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Abstract: Ovarian carcinoma is a fatal malignancy in gynecological malignancies, and the prognosis still remains
poor due to the lack of effective therapeutic targets. This study demonstrated that centromere protein U (CENPU)
was up-regulated in ovarian cancer. The ectopic expression of CENPU in ovarian cancer cells expedited the prolif-
eration, migration and invasion of ovarian cancer cells in vitro. Besides, the over-expression of CENPU markedly
advanced the tumorigenicity of ovarian cancer cells in vivo whereas knocked-down CENPU resulted in opposite
outcome. In addition, high mobility group box 2 (HMGB?2) identified as a down-target of CENPU in ovarian cancer
cells was positively correlated with the expression level of CENPU in ovarian cancer tissues. Finally, it was demon-
strated that CENPU could enhance the aggressiveness ability of the ovarian cancer cells by regulating HMGB2. This
research provided new insight for CENPU, promoted the progression of ovarian cancer and represented a novel
target for anti-ovarian cancer therapy.
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Introduction

Ovarian carcinoma with the highest mortality in
gynecological malignant tumors has high inva-
siveness and metastatic features [1, 2]. Due to
the advanced stages at diagnosis and the
recurrence of chemotherapy-resistant ovarian
cancer, it brings about poor prognosis [3-5].
Insufficiency investigations of the molecular
mechanisms regulate that ovarian cancer pro-
gression remain to be challenge in improving
clinical outcomes [6]. Thus, elucidating the
functional-related molecular markers of cancer
progression is critical in developing targeted
treatment and improving the survival outcomes
of ovarian cancer patients.

Aberrant expression of centromere protein U
(CENPU), which also called MLF1IP, KLIP1[7], is
discovered in various types of cancers, includ-
ing breast cancer, prostate cancer, colorectal
carcinoma and lymphoma [8]. Substantial evi-
dence demonstrates that CENPU is closely
associated with tumorigenesis. Previous study
verifies that CENPU is over-expression in glio-

blastoma (GBM) cell lines and plays a critical
role in erythroleukemia [9]. Furthermore, the
excessive expression of CENPU is an indepen-
dent risk factor and possesses a positive cor-
relation with the distant metastasis in luminal
breast cancer [10]. Nevertheless, the basic bio-
logical functions of CENPU in ovarian cancer
remain poorly investigated.

The family of human high mobility group box
(HMGB) contains four-members (known as
HMGB1, HMGB2, HMGB3 and HMGB4) [11].
HMGB which is ubiquitous in eukaryotic cells
and non-specifically binds with DNA could
enhance the flexibility of DNA, induce large-
angle bends in DNA and facilitate various cru-
cial biological interactions [12]. Despite the
structure of HMGB2 analogue to HMGB1, the
HMGB member exhibits different physiological
functions in the tumor progression. The altered
expression of HMGBL1 is an innovative prognos-
tic marker and a potential target for therapeutic
pathway of multifarious human cancers [13,
14]. Although the comprehensive characteriza-
tion of the oncogene of HMGBL1 in certain forms
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of tumors is much less known about HMGB2 in
tumorigenesis and its prognostic significance
in ovarian cancer, except the prognostic value
of HMGB2 in hepatocellular carcinoma (HCC)
breast cancer and skin squamous cell carcino-
ma (SSCC) [15, 16].

In this study, it was demonstrated that CENPU
was remarkably over-expressed in ovarian can-
cer and was strongly associated with clinical
features of ovarian cancer. The over-expression
of CENPU could enhance the proliferation, the
mobility in vitro and the tumorigenic growth in
vivo of ovarian cancer cells. It was identified
that HMGB2 as a co-expression gene of CENPU
could be assessed by TCGA analysis method.
The comprehensive experiments in this study
suggested that HMGB2 played crucial roles in
the growth and metastasis of CENPU-regulated
ovarian cancer cells. Altogether, it was suggest-
ed that CENPU/HMGB2 axis played a key role in
the ovarian cancer development and highlight-
ed its promising as a therapeutic target in ovar-
ian cancer.

Materials and methods
Cell lines and ovarian cancer specimens

Ovarian cancer cell lines (SKOV3, OVCAR3 and
Caov-3) and normal ovarian epithelial cells
IOSE80 were purchased from Chinese Academy
of Sciences Cell Bank of Type Culture Collection
(CBTCCCAS, Shanghai, China). Cells were main-
tained in high-glucose Dulbecco’s modified
Eagle’s medium (HyClone) or RPMI-1640 cul-
ture media supplemented with 10% fetal bovine
serum, 100 U/mL penicillin and 100 U/mL
streptomycin. A total of 46 ovarian cancer and
matched adjacent tissues were obtained from
ovarian cancer patients in Zhengzhou Central
Hospital Affiliated of Zhengzhou University from
January 2010 to December 2016. After sur-
gery, tissues were frozen in liquid nitrogen. The
clinical characteristics of patients with ovarian
cancer were described in Supplementary Table
1. Informed consent of patients was obtained
and the research procedures were approved
by Medical Ethics Committee of Zhengzhou
University.

