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CDC25A inhibition suppresses cell proliferation and induces
G,/S-phase cell cycle arrest in nasopharyngeal carcinoma
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Abstract. Nasopharyngeal carcinoma (NPC) is a primary
malignancy that originates from the nasopharyngeal region.
It has been demonstrated that a decrease in the expression
level of cell division cycle gene 25A (CDC25A) suppresses
cell viability and induces apoptosis in a variety of different
types of cancer. However, at present, the role of CDC25A in
NPC has yet to be fully elucidated. Therefore, the aim of the
present study was to investigate the role of CDC25A in NPC
progression and to explore the potential underlying mecha-
nism. Reverse transcription-quantitative PCR was performed
to detect the relative mRNA levels of CDC25A and E2F
transcription factor 1 (E2F1). Western blot analysis was subse-
quently used to determine the expression levels of CDC25A,
Ki67, proliferating cell nuclear antigen (PCNA) and E2F1.
CCKS8 assay was employed to measure cell viability and flow
cytometric analysis was employed to analyze the cell cycle.
The binding sites between the CDC25A promoter and E2F1
were predicted using bioinformatics tools. Finally, luciferase
reporter gene and chromatin immunoprecipitation assays
were performed to verify the interaction between CDC25A
and E2F1. The results obtained suggested that CDC25A is
highly expressed in NPC cell lines and CDC25A silencing
was found to inhibit cell proliferation, reduce the protein
expression levels of Ki67 and PCNA and induce G, arrest
of NPC cells. Furthermore, E2F1 could bind CDC25A and
positively regulate its expression at the transcriptional level.
In addition, CDC25A silencing abolished the effects of E2F1
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overexpression on cell proliferation and the cell cycle in NPC.
Taken together, the findings of the present study showed that
CDC25A silencing attenuated cell proliferation and induced
cell cycle arrest in NPC and CDC25A was regulated by E2F1.
Hence, CDC25A may be a promising therapeutic target for
treatment of NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a rare type of primary
malignancy that originates from the nasopharyngeal
region (1) and is predominant in southeast Asia and southern
China (2,3). It is estimated that there were 129,079 new cases
of NPC and 72,987 cancer mortalities caused by NPC world-
wide in 2018 (4). In spite of the great progress that has been
made in treating NPC with radiation therapy and combined
chemotherapy, the prognosis of patients with NPC remains
unsatisfactory, especially in patients at an advanced stage of
the disease (5); ~30% of patients with NPC develop distant
metastasis and/or recurrence (1,3), as a result of which the
5-year overall survival rate is reduced from ~90-70% (4).
Owing to the annual increase of the NPC incidence rate, it is
necessary to investigate the molecular mechanisms underlying
the progression of NPC and to develop novel therapeutic strat-
egies for NPC treatment.

Cell division cycle gene 25 (CDC25) family members
have been demonstrated to function in several steps in
multiple physiological processes, including cell cycle and
mitosis (6). CDC25A is a core regulator of the cell cycle that
has a dual-specific phosphatase activity. CDC25s cause the
dephosphorylation of cyclin-dependent kinase (CDK)4, CDK6
and CDK2, stimulating G, progression and accelerating into
the S phase (6). CDC25A has been reported to be a promising
biomarker for the diagnosis of non-small-cell lung cancer
(NSCLC) and its upregulation has been shown to predict an
unfavorable prognosis for patients with NSCLC (7). Moreover,
CDC25A upregulation promotes the radioresistance of
cervical cancer cells, whereas CDC25A knockdown reduces
the cell survival rate and promotes apoptosis (8). A previous
study demonstrated that reduced expression levels of CDC25A
caused by the silencing of fibroblast growth factor receptor 2
contributed to the efficacy of cisplatin treatment, including
attenuating cell viability and stimulating cell cycle arrest (9).
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Notably, it has been reported that radiation treatment can
decrease CDC25A expression in human NPC cells, leading to
cell cycle arrest and cell apoptosis (10). However, the specific
mechanism underlying the role of CDC25A in NPC progres-
sion has yet to be fully elucidated. E2F transcription factor
1 (E2F1) belongs to the E2F family of transcription factors,
participating in cellular differentiation and tissue development
to maintain body metabolism and homeostasis as a metabolic
regulator (11). An number of studies have highlighted the
crucial role of E2F1 in various types of malignancies (12),
including ovarian cancer (13), prostate cancer (14) and glio-
blastoma (15). It is noteworthy that the importance of E2F1 in
NPC inflammation and tumorigenesis has also been identified
in previously published studies (16,17). Nevertheless, whether
CDC25A functions in NPC via transcriptional regulation of
E2F1 remains unclear.

