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Abstract
Centromere protein F (CENPF) has been found to exert vital roles in various cancers,
while the detailed effect of CENPF on endometrial cancer (EC) remains unclear. This
study indicated thatCENPF was up-regulated in EC tissue samples using The University
of ALabama at Birmingham CANcer data analysis Portal (UALCAN) and Gene
Expression Profiling Interactive Analysis (GEPIA) database. Quantitative real time
polymerase chain reaction and western blotting assays confirmed the increased CENPF
in EC cells. In addition, overexpression of CENPF promoted cell proliferation, whereas
CENPF knockdown notably suppressed the proliferation of EC cells, demonstrated by
Methyl Thiazolyl Tetrazolium (MTT) as well as colony formation assays. Moreover,
CENPF overexpression accelerated cell cycle, migration ad invasion, whereas CENPF
knockdown contributed to cell cycle arrest at G2 stage and suppressed migration and
invasion in EC cells. Furthermore, western blotting analysis demonstrated that CENPF
overexpression up-regulated the content of phosphorylated protein kinase B (p-AKT),
phosphorylated phosphatidylinositol 3-kinase (p-PI3K), and phosphorylatedmechanistic
target of rapamycin kinase (p-mTOR), while CENPF silencing notably decreased their
levels, indicating that CENPF positively regulated PI3K/AKT/mTOR signaling in EC
cells. In summary, this study verified that CENPF promoted EC cells progression by
mediating PI3K/AKT/mTOR cascade signal in EC cell lines.
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1. Introduction

Endometrial cancer (EC) is a common gynecologic malig-
nancy and is considered as a serious threat to women around
the world [1–3], with approximately 20,000 new diagnoses
and an increase in incidence of 1–2% each year [4, 5]. Pelvic
lymphadenectomy, bilateral salpingo-oophorectomy and hys-
terectomy are still main means for treating early EC [6]. In
addition, radiotherapy and chemotherapy also play crucial
role in curing patients diagnosed with EC. However, these
therapies exert little effect on patients with distant metastasis
[7]. Recent research has highlighted a variety of genes such
ashomeobox A11 (HOXA11) [8], Wilms’ tumor 1 associated
protein (WTAP) [9] and Kruppel-like factor 5 (KLF5) [10]
involved in the genesis and development of EC. The use
of several clinical markers including phosphatase and tensin
homolog (PTEN) and cytochrome c oxidase subunit 2 (COX2)
remains controversial [7]. Therefore, it makes sense to identify
more target genes and further elucidate the underlying molec-
ular mechanisms associated with EC genesis in addition to
progression.
Centromere protein F (CENPF), located on chromosome

1Q41, encodes microtubule-related proteins which are corre-

lated to mitosis and cell differentiation [11]. Previous stud-
ies verified that CENPF is lowly expressed in the G0/G1
phase, is accumulated in S phase in the nuclear matrix and is
most expressed in G2/M phase [12, 13]. Increasing evidence
proved that CENPF is closely related to various malignancies
[14]. For example, Huang et al. [15] proved that CENPF
overexpression predicts poor prognosis of patient with breast
cancer. Yang et al. [16] verified that lymphoid-specific
helicase facilitates the liver cancer development bymodulating
the expression level of CENPF. Li et al. [17] found that
heterogeneous nuclear ribonucleoprotein R (HnRNPR) regu-
lates gastric cancer progression by affecting the transcription
of cyclin B and CENPF. Moreover, recent study demonstrated
thatCENPF is overexpressed in EC [18]. However, its detailed
function in EC remains unclear.

It is well-known that the phosphatidylinositol-3 kinase
(PI3K)/AKT serine/threonine kinase (AKT)/mammalian
target of rapamycin (mTOR) signaling pathway is always
abnormally activated in diverse malignancies like prostate
cancer [19], ovarian cancer [20] and breast cancer [21].
Besides, PI3K/AKT/mTOR pathway has been discovered to
regulate cell progression such cell growth and metastasis [22].
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Emerging reports revealed that PI3K/AKT/mTOR pathway
activation can regulate cell cycle in EC cells [23, 24]. CENPF
has also been confirmed to influence the progression of several
cancers including adrenal cortical cancers by regulating the
cell migration, growth and cell cycle [14]. However, whether
CENPF exerts its roles in EC development by mediating
PI3K/AKT/mTOR pathway has not been studied.
This study provides a vast of evidence that CENPF ac-

celerates EC progression by modulating PI3K/AKT/mTOR
pathway in EC cells.