Knock-down and over-expression treatment

CENPU or HMGB2 expression constructs were
synthesized by sub-cloning PCR-amplied CEN-
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PU or HMGB2 cDNA into pMSCYV retrovirus plas-
mid, respectively. CENPU short hairpin RNA
(shRNA) was purchased from (Santa Cruz, sc-
61057-SH, USA). siRNA against HMGB2 (siH-
MGB2) and the negative control (siNC) were
generated by Genepharma (Shanghai, China).
The sequence of siHMGB2 was: 5’-CUGAACA-
UCGCCCAAAGAU-3'. The sequence of siNC was:
5-UUCUCCGAACGUGUCACGUTT-3". Lipofecta-
mine® 2000 (Invitrogen, Carlsbad, CA, USA)
was applied for transfection.

MTT and colony formation assay

Cell viability was tested by MTT assay. 1000
cells were seeded in 96 well plates. Cell prolif-
eration was determined at 12, 24, 48, or 72 h
with Synergy™ HT Multi-Mode Micro-plate Re-
ader (Bio-Tek, Winooski, VT, USA). In colonies
formation assay, cells were seeded into 25
mm? culture dish and colonies were counted
after two weeks [17].

Wound closure analysis

Cells were seeded into six-well plate. After a
confluent monolayer was formed, the monolay-
er was scratched. The medium was replaced
with FBS free medium and the wound were
photographed at different time points (O and
24 h). The percentage of wound closure was
measured based on the wound width at O h
[18].

Invasion assay

24-well Transwell plate with 8 um pore poly-
carbonate membrane insert (Corning-Costar,
Cambridge, MA) was subjected to determine
the invasion of ovarian cancer cells. Cells were
plated into the upper chamber of Transwell and
the medium containing 20% FBS were plated
into the lower chamber. After 6 h, the invaded
cells were stained with 0.1% crystal violet and
then counted.

Quantitative real time PCR (qRT-PCR) analysis

Trizol reagent from Invitrogen, Carlsbad, CA,
USA was used for total RNA extraction. cDNA
was generated using RNA (1 pg) with a Pri-
meScript RT reagent kit (Tiangen, China). qRT-
PCR was conducted with IQTM SYBR Green
supermix and Applied Biosystems 7500 De-
tection system. The expression levels of target
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Figure 1. The expression of CENPU in ovarian cancer. A. The expression profiling of mRNAs shown that CENPU was
over-expressed in ovarian cancer as compared to normal (GDS3592). B. qRT-PCR and western blotting analyzed
the expression of CENPU in IOSE8O0 cells and ovarian cancer cells. C. Box plots shown elevated levels of CENPU in
ovarian cancer compared to normal from two microarray data-sets. **P < 0.01, compared with normal tissues. D.
Representative staining result of CENPU in ovarian cancer tissues (left panel). Scale bar: 200 um. gRT-PCR assay
was conducted to analyze the expression of CENPU in ovarian cancer tissues. E. Kaplan-Meier survival curves of
ovarian cancer patients with different expression level of CENPU.

genes were quantified through the 222°Y meth-
od. The primers of genes were as follows (sense
and antisense, respectively): GAPDH, forward
primer: 5-CTCACCGGATGCACCAATGTT-3’ and
reverse primer: 5-CGCGTTGCTCACAATGTTCAT-
3’; CENPU, forward primer: 5’-ACCCACCTAGAG-
CATCAACAA-3’ and reverse primer: 5-ACTTCA-
ATCATACGCTGCCTTT-3’; HMGB2, forward prim-
er: 5-CGGGGCAAAATGTCCTCGTA-3’ and reve-
rse primer: 5-CGGAAGAGTCCGGGTGTTT-3’; E-
cadherin, forward primer: 5’-AAAGGCCCATTTC-
CTAAAAACCT-3’ and reverse primer: 5-TGCGTT-
CTCTATCCAGAGGCT-3’; N-cadherin, forward pri-
mer: 5-TCAGGCTGTGGACATAGAAACC-3’ and re-
verse primer: 5-GCTGTAAACGACTCTGGCACT-3".