Therefore, the aim of the present study was to investigate
the role of CDC25A in cell proliferation and cell cycle in
NPC and to explore the potential underlying mechanism. The
findings showed how E2F1 suppression-mediated CDC25A
silencing attenuated cell proliferation and induced cell cycle
arrest in NPC, thereby raising the possibility that CDC25A
may be a promising therapeutic target for NPC treatment.

Materials and methods

Bioinformatic analysis. The Coexpedia database (http:/www.
coexpedia.org/) was used to analyze the co-expression between
CDC25A and E2F1 (‘CDC25A’ entered in the Search panel
and E2F1 search for in the Co-expressed Genes panel). The
Cyclebase database (https://cyclebase.org/) was searched to
identify E2F1 as a transcription factor that could regulate
G,/S phase transition (‘E2F1” entered in the in Search panel).
In addition, the predicted binding sequences between E2F1
and the CDC25A promoter was analyzed using the JASPAR
database (https://jaspar.genereg.net; relative profile score
threshold: 80%).

Cell culture and transfection. A human nasopharyngeal
epithelial cell line (NP69) and four NPC cell lines (C666-1,
HNE-3, NPC-039 and HK1) were obtained from the Cell Bank
of Type Culture Collection of Chinese Academy of Sciences.
The cells were cultured in RPMI-1640 medium (Thermo
Fisher Scientific, Inc.). The NP69 cell line was used as the
control group. Cells were supplied with 10% HyClone fetal
bovine serum (HyClone; Cytiva) and cultured at 37°C with 5%
CO,. Cells (5x10°/well) at 80% confluence were transfected
with 100 nM empty vector siRNA-negative control (NC;
sequence, 5'-UUCUCCGAACGUGUCACGU-3") or short
interfering (si)RNA-CDC25A (siRNA-CDC25A-1, 5'-GCU
UAGCUAGCAUUACUAACC-3'; and siRNA-CDC25A-2,
5'-GCGUGUCAUUGUUGUGUUUCA-3") or siRNA-E2F1
(siRNA-E2F1-1, 5'-GAUGGUUAUGGUGAUCAAAGC-3';
and siRNA-E2F1-2, 5'-AGAUGGUUAUGGUGAUCA
AAG-3"), all synthesized by Guangzhou RiboBio Co., Ltd.
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instruc-
tions. In addition, the full-length sequences of E2F1 were
inserted into pcDNA3.1 vector (Invitrogen; Thermo Fisher
Scientific, Inc.) to construct E2F1 overexpression plasmid

(OV-E2F1). The plasmids for pcDNA3.1 (400 ng/ul; OV-NC
and OV-E2F1) were respectively transfected into HK1 cells
using Lipofectamine 2000 for 48 h at 37°C according to
the manufacturer's instructions. After 6 h, the medium was
replaced with fresh DMEM (Thermo Fisher Scientific, Inc.)
containing 10% FBS and maintained in a 5% CO, incubator
for a further 48 h.