2. Materials and methods

2.1 UALCAN
UALCAN (http://ualcan.path.uab.edu), a database
based on data obtained from the Cancer Genome Atlas
(TCGA) database (https://cancergenome.nih.gov/), is
employed to predict the transcriptional level of CENPF in EC
tumor as well as normal tissues [25].

2.2 Cell lines
Human EC cell lines (HEC1A, Ishikawa and KLE) and
endometrial epithelial cells line (hEEC) were bought from
SUNNCELL (Wuhan, China). HEC1A cells (SNL-108)
were maintained in McCoy’s 5A (SNM-008D, SUNNCELL,
China) with 10% fetal bovine serum (FBS, F8318, Sigma-
Aldrich, St. Louis, MO, USA). Ishikawa cells (SNL-171)
were maintained in Roswell Park Memorial Institute (RPMI)-
1640 (SNM-001D, SUNNCELL, Wuhan, China) with 10%
FBS. KLE cells (SNL-185, SUNNCELL, Wuhan, China)
were kept in Dulbecco’s modified eagle medium (DMEM,
SNM-002D, SUNNCELL, Wuhan, China) with 10% FBS.
AN3CA cells (MZ-1474) were bought fromMINGZHOUBIO
(Ningbo, China) and cultured in DMEM/F12 (SNM-004D,
SUNNCELL, Wuhan, China) with 10% FBS. HEEC cells
(MZ-0720) were bought from MINGZHOUBIO (Ningbo,
China) and cultured in DMEM (SNM-002D, SUNNCELL,
Wuhan, China) with 10% FBS. All cells were kept in a
cell incubator (CellXpert, Eppendorf, Saxony, Germany)
containing 5% carbon dioxide (CO2) at 37 ℃.

2.3 Cell transfection
Full-length CENPF was cloned into plasmid pcDNA3.1
(VT1001, YouBio, Qiyang, China) to obtain CENPF
overexpression vectors. Small interfering RNA targeting
CENPF (siCENPF, 5′-GGAGATGCTTCAAACTCAA-3′)
and control vector (small interfering negative control (siNC),
5′-TGACTTCAACAGCGACACCCA-3′) were purchased
from RIBBIO (Guangzhou, China). These vectors were
transfected into EC cells using Lipo8000 reagent (C0533,
Beyotime, Shanghai, China) according to its instruction 24
hour before other analysis.

2.4 Quantitative real-time polymerase
chain reaction (qRT-PCR)
Trizol reagent (R0016, Beyotime, Shanghai, China) was
employed to isolated total RNA in cells following the kit’s

protocol. Then a BeyoFas SYBR Green One-Step qRT-PCR
Kit (D7166, Beyotime, Shanghai, China) was utilized to
reversely transcribe 1 µg RNA to complementary DNA and
detect the mRNA level ofCENPF in a same tube as describe in
manufacturer’s instruction. β-actin served as the endogenous
control. Besides, 2−∆∆CT method was introduced to
estimate the relative mRNA level of CENPF. The primer
sequences of CENPF in addition to β-actin are provided here:
CENPF-forward 5′-AGCACGACTCCAGCTACAAGGT-3′,
CENPF-reverse 5′-CATCA TGCTTTGGTGTTCTTTCTG-
3′, β-actin-forward 5′-CGTGGACATCCGCAAAGACC-3′,
β-actin-reverse 5′-GGACTCGTCATACTCCTGCTTGC-3′.

