
Am J Cancer Res 2022;12(11):5226-5240
www.ajcr.us /ISSN:2156-6976/ajcr0146079

Original Article
KIF3A inhibits nasopharyngeal carcinoma  
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Abstract: Nasopharyngeal carcinoma (NPC) is a malignant epithelial tumor prevalent in southern China and 
Southeast Asia. Previous studies have shown that Kinesin Family Member 3A (KIF3A) plays a critical role in the on-
cogenesis of various cancer types. However, the role of KIF3A in NPC tumorigenesis and the mechanism underlying 
its function have not been reported. In this study, we found that KIF3A was significantly downregulated in NPC cells 
and tissues, and KIF3A expression in NPC patients was associated with tumor stage and was positively corrected 
with overall survival. In vitro and in vivo experiments indicated that overexpression of KIF3A inhibited NPC cell pro- 
liferation, migration, and invasion. Mechanistic studies found that KIF3A bound β-catenin and attenuated β-catenin 
aggregation in the nucleus. Moreover, rescue experiments demonstrated that the inhibitory effect of KIF3A on NPC 
proliferation, migration and invasion was partially dependent on β-catenin. Taken together, our data suggest that 
KIF3A interacts with β-catenin and attenuates NPC proliferation, migration, and invasion by suppressing the intra-
nuclear aggregation of β-catenin. KIF3A may be a promising therapeutic target of patients with NPC. 
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Introduction

NPC, a malignancy of epithelial cell origin in the 
head and neck, occurs frequently in Southern 
China and Southeast Asia and is closely related 
to Epstein-Barr virus infection, the environ-
ment, and the genetic factors [1-6]. There were 
133354 new cases of NPC worldwide in 2020, 
accounting for 0.7% of all new cancer cases [7]. 
Although patients with early-stage NPC can be 
cured by radiation therapy alone, patients with 
advanced stage NPC have a poor 5-year sur-
vival rate due to recurrence and distant metas-
tasis. Therefore, it is imperative to understand 
the molecular mechanisms underlying the pro-
gression of NPC and to identify novel diagnos-
tic biomarkers. 

KIF3A, a member of the kinesin protein family 
located on human chromosome 5q31.1, plays 
an essential role in intraflagellar transport (IFT) 
and assembly as well as mammalian cilia main-
tenance [8]. In addition, KIF3A is involved in a 

variety of cellular processes, including organ-
elle and macromolecule transport, early de- 
velopment, cell migration, and tumorigenesis 
[9-11]. Consistently, loss of KIF3A decreases 
oligodendrogenesis and affects fine motor 
coordination [12]. Mechanistically, KIF3A and 
KIF3B dimerize and bind to RNF33, which in 
turn promotes kinesin-dependent cargo move-
ment along the microtubules of the testes in 
mice [13]. In addition, KIF3A also helps het-
erodimeric KIF3AC convert microtubule trails to 
navigate intersections [14]. Notably, the life 
cycle of HIV in primary macrophages is regulat-
ed by KIF3A [15], and phosphorylation of KIF3A 
is crucial for US3-mediated immune escape 
during HSV-1 infection [16]. 

Furthermore, KIF3A has been reported to func-
tion as a tumor promoter and enhance the pro-
liferation and metastasis of prostate cancer, 
triple-negative breast cancer, and bladder can-
cer [17-19]. Moreover, KIF3A is essential for 
medulloblastoma initiation and progression 
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[20]. Concurrent loss of both KIF3A and VHL 
promotes precursor lesions of clear cell renal 
cell carcinoma [21]. Silencing KIF3A in thyroid 
cancer cell lines leads to defective ciliogenesis, 
thereby promoting mitochondria-dependent 
apoptosis [22]. In contrast, KIF3A has been 
reported to interact with β-arrestin to function 
as a tumor suppressor in lung cancer via inhib-
iting the Wnt/β-catenin pathway [23]. A subse- 
quent study also demonstrated the tumor sup-
pressive role of KIF3A in lung cancer [24]. 
These studies indicate the complex role of 
KIF3A in different types of tumors; however, the 
biological role of KIF3A in NPC and its function-
al mechanism remain to be elucidated.

In this study, we first observed that downregu-
lated expression of KIF3A was an unfavorable 
factor in the prognosis of NPC. Further experi-
ments indicated that KIF3A suppressed NPC 
growth, migration, and invasion by interacting 
with β-catenin to inhibit Wnt/β-catenin pathway 
and the downstream epithelial-mesenchymal 
transition (EMT) related markers N-cadherin 
and vimentin as well as cell cycle regulators. 
Our results suggest that KIF3A might function 
as a tumor suppressor in NPC.