Reverse transcription-quantitative (RT-q)PCR analysis.
Total RNA was isolated from NPC cells (1x10° cells) using an
RNA isolation kit (Tiangen Biotech Co., Ltd.), following the
manufacturer's instructions. The RNA quality was examined
using a NanoDrop™ 2000 spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc.). A RT kit
(Takara Bio, Inc.) was used for RT to obtain the first-chain
cDNAs, according to the manufacturer's protocol. A stan-
dard SYBR® Green PCR kit (Takara Bio, Inc.) was used to
amplify the target fragments, according to the manufacturer's
protocol. gPCR was performed at 50°C for 2 min and 95°C
for 2 min, followed by 40 cycles at 95°C for 15 sec, 60°C for
1 min and extension at 72°C for 1 min, followed by a final
extension step at 72°C for 10 min. The relative gene expres-
sion levels were calculated using the 224 method (18). The
cDNA fragment of the GAPDH gene was used as an internal
control for analysis of the results. The primer sequences
used were: CDC25A forward, 5-TTCCTCTTTTTACAC
CCCAGTCA-3" and reverse, 5"-TCGGTTGTCAAGGTTTGT
AGTTC-3"; E2F1 forward, 5"TGAGGGCATCCAGCTCAT
TG-3' and reverse, 5S'-"AAACATCGATCGGGCCTTGT-3";
Cyclin D1 forward, 5'-CTGATTGGACAGGCATGGGT-3'
and reverse, 5'-GTGCCTGGAAGTCAACGGTA-3"; CDK4
forward, 5'-GTGTATGGGGCCGTAGGAAC-3' and reverse,
5'-CAGTCGCCTCAGTAAAGCCA-3"; CDC6 forward,
5'-GCGAGGCCTGAGCTGTG-3' and reverse, 5'-GCTGAG
AGGCAGGGCTTTTA-3'"; and GAPDH forward, 5'-TGA
CTTCAACAGCGACACCCA-3' and reverse, 5'-CACCCT
GTTGCTGTAGCCAAA-3'". This experiment was repeated
three times.

Western blot analysis. Following transfection, total proteins
were extracted with RIPA lysis buffer (Wuhan Servicebio
Technology Co.,Ltd.) containing protease/phosphatase inhib-
itor cocktail. The total protein concentration was measured
with a BCA protein assay kit (Beijing Solarbio Science and
Technology Co., Ltd.). Equal amounts of protein per lane
(25 ug) were separated by SDS-PAGE on 10% gels and
were transferred onto PVDF membranes. Membranes were
blocked with 5% skimmed milk for 1 h at room temperature
and probed with primary antibodies at 4°C overnight. The
primary antibodies included anti-CDC25A (cat. no. ab989;
1:1,000 dilution; Abcam), anti-Ki67 (cat. no. abl6667;
1:1,000; Abcam), anti-PCNA (cat. no. ab92552; 1:1,000;
Abcam) and anti-E2F1 (cat. no. ab288369; 1:1,000; Abcam)
antibodies. Subsequently, the membranes were incubated
with HRP-conjugated goat anti-rabbit IgG (cat. no. ab6721;
1:2,000; Abcam) at room temperature for 2 h and images
were acquired using a Tanon-5200 Chemiluminescence
Imager (Tanon Science and Technology Co., Ltd.). Finally,
the band density was analyzed using ImageJ software v1.8.0
(National Institutes of Health).
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Figure 1. CDC25A was highly expressed in NPC cell lines. (A) The protein expression of CDC25A was determined by western blotting. (B) The relative
mRNA expression of CDC25A was quantified by reverse transcription-quantitative PCR. The data were expressed as mean + standard error of the mean of
three independent experiments. "P<0.05, “P<0.01, ““P<0.001 vs. NP69. CDC25A, cell division cycle gene 25A; NPC, nasopharyngeal carcinoma.

Cell counting kit-8 (CCK-8) assay. Following transfection,
CCK-8 assay was performed to determine the cell viability.
After incubating the HK1 cells for 0, 24, 48 and 72 h, CCK-8
solution (10 ul/well; Dojindo Laboratories, Inc.) was added
and incubated with the cells for a further 2 h. Finally, the
absorbance at 450 nm was measured using a microplate reader
(Bio-Rad Laboratories, Inc.).

Flow cytometry. HK1 cells were planted in 6-well plates
(1x10° cells/well) and transfected with or without OV-E2F1
and siRNA-CDC25A. At 24 h after transfection, the HK1
cells were collected. A Cell Cycle Assay kit (BD Biosciences)
was used to analyze the cell cycle following the manufacturer's
instructions. Briefly, HK1 cells were incubated with 200 ul
liquid A for 10 min and 150 pl liquid B at 4°C for a further
10 min. Subsequently, HK1 cells were incubated with 120 pul
liquid C in the dark at 4°C for 10 min prior to flow cytometry
analysis on a BD FACSort system (BD Biosciences). Finally,
the results were analyzed using ModFit software, version 3.2
(Verity Software House, Inc.).