2.5 Western blotting
HEC1A and Ishikawa cells were treated with
radioimmunoprecipitation assay (RIPA) buffer (P0013B,
Beyotime, Shanghai, China) [26]. Then the proteins
in mixture were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and were
transferred onto Polyvinylidene Fluoride (PVDF) membranes
(FFP32, Beyotime, Shanghai, China). Subsequently, PVDF
membranes were probed using primary antibodies against
CENPF (GTX70137, 1:1000, GeneTex, San Antonio, TX,
USA), AKT (10176-2-AP, 1:1000, Proteintech, Chicago, IL,
USA), p-AKT (4060, 1:1000, Cell Signaling Technology,
Boston, MA, USA), PI3K (20584-1-AP, 1:1000, Proteintech,
Chicago, IL, USA), p-PI3K (4228, 1:1000, Cell Signaling
Technology, Boston, MA, USA), mTOR (ab2732, 1:1000,
Abcam, Cambridge, UK), p-mTOR (ab109268, 1:1000,
Abcam, Cambridge, UK) or β-actin (4970, 1:1000, Cell
Signaling Technology, Boston, MA, USA) overnight at 4
℃, followed by incubating with Horseradish Peroxidase
Labeled Goat Anti-Rabbit IgG (H + L) (A0208, Beyotime,
Shanghai, China) for 2 hours. Subsequently, imaging of
immunoblots were conducted by BeyoECL Plus (BeyoECL
Plus, Beyotime, Shanghai, China) and a Gel Imager System
(GelView 1500Plus, BLT, Guangzhou, China). Finally, the
ImageJ 1.52a (National Institutes of Health, Bethesda, MD,
USA) was utilized to estimate the relative protein level of
specific proteins with β-actin as the endogenous control.

2.6 Cell proliferation
HEC1A and Ishikawa cells proliferation was measured using
Methyl Thiazolyl Tetrazolium (MTT) kit (ST316, Beyotime,
China) [27]. Briefly, 1 × 104 cells transfected with indicated
vectors were kept in 96-well plates. After 24 hours, 10 µL
MTT was supplemented in each well for another 4 hours.
Finally, the cell viability was recorded at 490 nm employing a
microplate reader (SAF-680T, Shanghai Bajiu Industrial Co.,
LTD, Shanghai, China).

2.7 Colony formation
1 × 103 HEC1A or Ishikawa cells transfected with indicated
vectors were cultured in 6-well plates for 2 weeks. Then cells
were treated with 4% paraformaldehyde fixator (P0099, Bey-
otime, Shanghai, China) for 30 minutes and were stained with
Crystal Violet Staining Solution (C0121, Beyotime, Shanghai,

http://ualcan.path.uab.edu
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FIGURE 1. CENPF is highly expressed in EC. (A) The expression level of centromere protein F (CENPF) in endometrial
cancer (EC) samples was higher than in normal samples predicted via The University of ALabama at Birmingham CANcer data
analysis Portal (UALCAN) database (∗∗∗p< 0.001). (B) The expression level ofCENPF in EC samples was higher than in normal
samples predicted via Gene Expression Profiling Interactive Analysis (GEPIA) database (∗p < 0.05). (C) The mRNA level of
CENPF in EC cell lines (HEC1A, Ishikawa, AN3CA and KLE) was higher than in endometrial endothelial cell line (hEEC)
detected via qRT-PCR assay (∗∗∗p < 0.001). (D) The protein level of CENPF in EC cell lines (HEC1A, Ishikawa, AN3CA and
KLE) was higher than in endometrial endothelial cell line (hEEC) tested through western blotting assay (∗∗∗p < 0.001). ∗∗∗p <

0.001 versus normal tissues or hEEC cells.

China) for another 30 minutes. Next, the photos were gained
by an inverted fluorescence microscope (YKDZ-80, Shanghai
Yongke Optical Instrument Co., LTD, Shanghai, China). Fi-
nally, three fields were randomly chosen to count the numbers
of colonies manually and then calculate the average.

2.8 Wound healing assay
HEC1A and Ishikawa cells treated with indicated vectors were
cultured in 6-well plates overnight. A horizontal line was
made across the bottom of the dish using a sterile microtubule
needle and the cells were washed 3 times utilizing phosphate
buffer solution (PBS, C0221A, Beyotime, Shanghai, China).
Next, the cells cultured at 37 ℃ and an inverted fluorescence
microscope (YKDZ-80, Shanghai Yongke Optical Instrument
Co., LTD, Shanghai, China) was used to record the width of
the wound at 0 and 24 hours.