Materials and methods

Tissue specimens

A total of 106 paraffin-embedded NPC and 22 
noncancerous nasopharyngeal epithelial spe- 
cimens were collected from Nan Fang Hospital 
of Southern Medical University. Written con-
sent form was obtained from patients. This 
study was approved by the Ethics Committee of 
TCM-Integrated Hospital of Southern Medical 
University.

Cell culture 

The NPC cell lines HONE1, SUNE1, NP69 and 
5-8F were obtained from the Cancer Research 
Institute of Southern Medical University (Guang- 
zhou, China). These cells were cultured in RPMI 
1640 (Biological Industries) supplemented with 
10% foetal calf serum (Cegrogen, Germany) 
and maintained in a humidified chamber with 
5% CO2 at 37°C. 

Immunohistochemistry (IHC) and survival 
analysis

The expression levels of KIF3A were examined 
by IHC, and the streptavidin-peroxidase conju-

gated method was used to visualize the stain-
ing signals according to the manufacturer’s 
instruction (ZSGB-BIO). The staining results 
were independently evaluated by two patholo-
gists. Staining intensity was scored by 0 to 3: 0 
(negative staining), 1 (weak staining), 2 (moder-
ate staining) and 3 (strong staining). Percentage 
staining was evaluated on a scale of 0 to 4: 0 
(no staining), 1 (less than 25%), 2 (26-50%), 3 
(51-75%), and 4 (76-100%). The intensity score 
multiplied by the percentage score was used as 
the immunohistochemical score. An immuno-
histochemical score > 6 was considered high 
expression, while a score ≤ 6 was considered 
low expression. The antibody used in IHC was 
anti-KIF3A (Proteintech, 1:100). Kaplan-Meier 
analysis was performed to plot survival curves, 
and the log-rank test was utilized to calculate p 
values. 

Reverse transcription-quantitative PCR (RT-
qPCR)

Total RNA from NPC cells was isolated using 
Cell Total RNA Isolation Kit (Foregene, China) 
according to the manufacturer’s instruction. 
The RNA concentration was measured by 
Multiskan Sky Full-wavelength Enzyme Labeler 
(ThermoFisher Inc), and cDNA was generat- 
ed with a reverse transcription kit (TaKaRa 
Company) in a Bio-Rad T100 Thermal Cycler. 
Subsequently, the cDNA was used as template 
and amplified with specific primers in a Roche 
Light Cycler. SYBR-Green (ACCURATE BIOLOGY) 
was used for qPCR detection. The PCR cycling 
conditions were as follows: 10 sec at 95°C,  
followed by 45 cycles for 10 sec at 95°C, 1 min 
at 60°C and 1 sec at 72°C, and 1 cycle of cool-
ing for 30 sec at 50°C. The fold changes in 
KIF3A gene expression were analyzed by the 
2-ΔΔCt method. The primer sequences were as 
follows: 

KIF3A forward: 5’-TCCCGTTCCCATGCCATCTT-3’, 
KIF3A reverse 5’-GCTTCCTTTAGGCGCTGTCC-3’, 
β-actin forward: 5’-ACAGAGCCTCGCCTTTGCC- 
3’, β-actin reverse: 5’-GATATCATCATCCATGGT- 
GAGCTGG-3’.

In vivo tumorigenesis in nude mice

All in vivo studies were performed following  
the protocol approved by the Ethics Committee 
of the TCM-Integrated Hospital of Southern 
Medical University. The human KIF3A gene was 
cloned into a lentivirus vector (LV-KIF3A) 
(GeneChem, Shanghai, China) which was used 
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to generate KIF3A-expressing SUNE1 cells.  
The empty lentivirus vector (LV-NC) was used 
as a control. Approximately 4 × 106 LV-NC or 
LV-KIF3A SUNE1 cells in the logarithmic phase 
of growth were subcutaneously injected into 
the flank of 4-week-old female nude mice 
(BALB/c, nu/nu) (n=7). After 15 days, the nude 
mice were sacrificed, and the tumor tissues 
were removed and weighed.