Western blotting analysis

Total protein was prepared with lysis in RIPA
and the concentration was assessed by BCA
protein assay Kit. The separated total proteins
were transferred onto PVDF. PVDF was blocked
with TBST containing 0.1% Tween and incubat-
ed with antibodies against CENPU (Santa Cruz,
sc-514294, USA), HMGB2 (Abcam, ab133540,
USA), N-Cadherin (Santa Cruz, sc-59987, USA),
E-Cadherin (Santa Cruz, sc-71009, USA), or
B-actin (Santa Cruz, sc-293335, USA) followed
by the incubation with horseradish peroxidase-
conjugated secondary antibodies. Blots were
visualized with ECL detection kit (Pierce, IL).

In vivo tumor growth

Balb/c nude mice were purchased from
Shanghai Slack laboratory animal co., LTD
(Shanghai, China). The experimental protocol
was approved by the Institutional Animal Care
and Use Committee of Zhengzhou University.
0.1 ml SKOV3 cells (5 x 10°8) were implanted
subcutaneously into nude mice (each group
with three mice). Tumor volume was deter-
mined by the formula: Volume = 0.5 x length x
width2. The mice were finally euthanized and
the tumor mass were isolated [19]. In immuno-
histochemistry (IHC) assay, tumor was fixed
with 4% paraformaldehyde and embedded in
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paraffin. Carry out the immunohistochemical
staining of HMGB2 and Ki-67.

Experimental metastasis assay

Balb/c nude mice were purchased from Shang-
hai Slack laboratory animal co., LTD (Shanghai,
China). The experimental protocol was approved
by the Institutional Animal Care and Use
Committee of Zhengzhou University. 5 x 10°
ovarian cancer SKOV3 cells were injected into
mice via the lateral tail vein (each group with
three mice). After two weeks, the mice were
sacrificed and all organs were examined [20].
Lung tissues fixed with 4% paraformaldehyde
were subjected to H&E stain. Lung metastatic
nodules were determined under a dissecting
microscope.

Statistical analysis

Data were presented as mean * SD of three
independent experiments. One-way ANOVA or
student t-test was applied to compare the
results of two groups. P < 0.05 was considered
statistically significant.

Results
CENPU is over-expression in ovarian cancer

After analyzing the published expression pro-
files obtained from ovarian cancer and normal
tissues (GDS3592) (https://www.ncbi.nlm.nih.
gov/sites/GDSbrowser?acc=GDS3592), it was
found that CENPU was remarkably up-regulat-
ed in ovarian cancer compared with the corre-
sponding normal tissue (Figure 1A). Con-
sistently, qRT-PCR and immunoblotting analy-
sis demonstrated that CENPU was significantly
over-expressed in three ovarian cancer cell
lines (OVCAR3, SKOV3 and Caov-3) and normal
ovarian epithelial cells IOSE80, compared with
IOSES8O (Figure 1B). To investigate whether the
expression of CENPU was involved in ovarian
cancer progression, the expression patterns of
CENPU in the Oncomine microarray database
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was determined. From Bonome Ovarian data-
set (containing 10 cases of ovarian surface
epithelium samples and 185 cases of ovarian
carcinoma samples) and Yoshihara Ovarian
data-set (containing 10 cases of peritoneum
samples and 42 cases of ovarian serous ade-
nocarcinoma samples) [21, 22], it was found
that the level of CENPU was increased in ovari-
an cancer in comparison with normal tissues
(Figure 1C). CENPU was evaluated by qRT-PCR
in clinical ovarian cancer tissues to furtherly
confirm the function of CENPU in ovarian can-
cer. As shown in Figure 1D, CENPU was note-
worthy over-expressing in ovarian cancer vs.
normal tissues. Also, the ovarian cancer pa-
tients with higher CENPU level had poor OS and
those with lower CENPU possessed longer sur-
vival (Figure 1E). The results suggested that
CENPU functioned as an oncogene in ovarian
cancer progression.