Luciferase reporter gene assay. The full length of CDC25A
promoter (FL group) and the full length of CDC25A promoter
including mutational site 1 (CGTAATAT) (Site 1 group) and
the full length of CDC25A promoter including mutational
site 2 (GGCTATAT) (Site 2 group) were respectively cloned
into the firefly luciferase reporter plasmid, pGL3-basic vector
(Addgene, Inc.). HK1 cells were seeded in 24-well plates and
cultured at 37°C. Subsequently, the OV-NC and OV-E2F1
overexpression plasmids were co-transfected into HK1 cells
using Lipofectamine 2000 for 48 h. The cells were then lysed
and the firefly luciferase activity was measured and normal-
ized against Renilla luciferase activity using a Dual-Luciferase
Reporter Assay System (Promega Corporation) according
to the manufacturer's instructions. The relative activity of

luciferase was determined through measuring the ratio of
the two identified activities. The sequences of full length of
CDC25A promoter are shown in Table SI.

Chromatin immunoprecipitation (ChIP) assay. ChIP assay
was performed as previously described by using a Magna
ChIP™ kit (MilliporeSigma). In brief, HK1 cells (1x10°) were
transfected with E2F1 overexpression plasmids for 48 h and
subsequently DNA associated with specific immunoprecipi-
tates or with mouse immunoglobulin G as a negative control
was isolated and used as a template for PCR, amplifying the
CDC25A promoter sequence containing the E2F1-binding
site. qPCR was performed at 50°C for 2 min and 95°C for
2 min, followed by 40 cycles at 95°C for 15 sec and 60°C for
1 min as aforementioned using the SYBR Green PCR kit. The
relative gene expression levels were calculated using the 2444
method (18). The primer sequence used in this study were as
follows: CDC25A forward, 5'-CTTCTGAGAGCCGATGAC
CT-3' and reverse, 5'-CACCTCTTACCCAGGCTGTC-3' (19).

Statistical analysis. The statistical analysis was conducted
using SPSS 22.0 software (IBM Corp.) and GraphPad Prism 6
software (GraphPad Software; Dotmatics). Data are expressed
as the mean + standard error of the mean of results derived
from three independent experiments performed in triplicate.
Statistical analysis was performed using one-way ANOVA
followed by Tukey or Bonferroni post-hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

CDC25A is highly expressed in NPC cell lines. To explore
the role of CDC25A in the progression of NPC, its expression
levels were detected by western blot and RT-qPCR analyses. As
shown in Fig. 1A and B, the results from the western blotting
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Figure 2. CDC25A silencing inhibited the proliferation of HK1 cells. (A) The protein expression of CDC25A was determined by western blotting. (B) The
relative mRNA expression of CDC25A was quantified by reverse transcription-quantitative PCR. (C) HK1 cell viability was measured by CCKS assay. (D) The
expressions of Ki67 and PCNA were determined by western blotting. The data were expressed as mean =+ standard error of the mean of three independent
experiments. “P<0.01, ““P<0.001 vs. siRNA-NC. CDC25A, cell division cycle gene 25A; PCNA, proliferating cell nuclear antigen.

and RT-qPCR experiments showed that, compared with NP69
cells, the expression of CDC25A was significantly upregulated
in the NPC cell lines. HK1 cells showed the highest mRNA
and protein levels of CDC25A, therefore HK1 cells were
selected as the cell line of choice in subsequent experiments.
These results also suggested that CDC25A may be involved in
NPC progression.