Western blot analysis

Briefly, NPC cells were lysed using RIPA Lysis 
buffer (Strong, CWBIO), and total protein con- 
centration was quantified by BCA protein as- 
say kit (TIANGEN Inc). Next, the proteins were 
separated by 10% or 12.5% SDS-PAGE and 
subsequently transferred onto a PVDF mem-
brane. After blocking with 5% skim milk  for 1.5 
hours at room temperature, the membran- 
es were incubated with the following primary 
antibodies: anti-KIF3A (Proteintech, 1:1000), 
anti-β-catenin (Proteintech, 1:2000), anti-N-
cadherin (Proteintech, 1:1000), anti-vimentin 
(Proteintech, 1:1500), anti-c-Myc (Proteintech, 
1:1000), anti-CCND1 (Proteintech, 1:1000), 
GAPDH (Bioworlde, 1:5000), and β-actin (Bio- 
worlde, 1:5000) at 4°C overnight, followed by 
incubation with secondary horseradish pero- 
xidase (HRP)-conjugated antibodies. GAPDH 
and β-actin were used as the loading control for 
normalization. Antibody binding signals were 
detected by a chemiluminescence imaging sys-
tem (MinichemiTM). 

Small interfering RNA (siRNA), plasmids, and 
cell transfection

siRNA targeting KIF3A (siKIF3A) and scramble 
siRNA negative control (siNC) were synthesiz- 
ed by RiboBio (Guangzhou, China). The three 
siRNA sequences targeting KIF3A were as fol-
lows: siKIF3A-1: 5’-CTGCGTCAGTCTTTGATGA-3’; 
siKIF3A-2: 5’-CTTCGACTTCAGATGCTTA-3’; siKI-
F3A-3: 5’-AGGCTAGAGCTGAATTAGA-3’. The Wnt 
pathway specific inhibitor pyrvinium pamoate 
was purchased from MedChemExpress. The 
final concentration of siRNA/pyrvinium pamo-
ate used in our experiments was 100 nmol/l. 
KIF3A and β-catenin overexpression plasmids 
were purchased from WZ Biosciences Inc 
(Shandong, China). For cell transfection, 8-12 h 
before transfection, HONE1 and SUNE1 cells 
were plated in six-well plates at 50-60% conflu-
ence, and plasmids or siRNAs were transfected 

into cells by using Lipofectamine TM 3000 
(Invitrogen) according to the manufacturer’s 
protocol. After 24-72 h culture, the cells were 
harvested for further analysis.

Cell Counting Kit-8 (CCK-8) and 5-ethynyl-2’-
deoxyuridine (EdU) incorporation assays 

Cell proliferation was measured by CCK-8 as- 
say (Vazyme). Briefly, NPC cells were seeded 
into 96-well plates at 1500 cells/100 µl per 
well and cultured overnight. Before measure-
ment, 10 µl of CCK-8 reagent was added to the 
wells for 1.5 h, and the optical density (OD) at 
450 nm was measured using Multiskan Sky 
Full-wavelength Enzyme Labeler (ThermoFisher 
Inc). Cell viability was measured from Day 1 to 
Day 4.

EdU incorporation assay was conducted with a 
Cell-Light EdU Apollo 567 kit (RiboBio). Briefly, 
NPC cells were seeded into 96-well plates, and 
EdU A solution was added to the wells for 2 h. 
Cells were then fixed with 4% paraformalde-
hyde, permeabilized with 0.2% Triton X-100, fol-
lowed by incubation with apollo solution for 30 
min for cell nuclei staining. DAPI was added to 
stain the cell nuclei for 10 min. The cells were 
imaged under inverted fluorescence micro- 
scope (Olympus Corporation).

Colony formation assay and cell cycle analysis

For colony formation assay, NPC cells (100/
well) were seeded into six-well plates and cul-
tured for 2 weeks. The culture medium was 
renewed every 72 h. The cells were then fixed 
with 4% paraformaldehyde for 10 min and 
stained with crystal violet. Cell cycle analysis 
was performed according to the instructions of 
the Cell Cycle and Apoptosis Kit (Leagene).

Migration and Invasion assays

Transwell chamber was used to measure the 
migration and invasion capability of NPC cells. 
Briefly, 1 × 105 cells in serum-free RPMI 1640 
were added to the upper chamber of Transwell 
plates. The upper side of chamber membrane 
was coated with (for invasion assay) or without 
BD Matrigel (for migration assay) (Corning). 
Complete RPMI 1640 supplemented with 10% 
foetal bovine serum (Cegrogen, Germany) was 
added to the lower chamber of the Transwell 
plates. After culture for 12-20-h, the cells mig- 
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rated or invaded to the bottom side of mem-
brane were fixed with paraformaldehyde and 
stained with Giemsa (Nanjing JianCheng Tech- 
nology) for 5 min. The cells were then counted 
and photographed under microscope.

Wound healing assay

For the wound healing assay, NPC cells we- 
re grown to approximately 90% confluence in 
6-well plates, and a 100 ul pipette tip was used 
for wound scratching. The NPC cells were then 
cultured in serum-free medium, and the reduc- 
tion of the wound area was imaged under an 
inverted microscope (Olympus Corporation) at 
0 and 24/36 h. 