2.9 Transwell invasion assay
Cell invasion was detected utilizing transwell chamber
(CLS3422, Corning, Corning, NY, USA) containing Matrigel
matrix. Briefly, serum-free medium with HEC1A and
Ishikawa cells (5 × 104 cells/well) were maintained in the
upper part of transwell chamber. Medium with 10% FBS was

supplemented in the lower part of transwell chamber. Then the
chamber containing cells was incubated for 24 hours. Next,
the medium in lower chamber was abolished and invasive
cells were dyed using 1% Crystal Violet Staining Solution
(C0121, Beyotime, Shanghai, China) with paraformaldehyde
fixator (P0099, Beyotime, Shanghai, China). Finally, the
images of cells were captured with an inverted fluorescence
microscope (YKDZ-80, Shanghai Yongke Optical Instrument
Co., LTD, Shanghai, China) and the numbers of positive cells
were calculated manually.

2.10 Cell cycle
HEC1A and Ishikawa cells transfected with indicated vectors
were harvested and washed 3 times using PBS (C0221A,
Beyotime, Shanghai, China). Then the cells were fixed by 70%
ethanol at −20℃ atmosphere for 24 hours. Next, washed cells
were re-suspended with 500 mL PBS (C0221A, Beyotime,
Shanghai, China), followed by adding 100 µg/mL RNase A
(ST579, Beyotime, Shanghai, China) for another 30 min. Sub-
sequently, 50 µL/mL propidium iodide (PI, ST511, Beyotime,
Shanghai, China) were supplemented in the mixture for 30 min
in dark. Finally, cell cycle was recorded using a flow cytometer
(DxFLEX, Beckman Coulter, Brea, CA, USA).
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FIGURE 2. CENPF regulates EC cells proliferation. (A) The protein level of centromere protein F (CENPF) was increased
by pc-CENPF and was reduced by siCENPF. (∗∗p < 0.01, ###p < 0.001, ##p < 0.01). (B–C) MTT and colony formation assay
illustrated that CENPF overexpression facilitated cell proliferation while CENPF knockdown suppressed that. (∗∗p < 0.01, ∗p
< 0.05, ##p< 0.01, #p< 0.05). ∗∗p< 0.01 and ∗p< 0.05 versus NC group. ###p< 0.001, ##p< 0.01 and #p< 0.05 versus small
interfering negative control (siNC) group.

2.11 Statistical analysis
All analyses were performed utilizing SPSS 22.0 (IBM, Ar-
monk, NY, USA) and the data were showed as mean ± stan-
dard deviation. The student’s t-test was introduced to analyze
the differences between 2 groups and one way. Analysis of
variance (ANOVA) followed by Turkey’s test was introduced
to analyze the differences in multiple groups. ∗∗∗p < 0.001,
∗∗p < 0.01, ∗∗p < 0.05, ###p < 0.001, ##p < 0.01 and #p <

0.05 were regarded as significant differences.

3. Results

3.1 CENPF is highly expressed in EC
To explore the effect of CENPF on EC, UALCAN (http:
//ualcan.path.uab.edu) was employed to predict the tran-
scription level of CENPF. As exhibited in Fig. 1A, the mRNA

level of CENPF was obviously increased in uterine corpus
endometrial carcinoma samples (Fig. 1A). Additionally, the
level of CENPF was further predicted by GEPIA database
(http://gepia2.cancer-pku.cn/#analysis), and the re-
sults was consistent with UALCAN database (Fig. 1B). More-
over, CENPF expression was up-regulated in EC cell lines
(HEC1A, Ishikawa, AN3CA and KLE) compared to normal
hEEC at mRNA and protein levels. Moreover, HEC1A and
Ishikawa cells exhibit higher level of CENPF (Fig. 1C–D).
These data suggested that CENPF expression was increased
in EC tissues as well as cells.

