-MB-231 cells following
transfection. (A) Post-lentiviral transfection, relative CENPU mRNA expression was significantly inhibited in the ssCENPU group compared with the shCtrl
group. (B) The protein expression of CENPU was significantly downregulated in shCENPU relative to shCtrl. GAPDH was used as an internal control.
“P<0.01. CENPU, centromere protein U; shCENPU, CENPU-knockdown; shCtrl, negative control.

(GLM) using the edgeR software package (22). Comparisons
between groups were performed using one-way analysis of
variance and the y? test. P<0.05 was considered to indicate a
statistically significant difference.

Results

CENPU expression in breast cancer tissues, adjacent
normal tissues and cell lines. CENPU protein expression was
evaluated in 15 paired tumor and normal breast specimens
via immunohistochemistry. The expression of CENPU was
significantly increased in breast cancer tissues (93.3%) than
in adjacent normal tissues (33.3%; Fig. 1; Table I; P=0.001).
Furthermore, a comprehensive analysis of a set of 106 breast
cancer samples gene expression data from TCGA database
revealed that CENPU mRNA was often upregulated in breast
cancer tissues relative to non-tumor tissues, and CENPU
mRNA expression was 4.63-fold higher in cancer tissues than
in the normal tissues (P<0.001; Table IT). These results demon-
strated that CENPU expression was significantly upregulated
in breast cancer tissues compared with adjacent normal tissues.

The tissue expression results indicated that high expression of
CENPU may also be present in the breast cancer cell lines. To test
this hypothesis, the CENPU gene expression in two breast cancer
cell lines (T-47D and MDA-MB-231) and the normal breast
MCF-10A cell line was evaluated using RT-qPCR. It was identi-
fied that CENPU mRNA was highly expressed in breast cancer
cell lines compared with the normal breast cell line (Fig. 2).

Knockdown of CENPU by lentivirus transfection in breast
cancer cells. Since the MDA-MB-231 cell line represents a
class of poorly differentiated, highly proliferative and aggres-
sive breast cancer compared with T-47D, the MDA-MB-231
cell line was selected for the lentivirus-mediated
CENPU-downregulation experiment to investigate the function
of CENPU in cell proliferation and apoptosis. The sSiICENPU
and shCtrl lentiviruses were generated and transfected into the
MDA-MB-231 cell line. The lentivirus transfection efficiency

was measured by GFP expression. After 3 days of transfec-
tion, >80% of the cells were transfected. Post-transfection, the
expression of CENPU in MDA-MB-231 cells was analyzed
by RT-qPCR for mRNA expression and western blotting
for protein expression. As presented in Fig. 3, the mRNA
and protein expression levels of CENPU were significantly
inhibited in CENPU-shRNA cells compared with the control
cells (P<0.01), indicating successful downregulation of gene
expression by CENPU-shRNA.

Downregulation of CENPU inhibits cell proliferation. The
CENPU expression data presented earlier indicated that
overexpression of the CENPU gene may be associated with
enhanced proliferation of cancer cells. However, downregu-
lation of CENPU expression inhibited cell proliferation. To
test this hypothesis, the cell growth of the transfected breast
cancer MDA-MB-231 cell line with the S\xCENPU and shCtrl
lentiviruses was monitored by measuring the GFP expression
and performing MTT assays over a 5 day period. As presented
in Fig. 4, the proliferation of MDA-MB-231 cells was signifi-
cantly decreased in the CENPU-shRNA cells compared with
that of the control (P<0.01). The cell proliferation difference
between the CENPU-shRNA cells and the control cells could
be observed on the 2nd day of analysis. The difference became
more notable in a time-dependent manner, indicating the
inhibitory effect of CENPU-knockdown on cell proliferation.

Downregulation of CENPU suppresses cell cycle progression.
The effect of CENPU-downregulation on the cell cycle progres-
sion was further evaluated in breast cancer cells by FACS. The
resulting data revealed that CENPU-downregulation induced
a pronounced alteration in cell cycle distribution. After 5 days
of lentivirus infection, the number of cells in the G2+S phase
was significantly decreased in CENPU-knockdown cells rela-
tive to the control, whereas the number of cells in the G1 phase
was significantly increased (P<0.01; Fig. 5A). These data
indicated that cells were arrested in the G1 phase following
CENPU-downregulation.
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Figure 4. Cell proliferation analysis by GFP-based imaging and MTT assay. (A) Following lentiviral transfection of MDA-MB-231 cells, cell proliferation
was significantly inhibited in shCENPU compared with shCtrl according to GFP-based Celigo imaging (P<0.01). (B) The MTT value ratio was significantly
reduced in sShCENPU compared with shCtrl (P<0.01). CENPU, centromere protein U; s\tCENPU, CENPU knockdown; shCtrl, negative control; GFP, green

fluorescent protein.