Coimmunoprecipitation (Co-IP)

Briefly, total NPC cell lysates were subjected  
to immunoprecipitation with anti-IgG, anti-β-
catenin, or anti-KIF3A antibodies overnight at 
4°C. Then, protein A/G Magnetic beads (Bi- 
make) were added to the lysates for 30 min at 
37°C to precipitate the antigen-antibody com-
plexes. After washing the beads twice with 
washing buffer, the precipitated complex was 
eluted, separated by SDS PAGE, and detected 
by western blot.

Immunofluorescence 

NPC cells were seeded in 35-mm glass bot- 
tom cell culture dishes (SORFA LIFE SCIENCE, 
Zhejiang) and cultured overnight. The cells we- 
re then fixed with 4% paraformaldehyde, per-
meabilized with 0.2% Triton X-100, and incu-
bated with the indicated antibodies overnight 
at 4°C. The cells were then incubated with fluo-
rescent-labelled secondary antibodies at 37°C 
for 60 min, and DAPI was used to stain the cell 
nuclei. The cells were photographed under a 
confocal microscope.

Nuclear and cytoplasmic fractionation 

Nuclear and cytoplasmic fractions were ob- 
tained using NE-PER Nuclear and Cytoplasmic 
Extraction reagents (Thermo Scientific) accord-
ing to the manufacturer’s instructions. Briefly, 
NPC cell pellets were lysed with ice-cold cyto-
plasmic extraction reagent (CER) I for 10 min at 
4°C. Next, ice-cold CER II was added to the 
lysates for 1 min at 4°C, and the supernatants 
(cytoplasmic extracts) were obtained by cen-

trifugation at 16,000 × g for 5 min. The remain-
ing pellets were washed with wash buffer and 
resuspended in ice-cold nuclear extraction  
reagent (NER) for 40 min at 4°C. Finally, the 
lysates were centrifuged at 16,000 × g for 15 
min, and the supernatants were saved as 
nuclear extracts. 

Statistical analysis

GraphPad Prism 9 software was used for statis-
tical analysis. The data were expressed as the 
mean ± SD from at least three independent 
experiments. Student’s t test was performed to 
compare two groups, and comparisons among 
multiple groups were conducted using one- 
way analysis of variance (ANOVA). A p value of 
less than 0.05 was considered statistically 
significant.

Results

Decreased KIF3A expression correlated with 
the clinicopathological characteristics and the 
prognosis of NPC patients 

To explore the role of KIF3A in NPC develop-
ment, we first analyzed the expression of KIF3A 
in NPC samples using GSE64634 dataset. As 
shown in Figure 1A, KIF3A mRNA level was sig-
nificantly downregulated in NPC tissues com-
pared to control normal tissues. We then vali-
dated this finding experimentally in NPC cell 
lines by RT-qPCR and western blot. Consistently, 
KIF3A expression was notably downregulated 
in NPC cells compared with NP69 cells (nonma-
lignant nasopharyngeal epithelial cells) (Figure 
1B, 1C). Furthermore, we examined KIF3A ex- 
pression in 106 NPC tissues and 22 noncan-
cerous nasopharyngeal epithelial tissues by 
IHC and found that the expression of KIF3A  
was significantly reduced in NPC tissues com-
pared with noncancerous nasopharyngeal epi-
thelial tissues (p=0.018) (Table 1) (Figure 1D). 
Moreover, when comparing the clinicopatho-
logical characteristics of the NPC patients 
(Table 2), we found that decreased KIF3A 
expression was positively correlated with T 
stage (T1-T2 vs. T3-T4, p=0.035) and M stage 
(M0 vs. M1, p=0.039) but did not correlate with 
other clinicopathological characteristics. In 
support with this, survival analysis indicated 
that NPC patients with low KIF3A expression 
(n=63) had shorter survival times than patients 
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with high KIF3A expression (n=43) (log-rank 
test, p=0.033, Figure 1E).

KIF3A suppressed NPC proliferation in vitro 
and in vivo

To determine the effect of KIF3A on cell growth, 
we overexpressed KIF3A in HONE1 and SUNE1 
cells by cell transfection. The overexpression 
efficiency of KIF3A was confirmed by western 
blot (Figure 2A). Then, CCK-8 and colony forma-
tion assays were conducted to compare the 
growth between vector-expressing and KIF3A-

KIF3A-overexpressing cells was significantly 
inhibited compared with that of NC cells (Figure 
2D, 2E). To further demonstrate the role of 
KIF3A in tumor growth in vivo, we used xeno-
graft tumor model by subcutaneously injecting 
LV-NC or LV-KIF3A SUNE1 cells into nude mice. 
After 15 days, the mice inoculated with 
LV-KIF3A SUNE1 cells exhibited lower tumor 
weights than the mice inoculated with LV-NC 
SUNE1 cells (Figure 2F). Taken together, these 
results demonstrated that KIF3A overexpres-
sion suppressed the growth of NPC cells both 
in vivo and in vitro.