3.2 CENPF regulates EC cells proliferation
HEC1A and Ishikawa cells were chosen for investigating the
function of CENPF in EC cells. Firstly, CENPF was over-
expressed or knocked-down in HEC1A and Ishikawa cells

http://ualcan.path.uab.edu
http://ualcan.path.uab.edu
http://gepia2.cancer-pku.cn/#analysis
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FIGURE 3. CENPF regulates cell cycle in EC cells. (A) According to flow cytometry, centromere protein F (CENPF)
overexpression reduced cell population in G2 phase, while CENPF silencing induced cell arrest in G2 phase in HEC1A cells (∗∗p
< 0.01, ∗p < 0.05, ###p < 0.001, #p < 0.01). (B) According to flow cytometry, CENPF overexpression reduced cell population
in G2 phase, while CENPF silencing induced cell arrest in G2 phase in Ishikawa cells (∗∗p < 0.01, ###p < 0.001). ∗∗p < 0.01
and ∗p < 0.05 versus NC group. ###p < 0.001 and ##p < 0.01 versus small interfering negative control (siNC) group.

and western blotting analysis proved the successful transfec-
tion efficiency (Fig. 2A). The results obtained from MTT
assay illustrated that overexpression of CENPF dramatically
increased cell viability of HEC1A and Ishikawa cells, whereas
CENPF silencing exerted opposite effects (Fig. 2B). More-
over, colony formation assay demonstrated that CENPF over-
expression up-regulated the number of colonies of HEC1A
and Ishikawa cells, whereas CENPF knockdown remarkably
suppressed colony formation (Fig. 2C). These findings proved
that CENPF promoted EC cells proliferation.

3.3 CENPF regulates cell cycle in EC cells

Cell cycle, as an essential process in EC cancer [1], was
detected in HEC1A and Ishikawa cells after overexpressing
or knockdown CENPF. The results demonstrated that over-
expressed CENPF obviously decreased cell number in G2
phase, while CENPF silencing induced cell arrest in G2 phase
(Fig. 3A–B). These findings revealed that CENPF inhibited
cell cycle arrest at G2 phase.

3.4 CENPF is involved in EC cells migration
and invasion

To confirm the function of CENPF in HEC1A and Ishikawa
cells, cell magratory and invasive abilities were detected.
Wound healing assay demonstrated that overexpression of
CENPF promoted EC cells migration, while knockdown of
CENPF had opposite effects (Fig. 4A). Additionally, transwell
assay confirmed that overexpressed CENPF facilitated cells
invasion and CENPF silencing exerted opposite effects on
HEC1A and Ishikawa cells (Fig. 4B). Together, these data
demonstrated that CENPF promoted EC cells migration as
well as invasion.

3.5 CENPF positively regulates
PI3K/AKT/mTOR signaling pathway
Next, to verify whether CENPF was associated with
PI3K/AKT/mTOR signaling pathway, we detected the level
of vital proteins related to PI3K/AKT/mTOR pathway. The
expressions of p-PI3K, p-AKT and p-mTOR were enhanced
by overexpression of CENPF but were notably reduced by
silencing of CENPF in HEC1A as well as Ishikawa cells.
In addition, PI3K, AKT and mTOR expression levels were
not changed (Fig. 5A–B). These data indicated that CENPF
facilitated the activation of PI3K/AKT/mTOR cascade
signaling.

4. Discussion

This work indicated that CENPF was up-regulated in
EC tissues as well as cells. In addition, overexpression
of CENPF promoted EC cells progression including cell
growth, colony formation, migration and invasion. However,
CENPF knockdown reversed these effects. Furthermore,
overexpression of CENPF stimulated the signal transduction
of PI3K/AKT/mTOR pathway, whereas CENPF knockdown
suppressed it. These findings suggested a probable molecular
target for EC treatment.
Increasing studies fixed attention on the role of CENPF

in diverse cancers [28]. Previous research proved CENPF
expression is notably increased in breast cancer and promotes
breast cancer development. Moreover, higherCENPF predicts
worse prognosis and bone metastasis of patients with breast
cancer [13, 29, 30]. Additionally, CENPF knockdown inhibits
cell growth, increases apoptotic rate and causes cell cycle
arrest in papillary thyroid cancer [31]. Moreover, in addition
to FOXM1, CENPF enhances the aggressiveness of prostate
cancer [32] and knockdown of CENPF regulates metabolism
in prostate cancer [33]. These reports implied that CENPF
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FIGURE 4. CENPF is involved in EC cells migration and invasion. (A) Cell migration was promoted by overexpression of
centromere protein F (CENPF) and was inhibited by knockdown of CENPF detected by wound healing assay (∗∗∗p< 0.001, ###p
< 0.001, #p < 0.05). (B) Cell invasion was promoted by overexpression of CENPF and was inhibited by knockdown of CENPF
detected by transwell assay (∗∗p < 0.01, ##p < 0.01). ∗∗∗p < 0.001 and ∗∗p < 0.01 versus NC group. ###p < 0.001 and ##p <

