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Abstract. Nasopharyngeal carcinoma (NPC) is a common 
tumor in south China. Kinesin family member 2A (KIF2A) 
belongs to the kinesin‑13 family and is associated with the 
growth and invasion of a number of different types of human 
cancer, including ovarian, breast and prostate cancer. The aim 
of the present study was to evaluate the expression of KIF2A 
in NPC and explore the relationship between KIF2A and the 
basic characteristics of 5‑8F cells. Immunohistochemistry 
was performed on tissues from 97  patients with NPC to 
assess KIF2A protein expression. KIF2A was knocked 
down by a specific short interfering (si)RNA in 5‑8F cell 
lines. Cell proliferation, apoptosis and cycle were analyzed 
by MTT assay and flow cytometry. The invasive ability and 
angiogenesis were evaluated by Matrigel assay and reverse 
transcription‑quantitative PCR. The level of KIF2A was asso-
ciated with the growth and migration of primary tumor, nodal 
status and tumor stage. The viability of KIF2A‑knockdown 
cells was decreased compared with that of the control cells. 
The number of apoptotic cells, as well as the percentage of 
cells in the G0/G1 phase, was higher in the KIF2A siRNA 
group compared with the control group. The invasive and 
angiogenetic ability of 5‑8F cells in the KIF2A siRNA group 
was decreased compared with the control group. In conclusion, 
the expression of KIF2A correlated with the poor clinico-
pathological features in NPC. Therefore, KIF2A may serve an 
important role in the progression of NPC and proliferation of 
5‑8F cells, which might present a potential therapeutic target 
for patients with NPC.

Introduction

Nasopharyngeal carcinoma (NPC), which is a malignant 
tumor, is the most prevalent head and neck cancer in south 
China (1‑3). The pathogenesis of NPC is complicated, including 
the Epstein‑Barr virus (EBV) infection, carcinogen hazards 
and individual susceptibility  (1,4). In clinic, NPC exhibits 
low differentiation and high rates of metastasis compared 
with other types of cancers  (5‑7). Although chemotherapy 
and radiotherapy are used, the treatment efficacy for NPC 
is still unsatisfactory due to the local recurrence and distant 
metastasis (5,8). Therefore, it is important to understand the 
molecular mechanisms of NPC.

The kinesin superfamily proteins (KIFs) are a conserved 
class of microtubule‑dependent motor proteins that serve the 
role of oncogenes in cancer cells (9,10). Microtubules (MTs) are 
the important components of cytoskeleton are vital for mitotic 
activity of tumor and for invading tissues (9). Kinesin family 
member 2A (KIF2A), which is a member of the kinesin‑13 
family, is associated with the process of mitosis and mitotic 
spindle assembly in cancer cells  (11,12). KIF2A is able to 
inhibit the process of microtubule polymerization and is vital 
for the tumor growth and invasion (11). Recent studies have 
demonstrated that KIF2A is involved in carcinogenesis and 
prognosis in different types of human cancer, such as prostate, 
breast and ovarian cancer (13‑15). However, the role of KIF2A 
in human NPC is still unknown.

The aim of the present study was to investigate the func-
tion of KIF2A in the prognosis of nasopharyngeal carcinoma 
and nasopharyngeal carcinoma cells. The expression of 
KIF2A was examined in 97 human NPC tumor samples; the 
prognostic value of KIF2A for patients NPC was evaluated, 
and the biological functions of KIF2A in the 5‑8F NPC cell 
line were analyzed.

Materials and methods

Patient specimens. A total of 97 patients (47 male, 50 female; 
age range, 25‑78 years; median age, 44 years) diagnosed with 
NPC by biopsy between January 2017 and June 2018 at the 
Sixth Affiliated Hospital of Guangzhou Medical University 
(Guangdong, China) were included in the present study. All 
specimens had confirmed pathological diagnosis and were 
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classified according to the World Health Organization (WHO) 
Tumor‑Node‑Metastasis staging system (16,17). The patients 
with a history of radiotherapy or chemotherapy were excluded. 
Sample collection protocols were approved by the Ethics 
Committee of the Sixth Affiliated Hospital of Guangzhou 
Medical University (approval no.  ERC‑2016‑33). Written 
informed consent was obtained from all patients.

Immunohistochemistry. Immunohistochemical staining 
assays were performed on NPC tissue sections using the 
EnVision Detection system according to the manufacturer's 
protocol. Briefly, the tissues were fixed in 4% paraformalde-
hyde for 24 h at 4˚C and embedded in paraffin, and then six 
consecutive sections (4 µm) were obtained from each tissue. 
The sections were incubated with a KIF2A primary antibody 
(1:500; catalog no. PA1‑640; Thermo Fisher Scientific, Inc.) 
overnight at 4˚C. The slides were treated with horseradish 
peroxidase‑conjugated secondary antibodies (1:1,000; catalog 
no. GP016029; Gene Tech Co, Ltd.). The negative controls 
included the sections incubated without primary antibodies. 
The sections were evaluated and scored by three independent 
pathologists according the percentage of positive‑stained cells 
(0, 0%; 1, 1‑10%; 2, 11‑60%; 3, 61‑75%; and 4, 76‑100%). The 
average staining intensity was calculated, and an average 
score <3 was considered as weak KIF2A protein expression, 
and an average score ≥3 was considered strong.