Figure 1. Decreased KIF3A expression correlates with the clinicopathological characteristics and prognosis of NPC 
patients. A. The relative mRNA expression of KIF3A in NPC tissues and normal tissues. B, C. RT-qPCR and western 
blot were performed to determine the mRNA and protein levels of KIF3A in NP69, HONE1, SUNE1, and 5-8F cells. 
D. KIF3A expression in nasopharyngeal epithelium and NPC samples by IHC. Typical immunohistochemical images 
were shown (Scale bar: 40 μm). a: Strong staining of KIF3A in NP tissues; b: low expression of KIF3A in NPC tis- 
sues; and c: high expression of KIF3A in NPC tissues. E. Kaplan-Meier survival analysis of the survival rates of NPC 
patients based on KIF3A expression. The log-rank test was used to calculate p values. *P < 0.05, **P < 0.01, ***P 
< 0.001.

Table 1. The expression of KIF3A in NPC and Normal epithelium

Group Cases 
(n)

KIF3A expression
χ2 value P value

Low High
NPC 106 63 (59.4%) 43 (40.6%) 5.607 0.018
Normal epithelium 22 7 (31.8%) 15 (68.2%)
χ2 test was used to access the expression of KIF3A in NPC and normal Naso-
pharyngeal epithelium tissues. NPC: Nasopharyngeal Carcinoma.

overexpressing cells. As shown  
in Figure 2B, 2C, the growth of 
KIF3A-overexpressing/LV-KIF3A 
NPC cells was markedly attenu-
ated compared with that of  
the NC/LV-NC cells. Furthermore, 
EdU incorporation assays and 
cell cycle analysis showed that 
the cell cycle progression of 
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KIF3A suppressed NPC cell migration and inva-
sion in vitro

To investigate the influence of KIF3A on NPC 
cell migration and invasion, we first performed 
wound healing assay and observed that KIF3A-
overexpressing HONE1 and SUNE1 cells had 
significantly suppressed wound closure ability 
compared with NC HONE1 and SUNE1 cells 
(Figure 3A, 3B). Next, Transwell assays showed 
that the overexpression of KIF3A significantly 
inhibited the migration and invasion of HONE1 
and SUNE1 cells (Figure 3C, 3D). Furthermore, 
we analyzed the expression of cell cycle-associ-
ated proteins and the EMT-related markers 
N-cadherin and vimentin by western blot. We 
observed that the expression of CCND1, c-Myc, 
N-cadherin and vimentin was downregulated in 
KIF3A-overexpressing HONE1 cells and SUNE1 
cells compared with those in NC cells (Figure 
3E). 

Knockdown of KIF3A promoted NPC cell prolif-
eration 

To support the conclusions from overexpres-
sion experiments, we used siRNA knockdown 
approach to study the effect of KIF3A on  
NPC cell growth. The efficient knockdown of 
KIF3A was determined by RT-qPCR and west- 
ern blot, as KIF3A mRNA and protein levels in 
the siKIF3A-2/siKIF3A-3 group were significant-
ly reduced compared with that in the siNC 
group in both HONE1 and SUNE1 cells (Figure 

HONE1 and SUNE1 cells (Figure 5C, 5D). 
Consistently, knockdown of KIF3A significantly 
increased the expression c-Myc, CCND1, the 
EMT-related markers N-cadherin and vimentin 
in both HONE1 and SUNE1 cells (Figure 5E).

KIF3A interacted with β-catenin and sup-
pressed β-catenin nuclear translocation

To explore the molecular mechanisms by which 
KIF3A represses NPC proliferation, migration, 
and invasion, we used the BioGRID database to 
predict potential proteins that interact with 
KIF3A. Interestingly, we found that β-catenin is 
a candidate KIF3A-interacting protein. In sup-
port with this, a previous study has reported 
that KIF3A interacts with β-catenin during sper-
matogenesis in Eriocheir sinensis; however, 
this interaction has not been reported in Homo 
sapiens. Therefore, we investigated whether 
there is an interaction and regulation between 
KIF3A and β-catenin. 