0.01 versus small interfering negative control (siNC) group.

might be an oncogene in a variety of cancers. Consistently,
our investigation verified that the expression of CENPF was
dramatically increased in EC tissues and cells. In addition,
overexpression of CENPF promoted EC cells proliferation
and colony formation, while knockdown CENPF significantly
reduced cell viability and colony numbers of EC cells.
Emerging evidence demonstrated that CENPF is involved

in multiple cancers by regulating cell cycle. For instance,
Huang et al. [14] found that CENPF depletion arrests cells
at G2/M stage in adrenocortical carcinoma cells. Chen et al.
[34] revealed that knockdown ofCENPF contributes to G2/M-

phase arrest in hepatocellular carcinoma cells. Consistent
with previous investigations, this study indicated that CENPF
overexpression decreased HEC1A and Ishikawa cells at G2
stage, while CENPF silencing obviously increased cell cycle
arrest at G2 stage. These data suggested that knockdown of
CENPF inhibited cell proliferation at least by inducing cell
cycle arrest at G2 stage.
Previous reports proved that CENPF aggravates the aggres-

siveness and metastasis in various cancers including gastric
cancer [17] and prostate cancer [35]. Our study confirmed that
overexpression ofCENPF promoted migration and invasion in
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FIGURE 5. CENPF positively regulates PI3K/AKT/mTOR signaling pathway. (A) phosphatidylinositol 3-kinase/protein
kinase B/mechanistic target of rapamycin kinase (PI3K/AKT/mTOR) pathway was activated by centromere protein F (CENPF)
overexpression but was inactivated by CENPF knockdown in HEC1A cells detected by western blotting assay (∗∗∗p < 0.001,
∗∗p < 0.01, ∗p < 0.05, ###p < 0.001, ##p < 0.01). (B) PI3K/AKT/mTOR pathway was activated by CENPF overexpression but
was inactivated by CENPF knockdown in Ishikawa cells detected through western blotting assay (∗∗∗p < 0.001, ∗∗p < 0.01, ∗p
< 0.05, ###p< 0.001, ##p< 0.01). ∗∗∗p< 0.001, ∗∗p< 0.01 and ∗p< 0.05 versus NC group. ###p< 0.001 and ##p< 0.01 versus
small interfering negative control (siNC) group.

HEC1A as well as Ishikawa cells, while CENPF knockdown
significantly inhibited this.

PI3K/AKT/mTOR pathway has been proved to be tightly
correlated to diverse progresses such as cell growth [20], apop-
tosis [36], migration and invasion [37]. Besides, increasing
findings reported that PI3K/AKT/mTOR pathway is involved
in the pathogenesis of EC [38]. PI3K/AKT/mTOR pathway
enhanced the resistance of EC cells to progestin [39]. Claudin
6 (CLDN6) knockdown suppresses EC cells progression by
regulating PI3K/AKT/mTOR pathway [40]. Previous studies
revealed thatCENPF is able to activate PI3K/AKT/mTOR cas-
cade signal during tumorigenesis [13]. To further explore the
mechanism ofCENPF in EC cells at molecular level, the phos-
phorylation level of vital proteins related to PI3K/AKT/mTOR
pathway was tested. These data demonstrated that CENPF
overexpression increased the protein level of p-PI3K, p-AKT
and p-mTOR, while CENPF silencing dramatically decreased
that. These findings suggested that overexpression of CENPF
promoted the activation of PI3K/AKT/mTOR pathway in EC
cells.

However, we only explored the effect of CENPF on EC
in vitro, and more animal and clinical experiments will be

carried out to confirm the role ofCENPF in vivo. Additionally,
whether CENPF exerts its role in EC via PI3K/AKT/mTOR
signaling pathway needs be further confirmed by performing
rescue experiments.

5. Conclusions

In conclusion, this investigation was the first to reveal that
CENPF facilitated the development of EC at least in part
by mediating PI3K/AKT/mTOR signaling pathway, which
provided a promising target for EC prevention as well as
treatment.
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