Cell culture and RNA interference. The human NPC cell 
line 5‑8F was purchased from the Cancer Institute, Southern 
Medical University (Guangdong, China). Cells were main-
tained in RPMI‑1640 medium (Invitrogen; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(FBS; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin 
and 100 µg/ml streptomycin in a humidified atmosphere 
with 5%  CO2 at 37˚C. For RNA interference, 5‑8F cells 
were transfected with 50  nM KIF2A small‑interfering 
(si)RNA (5'‑GGC​AAA​GAG​AUU​GAC​CUG​G‑3'; Invitrogen; 
Thermo Fisher Scientific, Inc.) with Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Scrambled siRNA (5'‑AUC​AGC​
AUA​CCU​CA‑3') and mock treatment (using Lipofectamine) 
were used as controls.

Western blotting. Cells were collected and treated with RIPA 
buffer (Beyotime Institute of Biotechnology) on ice and the 
extracted protein was quantified by a bicinchoninic acid kit 
(Beyotime Institute of Biotechnology). A total of 30 µg protein 
sample was separated by 10% SDS‑PAGE and subsequently 
transferred onto a PVDF membrane (18). Following blocking 
with 5% BSA in TBS + 0.1% Tween‑20 for 1 h, the membrane 
was incubated with antibodies against KIF2A (1:500; catalog 
no.  PA1‑640; Thermo Fisher Scientific, Inc.) or β‑actin 
(1:1,000; catalog no. 3700; Cell Signaling Technology, Inc.) 
overnight at 4˚C. The membrane was subsequently incubated 
with horseradish peroxidase‑conjugated goat anti‑mouse 
secondary antibodies (1:1,000; catalog no.  GP016029; 
Gene Tech Co., Ltd.) for 1 h. The results were analyzed using 
the fluorescence imaging system (Bio‑Rad Laboratories, Inc.). 
The density of the protein bands was analyzed using ImageJ 
software (version 1.8.0; National Institutes of Health).

Reverse transcription‑quantitative PCR. Total RNA was 
extracted from cells using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Following quantitation, 
5 µg total RNA was reverse‑transcribed into cDNA using a 
PrimeScript™ RT reagent kit (Takara Bio, Inc.) according to 
manufacturer's protocol. The mRNA expression levels were 
detected with the 2‑∆∆Cq method using SYBR Green kit (Takara 
Bio, Inc.) with specific primers (19). The thermocycling condi-
tions were as follows: 45 cycles of 95˚C for 5 min, 95˚C for 
30 sec, 57˚C for 30 sec and 72˚C for 1 min. The gene‑specific 
primers were synthesized by Sangon Biotech Co., Ltd., and the 
sequences are presented in Table I.

Cell proliferation assay. Cells were seeded at the density of 
1x103 cells/well in a 96‑well plate and were cultured for 24, 
48 and 72 h. Cell viability was assessed by MTT assay. MTT 
reagent (5 mg/ml; Amresco, LLC) was added to each well and 
incubated in a dark environment for 3 h at 37˚C with 5% CO2. 
DMSO (100 µl/well) was added into each well. Absorbance 
at 490 nm was recorded using a microplate reader (Thermo 
Fisher Scientific, Inc.).

Flow cytometry assay. Following cell collection (1x106), 
the cell cycle was evaluated by a Cell Cycle Analysis kit 
(Beyotime) in the dark for 30 min at 37˚C. Apoptosis was 
evaluated by phycoerythrin Annexin V Apoptosis Detection 
kit (BD Biosciences) following the manufacturer's protocol. 
After staining, the cells were analyzed by flow cytometry 
(BD Biosciences).

Cell invasion assay. The invasive ability of 5‑8F cells was 
determined by Matrigel assay using Transwell chambers 
(BD Biosciences). The filters were pre‑coated with 50 µl 
Matrigel and incubated in a humidified incubator for polym-
erization. The lower compartment was filled with DMEM 
medium (Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS. Cells with 0.2 ml serum‑free DMEM were seeded in 
the upper compartment of the chamber (2x105 cells/chamber). 
Following incubation at 37˚C for 24 h, the cells on the upper 

Table I. Reverse transcription‑quantitative PCR primer sequences.