First, we found that overexpression of KIF3A 
inhibited, while knockdown of KIF3A enhanced, 
β-catenin protein level (Figure 6A). Next, we 
performed a Co-IP experiment and revealed  
an interaction between KIF3A and β-catenin 
(Figure 6B). Furthermore, immunofluorescence 
demonstrated the colocalization of KIF3A and 
β-catenin in NPC cells (Figure 6C). Moreover, 
we used the nuclear and cytoplasmic fractions 
to analyze the distribution of β-catenin in the 
nucleus and cytoplasm and determined that 

Table 2. The relationship between the clinicopathologic 
characteristics and KIF3A expression in NPC

Factors n
KIF3A expression

χ2 P value
Low High

Age (y) < 50 52 34 18 1.499 0.221
≥ 50 54 29 25

Gender Male 73 45 28 0.475 0.491
Female 33 18 15

Clinical stage I-II 34 23 11 1.4 0.237
III-IV 72 40 32

T stage T1-T2 51 25 26 4.422 0.035
T3-T4 55 38 17

N stage N0-N1 62 37 25 0.004 0.952
N2-N3 44 26 18

M stage M0 96 54 42 4.279 0.039
M1 10 9 1

NPC: Nasopharyngeal Carcinoma. 

4A, 4B). Then, CCK-8 and EdU incorpora- 
tion assays were conducted, and the 
results indicated that the growth of the 
siKIF3A-2 and siKIF3A-3 expressing NPC 
cells was significantly enhanced com-
pared to the growth of siNC expressing 
cells (Figure 4C, 4D).

Knockdown of KIF3A promoted NPC cell 
migration and invasion 

Similarly, we used siRNA knockdown 
approach to determine the effect of 
KIF3A knockdown on NPC cell motility. 
Wound healing assay showed that 
knockdown of KIF3A enhanced the 
wound closure ability of HONE1 and 
SUNE1 cells (Figure 5A, 5B). In addition, 
Transwell assays indicated that the 
knockdown of KIF3A significantly in- 
creased the migration and invasion of 



Tumor suppressive role of KIF3A

5232 Am J Cancer Res 2022;12(11):5226-5240

KIF3A overexpression suppressed β-catenin 
level in the cytoplasm and nucleus (Figure 6D). 
Together, these data demonstrated that KIF3A 
interacted with β-catenin in NPC and sup-
pressed β-catenin nuclear translocation.

β-catenin reversed the inhibitory effect exerted 
by KIF3A overexpression in NPC

To further elucidate the role of β-catenin in 
KIF3A-regulated NPC phenotypes, we overex-

Figure 2. KIF3A suppresses NPC cell proliferation in vitro and in vivo. (A) KIF3A levels in vector- or KIF3A-expressing 
HONE1 and SUNE1 cells, as determined by western blot. (B) CCK-8 assay, (C) colony formation assay, (D) EdU in-
corporation assay (Scale bar: 100 μm) and (E) flow cytometry analysis were performed to evaluate the proliferation 
and cell cycle progression of vector- or KIF3A-expressing cells. Results were presented as the mean ± SD, Student’s 
t test, **P < 0.01, ***P < 0.001. (F) The effect of KIF3A on tumor growth in vivo. A xenograft mouse model was 
generated by inoculating LV-NC or LV-KIF3A SUNE1 cells subcutaneously. Each group included 7 mice. Results were 
presented as the mean ± SD, Student’s t test, **P < 0.01.
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pressed β-catenin in KIF3A stably overexpress- 
ing cells. EdU and Transwell assays showed 
that β-catenin overexpression reversed the 
inhibitory effects caused by KIF3A overexpres-
sion on cell proliferation and migration (Figure 
7A-D). In addition, β-catenin overexpression 
attenuated the inhibitory effects of KIF3A over-
expression on CCND1, c-Myc, N-cadherin, and 
vimentin protein levels (Figure 7E). Finally, pyr-
vinium pamoate, a specific inhibitor of the Wnt 
pathway, was used to treat KIF3A knockdown 
cells, and we observed that blocking Wnt pa- 
thway could reverse the effects induced by 
KIF3A siRNA (Figure 7F). Therefore, we con-
cluded that β-catenin mediated the inhibitory 
effect exerted by KIF3A in NPC. 

Discussion

Previous studies have shown the dual role of 
KIF3A in different cancer types, but the func-
tion of KIF3A and the underlying molecular 
mechanism in NPC have not been reported. 
Here, we first experimentally showed that KIF3A 

expression was downregulated in NPC cell lines 
and tissues compared to normal nasopharyn-
geal epithelial cells and tissues. Furthermore, 
survival analysis indicated that decreased 
KIF3A expression was associated with a worse 
prognosis for NPC patients, suggesting a tumor-
suppressive role of KIF3A in NPC. These data 
were similar to the observation in lung cancer 
but were contrary to the observations in pros-
tate cancer, triple-negative breast cancer, and 
bladder cancer [17-19, 23]. 