CDC25A silencing inhibits cell proliferation and induces
G, arrest in NPC. To investigate the role of CDC25A in
NPC progression, the transfection of siRNA-CDC25A-1 and
siRNA-CDC25A-2 was performed, first to achieve CDC25A
silencing, as demonstrated by the results from western blot-
ting and RT-qPCR analyses (Fig. 2A and B). Due to the
lower expression level of CDC25A in the siRNA-CDC25A-1
group compared with that in the siRNA-CDC25A-2
group, siRNA-CDC25A-1 was used for further studies.
Subsequently, the proliferation and cell cycle of HK1 cells
were analyzed. The cell viability of HK1 cells transfected
with siRNA-CDC25A was appraised using a CCK-8 assay.
As shown in Fig. 2C, CDC25A silencing suppressed HK1
cell viability. Furthermore, CDC25A knockdown suppressed

the expression of proliferation markers, including Ki67
and PCNA (Fig. 2D). Cell cycle was then analyzed by flow
cytometry. As shown in Fig. 3A and B, it was observed that
the numbers of HK1 cells transfected with siRNA-CDC25A
in G,-phase were significantly larger compared with those
of the siRNA-NC group. In addition, CDC25A knockdown
reduced the levels of Cyclin D1, CDK4 and CDK®6 (Fig. 3C).
Therefore, it was possible to conclude that CDC25A
silencing inhibited the proliferation and induced G, arrest
of HK1 cells.

CDC25A is transcriptionally regulated by E2FI. To investi-
gate the potential mechanism underlying the role of CDC25A
in NPC, co-expression between CDC25A and E2F1 was
screened using the Coexpedia database (http://www.coexpedia.
org/; Fig. 4A) and E2F1 was identified as a transcription factor
that could regulate G,/S-phase transition using the Cyclebase
database (https://cyclebase.org/; Fig. 4B), suggesting that E2F1
may exert a regulatory effect on CDC25A expression. The
predicted binding sequences between E2F1 and the CDC25A
promoter are shown in Fig. 4C. Subsequently, the OV-E2F1
plasmid was constructed to achieve E2F1 overexpression and
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Figure 3. CDC25A silencing induced G1 arrest of HK1 cells. (A) The cell cycle of HK1 cells was analyzed by flow cytometry and (B) quantified. The data were
expressed as mean + standard error of the mean with three independent times. (C) The protein expressions of Cyclin D1, CDK4 and CDK6 were determined
by western blotting. “P<0.01, “"P<0.001 vs. siRNA-NC. CDC25A, cell division cycle gene 25A; CDK, cyclin-dependent kinase; si, short interfering; NC,

negative control.

the transfection efficacy was demonstrated through RT-qPCR
and western blot analyses (Fig. 4D and E). Moreover, CDC25A
upregulation resulted in E2F1 overexpression (Fig. 4F and G).
The si-E2F1 plasmid was also constructed to achieve E2F1
knockdown. Due to the lower expression level of E2F1 that
was observed, si-E2F1-1 was selected in subsequent experi-
ments (Fig. 4H and I). Notably, E2F1 knockdown also caused
downregulation of CDC25A expression (Fig. 4] and K).
Furthermore, the results from the luciferase reporter assay
showed that luciferase activity were reduced in Site 1 and Site
2 groups compared with the FL group (Fig. 4L). Moreover,
ChIP assays corroborated that CDC25A could interact with
E2F1 (Fig. 4M). These results indicated that CDC25A could
both interact with E2F1 and was transcriptionally regulated
by E2F1.

CDC25A silencing abolished the effect of E2F1 overexpres-
sion on cell proliferation and cell cycle in NPC. To study
whether E2F1 could mediate the role of CDC25A in NPC
progression, the proliferation of HK1 cells transfected with
E2F1 overexpression plasmids and the cell cycle were both
analyzed, as described above. As shown in Fig. 5A, E2F1
overexpression enhanced cell viability compared with the
control group, whereas CDC25A silencing suppressed
the viability of HK1 cells transfected with OV-E2F1.
Additionally, the expression levels of Ki67 and PCNA
were increased by E2F1 overexpression, whereas they were
decreased through CDC25A silencing (Fig. 5B and C). More
significantly, E2F1 overexpression promoted the transition

of the cell cycle from G;-phase to S-phase in HK1 cells and
this effect was partially reversed by CDC25A silencing
(Fig. 5D and E). E2F1 overexpression increased the levels
of Cyclin D1, CDK4 and CDK6 while CDC25A silencing
reversed the effects of E2F1 overexpression on the levels of
Cyclin D1, CDK4 and CDKG6 (Fig. 5F). Taken together, these
results implied that CDC25A silencing abolished the effect
of E2F1 overexpression on the proliferation and cell cycle
of HK1 cells.