Overexpression of CENPU promotes ovarian
cancer cell proliferation and motility

To investigate the functions of CENPU in ovari-
an cancer, the shRNA targeting CENPU (shCEN-
PU) was applied to attenuate the CENPU ex-
pression in OVCAR3 and SKOV3 cells. The effi-
cacy of transfection was confirmed by gRT-PCR
and western blotting (Figure 2A), two cell lines
were then subjected for MTT assay. As shown
in Figure 2B, SKOV3 and OVCAR3 cell lines
transfected with shCENPU exhibited remark-
ably the decreased growth compared with the
control cells. In the colony formation assay,
CENPU down-regulation SKOV3 and OVCAR3
cells exhibited significantly the decreased
colonies formation as compared to cells trans-
fected with shCon (Figure 2C). To explore the
effects of CENPU on the mobility and invasion
of ovarian cancer cells, both wound healing and
Transwell analysis were conducted. The migra-
tory (Figure 2D) and invasive (Figure 2E) abili-
ties of down-regulation SKOV3 and OVCAR3
were remarkably inhibited compared with cells
treated with shCon. To confirm the promoter
role of CENPU in ovarian cancer, two cell lines
were transfected with the CENPU to achieve
CENPU overexpression (Figure 2F). Conversely,
the over-expression of CENPU significantly
accelerated the growth of SKOV3 and OVCAR3
cells compared with the control cells (Figure
2G). As consistent, the SKOV3 and OVCAR3
cells with CENPU over-expressed remarkably
exhibited the elevated colonies growth com-
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pared with the control cells (Figure 2H). The
mobility and invasion of SKOV3 and OVCAR3
cells with CENPU over-expressed markedly
increased (Figure 21, 2J). Altogether, these
results suggested that CENPU could promote
the proliferation, migration and invasion of
ovarian cancer cells in vitro.

CENPU accelerates ovarian cancer cells
growth and metastasis in vivo

The xenograft model was utilized to identify the
function of CENPU in ovarian cancer aggres-
siveness in vivo [23]. SKOV3 cells with CENPU
over-expressed were subcutaneously inoculat-
ed into nude mice. Consistent with the results
in vitro, the over-expression of CENPU in SKOV3
cells boosted tumor growth as compared to the
control group (Figure 3A). Tumor mass were
obtained and subjected to immumohistochemi-
cal staining. The tumors formed by SKOV3 cells
with over-expressed CENPU exhibited higher
staining intensity of Ki67 vs. the control group
(Figure 3B). Then, it was investigated whether
CENPU in cancer cells regulates metastatic
implantation in vivo. The parental and CENPU
over-expressed SKOV3 cells were injected into
nude mice via the tail veins. The mice were dis-
sected and the lungs were fixed and stained
with H&E. Histology examination confirmed the
higher frequency of lung metastases in CENPU
over-expressed SKOV3 cells versus the control
cells (Figure 3C). The epithelial-mesenchymal
transition (EMT) was an essential process in
cancer metastasis [24] and the overexpression
of CENPU altered ovarian cancer cells metasta-
sis, the expression of EMT-associated markers
(E-Cadherin and N-Cadherin) in SKOV3 cells
isolated from metastasis loci of lung were
further examined. The expression of E-Cadh-
erin significantly decreased whereas that of
N-Cadherin was greatly enhanced in SKOV3-
lung cell line compared with the corresponding
observations in CENPU over-expressing SKOV3-
lung cell line (Figure 3D). Meanwhile, the re-
markably increased of the mobility and the
invasiveness of the CENPU over-expressed
SKOV3-lung cell line were observed compared
with the control SKOV30 lung cell line (Figure
3E), which was similar to the increased motility
according to the experiment in vitro. Conversely,
the tumor mass formed in the SKOV3 cells with
CENPU knocked-down were smaller and had
significantly lower tumor weight than the con-
trol (Figure 3F). IHC analysis suggested that
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Figure 2. The role of CENPU in ovarian cancer growth and mobility. A. Alteration of the CENPU expression in SKOV3
and OVCAR3 cells after transfection with shCENPU or shCon. B. MTT analysis showed that CENPU knocked-down
significantly attenuate the growth of ovarian cancer cells in vitro. C. Effect of CENPU down-expression on the colo-
nies formation of SKOV3 and OVCAR3 cells. D. Wound closure analysis was performed to reveal that the CENPU
inhibition hampered the cells mobility. Scale bar: 200 um. E. Representative pictures of Transwell assays of SKOV3
and OVCAR3 cells after transfected with shCENPU or shCon. Scale bar: 200 ym. F. SKOV3 and OVCAR3 cells were
transfected with the CENPU or control vector and CENPU was determined by gRT-PCR and western blotting analysis.
G. CENPU over-expression facilitated the growth of ovarian cancer cells as assessed by MTT. H. Effect of CENPU over-
expression on the colonies formation of ovarian cancer cells in vitro. I. In SKOV3 and OVCARS3 cells, over-expression
of CENPU increased cell motility in wound healing analysis. Scale bar: 200 ym. J. Representative pictures of Tran-
swell assays of SKOV3 and OVCARS3 cells after transfected with CENPU or control vector. Scale bar: 200 ym. **P <

0.01 compared to control.