We used a series of experimental approaches 
to validate the bioinformatics analysis results 
and determined that overexpression of KIF3A 
suppressed, while KIF3A knockdown promoted 
the proliferation and migration of NPC cells, 
supporting the notion that KIF3A functions as  
a tumor suppressor in NPC. Previous studies 
have shown that KIF3A is oncogenic in prostate 
cancer, triple-negative breast cancer and blad-
der cancer but is tumor suppressive in lung 
cancer, which is consistent with our findings in 
NPC [17-19, 23].

Figure 3. KIF3A suppresses NPC migration and invasion in 
vitro. A, B. Wound healing assay showed that the migratory 
ability of HONE1 and SUNE1 cells was attenuated by KIF3A 
overexpression (Scale bar: 200 μm). C, D. Transwell assays 
indicated that the migratory and invasive ability of HONE1 
and SUNE1 cells was decreased by KIF3A overexpression 
(Scale bar: 200 μm). E. The expression of N-cadherin, Vi- 
mentin, c-Myc and CCND1 in HONE1 and SUNE1 cells were 
measured by Western blot. Results were presented as the 
mean ± SD, Student’s t test, **P < 0.01, *P < 0.05. 
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EMT, a downstream event of Wnt/beta-catenin 
signaling, has been considered essential for 
tumor progression, invasion, metastasis [25, 
26]. EMT involves the changes in cell adhesion 
and cytoskeleton re-organization [27-29]. In our 
study, we observed that the expression of the 
EMT-related proteins N-cadherin and Vimentin 
was downregulated by KIF3A overexpression 
and upregulated by KIF3A knockdown. How- 
ever, in triple-negative breast cancer, knock-
down of KIF3A expression reduced Vimentin 
protein expression and enhanced E-cadherin 
protein expression, which is contrary to our 

results [18]. Hence, the effect of KIF3A may be 
cancer type specific.

Cell cycle regulators are crucial for modulating 
tumor growth [30]. A previous study reported 
that KIF3A inhibition decreased the expres- 
sion of CCND1, a downstream target of Wnt/β-
catenin signaling in prostate cancer [17]. In 
addition, downregulated KIF3A expression also 
reduced CCND1 expression in triple-negative 
breast cancer [18]. However, KIF3A negatively 
modulated CCND1 expression in lung cancer 
[23]. In our study, we observed that overexpres-

Figure 4. Knockdown of KIF3A promotes NPC cell proliferation. (A) qRT-PCR and (B) Western blot were conducted to 
evaluate KIF3A mRNA and protein level in the siNC, siKIF3A-2 and siKIF3A-3 groups. (C) CCK-8 and (D) EdU incorpo-
ration assays were performed after transfection with siNC/siKIF3A-2/siKIF3A-3 (Scale bar: 100 μm). Results were 
presented as the mean ± SD, Student’s t test, **P < 0.01, ***P < 0.001.
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sion of KIF3A inhibited CCND1 protein expres-
sion, consistent with the finding in lung cancer. 
Our study also found that c-Myc, an oncogene 
upstream of CCND1, was negatively modulated 
by KIF3A.

When exploring the potential KIF3A-interacting 
proteins using BioGRID database, β-catenin 
was suggested as a candidate. Encouraged by 
the report that KIF3A and β-catenin formed 
complex during spermatogenesis in E. sinensis 

Figure 5. Knockdown of KIF3A promotes NPC cell migration and invasion. A, B. Wound healing assay showed that 
the migratory ability of HONE1 and SUNE1 cells was increased by KIF3A knockdown (Scale bar: 200 μm). C, D. 
Transwell assays indicated that the migratory ability of HONE1 and SUNE1 cells was increased by KIF3A knockdown 
(Scale bar: 200 μm). E. The expression levels of N-cadherin, Vimentin, c-Myc and CCND1 in HONE1 and SUNE1 cells 
were measured by western blot. Results were presented as the mean ± SD, Student’s t test, **P < 0.01, ***P < 
0.001. 
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[31], we evaluated the interaction between 
KIF3A and β-catenin in NPC by co-IP experi-
ments and found that KIF3A bound to β-caten- 
in and inhibited β-catenin activation in NPC. 
Subsequent confocal microscopy demonstrat-
ed the colocalization of KIF3A and β-catenin in 

both cytosol and nucleus. β-catenin has been 
recognized as a critical regulator in the Wnt/β-
catenin signaling pathway. Numerous studies 
have indicated that Wnt/β-catenin signaling 
regulates cell differentiation, proliferation, tran-
scription, organogenesis, stemness, and can-