Discussion

Nasopharyngeal carcinoma (NPC) is a distinct head-and-neck
cancer with high incidence of locoregional recurrence or
metastasis (20). Broadly speaking, at present NPC is associ-
ated with an increasing number of new cases and mortality
and it remains a major public health concern. However, the
mechanisms underpinning the pathogenesis of NPC have yet
to be fully elucidated. In the present study, the expression
levels of CDC25A were found to be markedly elevated in all
the NPC cell lines tested, including C666-1, HNE-3, NPC-039
and HK1 cells, compared with the normal nasopharyngeal
epithelial cell line (NP69), suggesting that CDC25A may have
an oncogenic role in NPC progression.

Accumulating evidence has identified CDC25A as an
oncogene in multiple types of cancer, including ovarian
cancer, liver cancer and breast cancer and it has been shown to
be associated with the induction of chemoresistance (21,22).
It has been reported that CDC25A knockdown inhibits
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Figure 4. CDC25A was transcriptionally regulated by E2F1 in HK1 cells. (A) The interaction between CDC25A and E2F1. (B) The search results from
Cyclebase database. (C) The binding sites of CDC25A promoter and E2F1. The mutational fragments are in red. (D) The protein expression of E2F1 was deter-
mined by western blotting. (E) The relative mRNA expression of E2F1 was quantified by RT-qPCR. (F) The protein expression of CDC25A was determined by
western blotting. (G) The relative mRNA expression of CDC25A was quantified by RT-qPCR. (H) The protein expression of E2F1 was determined by western
blotting. (I) The relative mRNA expression of E2F1 was quantified by RT-qPCR. (J) The protein expression of CDC25A was determined by western blotting.
(K) The relative mRNA expression of CDC25A was quantified by RT-qPCR. (L) The interaction between CDC25A and E2F1 was confirmed by luciferase
reporter assay and ChIP assays. In luciferase reporter assay, FL group used the normal FL of CDC25A promoter while Site 1 and Site 2 groups used the FL of
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cell proliferation, migration and invasion in colorectal
cancer (23). CDC25A targeted by miR-34a-5p exacerbates
cervical cancer growth and migration (24). Liu et al (25)
also propose that CDC25A aggravates cell proliferation and

impedes cell cycle in hepatocellular carcinoma. As far as is
known at present, the latent mechanism underlying the carci-
nogenic role of CDC25A is complicated, primarily involving
cell proliferation, apoptosis and the cell cycle (26,27).
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Figure 5. CDC25A silencing abolished the effect of E2F1 overexpression on cell proliferation and cell cycle in HK1 cells. (A) HK1 cell viability was measured
by CCK8 assay. (B) The expression of Ki67 and PCNA were determined by western blot and (C) quantified. (D) The cell cycle of HK1 cells was analyzed
by flow cytometry and (E) quantified. (F) The mRNA expressions of Cyclin D1, CDK4 and CDK6 were detected by qRT-PCR. The data were expressed as
mean + standard error of the mean of three independent experiments. ““P<0.001 vs. Control. #*P<0.001 vs. OV-E2F1. CDC25A, cell division cycle gene 25A;
E2F1, E2F transcription factor 1; PCNA, proliferating cell nuclear antigen; OV, overexpression.