CENPU-silenced tumors displayed lower Ki67
proliferation index (Figure 3G). Meanwhile, the
ability of SKOV3 cells metastasis in vivo was
inhibited in the CENPU knocked-down cells
(Figure 3H). Additionally, CENPU down-express-
ed SKOV3-lung cell line decreased the cell
migration and invasive abilities (Figure 3J),
accompany with the significantly decreased
N-Cadherin whereas that of E-Cadherin was
greatly increased (Figure 3l). Hence, all results
indicated that CENPU promoted the growth and
metastasis of ovarian cancer cells in vivo.

CENPU increases HMGB2 expression in ovar-
ian cancer

The mechanisms underlying the potent effects
of CENPU on ovarian cancer cells growth and
metastasis were explored. Firstly, the CENPU
expression in Oncomine database were ana-
lyzed and it was found that the co-expression
of 114 genes was positively correlated wi-
th CENPU (Correlation > 0.5) (Supplementary
Figure 1). qRT-PCR assay was applied to verify
the top 30 co-expressed genes which were
closely correlated with CENPU, and it was found
that the expression of 6 gene among these
markedly decreased in CENPU knocked-down
cells compared with the parental cells (Fold
change > 5). Notably, HMGB2 was highly co-
expressed with CENPU and significantly de-
creased after cells transfected with shCENPU
(Figure 4A). Considering the role of HMGB2 in
the proliferation and metastasis of tumor cells,
it was assumed that the growth and metasta-
sis of CENPU which promoted the ovarian can-
cer cells might through the way of increasing
HMGB2. Consistent with qRT-PCR results, CE-
NPU knocked-down decreased HMGB2 levels
in the SKOV3 and OVCAR3 cell lines (Figure 4B)
and the overexpression of CENPU increased
the expression of HMGB2 (Figure 4C). More-
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over, it was discovered that the expression of
HMGB2 was inhibited in the tumor tissues from
xenografts of CENPU knocked-down SKOV3
cells (Figure 4D). In addition, HMGB2 levels
were higher in ovarian cancer cells compared
with IOSE8O0 cells (Figure 4E). The mRNA level
of HMGB?2 in the same set of 46 pairs of ovari-
an cancer tissues was also measured and it
was found that HMGB2 was significantly higher
in ovarian cancer than in the corresponding
normal tissues (Figure 4F). Importantly, the
HMGB2 level was correlated with the CENPU
level in ovarian cancer tissues (Figure 4G).
Kaplan-Meier survival analysis (http://kmplot.
com/analysis) future indicated that the high
level of HMGB2 was associated with poor over-
all survival (0S) (Figure 4H). These data sug-
gested that CENPU could increase the expres-
sion of HMGB?2 in ovarian cancer.

HMGB2 acts as a tumor promoter in ovarian
cancer

In order to future reveal the precise role of
HMGB2 in ovarian cancer, the small interfering
RNA (siRNA) to knocked-down HMGB2 (siH-
MGB2) and lentiviral particles to over-express
HMGB?2 in ovarian cancer cells was applied.
gRT-PCR and immunoblotting assays were per-
formed to assess the level of HMGB2 after siH-
MGB2 transfection and lentiviral infection
(Figure BA and 5B). After transfected with siH-
MGB2, the growth of SKOV3 and OVCARS3
decreased markedly while compared with cells
transfected with siCon (Figure 5C). The ovarian
cancer cells that infected with lentiviral-HMGB2
exhibited boosted proliferation compared with
the control group (Figure 5D). In colonies for-
mation assay, HMGB2 knocked-down SKOV3
and OVCARS3 cells had remarkably decreased
colony growth compared with the control group
(Figure BE), and HMGB2 over-expressed cells
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Tumors were obtained after subcutaneous inoculation of sShCENPU SKOV3 cells. Comparison of tumor volumes and weights between the shCENPU SKOV3 cells and

842

Am J Cancer Res 2018;8(5):835-851



CENPU facilitates ovarian cancer progression

control groups. G. The positive of Ki67 was evaluated in the experimental and control groups. H. Representative im-
ages of H&E-stained lungs with metastases. Scale bar: 200 um. **P < 0.01 compared to shCon. |. E-cadherin and
N-cadherin were determined by western blotting assay. J. Wound closure assay was performed to assess the effects
of CENPU down-expressing SKOV3-lung cell line by calculating percentage of wound closure (left panel). CENPU
down-expressing SKOV3-lung cell line was seeded onto Matrigel coated Transwell chambers. After 24 h, the invaded
cells were counted (right panel). Scale bar: 200 pym. **P < 0.01 compared to shCon.