Figure 6. KIF3A interacts with β-catenin and suppresses its nuclear translocation. A. The expression levels of 
β-catenin in HONE1 and SUNE1 cells were measured by western blot. B. Co-IP assay was performed to detect the 
interaction between KIF3A and β-catenin in SUNE1 cell. C. Colocalization of KIF3A and β-catenin as determined by 
immunofluorescence in HONE1 and SUNE1 cells (Scale bar: 25 μm). D. The expression of β-catenin in the nucleus 
and cytoplasm was determined by western blot. GAPDH was used as the loading control of cytoplasm, while histone 
was used as the loading control of nucleus.
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cer metastasis [32-37]. In the Wnt/β-catenin 
pathway, the β-catenin degradation complex is 
composed of GKS3β, APC and Axin. This com-

plex induces the phosphorylation of β-catenin, 
and phosphorylated β-catenin is subsequently 
labelled by ubiquitin for degradation by the pro-

Figure 7. β-catenin reverses the inhibi- 
tory effect exerted by KIF3A overexpres-
sion in NPC. A-D. The effects of β-catenin 
on the proliferation and migration of 
HONE1 and SUNE1 cells stably over-
expressing KIF3A were determined by 
EdU incorporation (Scale bar: 100 μm) 
and Transwell assay (Scale bar: 200 
μm). E. The effect of β-catenin overex- 
pression on the expression of β-catenin, 
N-cadherin, Vimentin, CCND1, c-Myc in 
KIF3A-overexpressing cells were as-
sessed by western blot. F. The expres-
sion of β-catenin, N-cadherin, Vimen-
tin, CCND1, and c-Myc in siKIF3A-3 or 
siKIF3A-3+pyrvinium pamoate-treated 
HONE1 and SUNE1 cells was evaluated 
by western blot. Results were presented 
as the mean ± SD, Student’s t test, *P 
< 0.05, **P < 0.01.
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teasome system [38], leading to decreased 
accumulation of β-catenin in the cytosol, which 
in turn inhibits its nuclear translocation.

In this study, we examined the effect of KIF3A 
overexpression on the nuclear/cytoplasmic dis-
tribution of β-catenin and observed a decreased 
β-catenin level in both cytoplasm and nucleus, 
suggesting that KIF3A overexpression reduced 
the accumulation of β-catenin in the cytosol, 
which in turn attenuated its nuclear trans- 
location.

Nuclear accumulation of β-catenin is a hall-
mark of Wnt signaling activation [39]. An early 
study has shown that loss of KIF3A can induce 
CKI to promote Dvl phosphorylation and stabi-
lize β-catenin in the cytosol, thereby leading to 
β-catenin accumulation in the nucleus and ulti-
mately activating Wnt transcription [40]. In a 
previous mechanistic study, KIF3A was found 
to activate the Wnt/β-catenin pathway by 
enhancing the phosphorylation of DVL2 and 
the expression of cell cycle regulator CCND1 in 
prostate cancer. In addition, KIF3A was report- 
ed to modulate β-catenin/TCF-driven transcrip-
tion [17]. A subsequent study in lung cancer 
indicated that KIF3A inhibited β-catenin level 
by interacting with β-arrestin to modulate the 
Wnt/β-catenin pathway, and knockdown of 
KIF3A activated β-catenin driven transcription, 
Moreover, high KIF3A expression was correlat-
ed with a reduction in CCND1 expression [23]. 
In our study, we also observed that KIF3A sup-
presses the malignancy of NPC by inhibiting  
the Wnt/β-catenin pathway. Taken together, 
these studies indicate the involvement of Wnt/
β-catenin pathway in KIF3A-regulated tumor 
development.

In summary, this study demonstrated that 
KIF3A functions as a tumor suppressor and its 
decreased expression results in poor progno- 
sis of NPC patients. Additionally, mechanistic 
analysis revealed that KIF3A interacts with 
β-catenin and inactivates the Wnt/β-catenin 
signaling pathway by attenuating β-catenin nu- 
clear translocation, which in turn further inhib-
its β-catenin-induced downstream cell cycle 
regulator expression and EMT signaling, thus 
attenuating NPC proliferation, migration, and 
invasion. Our study demonstrates the vital role 
of the KIF3A/β-catenin complex in NPC patho-
genesis, which may serve as a potential thera-
peutic target for the treatment of patients with 
NPC.
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