Gene	 Sequence (5'→3')	 Size (bp)

KIF2A	 F:	AAGGCAAAGAGATTGACCTGG	 151
	 R:	GAAGCTACAGTCCGTCGATTC
Bcl‑2	 F:	GGTGGGGTCATGTGTGTGG	 89
	 R:	CGGTTCAGGTACTCAGTCATCC
Bax	 F:	CCCGAGAGGTCTTTTTCCGAG	 155
	 R:	CCAGCCCATGATGGTTCTGAT
VEGF	 F:	AGGGCAGAATCATCACGAAGT	 75
	 R:	AGGGTCTCGATTGGATGGCA
GAPDH	 F:	CTGGGCTACACTGAGCACC	 101
	 R:	AAGTGGTCGTTGAGGGCAATG

KIF2A, kinesin family member 2a; VEGF, vascular endothelial 
growth factor.
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surface of the filter were removed using a cotton swab. Cells 
that traversed the filter were fixed with 10% methanol for 
5 min at 4˚C, stained with 0.5% eosin for 30 min at 37˚C and 
counted using a light microscope.

Statistical analysis. All experiments were performed in 
triplicate. Statistical analyses were performed using SPSS 
version 20.0 software package (IBM Corp.). One‑way analysis 
of variance with Bonferroni correction was used for multiple 
comparisons. P<0.05 was considered to indicate a statistically 
significant difference.

Results 

Association between of KIF2A expression and clinicopatho‑
logical parameters in NPC. The protein expression level of 
KIF2A in NPC tissue was detected by immunohistochemistry. 
The results demonstrated that the expression levels of KIF2A 
were not associated with the sex and age of patients. However, 
KIF2A expression levels were associated with the size, loca-
tion and stage of the primary tumor, the nodal status and the 
tumor stage. High KIF2A expression was significantly associ-
ated with T3‑T4 (P=0.005), N2‑N3 (P=0.037) and stage III‑IV 
(P=0.014) (Table II).

KIF2A silencing decreases 5‑8F cell viability. To identify the 
functions of KIF2A in nasopharyngeal carcinoma, siRNA 
knockdown of KIF2A was performed. Western blotting and 
RT‑qPCR results confirmed that the mRNA and protein 
expression of KIF2A was inhibited in siRNA‑transfected cells 
compared with the control group and the scrambled siRNA 
group (P<0.05; Fig. 1A and B). The effects of KIF2A siRNA on 
the viability of 5‑8F cells were investigated by MTT assay; the 

results demonstrated that the viability of KIF2A‑knockdown 
cells was decreased at 48 and 72 h compared with the control 
groups (Fig. 1C).

Effects of KIF2A silencing on the apoptosis and cell cycle 
of 5‑8F cells. To assess whether the decrease of cell prolif-
eration induced by KIF2A siRNA was associated with 
apoptosis and cell cycle arrest, apoptotic rate and cell cycle 
of 5‑8F cells were examined. The results demonstrated that 
the number of apoptotic cells in the KIF2A siRNA group 
was higher compared with those in the control and scrambled 
siRNA groups  (Fig. 2A). In the KIF2A siRNA group, the 
mRNA expression level of Bcl‑2 was decreased, whereas the 
expression level of Bax was increased compared with the 
control groups (Fig. 2B). The cell cycle assay revealed that, 
compared with the control and scrambled siRNA groups, the 
percentage of cells in the G0/G1 phase of the cell cycle was 
significantly increased, whereas the percentages of cells in the 
S and G2/M phases were significantly decreased in the KIF2A 
siRNA group (Fig. 2C).

KIF2A knockdown inhibits the invasive ability and vascular 
endothelial growth factor (VEGF) expression in 5‑8F cells. To 
evaluate the invasive ability of 5‑8F cells in the KIF2A siRNA 
group, Matrigel cell invasion assay was performed. The results 
demonstrated that the invasive capacity of 5‑8F cells was 
significantly decreased in the KIF2A siRNA group compared 
with the control and scrambled siRNA groups (P<0.05; 
Fig. 3A). In addition, the expression levels of the angiogenesis 
marker VEGF of 5‑8F were evaluated by RT‑qPCR. Compared 
with the control and scrambled siRNA groups, VEGF expres-
sion levels were significantly decreased in the KIF2A siRNA 
group (P<0.05; Fig. 3B).

Table II. Association between KIF2A expression and the clinicopathological features in patients.