obviously accelerated colonies formation (Fi-
gure 5F). In the wound closure and Transwell
invasion analysis, SKOV3 and OVCAR3 cells
bearing siHMGB2 showed obviously decreased
mobility and invasion as compared to the con-
trol group (Figure 5G). Conversely, the ability
of ovarian cancer cells mobility and invasive
increased in cells transfected with the HMGB2-
packed lentivirus (Figure 5H). Finally, the HMG-
B2 down-expressing or ectopic expressions of
HMGB2 cells were injected into the nude mice
via tail veins. Histology examination showed
higher frequency of lung metastases in HMGB2
over-expressed cells versus the control group
(Figure 5l) whereas siHMGB2 ovarian cancer
cells exhibited few metastasis loci vs. the con-
trol group (Figure 5J). These finding suggested
that down-regulation of HMGB2 impaired the
growth and metastasis of ovarian cancer cells.

CENPU promotes tumor growth and aggressive
behavior dependent on HMGB2

It was examined whether HMGB2 over-expres-
sion rescued the inhibition of CENPU on ovarian
cancer cell growth and metastasis. Lentiviral
HMGB2 and control vector were introduced
to ovarian cancer cells that previously trans-
fected with shCENPU and shCon. gRT-PCR
and immunoblotting analysis confirmed that
the HMGB2 overexpression markedly increas-
ed HMGB2 expression (Figure 6A). Moreover,
the EMT-associated markers (E-Cadherin and
N-Cadherin) were determined (Figure 6B). Ce-
llular proliferation and colony formation were
impaired in shCENPU ovarian cancer cells wh-
ereas the overexpression of HMGB2 rescued
the inhibition effect of growth induced by
shCENPU (Figure 6C and 6D). Mobility and
metastasis abilities in vitro and in vivo were
impaired in shCENPU SKOV3 and OVCAR3
cells whereas ectopic expression of HMGB2
rescued the inhibition effect of mobility induc-
ed by shCENPU (Figure 6E-G). In addition, co-
transfecting HMGB2 siRNA and the vector con-
taining CENPU into SKOV3 and OVCARS3 cells
(Figure 7A) were subject to the growth and
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metastasis assays. Furthermore, the expres-
sion of E-Cadherin and N-Cadherin was evalu-
ated (Figure 7B). The growth (Figure 7C and 7D)
and metastasis (Figure 7E-G) of SKOV3 and
OVCARS3 cells induced by the over-expressed
CENPU were reversed by HMGB2 down-regula-
tion. Taken together, these data clearly revealed
that CENPU was in regulation with the proli-
feration of ovarian cancer cells and behaved
aggressive behavior which was dependent on
HMGB2.

Discussion

The issues of tumor relapse, chemotherapy
resistance, and metastasis are still challenges
in the clinical treatment of ovarian cancer [25,
26]. Therefore, the identify molecular drivers of
ovarian cancer metastasis is crucial for the
development of novel therapeutic target ovari-
an cancer [27]. CENPU gene (also known as
KLIP1 and MLF1IP) encodes a nuclear-localiz-
ing transcription suppressor protein, which is
closely associated with malignancy [28, 29]. In
addition, CENPU is needed for proper chromo-
some segregation, stable kinetochore-microtu-
bule attachment and recovery from spindle
damage during mitosis. CENPU was firstly iden-
tified in 2004 by Hanissian et al, who implied
the possible roles of CENPU in the pathogene-
sis of erythroleukemias [8]. Subsequently, the
same team demonstrated that the up-regula-
tion of CENPU is associated with glioblastoma
tumor development in both rodents and hu-
mans [9]. More recently, CENPU up-regulation
has been found in patients with familial colorec-
tal cancer (Lynch syndrome) and breast cancer
[30]. Nevertheless, there was no obvious alter-
ation of CENPU observed in ovarian cancer. Our
studies in vitro suggested a variable expression
of CENPU in ovarian cancer cells compared
with normal cells as determined by gPCR and
western blot. Consistently, the evidence of
over-expressed CENPU was found in ovarian
cancer tissues and was associated with poor
over survival of patients with ovarian cancer.
Subsequently, it was found that the prolifera-
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Figure 4. CENPU increases HMGB2 expression in ovarian cancer. A. gRT-PCR analysis of genes in parental SKOV3
cells and the CENPU knock-down SKOV3 cells. B. Western blot analysis of HMGB2 protein levels in CENPU knock-
down SKOV3 and OVCARS3 cell lines. C. The expression of HMGB2 CENPU overexpression SKOV3 and OVCAR3 cells
were determined by western blot analysis. D. Immunohistochemistry of HMGB2 in tumors from shCon cells or
shCENPU cells. Scale bar: 200 ym. **P < 0.01 compared to shCon. E. The expression pattern of HMGB2 in ovar-
ian cancer cell lines was assessed by gRT-PCR and western blot. **P < 0.01 compared to IOSE80. F. mRNA level
of HMGB2 in 46 paired ovarian cancer and adjacent non-tumor tissues as analyzed by qRT-PCR. G. The correlation
between the CENPU and HMGB2 level was measured in the same set of ovarian cancer tissues. H. Kaplan-Meier
survival curves of overall survival (OS) in patients.