Collectively, the findings in the present study demonstrated
that CDC25A silencing suppressed the viability of HK1
cells. Ki67 and PCNA are regarded as proliferation markers:
Ki67, mainly expressed in the nucleus of proliferating cells,
is closely associated with mitosis (28), whereas PCNA has
also been documented to mediate cell proliferation via
lipid phosphatase activity, protein phosphatase activity and
various signaling pathways (29). The experimental data
presented in this study have also shown that the expression
levels of Ki67 and PCNA were suppressed by CDC25A
knockdown, which further suggested that CDC25A inter-
ference could apparently suppress the proliferation of
NPC cells. The accurate transition of the cell cycle from
G,-phase to S-phase fulfills an important role in controlling
cell proliferation and its dysregulation may contribute to
oncogenesis (30). As a member of the CDC25 family of cell
division cycle proteins, CDC25A promotes the transition of
cells from G,-phase to S-phase by targeting cyclin A/CDK2
and cyclin E/CDK?2 (26,31). For example, a previous study
demonstrated that CDC25A has an important role in

regulating cell cycle-mediated chemoresistance in colorectal
cancer (32). CDC25A also aggravates the course of breast
cancer via the cell-cycle pathway (21). In the present study,
CDC25A silencing induced G, arrest of HK1 cells, a finding
that was consistent with the previous study. Hence, CDC25A
may serve as an oncogene in NPC progression.

To investigate the potential mechanism underlying the
role of CDC25A in NPC progression, additional studies were
performed. E2F1 has been shown to function chiefly through
transcriptional activation events in the E2F family of transcrip-
tion factors. Forkhead box protein Ol halts cell proliferation
by downregulating the E2F1-activated expression of NOD-,
LRR- and pyrin domain-containing protein 3 (NLRP3)
in prostate cancer (33). E2F1-mediated SEC61G promotes
breast cancer tumor growth and metastasis (34). In a similar
way, the co-expression of CDC25A and E2F1 was screened
using the Coexpedia database and E2F1 was identified as a
transcription factor that could regulate G,/S-phase transition
through the Cyclebase database. E2F1 has been proposed to
participate in myriad cell biological processes, including cell
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cycle, DNA repair, apoptosis, development, differentiation and
metabolism (35,36). A previous study reported that the over-
expression of E2F1 led to a decrease in the radiosensitivity of
NPC cells (37). The findings from the present study suggested
that E2F1, as a transcription factor, could bind to the promoter
of CDC25A and thereby positively regulate its expression.
Luciferase reporter assay showed that the luciferase activity
were reduced in cells with mutational sites compared with the
cells with the normal sequences of CDC25A promoter, which
may be because the promoter of CDC25A with mutational
sequences is harder to combined with E2F1. Notably, CDC25A
silencing abolished the effect of E2F1 overexpression on the
proliferation of HK1 cells and on the G,/S-phase cell cycle,
indicating that E2F1 could mediate the role of CDC25A in
NPC progression.

Taken together, the results of the present study have
elucidated the specific role of CDC25A in cell proliferation
and the cell cycle in NPC, increasing our understanding
of the underlying regulatory mechanism by revealing the
association between CDC25A and E2F]1 transcription factor.
Nevertheless, there are several limitations in the present
study. It did not examine the expression of CDC25A in
nasopharyngeal carcinoma patients or animals, so animal
experiments in vivo and clinical trials in humans are required
to augment the findings of the present study. Additionally,
whether signaling pathways have any functional roles
downstream of CDC25A also requires further investiga-
tion. The present study proved E2F1 targets to CDC25A
in its transcription, but did not explore the mechanism the
E2F1-CDC2A interaction in the cell cycle regulation and
nor did it explore CyclinD, CyclinE, CDK2/CDC1 and other
specific markers for cell cycle; these will be investigated in
a future study. In addition, the present study only used the
HK1 cell line to explore the functional role of CDC25A in
NPC and the biological effects of CDC25A in other NPC
cell lines will be explored in a future study. Moreover, the
present study aimed to explore the effects of CDC25A on cell
proliferation and cell cycle in nasopharyngeal carcinoma,
thus it did not perform wound healing and invasion assays;
the effects of CDC25A on cell migration and invasion will
be explored in a future study.

In conclusion, the present study demonstrated for the first
time, to the best of the authors' knowledge, that CDC25A
silencing could attenuate cell proliferation and induce cell
cycle arrest in NPC and the regulation of CDC25A were
transcriptionally modulated by the E2F1 transcription factor.
Therefore, the present study has provided valuable information
that improves our understanding of the pathogenesis of NPC,
also indicating that CDC25A may be a promising therapeutic
target for NPC treatment.
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