	 KIF2A expression (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Patients, n	 Low, n=57	 High, n=40	 P‑value

Sex 				    0.315
  Male 	 47	 29 (50.9)	 24 (60.0)
  Female 	 50	 28 (49.1)	 16 (40.0)
Age, years				    0.827
  <60	 78	 47 (82.5)	 30 (75.0)
  ≥60	 19	 10 (17.5)	 10 (25.0)
Primary tumor				    0.005a

  T1‑T2	 68	 48 (84.2)	 15 (37.5)
  T3‑T4	 29	   9 (15.8)	 25 (62.5)
Nodal status				    0.037a

  N0‑N1	 75	 52 (91.2)	 25 (62.5)
  N2‑N3	 22	 5 (8.8)	 15 (37.5)
Stage				    0.014a

  I‑II	 73	 50 (87.7)	 15 (37.5)
  III‑IV	 24	   7 (12.3)	 25 (62.5)

aP<0.05. KIF2A, kinesin family member 2a.
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Discussion

Nasopharyngeal carcinoma (NPC), a common malignant 
tumor, derives from the nasopharyngeal epithelium (20‑22). 

The long‑term survival rate for NPC patients is currently 
unsatisfactory. Therefore, it is important to investigate the 
molecular mechanisms of NPC tumorigenesis and progression 
to improve the therapy of NPC.

Figure 2. Effects of KIF2A knockdown on the apoptosis and cell cycle of 5‑8F cells. (A) Apoptotic cells were detected by flow cytometry. (B) Bcl‑2 and Bax 
expression levels were detected by reverse transcription‑quantitative PCR. (C) The cell cycle was investigated by flow cytometry. **P<0.01 vs. mock treatment 
control. KIF2A, kinesin family member 2a; siRNA, small interfering RNA.

Figure 1. KIF2A siRNA decreases KIF2A expression and cell viability in 5‑8F cells. (A and B) The knockdown of KIF2A was evaluated by (A) western blot-
ting and (B) reverse transcription‑quantitative PCR. (C) The effect of KIF2A knockdown on the proliferation of 5‑8F was test by MTT assay. **P<0.01 vs. mock 
treatment control. KIF2A, kinesin family member 2A; siRNA, small interfering RNA.
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KIF2A, which is a type of motor protein with an onco-
genic function, has been identified to be overexpressed in a 
number of human cancers (15,23). KIF2A is a member of the 
kinesin‑13 family of proteins, and serves the function of depo-
lymerizing the ends of microtubules (MTs) (24,25). MTs are 
vital components of the cytoskeleton and are involved in the 
invasion and metastasis of cancer (26,27). Therefore, the aim 
of the present study was to evaluate the expression of KIF2A 
in NPC and explore the relationship between KIF2A expres-
sion and the basic characteristics of 5‑8F cells.

In patients with NPC, the expression levels of KIF2A were 
not related with the sex and age of the patients; however, the 
levels of KIF2A were notably associated with the primary 
tumor, the nodal status and the tumor stage, which suggested 
that high levels of KIF2A may be associated with the malig-
nant degree of NPC. Similarly, in a previous study, the mRNA 
and protein expression levels of KIF2A were significantly 
higher in grade III‑IV glioma tissues compared with grade I‑II 
and healthy tissues (28). Therefore, the results of the present 
study indicated that KIF2A may be involved in the malignant 
development of NPC.

A previous study demonstrated that the silencing of KIF2A 
significantly inhibits the growth and invasion of oral tongue 
squamous cell carcinoma, which suggested that KIF2A may 
regulate the viability and invasion of cancer cells (29). In the 
present study, 5‑8F cell proliferation decreased and apoptosis 
increased in the KIF2A siRNA group compared with the 
control groups. The Bax/Bcl‑2 ratio is an effective method to 
identify apoptotic cells (30,31). In the KIF2A siRNA group, 
the mRNA level of anti‑apoptotic Bcl‑2 decreased, whereas 
the pro‑apoptotic Bax increased, which demonstrated that the 
ratio of apoptotic cells increased.

The cell cycle analysis in the present study demonstrated that 
the number of cells arrested at the G0/G1 phase was increased 
in the KIF2A siRNA group compared with the control groups. 
A recent study has revealed that the MRE11‑RAD50‑NBS1 
complex activates KIF2A, which leads to spindle turnover and 
DNA damage (11); therefore, KIF2A may be associated with 
the DNA structure and spindle dynamics.

In addition, the results of the present study demonstrated 
that the invasive ability and the expression of the angiogen-
esis marker VEGF in 5‑8F cells were inhibited in the KIF2A 
siRNA group compared with the control groups. A previous 

study has reported that KIF2A is associated with the prog-
nosis of ovarian cancer, and the inhibition of KIF2A decreases 
invasion in ovarian cancer in vitro (15). Downregulation of 
KIF2A inhibits gastric cancer cell invasion by suppressing 
membrane type I‑matrix metallopeptidase (32). Therefore, 
KIF2A may be associated with the invasion and angiogenesis 
of 5‑8F cells.

In conclusion, the present study demonstrated that the 
expression of KIF2A was correlated with poor clinicopatho-
logical features in NPC. In addition, KIF2A may serve an 
important role in the progression of NPC and the proliferation 
5‑8F cells.
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