tion and colony formation of ovarian cancer CENPU-silenced ovarian cancer cells. The EMT
cells were significantly reduced in the shCEN- is acknowledged to play critical roles in ova-
PU-transfected cells. Additionally, cells trans- rian cancer metastasis. The current research
fected with shRNA targeting CENPU also exhib- revealed that the expression of E-Cadherin and
ited the impaired capacities of migration and N-Cadherin remarkably changed upon CENPU
invasion in vitro. As expected, the tumor growth treatment. Taken together, CENPU knocked-
and metastasis significantly decreased in the down in ovarian cancer cells deregulated cell
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Figure 5. Effects of HMGBZ2 on ovarian cancer cells growth and metastasis. A. Alteration of the HMGB2 expression levels of SKOV3 and OVCAR3 cells after transfec-
tion with the siHMGB2 or siCon. **P < 0.01 compared to control. B. SKOV3 and OVCARS3 cells were transfected with vector containing HMGB2 or control vector and
the expression of HMGB2 was determined by gRT-PCR and immunoblotting. **P < 0.01 compared to control. C. MTT assay showed that transfection of the siHMGB2
attenuate the proliferation of ovarian cancer cells. D. The cells viability of HMGB2 over-expressing SKOV3 and OVCAR3 were assessed by MTT. E. Effect of HMGB2
down-expression on the colony growth of SKOV3 and OVCARS3 cells. **P < 0.01 compared to control. F. Effect of HMGB2 over-expression on the colony formation of
ovarian cancer cells in vitro. **P < 0.01 compared to control. G. Wound closure assay was subjected to reveal that the CENPU inhibition hampered the cells mobility
(left panel). Representative pictures of Transwell assays of SKOV3 and OVCARS3 cells after transfected with shCENPU or shCon (right panel). Scale bar: 200 ym. **P
< 0.01 compared to control. H. In SKOV3 and OVCAR3 cells, over-expression of HMGB2 increased cell motility in wound healing analysis (left panel). Representative
pictures of Transwell assays of SKOV3 and OVCAR3 cells after transfected with HMGB2 or control vector (right panel). Scale bar: 200 um. **P < 0.01 compared
to control. I. Representative images of H&E-stained lungs with metastases. Scale bar: 200 um. **P < 0.01 compared to control. J. Representative images of H&E-
stained lungs with metastases. Scale bar: 200 ym. **P < 0.01 compared to control.
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Figure 6. CENPU promotes the growth and metastasis of ovarian cancer dependent on HMGB2. A. SKOV3 and OVCARS3 cells were co-transfected with the shCENPU
and the HMGB2 plasmid. The levels of HMGB2 in both cells were analyzed by gRT-PCR and immunoblotting. B. After co-transfection of cells with shCENPU and
HMGB2, the levels of EMT-related proteins were measured by western blot. C. Cells were co-transfected with the shCENPU and the HMGB2 plasmid. Cells prolifera-
tion was determined by MTT assays. D. HMGB2 overexpression counteracted the inhibition effects of colony formation in CENPU down-expression ovarian cancer
cells. E. Cells were co-transfected with lentiviral particles containing HMGB2 and shRNA targeting CENPU. Cell migration in SKOV3 and OVCARS3 cells were analyzed
by wound healing assays. F. Over-expression of HMGB2 may reverse the effect of the CENPU down-regulation on invasion in ovarian cancer cells. G. Indicated cells
were injected into nude mice via tail vein. H&E staining of lung nodules formed after injection of cells carrying shCENPU and vector containing HMGB2. Scale bar:
200 pym. **P < 0.01 compared to shCon, #P < 0.01 compared to shCENPU + vector.
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Figure 7. Knock down of HMGB?2 inhibits the growth and metastasis of ovarian cancer cells accelerated by HMGB2. A. CENPU over-expressing SKOV3 and OVCAR3
cells were transfected with siHMGB2. The mRNA levels of HMGB2 were analyzed by qRT-PCR and western blotting assays. B. After co-transfection of cells with siH-
MGB2 and CENPU, the levels of EMT-related proteins were measured by western blotting assay. C. HMGB2 down-expression counteracted the positive proliferative
effects of CENPU over-expression in SKOV3 and OVCAR3 cells. D. HMGB2 inhibition hampered the colony formation of CENPU over-expression in ovarian cancer
cells. E. CENPU over-expression SKOV3 or OVCAR3 cells were transfected with siHMGB2 and cell migration of ovarian cancer cells were analyzed by wound closure
assay. F. Cell invasion in indicated SKOV3 or OVCAR3 cells were analyzed by Transwell assays. G. CENPU over-expressing cells were transfected with siHMGB2. Cells
were injected into nude mice via tail vein. H&E staining of lung nodules. Scale bar: 200 ym. **P < 0.01 compared to vector, #P < 0.01 compared to CENPU + siCon
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growth, colony formation, migration and me-
tastasis whereas the up-expression of CENPU
caused the increase of the growth and metas-
tasis of ovarian cancer cells.