Downregulation of CENPU gene expression promotes cell
apoptosis. To investigate the effect of CENPU on cell apop-
tosis, Annexin V-APC staining and flow cytometric analysis
were performed following lentivirus transfection. The data
indicated that downregulation of CENPU gene expression
in MDA-MB-231 cells was able to significantly increase the
percentage of apoptotic cells compared with the percentage of
control cells (P<0.01; Fig. 5B), indicating a marked apoptotic
effect of CENPU-downregulation.

Discussion
CENPU was initially identified as a novel protein that is specifi-

cally associated with Myeloid leukemia factor 1 (MLF1). It
encodes a 46-kDa protein that contains two nuclear localization

signals, two nuclear receptor binding motifs, two leucine zippers
and several potential phosphorylation sites (13). The precise
function of CENPU remains unresolved; however, activity as
a suppressor of transcription has been demonstrated by a study
using Kaposi's sarcoma-associated herpes virus (6). CENPU was
also identified as a constitutive component of the centromere and
served an important function in cell cycle progression (23,24). It
was required for maintenance of sister chromatid adhesion and
stable kinetochore-microtubule attachment (23,25). Deletion of
CENPU may cause a G,/M delay and abnormal chromosome
segregation (23). Previous studies revealed that CENPU was a
phosphorylation substrate of PLK1, and that the phosphoryla-
tion-dependent CENPU-PLKI1 interaction is required for PLK1
recruitment to the interphase and mitosis kinetochores, which
are vital for proper mitotic progression (24,26).
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Figure 5. Cell cycle analysis by flow cytometry and Apoptotic activity by Annexin V-APC assay. (A) Cell cycle analysis by flow cytometry. Following lentiviral
transfection of MDA-MB-231 cells, the cell counts in the G1, S and G2 phases were significantly altered in the sShCENPU group compared with the shCtrl
group. (B) Apoptotic activity by Annexin V-APC assay. Following lentiviral transfection of MDA-MB-231 cells, apoptosis was significantly increased in
shCENPU compared with shCtrl. “P<0.01. CENPU, centromere protein U; shCENPU, CENPU-knockdown; shCtrl, negative control.

The number of studies on the association between
CENPU expression and human carcinoma is increasing.
Hanissian et al (11,13) have identified that CENPU, which was
co-expressed with MLF1, may serve an important function in
erythroleukemias and glioblastoma pathogenesis by preventing
cell apoptosis and facilitating cell proliferation. Zhang et al (10)
demonstrated that CENPU-knockdown was able to significantly
suppress prostate cancer cell proliferation and colony forma-
tion, and promote cell apoptosis. In addition to these studies,
Chou et al (27) have identified that CENPU is one of the genes
most commonly associated with breast cancer by pooled cDNA
microarray analysis using logistic regression, artificial neural
networks and decision trees. Huang et al (12) demonstrated that
CENPU is significantly upregulated in luminal breast cancer
tissue in comparison with adjacent normal tissue in a validated
cohort and a TCGA cohort. In the present study, immunohisto-
chemical and TCGA analysis suggested that CENPU expression
was significantly upregulated in human breast cancer. In addition,
RT-gPCR analysis revealed that CENPU mRNA was also highly
expressed in breast cancer T-47D and MDA-MB-231 cell lines
compared with the normal breast cell line. These results suggested
a possible function of CENPU in breast cancer pathogenesis.

In order to clarify the cellular mechanism of CENPU in
breast cancer development, the expression of CENPU was
downregulated and the effects on the proliferation, apoptosis
and cell cycle progression of the MDA-MB-231 cells was
evaluated. As was identified by RT-qPCR and western blotting
analysis, the mRNA and protein expressions of CENPU were

significantly decreased in CENPU-shRNA cells relative to the
control (P<0.01), which indicated successful transfection and
gene expression knockdown. Furthermore, the present study
demonstrated that the proliferation activity was significantly
suppressed in CENPU-knockdown cells relative to the control
(P<0.01). The inhibited cell growth may be induced by the
alteration of the cell cycle or cell apoptosis; therefore, FACS
was performed for cell cycle and apoptosis analysis. It was
identified that downregulation of CENPU induced signifi-
cantly increased cell cycle arrest at the G1 phase (P<0.01).
In addition to dysregulated cell cycle progression, it was also
identified that the percentage of apoptotic cells was increased
following CENPU-downregulation (P<0.01).

In conclusion, the present study was the first to demonstrate
the effect of CENPU silencing by lentiviral mediated RNA
interference on the proliferation and apoptosis of breast cancer.
Suggesting that downregulation of CENPU gene expression
may suppress cell proliferation, increase the apoptotic rate and
alter cell cycle distribution in human breast cancer cells. These
results implied that CENPU may serve an essential function
in breast cancer pathogenesis and development. Although
the present study clearly illustrated the possible molecular
mechanism of the CENPU gene in breast cancer development
promoting cell proliferation and inhibiting cell apoptosis,
further studies are required to precisely characterize the
cellular and molecular mechanisms of CENPU and its poten-
tial relevance to the clinical and pathological parameters for
patients with breast cancer.
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