The CENPU co-expression genes were predict-
ed to investigate the mechanism behind the
function of CENPU in ovarian cancer. To explore
the mechanism by which CENPU contributes to
ovarian cancer proliferation and invasion, TCGA
database was analyzed and it was found that
the correlation coefficient of CENPU and HM-
GB2 co-expression was obvious (correlation =
0.614). This study confirmed a positive correla-
tion between the levels of CENPU and HMGB2
in ovarian cancer (r> = 0.314, P < 0.01). High
mobility group box (HMGB) is an architectu-
ral factor which constitutes the critical hubs
in chromatin network. HMGB family members
(HMGB1, HMGB2, HMGB3, and HMGB4) play
crucial roles in stem cell self-renewal, differen-
tiation and proliferation [31]. In normal cells,
HMGB is restricted to embryogenesis and is
almost absent in normal adult cells [32]. Ne-
vertheless, HMGB is at high level in trans-
formed cells and represents a general feature
of human malignancies. Several studies dem-
onstrate that HMGB2 is elevated in a variety of
cancers, including prostate cancer, thyroid car-
cinomas, breast cancer and colon cancer.

In the current studies, the over-expression of
HMGB2 was closely associated with metasta-
sis and the poor prognosis in ovarian cancetr,
however the down-regulation of HMGB1 inhib-
ited the bioactivity of ovarian cancer cells. The
down-expression of HMGB2 in ovarian cancer
cells restrained cell growth and inhibited ovari-
an cancer cell mobility and invasion, similar to
the phenotypic alterations observed upon CE-
NPU knocked-down cells whereas the ectopic
expression of HMGB2 resulted in completely
opposite outcomes. Up-regulation of HMGB2
in ovarian cancer cells rescued the inhibition
effects of knocked-down CENPU on the growth
and metastasis of ovarian cancer cell. By con-
trast, down-regulation HMGB2 attenuated the
promoted effects of over-expressed CENPU
on ovarian cancer cells proliferation, migration
and metastasis. In summary, it was demon-
strated that CENPU was remarkably up-regulat-
ed in ovarian cancer cells and clinical ovarian
cancer samples and the positive correlation
between CENPU and the prognosis of patients
with ovarian cancer. Over-expression of CENPU
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augmented ovarian cancer aggressiveness and
this effect required HMGB2. Hence, the func-
tion of CENPU in ovarian cancer advances the
knowledge of mechanisms underlying ovarian
cancer metastasis, and establishes CENPU as
a novel therapeutic target for the treatment of
ovarian cancer.
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CENPU facilitates ovarian cancer progression

Supplementary Table 1. Correlation between clinic-pathologi-
cal features and CENPU expression in ovarian cancer tissues

CENPU expression

Variables No. of cases - P value
Low High
Age (years) P>0.05
<60 21 11 10
>60 25 13 12
Tumor size P>0.05
<5 29 16 13
>5 17 7 10
FIGO stage P<0.01
Il 33 15 18
-1v 13 8 5
Histological grading P<0.01
1/2 31 21 10
3 15 11 4
Lymph node metastasis P<0.01
No 27 16 9
Yes 19 8 11
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Supplementary Figure 1. HMGB2 expression is positively associated with CENPU expression in ovarian cancer.
Oncomine analysis of co-expression genes with CENPU. O. No value (8); 1. Ovarian cancer (586).
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